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o Mail Stop 8 REPORT ON THE
’ Bircetor of the U.S. Patent and Trademark Office FILING OR BETERMINATION OF AN
P.0. Box 1458 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1458 TRADEMARK
In Compliance with 35 U.8.C. § 290 aud/or 15 U.S.C. § 1116 vou are hereby advised that a court action has been
filed in the U.S. District Court Eastern Districl of Texas on the followiag
] Trademarks or ] Patemts. (L] the patent action invelves 35 U.8.C. §292.):
DOCKET NO. DATE FILED U8, DISTRICT COURT
2:220v353 9/12/2022 Eastern District of Texas
PLAINTIFF DEFENDANT
Daedalus Prime LLC Samsung Electronics Co., Lid., Samsung Elsctronics
America, Inc., Samsung Semiconductor, Inc., and
Samsung Austin Semiconductor, LLC
PFATENTOR DATE OF PATENT . T (VD AT R ADEMARK
TRADEMARK NQO, R TRADEMARK HOLDER OF PATENT OR TF M
1 10,541,334 172172020 Daedalus Prime LLC
2 8,202,698 12/1/20158 Daedalus Prime LLC
310,727,183 7i28/2020 Daedalus Prime LLC
4 8,627,321 411872017 Daedalus Prime LLC
S
In the above—entitled case, the following patent(s) trademark(s) have been included:
DATE INCLUDED NCLUDED BY
1 Amendment 3 Answer [ Cross Bilt [ Other Pleading
PATENT OR DATE OF PATENT T YRR 4 B AT S —
TRADEMARK NG, OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
i
4
4
S

In the above-—eutitled case, the following decision has been rendered or judgement tssued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy I—Upon initiation of action, mail this copy to Birector  Copy 3—Upos termsination of action, mail this copy to Birector
Copy 2—4 pon filing document adding patent(s), mail thic copy to Birector Copy 4—Case file copy
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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.USPto g0V
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D
CONFIRMATION NO. 4208
31817 POWER OF ATTORNEY NOTICE
SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600

WA
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» The Power of Attorney to you in this application has been revoked by the assignee who has intervened as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/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

[ APPLICATIONNUMBER | FILING OR 371(C) DATE [ TIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE
14/675,613 03/31/2015 Boyan BOYANOV D0480-PA-13290-US-02
CONFIRMATION NO. 4208
164 POA ACCEPTANCE LETTER
KINNEY & LANGE, P.A.
312 SOUTH THIRD STREET O UM
000000131237679

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/

page 1 of 1
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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 14/675,613

Filing Date

March 31, 2015

First Named Inventor

Boyan Boyanov

Title

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Art Unit

2898

Examiner Name

Rodolfo D. Fortich

Attorney Docket Number | D0480-PA-13290-US-02

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.

Page 4 of 304

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



Doo Cade: PAL - .
PTOMIANEZE (07-13)

F Paserintiare O
Document Bescription: Fower of Aliorney Approvad for use through 03/31/2021, OME: 0651-0038
0.8, Patent and Trademark Office; L.5. DEPARTMENT OF COMMERCE

Undar the Paperwork Reduction Act of 1995, no persons ane mequired to respend 1o a collaciion of information unless # displays a vatid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoka alf pravious powers of atfomey given in the applination klentified in gither the attached ransmiltal letler or
the boxes beiow,

Sing Date

?é‘%fﬁ??‘,@’%ﬁ March 31, 20158
{Note: The boxee above may ba left blank i information is provided on form PTOVAIABZA.)

b_{__g { hereby appoint the Patent Fractitioner{s} assoclated with the fllowing Sustomer Nurmber as mylour attormey(s) or agsni{(s), and
o transact aff business in the Unitad Siates Patent and Trademark Office connaciad therawith for the applic sation refarences in
the attached transrmital lefter (forre PTOAIMEZA} or identified above:

164 ?
OR ;
i i t haraby appoint Praciioner(s) named inthe alfached Hst {fcsr:t P Q/AIAIB2C L as mvour altorney{s} ar agerti{e}, and {o transact
all husiness in the United Siates Patent and Tradamark Office cte:l therﬂw"“s for the patent application referenced in the
attachad ransroilial letler fomn PTOAIAG2A) or lentitl dabue. ¢\:«>te Complete form PTOMRINGRC)

§

Pisase recoghnize or changs the correspandence address for the application identifled in the altached ransmittal
fstiar or the hoxes above fo
Zé;’“} The addrass assoctated with the above-mentionsd Customer Numbay
OR
N2 addrese associated with Cusicmey Numbae

&
g
&
<<}
|5
K*

H 5 Caney < .
P § e | ey i
intel Corporation ;

N

antar o dodnt invendor {Hile not reguirad belew)

P - . . .

R entaiive of o Deonased or Legally innapaoliated inventor (e not required bselow)

Evs.s . I . P .

¥ i or i3 Under an Obligation to Assign {provide signet’s Htle if agplicant is & juristic ently)

L_j Fropriatary infe ywas grantad i the

1§ this docu i

¢ antity}

e.¢.. where the agplicant is @ jurisic entity).

pﬂ{} wal) |

3 See 37 OFR 1.4 Rur signature requiraments

ase. Any SONMents o \,r'z Hha amount
51, d 3. 3"&;‘%‘? mm Tfrif,«kff-aﬁ’ £ -ﬁu:, H 8.
S ADDRESS

™ fo the usFTO o

Ty tC 13

foz P«s?es‘.ﬁs,. sIﬁ sm{ 143:3) Aiexamir-a, W\ E‘.i‘.(%ﬂ-m\%
i you naed assisiancs in compleling e form, call 1-800-FTO-8198 and ssiact option 2.
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Electronic Acknowledgement Receipt

EFS ID: 44748697
Application Number: 14675613
International Application Number:
Confirmation Number: 4208

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: 42P38794D
Receipt Date: 14-JAN-2022
Filing Date: 31-MAR-2015
Time Stamp: 13:08:11

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.)
1256898
2022-01-14_POA_D0480-
1 Power of Attorney e no 2
PA_1 3290_US_02pdf c01c19ea537eal c66ed6b8BaSfe532596c99)
b734
Warnings:
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Information:

Total Files Size (in bytes)# 1256898

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.

Page 7 of 304



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,627,321 B2 Page 1 of 1
APPLICATION NO. 1 14/675613

DATED : April 18,2017

INVENTOR(S) : Boyan Boyanov and Kanwal Jit Singh

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 14, Claim 6, Line 9, delete “claim 5” and insert --claim 1--.

Signed and Sealed this
Twelfth Day of March, 2019

Poiliac o

Andrei Tancu
Director of the United States Patent and Trademark Office

Page 8 of 304



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 |
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D
CONFIRMATION NO. 4208
31817 POA ACCEPTANCE LETTER
SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600

V0 O O 6 A0 0 O 0
Portland, OR 97204 uloooooml oesa!”!lu

Date Mailed: 03/06/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/22/2019.

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.

lyteferra/

page 1 of 1

Page 9 of 304



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.gov
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D
CONFIRMATION NO. 4208
45209 POWER OF ATTORNEY NOTICE
WOMBLE BOND DICKINSON (US) LLP/Mission

Ao 1P Dodating T
P.O. Box 7037

Atlanta, GA 30357-0037

Date Mailed: 03/06/2019

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/22/2019.

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

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

[yteferra/

page 1 of 1
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Doc Code: PA..

Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 01/31/2018. 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.

REGISTERED PRACTITIONERS

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

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 14/675,613

Filing Date

March 31, 2015

First Named Inventor

Boyan Boyanov

Title

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Art Unit

2898

Examiner Name

Rodolfo D. FORTICH

Attorney Docket Number | 42P38794D

SIGNATURE of Applicant or Patent Practitioner

Signature

/Justin K. Brask/

Date (Optional)

Name

Justin K. Brask

Registration
Number

61080

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.

Page 12 of 304

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



Electronic Acknowledgement Receipt

EFS ID: 35231664
Application Number: 14675613
International Application Number:
Confirmation Number: 4208
Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan BOYANOV
Customer Number: 45209
Filer: Justin K. Brask/Sheri Villarreal
Filer Authorized By: Justin K. Brask
Attorney Docket Number: 42P38794D
Receipt Date: 22-FEB-2019
Filing Date: 31-MAR-2015
Time Stamp: 20:36:11
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document L. . T -
Document Description File Name File Slze(B){tes)/ Multl. ‘Pages
Number Message Digest | Part/.zip| (ifappl.)
252061
1 Transmittal Letter P38794USD_Transmittal_02_22 no 2
_19.pdf
1cd4d014e4e0b0e2ebd53bf42f7be4900eq

a2563

Warnings:
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Information:

118150
) Assignee showing of ownership per37 | P38794USD_Statement_373c_ no 3
CFR3.73 02_22_19.pdf
55bffaa634c8a95b22f2b7bb72c582b78eef|
Warnings:
Information:
791947
3 Power of Attorney P38794USD_POA_82B.pdf no 1
12420a7976b88d4ab73b5fc1994917479f98
8acd
Warnings:
Information:
160199
4 Power of Attorney P38794USD_POA_aia0082A.pdf no 1
43489f56075f1c1e96354f6dced456168ab0)
244c
Warnings:
Information:
Total Files Size (in bytes)# 1322357

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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Doc Code: TRAN.LET

Document Description: Transmittal Letter
PTO/SB/21 (07-09)
Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

a Co er.
ion Number 14/675.613

TRANSMITTAL Filing Date March 31, 2015

FORM First Named Inventor Boyan Boyanov
Art Unit 2898
Examiner Name Rodolfo D. FORTICH

(to be used for all correspondence after initial filing)

Attorney Docket Number
\ Total Number of Pages in This Submission 7 42P38794D j

ENCLOSURES (Check all that apply)

I:l |:I Atfter Allowance Communication to TC
Fee Transmittal Form Drawing(s)
D . . Appeal Communication to Board
Fee Attached Licensing-related Papers of Appeals and Interferences

Appeal Communication to TC
{Appeal Notice, Brief, Reply Brief)

[

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Amendment/Reply

D After Final

|:| Affidavits/declaration(s)

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

Statement 373C

ROOO OO

Extension of Time Request Terminal Disclaimer

Express Abandonment Request Request for Refund

LOOxIOn o

Information Disclosure Statement CD. Number of CD(s)

D Landscape Table on CD

Certified Copy of Priority Remarks

Document(s)

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

OO0 OO0

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
Schwabe, Williamson & Wyatt P.C.

Signature /Justin K. Brask/

Printed name .
Justin K. Brask

Date Reg. No.

February 22, 2019 61,080

\

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on
the date shown below:

( CERTIFICATE OF TRANSMISSION/MAILING

Signature o
/Sheri Villarreal/
wped or printed name | Sheri Villarreal Date | February 22, 2019 j

This collection of information is required by 37 CFR 1.5. 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 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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 16 of 304

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.



PTO/AIA/96 (08-12)

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

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

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

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Intel Corporation

Application No./Patent No.: 9,627,321 Filed/Issue Date: April 18,2017

Titled: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Intel Corporation , a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

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

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

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

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

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

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

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

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

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 031022 , Frame 0160 , or for which a copy
thereof is attached.

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

1. From: To:

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

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

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

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

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

4. From:

5. From:

6. From:

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

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

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

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

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

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

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

Mustin K. Brask/ February 22, 2019
Signature Date

Justin K. Brask 61080

Printed or Typed Name Title or Registration Number
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Privacy Act Statement

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

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

1.

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

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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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.
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D 4208
45209 7590 02/19/2019 | EXAMINER

WOMBLE BOND DICKINSON (US) LLP/Mission

Attn: IP Docketing
P.O. Box 7037
Atlanta, GA 30357-0037

FORTICH, RODOLFO D

| ART UNIT | PAPER NUMBER
2898
| NOTIFICATION DATE | DELIVERY MODE
02/19/2019 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):

Database_Group@bstz.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Patent No.: 9627321

Issue Date: 18 April 2017
Appl. No.:  14/675,613
Filed: 31 March 2015

PART (A) RESPONSE FOR CERTIFICATES OF CORRECTION

This is a decision on the Certificate of Correction request filed 17 January 2019.

The request for issuance of Certificate of Correction for the above-identified correction(s) under the
provisions of 37 CFR 1.322 and/or 1.323 is hereby:

(Check one)
Approved (J Approved in Part (O Denied

Comments:

PART (B) PETITION UNDER 37 CFR 1.324 OR 37 CFR 148

0 This is a decision on the petition filed to correct inventorship under 37 CFR 1.324.

(J This is a decision on the request under 37 CFR 1.48, petition filed . In view of the fact
that the patent has already issued, the request under 37 CFR 1.48 has been treated as a petition to
correct inventorship under 37 CFR 1.324.

The petition is hereby: O Granted O Dismissed

Comment:

The patented filed is being forwarded to Certificate of Corrections Branch for issuance of a certificate
naming only the actual inventor or inventors.

/JULIO ] MALDONADO/
Supervisory Patent Examiner, Art Unit 2898
Technology Center 2800

Phone: (571)272-1864

Certificates of Correction Branch email: CustomerServiceCoC @uspto.gov CoC Central Phone Number: (703) 756-1814
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Attorney Docket No. P38794D Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application for: Examiner: Fortich, Rodolfo D.
Boyanov et al. Group Art Unit: 2898
Application No.: 14/675,613 Confirmation No. 4208

Filed: March 31, 2015
Patent No.: 9,627,321
Issued: April 18,2017

For:  METHODS AND APPARATUSES
TO FORM SELF-ALIGNED CAPS

Attn: Certificate of Corrections Branch

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

REQUEST FOR CERTIFICATE OF CORRECTION

Dear Commissioner:

Enclosed is a Certificate of Correction for the above-identified Letters Patent. This
request for correction is made under the provisions of 37 CFR §1.323. The corrections do not
change the scope of the claims.

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.FR.1.16 and 1.17, to Deposit Account No. 50-0393.
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Respectfully submitted,
SCHWABE, WILLIAMSON & WYATT, P.C.

Dated: January 17. 2019 /Justin K. Brask/

Justin K. Brask
Reg. No. 61,080

Pacwest Center, Suite 1900
1211 SW Fifth Avenue
Portland, Oregon 97204
Telephone: 503-222-9981

Attorney’s Docket No.:P38794D
Patent No.: 9,627,321
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PTO/SB/44 (09-07)

Approved for use through 01/31/2020. OMB 0651-0033

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.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of __1
PATENT NO. : 9,627,321

APPLICATIONNO.: 14/675,613
ISSUE DATE © April 18,2017

INVENTOR(S)  * Boyan BOYANOV; Kanwal Jit SINGH

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 14, Claim 6, line 9, delete "claim 5" and insert --claim 1--.

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

Schwabe Williamson & Wyatt
1211 SW 5th Avenue, Suite 1900
Portland, Oregon 97204

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour 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: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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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.



Electronic Patent Application Fee Transmittal

Application Number: 14675613

Filing Date: 31-Mar-2015

Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan BOYANOV

Filer: Justin K. Brask

Attorney Docket Number: 42P38794D

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:

CERTIFICATE OF CORRECTION 1811 1 150 150
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Description Fee Code Quantity Amount Suﬁ-;l’;(t:)l L
Extension-of-Time:
Miscellaneous:
Total in USD ($) 150
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Electronic Acknowledgement Receipt

EFS ID: 34884538
Application Number: 14675613
International Application Number:
Confirmation Number: 4208

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan BOYANOV

Customer Number:

45209

Filer:

Justin K. Brask/Lisa Puccinelli

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: 42P38794D
Receipt Date: 17-JAN-2019
Filing Date: 31-MAR-2015
Time Stamp: 13:31:14

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $150

RAM confirmation Number

011719INTEFSW00013618500393

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.)
103612
1 Request for Certificate of Correction P38794D_Letter_01-17-19.pdf no 2
6593e17423968395870087f0498c23695d 3|
eaddf

Warnings:

Information:
200162

P38794D_Certificate_of_Correc
s . —_ g 2
2 Request for Certificate of Correction tion_sb0044_01-17-19.pdf no

af7312706bc93ee50a98cd47f82d34b3ea8

Warnings:

Information:

30326
3 Fee Worksheet (SB06) fee-info.pdf no 2
5c2f55a9c09036bd 560e9e62b6a579df332
9e3cl
Warnings:
Information:
Total Files Size (in bytes){ 334100

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

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

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

PATENT NO. 19,627,321 B2 Page 1 of 1
APPLICATION NO. 1 14/675613

DATED : April 18,2017

INVENTOR(S) : Boyan Boyanov and Kanwal Jit Singh

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page

Under Abstract, “9 Claims, 10 Drawing Sheets” should read --6 Claims, 10 Drawing Sheets--
In the Claims

Column 14, Claim 2, Line 1, insert --interlayer-- before ‘dielectric’

Column 14, Claim 3, delete Lines 3-4

Column 14, Claim 4, delete Lines 5-6
Column 14, Claim 5, delete Lines 7-8

Signed and Sealed this
Fourth Day of December, 2018

Andrei Tancu
Director of the United States Patent and Trademark Office
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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.
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D 4208
45209 7590 11/13/2018 | EXAMINER

WOMBLE BOND DICKINSON (US) LLP/Mission

Attn: IP Docketing
P.O. Box 7037
Atlanta, GA 30357-0037

FORTICH, RODOLFO D

| ART UNIT | PAPER NUMBER
2898
| NOTIFICATION DATE | DELIVERY MODE
11/13/2018 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):

Database_Group@bstz.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Patent No.: 9627321

Issue Date: 18 April 2017
Appl. No.:  14/675,613
Filed: 31 March 2015

PART (A) RESPONSE FOR CERTIFICATES OF CORRECTION

This is a decision on the Certificate of Correction request filed 18 June 2018.

The request for issuance of Certificate of Correction for the above-identified correction(s) under the
provisions of 37 CFR 1.322 and/or 1.323 is hereby:

(Check one)
Approved (J Approved in Part (O Denied

Comments:

PART (B) PETITION UNDER 37 CFR 1.324 OR 37 CFR 148

0 This is a decision on the petition filed to correct inventorship under 37 CFR 1.324.

(J This is a decision on the request under 37 CFR 1.48, petition filed . In view of the fact
that the patent has already issued, the request under 37 CFR 1.48 has been treated as a petition to
correct inventorship under 37 CFR 1.324.

The petition is hereby: O Granted O Dismissed

Comment:

The patented filed is being forwarded to Certificate of Corrections Branch for issuance of a certificate
naming only the actual inventor or inventors.

/JULIO ] MALDONADO/
Supervisory Patent Examiner, Art Unit 2898
Technology Center 2800

Phone: (571)272-1864

Certificates of Correction Branch email: CustomerServiceCoC @uspto.gov CoC Central Phone Number: (703) 756-1814
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Patent No.: 9627321

Issue Date: 18 April 2017
Appl. No.:  14/675,613
Filed: 31 March 2015

PART (A) RESPONSE FOR CERTIFICATES OF CORRECTIO

This is a decision on the Certificate of Correction request filed 18 June 2018.

The request for issuance of Certificate of Correction for the above-identified correction(s) under the
provisions of 37 CFR 1.322 and/or 1.323 is hereby:

(Check one)
Approved O Approved in Part O Dcnicd
Comments:
P T1 F 24 FR 1.4
O This is a decision on the petition filed _ to correct inventorship under 37 CFR 1.324.
O This is a decision on the request under 37 CFR 1.48, petition filed . In view of the fact

that the patent has already issued, the request under 37 CFR 1.48 has been treated as a petition to
correct inventorship under 37 CFR 1.324.

The petition is hereby: O Granted O Dismissed

Comment:

The patented filed is being forwarded to Certificate of Corrections Branch for issuance of a certificate
naming only the actual inventor or inventors.

/JULIO ] MALDONADO/

Supervisory Patent Examiner, Art Unit 2898
Technology Center 2800

Phone: (571)272-1864

Certificates of Correction Branch email: CustomerServiceCoC@uspto.gov CoC Central Phone Number: (703) 756-1814
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Patent No.: 9627321

Issue Date: 18 April 2017
Appl. No.:  14/675,613
Filed: 31 March 2015

PART (A) RESP E FOR CERTIFICATES OF CORRECTIO

This is a decision on the Certificate of Correction request filed 18 June 2018.

The request for issuance of Certificate of Correction for the above-identified correction(s) under the
provisions of 37 CFR 1.322 and/or 1.323 is hereby:

(Check one)
Approved O Approved in Part O Denied
Comments:
P B) PETI ER FR 1.324 OR FR 1.4
0O This is a decision on the petition filed _ to correct inventorship under 37 CFR 1.324.
O This is a decision on the request under 37 CFR 1.48, petition filed . In view of the fact

that the patent has already issued, the request under 37 CFR 1.48 has been treated as a petition to
correct inventorship under 37 CFR 1.324.

The petition is hereby: O Granted O Dismissed

Comment:

The patented filed is being forwarded to Certificate of Corrections Branch for issuance of a certificate
naming only the actual inventor or inventors.

/JULIO ] MALDONADO/
Supervisory Patent Examiner, Art Unit 2898
Technology Center 2800

Phone: (571)272-1864

Certificates of Correction Branch email: CustomerServiceCoC@uspto.gov CoC Central Phone Number: (703) 756-1814
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PTO/SB/44 (09-07)

Approved for use through 01/31/2020. OMB 0651-0033

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.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of __1
PATENT NO. : 9,627,321

APPLICATION NO.: 14/675,613

ISSUE DATE © April 18, 2017

INVENTOR(S)  * Boyan BOYANOV; Kanwal Jit SINGH

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 14, Claim 2, line 1, insert --interlayer-- before 'dielectric'.
Column 14, Claim 3, lines 3-4, delete lines 3-4
Column 14, Claim 4, lines 5-6, delete lines 5-6.
Column 14, Claim 5, lines 7-8, delete lines 7-8.

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

Schwabe Williamson & Wyatt
1211 SW 5th Avenue, Suite 1900
Portland, Oregon 97204

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour 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: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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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 36 of 304

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.



Attorney Docket No. P38794D Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application for: Examiner: Fortich, Rodolfo D.
Boyanov et al. Group Art Unit: 2898
Application No.: 14/675,613 Confirmation No. 4208

Filed: March 31, 2015
Patent No.: 9,627,321
Issued: April 18,2017

For:  METHODS AND APPARATUSES
TO FORM SELF-ALIGNED CAPS

Attn: Certificate of Corrections Branch

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

REQUEST FOR CERTIFICATE OF CORRECTION

Dear Commissioner:

Enclosed is a Certificate of Correction for the above-identified Letters Patent. This
request for correction is made under the provisions of 37 CFR §1.323. The corrections do not
change the scope of the claims.

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.FR.1.16 and 1.17, to Deposit Account No. 50-0393.
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Respectfully submitted,
SCHWABE, WILLIAMSON & WYATT, P.C.

Dated: June 11. 2018 /Justin K. Brask/

Justin K. Brask
Reg. No. 61,080

Pacwest Center, Suite 1900
1211 SW Fifth Avenue
Portland, Oregon 97204
Telephone: 503-222-9981

Attorney’s Docket No.:P38794D
Patent No.: 9,627,321
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Electronic Patent Application Fee Transmittal

Application Number: 14675613

Filing Date: 31-Mar-2015

Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan BOYANOV

Filer: Justin K. Brask

Attorney Docket Number: 42P38794D

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:

CERTIFICATE OF CORRECTION 1811 1 150 150
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Description Fee Code Quantity Amount Suﬁ-;l’;(t:)l L
Extension-of-Time:
Miscellaneous:
Total in USD ($) 150
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Electronic Acknowledgement Receipt

EFS ID: 32865571
Application Number: 14675613
International Application Number:
Confirmation Number: 4208

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan BOYANOV

Customer Number:

45209

Filer:

Justin K. Brask/Lisa Puccinelli

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: 42P38794D
Receipt Date: 11-JUN-2018
Filing Date: 31-MAR-2015
Time Stamp: 20:25:05

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $150

RAM confirmation Number

061218INTEFSW00007695500393

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.)
190671
P38794D_Certificate_of_Correc
. . _ L[N no 2
1 Request for Certificate of Correction tion_sb0044_06-11-18.pdf
931f98724d12ada83761a240bd3f6a8b45c|
2c53b
Warnings:
Information:
103602
2 Request for Certificate of Correction P38794D_Letter.pdf no 2
091dd610f46e0d2defbSaa04 15037908229
7dfda
Warnings:
Information:
30322
3 Fee Worksheet (SB06) fee-info.pdf no 2
5292fd257097bd745dae937cfd25882bch7|
54e75
Warnings:
Information:
Total Files Size (in bytes){ 324595

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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A UNITED STATES DEPARTMENT OF COMMERCE
i) United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
\)\/WW.USplO gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/675,613 04/18/2017 9627321 42P38794D 4208
45209 7590 03/29/2017
BLAKELY SOKOLOFF TAYLOR & ZAFMAN
1279 Oakmead Parkway

Sunnyvale, CA 94085-4040

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

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

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

Boyan BOYANOV, Portland, OR;
Intel Corporation, Santa Clara, CA;
Kanwal Jit SINGH, Hillsboro, 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)
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PART B - FEEE) TRANSMITTAL

Complete and soad this form, together with applicable feels), o0 Mall Mail Stop ISSUR FER
_ s Covembssioner for Patents
P03 Box 1458
Alesandria, YVirginis 22313-1456
or Fax (8711732885

INSTRUCTIONS: This form should be used for tramemittiug the {SSUE FEE sud PUBLICATION FEE (f reguued). Biocks. 1 theough 5 should be compieted where
a;?mpriate. Al further conrespondence inchuding the Patent, sdvasce onders and notification of maintenmnre fess will be mailed to the curtont conespondesce address as
indicated vniess coarpcted bellow or direcied wtherwise in Block 1, by {a) specifyving 8 new cowrespondence: address; andfor (b} indicating 2 sepsrate "FEE ADDRESS” fir
moainteranee fee notifications. : k : :

Kot: & costificate’ of mailing can only be nzed for domestic mailings of the
Feels} Transmittal. This certificats cannok be wsed forany other accompanying

CURRENT CORRESPONTENCE ADDRESE (ote: Use Blosk 1 for any change of addeoust - papess. Fachl addidonal paper, such 2z an assigmment of foirmal drawisg, must
g:m: its own covtificat of mailing or fransmission,

Cortificats of Maifing or Trapsaaissivan

43205 | 7599 lamanie DU horeby contily that this Peeis) Transedttal is being deposited with the United
BLAKELY SOKOLOFF TAYLOR & ZAFMAN Siates Postal Service whih sufficient postage for fizgi slase it in an eaveiops
Jo CPA (-u'i bl addressad o the Ml Stop I8SUE. PEE address above, or boing facsimle
;{;} p d Aj o \; . Suite 600 transtmiied to the USPTO (571) 2732855, or the date indicated beltw.
o1 YVORue JOutn, Suife oo s
Minneapolis, MM 35402 TR G B Oepcioss

e {Sigontiee}
3 e s

E APPLITATION NO. E ILANG DATE FIRBT NAMED INVENTOR E ATTORNEY DOCKET NO. CONPIRMATION NOQ.
14/675,613 $3/3172015 Boyan BOYANGY 42P38T04T 4208

TUILE QF INVENTION: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

E APPIN. TYPR BRTITY STATUS a ISSUR FEE DUR ; PUBLICATION FEE DUR 5 PREY. PAID ISRUE 7858 g TOTAL FEE@®) DUR DATETR
ronpeovisional UNDISCOUNTED $960 30 30 3560 G3/47730L7
E EXAMINER é ART URTT g CLASS-SUBCLASS g
FORTICH, RODCLEFO I3 . 2898 23T-TIION
1. Changs of corespondence address or indication of "Fee Addesss” {37 2. For pristing on the patent fromt s, Hat T DE VT TR e S (Y
L 3?363}. & ¥ of "Fee { ‘ T pristing on e Pé' 'o page, ; Eiiﬂ&j&h’, 5 kOl‘oﬁ,
- . {1} The names of up ta 3 registersd patent’ attoreys N s : =
L3 Change of correspondence address {or Change of Correspondence ar agents OR, alternativaly, i ay_{ orde # a@f;_n&n B

Addrese Form PIOSB/122) stiached,
“Fee Address” indivation {or "Fes Address” Indication form

{3 The pame of a stagle firm (having 46 2 member 2
registered attouey o apent) aad the names of up i

FTO/ERI4T; Rev 03-0% or mors tweent) attached. Use of & Customer & rogistered patent atiorseys of agents. If no rameds . 3
Mamder is regeived. Hsted, no name will be printed.

- ASBIGNEE NAME AND RESIDENCE DATA TG BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE; Urless an assignes is identified below, no assignes data will appear on the patest, ¥ ar ascignee is identified below, the dovument has been filed for
revordation as set forth in 37 CFR 3,15, Completion of this form is NOT 2 substimte for fiting sn sssignment,

(A} NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE GR COUNTRY). N ‘
intel Corporation Santa Clara, Calitornia

Lah

Pleage check the appropriate assignes category or categodes (will aot be printed on the patent) ; L4 tnatvidust ﬁ(ﬁorp.mﬁcn or other private group enilty L3 Government

4a. The following feals) ars submitted: 4. Payment of Pee{s): {Please first reapply any previsusty paid issue fee shown shove)
-@ Issue Fee i3 A check is enclosed.
bk Publication Pee {No small catity discount permitted) 4 Payment by credit card, Form PTO-203% i attached.
L Advance Osder - # of Coptes ¥ he direcior is hereby suthorized to charge the rompdred feeds), any defictendy, or crodits asy
overpayment, to Deposit Account Number E%? A

w2 32 {enclose sn extes copy of this form),
o

5. Change in Entily Status (from status indicated abova)
] Applicant certifying micro entity status, See 37 UPR 128 NEYUEL Abseat 2 valid certification of Micro Eatity Status (see forms PTOMAR/SA and 15B), issue
fee payment in the micro entity amount will aot be acoepted at the risk of application sbandonmaent,
] Appticant ssserting sl entity status, See 37 CFR 1.27 NETER i the application was proviously under micro catity status, checking this box will bs taken
#0 b a notification of foss of cuiittement 1o micro entity status,

] Applicant changing io regular updisconuted foe status, DOTE: Checking this box will be taken to be a notification of loss of entitfernent o smaH or micro
enlity status, a8 applicable.

NOTE: This form must be sigaed i aceordssce with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signanue sequirements and certifications,

¢

g e R Y A, §3. a8
Suthorizad Signature THrcaae® e Date S
Typed ox printed same Michae! J, Mallie Registrasion No, 36,581
Page 2of 3
PTOL-8S Part B (10-13) Approved for use through 1/31/2013, OMEB (8510033 U.S, Patent and Trademask Oitice; U8, DEPARTMENT OF COMMERCE
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PTO/SBIAT (03-09)

Anproved for use through 03/31/2012. OMS 0851-0016

L. 8. Patent and Trademark Office; U. §. BEPARTMENT OF COMMERCE

Undar the Paperwork Reduction Act of 1865, no persons are required to respand to a collection of information uniess it displays a valid OMB control number,

“FEE ADDRESS” INDICATION FORM

Address o ' Fax to:
Mail Stop M Correspondence 571-273-8500
Commissioner for Patents - 0OR -

£.0. Box 1450
Alexandria, VA 22313-145¢

INSTRUCTIONS: The issue fee must have been paid for application{s} isted on this form. In addition,

only an addrass rapresented by a Customer Number can be establishad as the fee address for maintenance
fee purposes thereafler, fee address). A fee address should be sstablished when correspondence related to
maintenance fees should be mailled 1o a different address than the correspondence address for the application.

When o check the first box below: f vou have a Customer Number 1o reprasent ihe foe address. When
to check the sscond box below: if you have no Custorner Number representing the desired fee address,
it which case a completed Request for Customar Number (PTOSR/125) musi be altached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procadurs (MPEP) § 404,

For the Tollowing listed application{s}, pleass recognize as the "Fee Addrass” undar the provisions of 37 CER
1383 the address associated with:

Y1 Customer Number @@@vg g?

Or

U The attached Reguest for Customer Number (PTOISB/125) form,

FATENT NUMBER APPLICATION NUMBER
{if krown)
14/675,813
Complated by {check one):
B Applicant/invantor A-}?“iw@»* N
Attornsy or Agent of record 36,581 Michael J. Mallis
{Rag No) Typad or printed name
{71 Assignee of record of the entire interest. See 37 CFR 371, 408-720-8300
= Stalement undar 37 OFR 3.73(h) s enclosad. Requsstar's slaphone number
{Form PTO/SB/ME)
D Agsignes recorded at Resl Frams W khed

farms if more thati one

Page 45 of 304



Electronic Patent Application Fee Transmittal

Application Number: 14675613

Filing Date: 31-Mar-2015

Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan BOYANOV

Filer: Michael Mallie/Tammy Hu

Attorney Docket Number: 42P38794D

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 1 960 960
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Description Fee Code Quantity Amount Suﬁ-;l’;(t:)l L
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFS ID: 28541238
Application Number: 14675613
International Application Number:
Confirmation Number: 4208

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan BOYANOV

Customer Number:

45209

Filer: Michael Mallie/Tammy Hu
Filer Authorized By: Michael Mallie
Attorney Docket Number: 42P38794D
Receipt Date: 06-MAR-2017
Filing Date: 31-MAR-2015
Time Stamp: 13:35:28

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $960

RAM confirmation Number

030617INTEFSW00012319504238

Deposit Account

504238

Authorized User

Tammy Hu

37 CFR 1.20 {Post Issuance fees)

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

Page 48 of 304




File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
28902
1 Miscellaneous Incoming Letter P38794D_|Stmt_Reas(,;ns_for_A no 2
OWanCe.p 470411609193365bde8f839c4942bfe526
Warnings:
Information:
1734041
2 P38794D_ISSUE_FEE.pdf yes 2
8842986063c551b8b78d 1f17a3cf403afe3
ec59
Multipart Description/PDF files in .zip description
Document Description Start End
Issue Fee Payment (PTO-85B) 1 1
Change of Address 2 2
Warnings:
Information:
30642
3 Fee Worksheet {(SB06) fee-info.pdf no 2
0991b8e36efa26b4b7066cdcB81f93a96c4e
balf3
Warnings:
Information:
Total Files Size (in bytes){ 1793585
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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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Attorney’s Docket No. 42P38794D PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Examiner: FORTICH, Rodolfo D.
Boyan BOYANOV Art Unit: 2898
Application No.: 14/675,613 Confirmation No.: 4208

CERTIFICATE OF TRANSMISSION
| hereby certify that this correspondence is being
submitted electronically via EFS Web on the date
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COPPER ALLOY INTERCONNECTIONS FOR INTEGRATED CIRCUITS AND METHODS OF
MAKING SAME

Background of the Invention

Field of the invention

The prasent invention ratales generally to the field of integrated circuit manufacturing, and
maore specifically, to copper alloy interconnections and their formation.

Background

Advances in sernicondustor manufacturing technology have led to the deveiopment of
integrated circeuits having multiple levels of interconnact. in such an integrated circuit, patterned
conguctive material on ane interconnect level is electrically insulated from patterned conductive
material on another inferconnect level by films of material such as, for example, silicon dioxide.
These conductive materiais are typically a metal or metal alicy. Connections between the
conductive material at the various interconnest levels are made by forming openings in the
insulating fayers and providing an electrically conductive structure such that the patterned
conductive material from different interconnact lavels are brought into electrical contact with each

cther. These slecirically conductive structures are often referred 1o as contacts or vias.,

Other advances in semiconductor manufacturing technology have lad to the integration of
millions of transistors, each capable of switching at high speed. A consequence of incorporating
s0 many fast switching transistors into an integrated circult is an increase in power consumption
during cperation. One techniqus for increasing speed while reducing power consumption is to
replace the traditional aluminum and aluminur afloy interconnects found on integrated circuits with
a metal such as copper, which offers lower elecirical resistanca. Those skilled in the electrical arts
will appreciate that by reducing resistance, elecirical signals may propagate more quickly through
the inferconnect pathways on an integrated circuit. Furthermore, becsuse the resistance of copper
is significantly less than that of aluminum, the cross-sectional area of g copper inferconnect ling,
as compared o an aluminum interconnact ling, may be mada smaller without incurring increased
signal propagation delays basad on the resistance of the interconnact, Additionally, because the
capacitance behween two electrical nodes is a function of the overlap area between those nodes,
using a smaller copper interconnact line resulis in a decrease in parasitic capacitance. In this way,
replacing aluminum-based interconnects with copper-basad intercunnects provides, depending on

the dimensions chosen, reduced resistance, reducad capacitance, or both.

As noted above, copper has elecirical advantages, such as lower rasistance per cross-
sectional area, the ability to provide for reduced parasitic capacitance, and greater immunity fo
electromigration. For alf these reasons, manufacturers of integrated circuits find it desirable to
include copper in thair products.
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While copper is electrically advantagecus as compared to aluminum for interconnect fines
in integrated circuits, pure copper interconnect lines may still suffer from electromigration related
defacts,

Accordingly, there is a need for providing copper-based interconnections on integrated

5 rirouits that have improved levels of electromigration resistance.

Brief Description of the Drawings

Fig. 1 is a schematic cross-sectional view of an electroplated damascene siructure
ustrating an indirect encapsulation scheme in accordance with the present invention wherein the

16 dopant is concentrated in the lop surface of the meial film,

Fig. 2 is a schematic cross-sectional view of an aleciroplated damascene structure
ifiustrating an indirect encapsulation schems in accordance with the present invention wherein the
dopant has diffused sufficiently such that it remains on the top surface of the metal film.

Fig. 3 is a schematic cross-sectional view of an electroplated darmascene structure
15 ilusirating an indirect encapsulation scheme in accordance with the present invention showing the
dopant concentration at the Cu interfaces,
Fig. 4 is a schemalic cross-sectional view of an electroplated damascene structure
filustrating a direct encapsulation scheme in accordance with the present invention wherein the

dopant is concentrated in the bottom, side and top surfaces of the melal film.

<>

Fig. 5 is a schematic cross-sectional view of an electroplated damascene structure

|\

fHustrating a direct encapsulation scheme in accordance with the present invention wherein the
dopant has diffused aufficiently sush that it remains on the top surface of the metal film.

Fig. 6 Is a schematic cross-sectional view of an slectroplated damascene structure
flustrating a direct encapsulation scheme In accordance with the present invention showing the

25  dopant concentration at the Cu interfaces,

Fig. 7 is a schematic cross-sectional view of an interconnect structure with copper afioy
alements preferentially formad on the interface portions of the interconnect structure.

Fig. 8 is a schamatic cross-sectional view of an interconnect structure with Cu alloy
slernents preferentially formed on the top surfases of the interconnect structures.

[*8]
<D

Fig. 9 is a flowchart showing the operations in a process in accordance with the present

invention.

Fig. 10 is a flowchart showing the operations in & process in accordance with the present

invention.
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Detailed Description

it has been demonstrated that by adding smail amounts of a sscond metallic species
1o copper interconnect lines, the eleciromigration lifetime of those Cu interconnects is
significantly improved. However, a typical consequence of infroducing such a second
metallic species is a reduction in conductivity compared to pure Cu.

In one embediment of the present invention, a benzenesulfonic acid based Cu-8n
plating bath enables the conirol of the percentage of Sn in the Cu in a real-time manner
during the electrodepostion process. in this way, a second metallic species, such as 8n,
can be placed in regions known to be more susceptible to electromigration (e g., the surface
of @ copper inferconnect line), while very little Sn is placed in the regions of interconnect
lines {&.g., inside metai trenches) where reduction in conductivity is undesirable. Such an
electroplating process in accordance with the present invention enables the deposition of
precise and very small amounts (e.g., ppm level) of Sn (or other doping elements) In the
bulk of the copper. Sn is mainly accumuiated at the grain boundsries after annaaling, of
room temparature grain growth. Sn on the grain boundaries of copper suppresses Cu grain
poundary diffusion and increases the electromigration activation energy to about 1.3 eV. in
addition to Sn, other doping elements can be used including, but not limited o, In, Cd, Zn,
Bi, Sb, Mn, Mg, Co, Cr, Ni, Pb, Re, Ry, Rh, Pd, Pt Os, W, §, C.

An ilustrative plating bath in accordance with the present inveniion includes low
soncentrations of sulfuric acid to “superfill” and sulfonic acids io deposit doping elements
fram the copper plating solution containing fons of the doping elements. Use of sulfonic
acids facilitates the incorporation of carbon into plated films. Since carbion has a low
solubility in copper, it can subsequently be driven into interface regions by using an
annealing operation. Furthermore, the conceniration the doping elemeni(s) in the alloy can
be regulated, in accordance with the present invention, by changing the current density in
real-tima during the electroplating process. That is, inferconnect lines can be made from
copper wherein the bulk of the Interior portion has a duping concentration <0.5%, while the
interfacs, or surface portions, of the interconnect can have a doping concantration >0.3%.
The surrent density can be changed by changing the appliad voltages. For example, if the
substrate is made to appear more negative, than it will more strongly attract positively
charged ions to the subsirate.

Terminology

The terms, chip, integrated circuit, mongiithic device, semiconductor device or component,
microelectronic device or component, and similar terms and expressions, are often used
interchangeably in this field. The present invention is applicable to all the above as they are

generally understood in the fieid.
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The terms metal line, trace, wire, conductor, signal path and signaling medium are all
related. The related terms listed above, are generally interchangeable, and appear in order from
specific io general. In this field, metal lines are sometimes referred io as traces, wires, lines,

interconneacts or simply metal.

The terms contact and via, both refer to structuras for electrical connection of conductors
from different interconnect levels. These terms are somelimes used in the art to describe both an
opening in an insulaior in which the structure will be completed, and the completed siructure itself.

For purposes of this disclosure contact and via refer to the completed structure.
NHE refers to a normalized hydrogen electrode,
The acronym ppm stands for parts per milfion.

A substrate may also be referred to as a wafer. Wafers, may be made of semiconducting,
non-sermiconducting, or combinations of semiconducting and non-semiconducting materials.
Silicon wafers may have thin films of various materials formed upon them, Other materials such

as Gahls, silicon-on-sapphira, or sificon on insulator (SO} may be used to form wafers,

The term vertical, as used herein, maans substantially perpendicular to the surface of a
substrate,

Embodiments of the present invention provide a bath to deposlt Cu alloys onte a Cu
or Cu alioy seed layer. Electroplated Cu alloys include, but are not limited to, CuSn, CuC,
Cu8, Culn, Culd, CuCr, CuZn, CuBi, CuSh, CuPb, CuMn, CuMg, CuCc, CuMi, CuRe,
CuRuy, CuW, CuPt, CuPd, CuRh, CuOs. The Cu alloy seed layer includes, but is not limiied
to, CuSn, CuMg, CuAl, CuTi, CuTa, CuW, Culn, Cu8b, CuZn, CuPd, Culn, CuCr, CuNi,
CuRy, CuRh, CuAu, CuBi, CuCd, CuPt, Culr, CuOs, CuRe, Cullo, CuZr, CuWw.

For purpeses of the present invention, the seed layer, whether a Cu or Cu alloy, can
be deposited by physical vapor deposition (PVD), chemical vapor deposition {CVD), atomic
{ayer depositicn {ALD}, or any other suitable manner of forming the seed layer. Cu alloy
szed layers can be used with or without a barrier layer. Copper diffusion barrier layers
inciude, but are not limited to, Ta, TaN, TaSiN, W, WN, WSIN, Ti, TiN, TiSiN, Co. A barrler
fayer can be depositad by PVD, CVD or ALD,

Embodimants of the present invention include an elsciroplating degosition process, An ‘
lustrative embodiment of an electroplating bath In accordance with the present invention may be
formed by sambining: Cu ions in the concentration range of 5-100 g/l; sulfuric acid in the
concentration range from 1 fo 50 g/t (<10 wit% in the plating bath}; Clions in the concentration
range from 10 to 100 mg/l; one or more sulfonic acids; and 8n(il} ions. One or more doping
elements can te co-deposited with Cu including Sn, In, Cd, Cr, Zn, Bi, 8b, Po, Mn, Mg, Co,
Wi, Re, W, Ru, Pt, Rh, Pd, C, 8, Os. The selected doping element(s) are included in the

electroplating bath. Additionally, organic additives, including bt not limited t¢, an anti-
4
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suppressor such as mercapto alkylsuifonates, a suppressor such as polyethers (.g.,
polysthyiene giveel (PEG), polypropylene glycol (PPE)), and a leveler such as polyimines,
or polyamids, may be used in the electroplating bath. Complexing agents such as, but not
limited to, citrate, tarirate, ethylenediaminetetra acetic acid (EDTA), and acetate may also be
included in the electroplating bath to provide a more negative deposition potential for copper which
facilitates co-daposition of elemants having a large difference in elecirode potential with Cu (NHE
+0.24 V) for example Cr, Mg, Mn (NHE -1.18 V), Co (NHE ~0.8 V), Zn (NHE ~ 0.76 V), In {NHE -
0.35 V), Ni (NHE ~0.25 V). Complexing agents are also used to provide a more negative electrode
potentiai for noble metals such as Pd (NHE +0.8¢ V), Rh (NHE +0.8 V), and P (NHE + 0.73 V).

in the fllustrative elactropiating bath described above, the Cu ions may be supplied from
starting materiais including, but not limited o, copper sulfate, copper nitrate, copper chioride,
copper methanesulfoniate, copper ethanesuifonate, copper propanesulfonate, copper
benzenesulfonate, and copper triflate. The Cl jons may be supplied from a starting material such
as, but not fimited to, HCL Sulfonic acids such as, but not limited o, methanesulfonic acid
(M3A), ethanesulfonic acid (ESA), propanesulfenic asid (P8A), benzenesuifonic acid (BEA),
and trifiucromethane sulfonic acid (triftic acid ~ TFA) in the concentration range from 0.005
mole/l to 2.5 mole/i may be used. Sn{ll) ions may be supplied from starting materials
inctuding, but not limited to, tin(if) suifate, tin{ll} acetate, tin(il) bromide, tin{li) chioride, tin(i}

fluoride, in(ll) iodide, and tinll) oxide in the concentration range from 0.1 to 200 g/l

Fabricating ailoy structures

in iHustrative embodiments of the present invention, current densities are varied
during the electroplating process hecause varying the curreni densities in an electroplating
bath in acecordance with the present invention controls the concentration of doping elements
being deposited aiong with the copper. In this way, Cu alioys rich in one or more doping
elements can be formed at specific regions within the interconnect strusture. In particular, copper-
based interconnects having alloys &t the outer, or interface, portions of the interconnects are

formed.

The current densities refamed to above may be high {e.g., in a range from 30 {o 100
mAjcm?) at the initial deposition phase and at the termina deposition phase to allow deposition of
Cu with higher concentrations of doping elements (e.g., »0.5 wi%). Conversely, low deposition
current densities (e.q., from 0.5 to 30 mA/om®) allow deposition of Cu with low concentrations of
doping slemants {e.q., <0.5 wi%). An annsal operation may be performed shortly, if not
immediately, after deposition in the same plating tool to form and stabilize the Cu alloy
microstructure. This anneal operation may aiso drive doping elements to the interface and grain
boundaries. The anneal temperature can vary from a low annsal temperature of less than 250°C
during the first operation to increase Cu grain size and drive impurities to the Interface, and a high
anneal temperature (>250°C) during a second operation 1o form a Cu alloy preferendially at the

3
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interface.

In ancther embodiment of present invention, annealing is performed after chemical
mechanical polishing (CMP) so that doping elements can diffuse to the interfaces and form
encapsuiated structuras, This post-CMP anneal operation can be done with different lemperatures
(low and high) in an integrated anneat chamber in the plating ool In a stand alone furnace orin
Rapid Thermal Processing (RTP) aquipment. The post-CMP anneal cperation can alse be
performed during or before an efch stopdlD deposition.

Cu interconnact with Cu alloys on fop interface.

One interconnect structure in aceordance with an embodiment of the present
invention is formed by co-depositing one or more doping elements with Cu preferentially
during the terminal phase of the deposition operation with high current densities being used,
while the bulk of the deposition is done with relatively lower current densities to allow the
deposition of Cu with a low conceniration of one or more doping elements (<0.5%). After
the deposition by slectropiating is compisted, an anneal cperation is performed to allow the
ong or more doping elements to diffuse toward the top of the Cu filled trenches while a very
iow concentration of Sn (L.e., <100 ppm) remains within the buik copper at the grain
boundaries.

Figs. 1-3 iliustrate this structure and process in more detail. Fig. 1 shows a cross-
section of a portion of & partially processed wafer. More particuiarly, Fig. 1 shows an
interlayer digiectric (ILD) 102 that has been patterned to form trenches 101 and vias 103
thersin. The partialiy processed wafer is placed in an electroplating bath that containg Cu
ions, as well as ions of one or more doping elements. A layer of copper 104 is then
electroplated over ILD 102 such that frenches 101 and vias 103 are filled, and the top
surface of ILD 102 is also covered with copper 104, While still in the electroplating bath that
was used fo plate copper 104, the current densily is increased so that one or more doping
alements present in the electroplating bath are co-deposited with copper to form copper
alloy layer 108. The current densities are selected so that the amount of doping atems in
copper layar 104 is less than 0.5 wi. % and the amount of deping atoms in layer copper afioy
layer 106 is greater than 0.5 wt.%.

Referring to Fig. 2, the structure of Fig. 1 is shown afler an annealing operation is
performed. In this embodiment, an anneal operation is done at a temperature less than 450
°C for a pericd of time belween 0.5 and 180 minutes in an Ny, Ar, or NptH; (e, forming
gas) environment. in an alternative embodiment, an anneal operation is performed in two
steps: first an annea! at @ temperature between 100 °C and 280° C for g period of time
between 0.5 and 180 minutes in an Ng, Ar, or Np+H, (e, forming gas) envirenment; and a
second anneal at a temperature between 250 °C and 450 °C for a period of time betwesn

0.5 and 180 minutes in an Ny, Ar, or No+Hj, {i.e., forming gas) environment. The annealing
I3
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aperation drives the doping elemant(s) from copper alioy layer 108 threugh 2 top portion of
coposr laver 104. Some of these doping atoms are also driven toward interface surfaces of
copper laver 104 to form copper alloy layer 108 as shown in Fig. 2.

Fig. 3 shows ihe structurs of Fig. 2 after a chemical mechanical polishing (CMP)
operation is performed. This CMP operation removes the metal overlying the top surface of
ILD 102 theraby creating individual interconnect lines that have a copper portion 104 and a
sopper alloy portion 108 as shown in Fig. 3. The copper alloy portion that resides at the fop
surface of the interconnect structure has a shape that is generally thin near the vertical
sidewalls of the trench and gets thicker towards the middie of the interconnect structure.

Cu interconnect siructure encapsulated with Cu alloys.

in one embodiment of the present invention a copper-basad interconnect structure is
formed by co-depesiting Cu with ane or more doping elemenis followed by an in-situ anneal
of the plated Cu-dopant material to drive one or mere low solubility doping elements lo the
interface portions of the intercennect structure. Such an interconnect structure can be also
formed by the co-plating of copper with a higher concentration of doping elements by usin
nigher currant density (>30 mAjem?) at the initial deposition step followed by plating Cu at
low current densities (<30 mAjom’) to achieve a relatively low concentration of doping
slements in the bulk interior portions of the interconnedt structure followed by plating Cu at
high current densities (>30 mAfem?) to achieve a relatively high concentration of doping
elements in the top poriion, i.e., later deposited portion, of the interconnact structure.

Suhsequent to completion of the electroplating operations, an anneal operation is
performed to aliow diffusion of doping elements to the top of the Cu filled trenches.

Figs. 4-8 Hilustrate this strusture and process in more detall. Fig. 4 shows a cross-
section of a portion of a partially processed wafer. More particularly, Fig. 4 shows an
interlayer dielectric {ILD) 402 that has been patierned to form trenches 401 and vias 403
therein. The partially processsd wafer is placed in an electroplating bath that contains Cu
jons and ions of one or more doping elements. A layer of copper alioy 484 {s then
slectropiated over ILD 402 such that surfaces of trenches 401 and vias 483 are covered,
and the top surface of ILD 462 is also covered with copper alloy 404. In the illustrated
embodimeni, §nis co-deposited with cogper to form copper alloy 404, and this layer is
deposited to a thickness of approximately 100 to 500 angstroms. Copper alloy 404 is
formed by the so-deposition of one or more doping slemants along with copper from the
electroplating bath. While still in the eleciroplaiing bath that was used o plate copper alioy
404, the current density is decreased so that doping elements present in the electroplating
bath are not co-deposited with copper to form cappar layer 406. Copper iayer 406, as
shown in Fig, 4, fills the portions of trenches 401 and vias 403 not occupied by copper alloy
jayer 484. The current densities are selected so that the amount of doping atoms in copper

7
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alioy iayer 404 is greater than 0.5 wt.% and the amount of doping atoms in layer copper
layer 406 is less than 0.5 wt.%. After layer 408 iIs formed, the current density is increased 1o
again co-deposit atoms of one or more deping elements with copper from the electraplating

bain thereby forming copper alloy layer 488,

Referring to Fig. 5, the structure of Fig. 4 is shown after an annealing operation is
performed. In this embodiment, an anneal operation is done at a temperature less than 450
°C for a period of time belween 0.5 and 180 minutes in an Nz, Ar, or Na+Hs {i.8,, forming
gas) environment. In an alternative embodiment, an anneal operation is performed in two
steps: first an anneal at 3 temperature between 100 °C and 250° C for a period of lime
between 0.5 and 180 minutes in an N, Ar, or Np+H, {i.e., forming gas) envirenment; and a
second anneal at a temperature betwsen 250 °C and 450 °C for a period of time between
0.5 ang 180 minutes in an Ny, Ar, or Ny+H; (i.e., forming gas) environment. The annealing
operation drives the doping elemsni(s) from copper alloy layers 404, 408 through a pertions
of copper tayer 406 as indicated in Fig. 4. By driving these doping atoms toward interface
surfaces of copper laver 408 a self-encapsulated copper regien is formed. Thatis, copper
406 is surrounded by post-anneal copper alioy 410,

Fig. 6 shows the structure of Fig. 5 after a2 chemical mechanical polishing operation
is performed. This CMP operation removes the metal overlying the top surface of ILD 402
thereby creating individusal interconnect lines that have a copper portion 408 and a copper
ailoy portion 448 as shown in Fig. 6. The copper alioy portion that resides at the top surface
of the interconnect structure has a shape that is generally thin near the vertical sidewalls of

the trench and gets thicker fowards the middle of the interconnedt structure.

in an alternative embodiment of present invention, the anneal operation is performed after
excess metal is removed by CMP. Such a post-CMP annea! operation can be done with different
temperatures {ow and high) in an integrated annead chamber in the plater tool, in a stand-alone
furnace, or in a rapid thermal processing (RTP) tool. Further, in accordance with the present
invention, the anneal operation can be performed during or before the deposition of an elch stop or
LD layer.

Fig. 7 shows a cross-section of a portion of @ wafer having copper interconnect lines
and vias surroundad by an ILD layer. More particularly, the copper interconnect lines and
vias have a self-encapsulating fayer surrounding their core regions. These self-
encapsulating fayers are formed of copper alloys. Copper alioys may be used, nct only as
described above for the improvemeant of clectromigration properties, but also to eliminate the
need for separately formed copper diffusion barriers as are found in conventional copper
interconnect lines. Fig. 8 is similar to Fig. 7, but illustrates an emboediment of the present
invention in which the copper alloy [ayer is formed on the top portion of the copper

interconnect lines.
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Fig. 9 iustrates a method in accordance with the present invention. As shown st block
502, copper is lestroplated onto a substrate from an electroplating bath containing sutfuric acid, a
suffonic acid, copper ions and doping fons, at a first current density. Subsequently, as shown at
block 804 the cusrent densily is changed o a sscond value, and a copper alloy is electropiated

onto the previcusly deposited copper from the same electroplating bath.

Fig. 10 flustraies an embodiment of the present invention in which encapsuiated copper
interconnact structures are formed. By encapsulated, # is meant that a core or interior portion of
the copper interconnect structure is surrounded by a region of copper alloy. As shown in Fig. 10 at
block 1002, a copper alloy is electroplated onio 3 substrate from an electroplating bath containing
sulfuric acid, a sulfonic acid, copper ions and doping fons, at a first current density. This current
density is chosen such that a doping slement present in the electroplating bath is co-deposited
along with copper. This copper alioy [ayer is typically formed over a previously formed seed layer.
At biock 1004, copper is electroplated onto the copper alloy from the same eleciroplating bath
sontaining sulfuric acid, a sulfonic acid, copper ions and doping lons, at a second, lower, surrent
density. At block 10686, ancther layer of copper alioy is electroplated from the same bath, onto the
sopper layer. This copper aftoy deposition is performed at a third current density which s higher
than the second current density. The first and third current densities may be, but are not required
io be equal. As shown at block 1688, the subsirate is annealed so that the doping atoms in the
copper alloy regions are driven into porfions of the copper layer including the interface portions,
thereby forming a saif-encapsulating region around the core portion of the copper interconnect

structure,

Embodiments of the present invention provide copper-based interconnect structures and
methods and chemistries for their formation. More particularly, damascene copper-based
interconnects are formed through the use of a plating bath in which the mixture of sulfuric acid at
low concentration (<50 g/l) with sulfonic acids allows “superfill” and co-plating of doping
elements. The concentration of doping elements can be reguiated by changing the current
density during electropiating o creats higher concenirations of doping elements at the
interfaces of the interconnect structures in order o improve electromigration resistance
without substantially sacrificing the alectrical resisiivity of undoped Cu lines. By annealing
after slectropiating, without any significant intervening deiay, for example, in a plaiing tool
with an integrated annealing chamber, allows doping elements o diffuse to the interface
thereby forming an alloy at the interface. Annealing temperatures can vary from low (e.g.,
«<250°C) to high (>250°C) to form alloys preferentiaily at the interface. Forming copper-
based interconnects in accordance with the present invention produces interconnects that
are encapsulated with doping element alfoys. Forming Cu lines encapsulated with Re, Ru or
W produces a buili-in barrier layer. In other words, by forming copper lines with Re, Ru, of
W, a doping element alloy at the oufer, Le., interface, portions of the interconnect lines is

9
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formed which act to reduce or prevent the diffusion of copper atoms into the surrounding
dielectric layars. Cu interconnact structures in accordance with the present invention can
also be formed with the fop interface or bottom interface containing the Cu alioys.

With respact to CuSn plating, combinations such as: {a)hiaving a substantially
uniformly average, very low Sn content through the electroplated metal films with Sn mainly
on the grain boundaries; (b) having a higher CuSn concentration at the bottom of lines and
vias; {¢) having a higher CuSn concentration at the top of lines and vias; and (d) having a
higher CuSn concentration at the top and bottom of fines and vias, it should also be noted
that, with respect to annealing, this can be done after Cu plating, after CMP of the deposited

copper faver, or after both Cu plating and CMP.

An advantage of some embodiments of the prasent invention is that adhesion of silicon

nitride to copper interconnect lines is improved.

An advantage of some embodiments of the present invention is that a silicon nitride aftch
stop layer is rendered unnecessary.

An advantage of some embadiments of the present invention is that the wear resistance of

copper-based interconnacts is improved.

An advantage of some embodiments of the present invention is that hilleck formation

during an anneal operation is reduced.

An advantage of some embodiments of the present invention is that the adhesion between
the copper afloys and the barrier layer is improved relative fo that of pure copper, because the
doping constituents of the copper alloy can form an intermetallic compound with the barrier layer

{e.9., 3n alloy of coppar and Tz-based barrier layer).

An advantage of some ambodiments of the present invention is that encapsulation of
copper interconnect fines with copper alioys provides a mechanical framework to support the
copper lines. This is particularly useful when SiO, basad interlayer diglestric materials are
replaced with the less rigid low-k and ulira low-k dieleciric materials.

Other modifications from the spacifically described apparatiss, cleaning solutions, and
processes will be apparent to those skilled in the art and having the benefit of this disclosure.
Accordingly, it is intended that all such modifications and aiterations be considered as within the
spirit and scope of the invention as defined by the subjoined Claims.

10
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What is claimed is:
1. An glactroplating bath comprising a mixture formed from:
sulfuric acid, a suffonic acid, a copper containing compound, a chloring containing

compound, and at least ore doping element.

2, The eiectroplating bath of Claim 1, wherein the copper corfaining compound is selecied
from the group consisting of copper sulfate, copper nitrate, copper chicride, copper
methanasulfonate, copper sthanesulfonate, copper propanesulfonate, copper benzenssulfonate,

and copper triflate.

3. The electroplating bath of Claim 2, further comprising at least ong organic additive.

4. The electroplating bath of Claim 3, wherein the at least one organic additive is selected

from the group consisting of mercapto alkvisulfonates, polyethers, polyimines, and polyamids,

5. The electroplating bath of Claim 4, further comprising at least one complexing agent.

8. The electroplating bath of Claim 5, wherein the at least one complexing agent is selected

from the group consisting of acetates, citrates, tarirates, and EDTA.

7. The elestroplating bath of Claim 2, wherein the sulfonic acid is selected from the group
consisting of methanasulfonic zeid, ethanesulfonic acid, propanesulfonic acid, benzenesulfonic
acid, and triffluormethanesulfonic acid; and the concentration range of the sulfonic acid is between

{.005 moles/liter and 2.5 moles/iter.

8. The electroplating tath of Claim 1, wherein the at least one doping element is selected
from the group consisting of Sn, i, Cd, Cr, Zn, Bi, Sb, Pb, Mn, Mg, Co, Ni, Re, W, Ry, Pt, Rh,
Pd, C, 8, Os.
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9. The electroplating bath of Claim 8, wherein the sulfuric acid has a concentration in the
range from 1 to 80 g/l; and wherein the coneentration of Ci fons from the chlorine containing

compound is in the conceniration rangs from 10 to 100 mg/l.

10. The electroplating bath of Claim 3, wherein the sulfuric acid is Iess than10 wi% of the
g g

plating bath.

(B The electroplating bath of Claim 8, wherein the at least one doping element is Sn; and a
source material for Sn in the eleciroplating bath is selected from the group consisting of tin{if)

sulfate, tin(il) acetate, tin(il) bromide, tin(fl} chieride, tin(ily fluoride, tin(ll) iodide, and tin(ll)

oxide.
12, The electroplating bath of Claim 8, wherein the chioring containing compound is HCL
13. A method of forming & copper-basad interconnect line on an integrated circuit, comprising:

providing a subsirate having a dielectric layer thereon, the dielactric layer having trenches
thergin, and the dieleciric laver and trenchas having & seed layer disposad thereover,

placing ihe subsirate into an electroplating bath mixture formed from sulfuric acid, a
sulfonic acid, 2 copper coniaining compound, a chiorine containing compound, and at least one
doping element;

forming a jayer of copper over the seed layer, the copper layer having a non-uniform
dgistribution of doping slements therein,

annealing the substrate; and

removing a top portion of the copper layer by chemical mechanical polishing.

14. The method of Claim 13, wherein forming the layer of copper comprises:
applying a first voltage to the wafer to foree a first current density; and

applying a second voltage to the wafer to force a second current density.
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15, The method of Claim 14, wherain the first current density s less than 30 mAfem?,
18. The mathod of Claim 14, wherein the second current density is greater than 30 mAfom®,
17. The method of Claim 14, wherein the doping slement is selactad from the group consisting

of Sn, In, Cd, Cr, Zn, Bi, 3b, Pb, Mn, Mg, Co, Ni, Re, W, Ry, P{, Rh, Pd, C, §, Os.

18. The method of Claim 14, whersin the doping slement is 8n, the first current density is lass

than 30 mA/om?® and second current density is greater than 30 mAfen.

18. The method of Claim 13, wherein forming the layer of copper comprises:
applying a first voitage to the wafer to force a first current dansity;
applying a second voltage to the wafer to force a second current density; and

applying a third voltage to the wafer to force a third current density.

0. The method of Claim 19, wherein the second current density is less than the first current

density, and the second current density is less the third current density.

21. An interconnect structure in an integrated cirouit, comprising:

an interlaver dielectric layer having at least one trench therein, the trench having spaced
apart vertical sidewalls;

a metallic conductor disposed in the at least one trench;

wherain the metaliic conducior has an interior portion comprising copper with less than 0.5
wt.% doping elements therein, the metallic conductor has a top portion, including a top surface
thereof, comprising copper with greater than 0.5 wi.% doping elements therein, and the fop portion

has 3 thickness that varies aceording to a distance from the trench vertical sidewalls.

22. The interconnect structure of Claim 21, wherein the fop portion is a Culn alloy, and the

top portion is thickest midway between the vertical sidewalls of the at least one trench.

i3
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802

Electroplating sopper onto a substrate from an electroplating bath containing sulfuric zcid, a

sulfonic acid, copper ions and doping fons, at a first current density

804

Electropiating copper alloy onle the copper from an electroplating bath containing sulfuric acid, a
sulfonic acid, copper ions and doping lons, at a second current density

Fig. 8

1002

Eiectropiating copper alloy onto a substrate from an electroplating bath containing sulfuric acid, a
sulfonic acid, copper ions and doping fons, at a first current density

1004

Electropiating copper onto the copper alloy from an electroplating bath containing suffuric acid, a
sulfonic asid, copper ions and doping ions, at a second current density

1006

Electroplating copper alloy onto the copper from an electroplating bath containing sulfuric acid, a
sulfonic acid, copper ions and doping fons, at a third current density

1008

Annealing the substrate

Fig. 10
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(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CEFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. I
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D 4208
| EXAMINER |
45200 7590 12/07/2016
BLAKELY SOKOLOFF TAYLOR & ZAFMAN FORTICH, RODOLFO D
c/o CPA Global
900 2nd Avenue South, Suite 600 | ART UNIT PAPER NUMBER I
Minneapolis, MN 55402 2898

DATE MAILED: 12/07/2016

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.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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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 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/675,613 BOYANOV ET AL.
H i i i AlA (First Inventor to File)
Notice of Allowability E)(()atr)rc])ltgg D. FORTICH 2;9:;] " Status
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. This communication is responsive to claims amendments filed on 10/31/2016.
Oa 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. X] The allowed claim(s) is/are 1-9. 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
hitn:/Awww. ysplo.gov/patents/inil_avenis/pph/index.jsp or send an inquiry to PPHfegdback@uspio.goy .

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

a)[d Al b)[J Some *c)[] None of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priotity documents have been received in Application No.
3. [ Copies of the cettified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

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

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

Attachment(s)

1. Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 04/29/2016

3. [ Examiner's Comment Regarding Requirement for Deposit 7. X Other A.NE form. Bib form, Issue Classification, and
of Biological Material EAST search.

4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/JULIO J. MALDONADO/
Supervisory Patent Examiner, Art Unit 2898

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20161116A
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Application/Control Number: 14/675,613 Page 2
Art Unit: 2898

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

DETAILED ACTION
Applicant’s claims amendments filed on 10/31/2016 is acknowledged. Claims 10-17 were cancelled.

Claims 1-9 were allowed on communication mailed on 07/05/2016.

Allowable Subject Matter
Claims 1-6 were allowed on communication mailed on 07/05/2016.

The following was an examiner's statement of reasons for allowance: the best prior art of
records, either individually or in combination, does not disclose or suggest the claimed apparatus,
comprising: a substrate comprising silicon; an interlayer dielectric layer over the substrate, the interlayer
dielectric layer comprising silicon, oxygen, and carbon, the interlayer dielectric layer having a top
boundary; a trench in the interlayer dielectric layer, the trench having internal sidewalls; a barrier layer
comprising tantalum and nitrogen on the internal sidewalls of the trench; a conductive material in the
trench, the barrier layer between the conductive material and the interlayer dielectric layer; and a
capping region comprising cobalt directly on the top of the conductive material comprising copper and
cobalt, a top of the capping region near the interlayer dielectric layer being no higher than the top
boundary of the interlayer dielectric layer that is near the capping region.

Claims 7-9 were allowed on communication mailed on 07/05/2016.

The following was an examiner's statement of reasons for allowance: the best prior art of
records, either individually or in combination, does not disclose or suggest the claimed apparatus,
comprising: a substrate comprising a semiconductor material; a dielectric layer over the substrate, the
dielectric layer having a top boundary; a plurality of trenches in the dielectric layer, the plurality of
trenches having sidewalls; a barrier layer on the sidewalls of at least some of the plurality of trenches;
conductive material in the at least some of the plurality of trenches, the barrier layer being between the
conductive material and the sidewalls, the conductive material being no higher than the top boundary of
the dielectric layer at a location near to the conductive material; and a capping region comprising cobalt
directly on the conductive material comprising copper and cobalt, the capping region being no higher
than the top boundary of the dielectric layer that is near to the capping region.
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Application/Control Number: 14/675,613 Page 3
Art Unit: 2898

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

Conclusion

Any inquiry concerning this communication or earlier communications from an Examiner should
be directed to Examiner Rodolfo Fortich, at (571) 272-3461, on Monday through Thursday, 7:30 am -
5:30 pm ET. If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Julio Maldonado can be reached on (571) 272-1864. 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 only
through Private PAIR.

For more information about the PAIR system, see http://pair-direct.uspto.gov. The Electronic
Business Center (EBC) at (866) 217 -9197 (toll-free) may answer questions on how to access the Private
PAIR system.

/RODOLFO D FORTICH/
Examiner, Art Unit 2898
/JULIO J. MALDONADO/

Supervisory Patent Examiner, Art Unit 2898
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Application/Control No. Applicant(s)/Patent Under
Reexamination
14/675,613 BOYANOV ET AL.
Notice of References Cited . .
Examiner Art Unit
RODOLFO D. FORTICH 2898 Page 1 of 1
U.S. PATENT DOCUMENTS
* County by Gode | MMpeyy Name CPC Classification US Classification
* A | US-2010/0081276 A1 04-2010 Ishizaka; Tadahiro HO01L21/02063 438/653
* B | US-2009/0283499 A1 11-2009 Mayer; Steven T. C23C18/1608 216/90
c | Us-
D | US-
E | US-
F | US-
G | US-
H | US-
| uUs-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Coumg%co%r;i?jtm'\ézrgﬁ; Code MM[2$‘$YY Country Name CPC Classification
N
O
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) Notice of References Cited Part of Paper No.
20161116A
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

14675613 BOYANOV ET AL.
RODOLFO D FORTICH 2898
CPC- SEARCHED
Symbol Date Examiner
H01L23/53238 OR H01L23/53266 OR H01L23/485 OR 11/16/2016 R.F
H01L23/3677 OR HO1L23/481
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
(HO1L23/53238 OR H01L23/53266 OR H01L23/485 OR 11/16/2016 R.F
HO01L23/3677 OR H01L23/481).CPC. AND (((cap or capping) and
dielectric and (conductive or conducting or metal or metallic) and
(trench or opening or reces
(HO1L21/76843 OR H01L21/823821 OR H01L21/28556 OR 11/16/2016 R.F
HO1L21/324 OR H01L21/0217).CPC. AND (((cap or capping) and
dielectric and (conductive or conducting or metal or metallic) and
(trench or opening or re
(HO1L2924/042 OR H01L2924/0002 OR H01L2924/00 OR 11/16/2016 R.F
H01L2924/01327 OR H01L2924/047).CPC. AND (((cap or capping)
and dielectric and (conductive or conducting or metal or metallic)
and (trench or opening o
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
257 773,762, 767,741, 750 11/16/2016 R.F
SEARCH NOTES
Search Notes Date Examiner
See EAST search 11/16/2016 R.F
Consultation with Julio Maldonado 11/15/2016 R.F
Assignee / Inventor search 11/16/2016 R.F

INTERFERENCE SEARCH

U.S. Patent and Trademark Office
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US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
HO1L2924/00- HO1L2924/042 OR H01L2924/0002 OR H01L2924/00 11/16/2016 R.F
047 OR H0O1L2924/01327 OR H01L2924/047

U.S. Patent and Trademark Office
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14675613 BOYANOV ET AL.
RODOLFO D FORTICH 2898
CPC
Symbol Type Version
HO1L 23 53238 F 2013-01-01
Ho1L 21 7685 | 2013-01-01
HO1L 23 485 | 2013-01-01
HO1L 21 | 2013-01-01
HO1L 21 | 2013-01-01
HO1L 2924 0002 A 2013-01-01
HO1L 23 528 | 2013-01-01
HO1L 23 53209 | 2013-01-01
HO1L 23 53295 | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
HO1L 1 1 2013-01-01
HO1L 1 2 2013-01-01
/RODOLFO D FORTICH/
Examiner.Art Unit 2898 11/16/2016 Total Claims Allowed:
9
(Assistant Examiner) (Date)
/JULIO J MALDONADO/
Supervisory Patent Examiner.Art Unit 2898 11/28/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3B

U.S. Patent and Trademark Office

Part of Paper No. 20161116A
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | | 575615 BOYANOV ET AL.

ILCMAMID (===
RODOLFO D FORTICH 2898
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 773 Hfof|1]L 23 /532 (2006.0)

CROSS REFERENCE(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

438 597 618 627 669 637

/RODOLFO D FORTICH/
Examiner.Art Unit 2898 11/16/2016 Total Claims Allowed:
9
(Assistant Examiner) (Date)
/JULIO J MALDONADO/
Supervisory Patent Examiner.Art Unit 2898 11/28/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3B
U.S. Patent and Trademark Office Part of Paper No. 20161116A
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14675613 BOYANOV ET AL.
RODOLFO D FORTICH 2898
O Claims renumbered in the same order as presented by applicant O CPA O T.Db. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 1 17
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10
1
12
13
14
15
16
/RODOLFO D FORTICH/
Examiner.Art Unit 2898 11/16/2016 Total Claims Allowed:
9
(Assistant Examiner) (Date)
/JULIO J MALDONADO/
Supervisory Patent Examiner.Art Unit 2898 11/28/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3B

U.S. Patent and Trademark Office

Part of Paper No. 20161116A
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Receipt date: 04/29/2016

14675613 - GAU: 2898

Substitute for Form 1449/PTO Complete if Known
INFORMAT'ON DISCLOSURE Application Number 14/675,613
Filing Date March 31, 2015
STATEMENT BY APPLICANT First Named Inventor: Boyan BOYANOV
(use as many sheets as necessary) Art Unit 2898
e-Filed April 29, 2016 Examiner Name FORTICH, Rodolfo D.
Sheet 1 of 2 Attorney Docket Number 42P38794D
U.S. PATENT DOCUMENTS
Examiner Cite No.” Publication Name of Patentee or Pages, Columns, Lines,
Initials* Document Number Date Applicant of Cited Document Where Relevant
MM-DD-YYYY Passages or Relevant
Number-Kind Code®(it known) Figures Appear
NON PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the T2
Initials™ No' item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue
number(s), publisher, city and/or country where published
REJ NPL1 Korea Patent Application No. 10-2014-7015212, Notice of Allowance (Allowed Claims in
S English) mailed March 2, 2016, 4 pages [Atty Docket: P38794KR]
RE) NPL2 Korea Patent Application No. 10-2016-7003215, Notice of Preliminary Rejection (Office
e and Claims in English) mailed April 1, 2016, 7 pages [Atty Docket: P38794KR-D]
Examiner i ; o Date g
Signature {Rodolfo Fortich/ Coridored 06/20/2016

*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.

'Applicant's unique citation designation number (optional). *Applicant is to place a check mark here if English Translation is attached.
This collection of information is required by 37 CFR 1.98. 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 2 hours 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT
SENT FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RF/

Based on Form PTO/SB/08A (08-03) as modified by BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP on 09/10/03.
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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 :
L1 {387 i(HO1L21/76843 OR H0O1L21/823821 OR US-PGPUB; #AND ON 2016/11/16}
HO1L21/28556 OR H01L21/324 OR USPAT; 07:39 ;
HO01L21/0217).CPC. AND (((cap or USOCR;
capping) and dielectric and (conductive or §FPRS; EPO;
conducting or metal or metallic) and JPO;
(trench or opening or recess or channel or §{DERWENT;
hole or cavity)) and (barrier and tantalum {{iBM _TDB
and nitrogen and cobalt and (copper or
Cu))) ;
Lo 68 "257/773".CCLS. AND (((cap or capping) {{US-PGPUB; #AND ON 2016/11/16
and (conductive or conducting or metal or {USPAT; 07:56 ;
metallic) and (trench or open$3 or recess {USOCR;
or channel or hole or cavity)) and (barrier {§FPRS; EPO;
and (tantalum or Ta) and nitrogen and JPO;
(cobalt or Co) and (copper or Cu))) DERWENT;
IBM_TDB i
L9 53 (INTEL near2 CORPORATION).as. AND US-PGPUB; H#AND ON 2016/11/16:
(((cap or capping) and (conductive or USPAT; 08:01 :
conducting or metal or metallic) and USOCR;
(trench or open$3 or recess or channel or {FPRS; EPO;
hole or cavity)) and (barrier and (tantalum §JPO;
or Ta or TaN) and nitrogen and (cobalt or §DERWENT;
Co) and (copper or Cu))) IBM_TDB
L11 §295 §(HO1L2924/042 OR HO1L2924/0002 OR US-PGPUB; {AND ON 2016/11/16;
HO01L2924/00 OR H01L2924/01327 OR USPAT; 08:03
H0112924/047).CPC. AND (((cap or USCOCR,;
capping) and dielectric and (conductive or {FPRS; EPO;
conducting or metal or metallic) and JPO;
(trench or opening or recess or channel or {DERWENT;
hole or cavity)) same8 (barrier and IBM_TDB
tantalum and nitrogen and cobalt and
(copper or Cu)))
St 7 "257/773".CCLS. and (recess$3 same US-PGPUB; #AND ON 2014/08/12;
(channel and cap$4)) USPAT; 12:44
USOCR;
EPO :
S4 1595 ii(recess$3 neard (channel near4 cap$4)) HUS-PGPUB; {AND ON 2014/08/12}
USPAT; 13:43
USOCR;
EPO
S5 4 ((13/991903) or (13/914837) or US-PGPUB; #OR OFF 2014/08/12
(13/915158) or (13/921436)).APP. USPAT; 14:12
USOCR :
S6 78 ((Boyan) near2 (Boyanov)).INV. US-PGPUB; #AND ON 2014/08/12;
USPAT; 14:38
USOCR :
S7 {2483 {(recess$3 or etch$3) same4d US-PGPUB; #AND ON 2014/10/27
(electromigrat$3 and (cap or capping) and §USPAT; 15:39
deposit$3) USOCR,;
EPO

EASTSearchHistory.14675613_AccessibleVersion.htm[11/16/2016 8:04:20 AM]
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EAST Search History

EASTSearchHistory.14675613_AccessibleVersion.htm[11/16/2016 8:04:20 AM]
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S8 1724 ii(recess$3 or etch$3) same US-PGPUB; {AND ON 2014/10/27:
(electromigrat$3 and (cap or capping) and {jUSPAT; 15:39
deposit$3) USOCR;

EPO :

S9 {683 ii(recess$3 or etch$3) same US-PGPUB; #AND ON 2014/10/27
(electromigrat$3 and (cap or capping) and {{USPAT; 15:40
deposit$3 and dielectric) USOCR;

EPO :

S$10 {647 (recess$3 or etch$3) same US-PGPUB; #AND ON 2014/10/27:
(electromigrat$3 and (cap or capping) and {jUSPAT; 15:41 ;
(depositing or deposition) and dielectric USOCR;
and (conduct$3 or metal$3)) EPO :

S12 1138  H(INTEL near2 CORPORATION).as. and US-PGPUB; #AND ON 2014/10/27
(recess$3 or etch$3) same4d USPAT; 16:08
(electromigrat$3 and (cap or capping) and §USOCR;
deposit$3) EPO;

DERWENT !

S16 4 (("20100109131") or ("20080026487") or HUS-PGPUB; {iOR OFF 2014/10/28;
("20040245637") or USPAT; 08:31
("20010045651")).PN. USOCR

S17 {160 §"438/627".CCLS. and (channel and cap$4) §US-PGPUB; {AND ON 2014/10/28

USPAT; 08:53
USOCR;
EPO
S18 4 (("20090283499") or ("20060128144") or {US-PGPUB; {{OR OFF 2014/10/28
("7396759") or ("20090127097")).PN. USPAT; 09:12

USOCR :

S19 §155 {{"438/669".CCLS. and (channel and cap$4) §US-PGPUB; {AND ON 2014/10/28;
USPAT; 10:11 :
USOCR;
EPO

$20 2 (("6630741") or ("7008871")).PN. US-PGPUB; H{OR OFF 2014/10/28
USPAT; 10:28
USOCR :

S21 i1 ("20050001325").PN. US-PGPUB; #OR OFF 2014/10/28;
USPAT; 10:33
USOCR :

S22 12 (("6,375,693") or ("6,503,834")).PN. US-PGPUB; #OR OFF 2014/10/28
USPAT; 10:38
USOCR

S29 #69  i{("257/762".CCLS. or "257/767".CCLS. or  {US-PGPUB; {{AND ON 2014/10/28;
"257/741".CCLS. or "257/750".CCLS.) and {USPAT; 11:33 :
((recess$3 or etch$3) and USOCR
(electromigrat$3 and (cap or capping) and
channel and (depositing or deposition) and
dielectric and (conduct$3 or metal$3))) :

S30 65  ij("438/687".CCLS. or "438/597".CCLS. or  {US-PGPUB; {{AND ON 2014/10/28
"438/618".CCLS.) and ((recess$3 or USPAT; 12:36
etch$3) and (electromigrat$3 and (cap or {jUSOCR
capping) and channel and (depositing or
deposition) and dielectric and (conduct$3
or metal$3)))

S31 {9 (recess$3 or etch$3) same2 US-PGPUB; §AND ON 2014/10/28
(electromigrat$3 and (cap or capping) and §USPAT; 13:54
channel and (depositing or deposition) andijUSOCR;
dielectric and (conduct$3 or metal$3) and {EPO;
inhibitor) DERWENT

S32 {1 (10/690084) .APP. US-PGPUB; #OR OFF 2014/10/28

USPAT; 13:56
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- HUSOCR 3
S33 {1 ("5535230").PN. US-PGPUB; #{OR OFF 2014/10/29;
USPAT; 10:22 ;
USOCR :
S34 i1 ("8502247").PN. US-PGPUB; {OR OFF 2014/10/29
USPAT; 11:05
USOCR
S35 {2 (("7488432") or ("20140152637")).PN. US-PGPUB; {{OR OFF 2014/10/29
USPAT; 11:57
USOCR :
S36 {615 ii(recess$3 near4 (channel near4 cap$4)) US-PGPUB; {AND ON 2015/03/09;
USPAT; 15:25
USOCR;
EPO
S37 {462 §"257/773".CCLS. and (channel and cap$4) {{US-PGPUB; $AND ON 2015/ 03/20§
USPAT; 15:42 =
USOCR;
EPO :
S38 #1276 S37 AND ( (HO1L2924/00014 OR US-PGPUB; §AND ON 2015/03/20§
HO01L2924/00 OR H01L2924/0002 OR USPAT; 15:42 :
HO112224/13147 OR USOCR,;
HO1L2224/48247).CPC. ) EPO
S39 i1 ("5741626").PN. US-PGPUB; #OR OFF 2015/03/20
USPAT; 16:39
USOCR
A1 4 (("20090283499") or ("20060128144") or HUS-PGPUB; {iOR OFF 2015/03/23;
("7396759") or ("20090127097")).PN. USPAT; 14:40
USOCR :
42 i ("6,696,758").PN. US-PGPUB; {OR OFF 2015/03/23
USPAT; 14:51
USOCR
$43 §13  i(("6,395,607") or ("6,670,274") or US-PGPUB; {OR OFF 2015/03/23;
("5,374,454") or ("5,380,546") or USPAT; 14:58 ‘
("5,723,387") or ("6,274,499") or USOCR
("6,258,713") or ("6,261,963") or
("6,281,127") or ("6,171,960") or
("6,350,687") or ("6,017,803") or
("6,251,774")).PN. !
44 146 (("6,441,492") or ("6,368,484") or US-PGPUB; {OR OFF 2015/03/23
("6,339,258") or ("6,333,560") or USPAT; 15:38
("5,865,984") or ("5,486,282")).PN. USOCR
45 b (("6387800") or ("6391776") or US-PGPUB; #{OR OFF 2015/03/23
("6506668") or ("6893541") or USPAT; 16:37
("7199052")) .PN. USOCR 5
46 i3 (("6,607,977") or ("6,642,146") or US-PGPUB; #OR OFF 2015/03/23;
("7,659,197") or ("7,901,5451")).PN. USPAT; 16:40
USOCR
S47 2 (("6630741") or ("7008871")).PN. US-PGPUB; #OR OFF 2015/03/23
USPAT; 16:44
USOOR
S48 1950 {jelectromigrat$3 same ((cap or capping) US-PGPUB; {{AND ON 2015/03/24;
and dielectric and (conduct$3 or USPAT; 08:03 :
metal$3)) USOCR;
EPO :
$49 {518 ijelectromigrat$3 same ((cap or capping) US-PGPUB; #AND ON 2015/03/24
and dielectric and (conduct$3 or metal$3) {USPAT; 08:04
and (trench or open$3 or recess or USOCR;
channel or hole or cavity)) EPC;
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S50 {273  Helectromigrat$3 same ((cap or capping) US-PGPUB; #AND ON 2015/03/ 24
and dielectric and (conduct$3 or metal$3) {{USPAT; 08:06 :
and (trench or open$3 or recess or USOCR,;
channel or hole or cavity) and etch$3) EPO;
DERWENT !
S51 47 (("6706625") or ("6342733") or US-PGPUB; #OR OFF 2015/03/24;
("5695810") or ("5585673") or USPAT; 08:46 ;
("6323554") or ("20040113279") or USOCR
("5,470,790")).PN. or
(2007/0202689) .CCLS. :
S52 12 (("6323554") or ("20070202689")).PN. US-PGPUB; {{OR OFF 2015/03/24:
USPAT; 08:49
USOCR
S53 13 (("6,110,648") or ("5,470,789") or US-PGPUB; #OR OFF 2015/03/24
("5,350,484")).PN. USPAT; 09:10
USOCR :
SH5 45 (inhibitor and solvent and etch$3 and US-PGPUB; iAND ON 2015/08/14}
crystal$9 and (smooth or uniform$3 or USPAT; 11:59
even or rough$4) and cap$4) AND ( USOCR;
(HO1L21/7685 OR H01L23/485).CPC. ) FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S56 12 (("20090283499") or US-PGPUB; #OR OFF 2015/08/14:
("20080128144")).PN. USPAT; 12:52
USOCR :
S58 i7 (inhibitor and solvent and etch$3 and US-PGPUB; {AND ON 2015/08/14§
(smooth or uniform$3 or even or rough$4) §USPAT; 13:37 ‘
and cap$4) AND ( (HO1L21/7685 OR USOCR,;
HO01L23/485).CPC. ) FPRS; EPO;
JPO;
DERWENT;
IBM_TDB !
S60 {15 (inhibitor and (solvent or water) and US-PGPUB; #AND ON 2016/01/20;
etch$3 and (smooth or uniform$3 or even {jUSPAT; 08:51 !
or rough$4)) AND ( (H01L21/7685 OR USOCR;
HO01L23/485).CPC. ) FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S61 ii66 ((electromigration or electromigrating) US-PGPUB; {AND ON 2016/01/20
same ((cap or capping) and dielectric and {{USPAT; 09:11
(conductive or conducting or metal or USOCR;
metallic) and (trench or opening or recess {{EPO;
or channel or hole or cavity) and etch or {DERWENT
etching)) same4 (inhibiting or inhibitor or
azole or amine or amino or phosphate or
phosphonate) :
S62 32 "257/773".CCLS. and (recess$3 same2 US-PGPUB; #AND ON 2016/01/20
(channel and cap$4)) USPAT; 09:33
USOCR;
EPO
S63 {61 (recess$3 or etch$3) same US-PGPUB; #AND ON 2016/01/20
(electromigrat$3 and (cap or capping) and §USPAT; 10:16
channel and (depositing or deposition) andiUSOCR;
dielectric and (conduct$3 or metal$3)) EPO
S64 143 (INTEL near2 CORPORATION).as. and US-PGPUB; {AND ON 2016/01/20
(recess$3 or etch$3) same6 USPAT; 10:46
(electromigrat$3 and (cap or capping) and §USOCR,;
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DERWENT ;

S65 497 "257/773".CCLS. and (channel and cap$4) §US-PGPUB; {AND ON 2016/01/20;

USPAT; 12:10
USOCR;
EPO

S66 1312 S65 AND ( (H01L2924/00014 OR US-PGPUB; §AND ON 2016/01/20
HO01L2924/00 OR H01L2924/0002 OR USPAT; 12:10
H011L2224/13147 OR USOCR;

HO1L2224/48247).CPC. ) EPO 5
S67 {167 "438/627".CCLS. and (channel and cap$4) {US-PGPUB; :{AND ON 2016/01/20;
USPAT; 12:54 !
USOCR;
EPO

S68 186 ((Boyan) near2 (Boyanov)).INV. US-PGPUB; #AND ON 2016/01/20
USPAT; 13:19
USOCR :

S69 i3 (("6,110,648") or ("5,470,789") or US-PGPUB; #OR OFF 2016/01/20;
("5,350,484")).PN. USPAT; 13:50

USOCR :

S70 {6 (("7,338,908") or ("7,396,759") or US-PGPUB; #OR OFF 2016/01/20
("20050001325") or ("20080128144") or HUSPAT; 13:52
("20090127097") or USOCR
("20090283499")).PN.

S71 §71 ("438/687".CCLS. or "438/597".CCLS. or  {US-PGPUB; {{AND ON 2016/01/20;
"438/618".CCLS.) and ((recess$3 or USPAT; 14:33
etch$3) and (electromigrat$3 and (cap or {USOCR
capping) and channel and (depositing or
deposition) and dielectric and (conduct$3
or metal$3)))

S72 61 ("257/762".CCLS. or "257/767".CCLS. or  §US-PGPUB; {{AND ON 2016/01/20
"257/741".CCLS. or "257/750".CCLS.) and {USPAT; 15:01
((recess$3 or etch$3) and USOCR
(electromigrat$3 and (cap or capping) and
channel and (depositing or deposition) and
dielectric and (conduct$3 or metal$3))) :

S73 §103 ii(electro adj migrat$3) AND ( (HO1L23/532 §US-PGPUB; {AND ON 2016/01/20;
OR H01L23/528).CPC. ) USPAT; 15:12

USOCR,;

FPRS; EPO;

JPO;

DERWENT;

IBM_TDB ;

S74 i1 (14/675613).APP. US-PGPUB; #OR OFF 2016/06/16;

USPAT; 13:24
USOCR

S75 {101 #(recess$3 or etch$3) same US-PGPUB; #AND ON 2016/06/17
(electromigrat$3 and (cap or capping) and §USPAT; 08:36
(depositing or deposition) and dielectric USOCR;
and (conduct$3 or metal$3) and (copper {{FPRS; EPO;
or Cu) and (cobalt or (Co near3 Cu))) JPO;

DERWENT;
IBM_TDB :

S76 {1 ("20080169565").PN. US-PGPUB; #{OR OFF 2016/06/17;

USPAT; 08:46 ;
USOCR 3
S77 {1 ("20100081276").PN. US-PGPUB; #OR OFF 2016/06/17
USPAT; 08:54
USOCR
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and nitrogen and cobalt and (copper or
Qu)))

S78 508 {"257/773".CCLS. and (channel and cap$4) §US-PGPUB; {AND ON 2016/06/17;
USPAT; 10:30
USOCR;
EPO :
S79 323 iS78 AND ( (H01L2924/00014 OR US-PGPUB; #AND ON 2016/06/17:
HO01L2924/00 OR HO1L2924/0002 OR USPAT; 10:30
H011L2224/13147 OR USOCR;
HO0112224/48247).CPC. ) EPO :
S80 {458 i(HO01L23/53238 OR HO1123/53266 OR US-PGPUB; H$AND ON 2016/11/16;
HO1L23/485 OR H01L23/3677 OR USPAT; 07:13 :
HO1L23/481).CPC. AND (((cap or capping) §USOCR;
and dielectric and (conductive or FPRS; EPO;
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(trench or opening or recess or channel or {DERWENT;
hole or cavity)) and (barrier and tantalum {{IBM TDB
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§1.116.
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IN THE CLAIMS

Please amend the claims as follows:

1. (Previously Presented) An apparatus, comprising:

a substrate comprising silicon;

an interlayer dielectric layer over the substrate, the interlayer dielectric layer
comprising silicon, oxygen, and carbon, the interlayer dielectric layer having a top
boundary;

a trench in the interlayer dielectric layer, the trench having internal sidewalls;

a barrier layer comprising tantalum and nitrogen on the internal sidewalls of the
trench;

a conductive material in the trench, the barrier layer between the conductive
material and the interlayer dielectric layer; and

a capping region comprising cobalt directly on the top of the conductive material
comprising copper and cobalt, a top of the capping region near the interlayer dielectric
layer being no higher than the top boundary of the interlayer dielectric layer that is near

the capping region.

2. (Original) The apparatus of claim 1, wherein the dielectric layer comprises a low-k
material.

3. (Original) The apparatus of claim 1, wherein the substrate comprises silicon.

4. (Original) The apparatus of claim 1, wherein the barrier layer comprises tantalum

and nitrogen.
5. (Original) The apparatus of claim 1, wherein the capping region comprises cobalt.
6. (Original) The apparatus of claim 5, wherein the dielectric material comprises

silicon, carbon, and oxygen, and the barrier layer comprises tantalum and nitrogen.

Appln. No.: 14/675,613 2/5 Atty. Docket No. 42P38794D
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7. (Previously Presented) An apparatus, comprising:

a substrate comprising a semiconductor material;

a dielectric layer over the substrate, the dielectric layer having a top boundarys;

a plurality of trenches in the dielectric layer, the plurality of trenches having
sidewalls;

a barrier layer on the sidewalls of at least some of the plurality of trenches;

conductive material in the at least some of the plurality of trenches, the barrier
layer being between the conductive material and the sidewalls, the conductive material
being no higher than the top boundary of the dielectric layer at a location near to the
conductive material; and

a capping region comprising cobalt directly on the conductive material
comprising copper and cobalt, the capping region being no higher than the top boundary
of the dielectric layer that is near to the capping region.
8. (Original) The apparatus of claim 7, wherein the dielectric layer comprises a
silicon, oxygen, and carbon.
9. (Original) The apparatus of claim 8, wherein the dielectric layer comprises carbon
doped silicon oxide.

10-17. (Canceled)

Appln. No.: 14/675,613 3/5 Atty. Docket No. 42P38794D
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REMARKS

Reconsideration of this application, as amended, is respectfully requested.

Claims 10, 11 and 13-17 stand rejected. Claims 1-9 are allowed.

In this response, claims 10-11, and 13-17 have been canceled. No claims have
been added. Support for the amendments is found in the specification, the drawings, and
in the claims as originally filed. Applicant submits that the amendments do not add new
matter.

Applicant acknowledges with appreciation the Examiner’s allowance of claims 1-

Claims 10-11 and 13-17 stand rejected under pre-AIA 35 U.S.C 103 as being
unpatentable over Ishizaka et al., U.S. Publication No. 2010/0081276 (hereinafter
“Ishizaka”) in view of Mayer et al., U.S. Publication No. 2009/0283499 (hereinafter
“Mayer”).

Applicant has canceled claims 10-11, and 13-17.

Appln. No.: 14/675,613 4/5 Atty. Docket No. 42P38794D

Page 103 of 304



In view of the foregoing, applicant respectfully submits the present application is

now in condition for allowance.

If there are any additional charges, please charge Deposit Account No. 504238.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: October 31, 2016 /Tatiana Rossin/
Tatiana Rossin
Reg. No. 56,833

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(408) 720-8300

Fax (408) 720-8383

Customer No. 45209

Appln. No.: 14/675,613 5/5 Atty. Docket No. 42P38794D
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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.

Docket Number (Optional)
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | 42P38794D

Application Number Filed

14/675,613 March 31, 2015

“"METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Art Unit Examiner

2898 Fortich, Rodolfo D.

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee
One month (37 CFR 1.17(a)(1)) $200 $100 $50 ¢ 200.00
|:| Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $
[ ] Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $
[] Fourmonths (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $
l:l Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $

D Applicant asserts small entity status. See 37 CFR 1.27.

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

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

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

MO0 O O

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 022666

Payment made via EFS-Web.

[<]

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

D applicant.

attorney or agent of record. Registration number 56’833

D attorney or agent acting under 37 CFR 1.34. Registration number
/Tatiana Rossin/ October 31, 2016

Signature Date
Tatiana Rossin (408) 720-8300
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below*.

D * Total of forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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.
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the Member with respect to the subject matter of the record.
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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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Application No. Applicant(s)
14/675,613 BOYANOV ET AL.

Office Action Summary Examiner Art Unit AlIA (First Inventor to File)
RODOLFO FORTICH 2898 ﬁg‘“s

-- 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.
- |f 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)X] Responsive to communication(s) filed on 04/29/2016.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.
4[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[] Claim(s) 1-11 and 13-17is/are pending in the application.
5a) Of the above claim(s) ___is/are withdrawn from consideration.
8)X] Claim(s) 1-9is/are allowed.

) (
7)X Claim(s) 10.11 and 13-17 is/are rejected.
8)[1 Claim(s) is/are objected to.
9)[J 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
hitp/reww usplo.dov/patents/init_events/privindex.jsp or send an inquiry to PPHfeadback@uspto.qoy.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 03/31/2015 is/are: a)[X] 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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome** c)[] 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.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)

% ) ’ Paper No(s)/Mail Date. .
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)

Paper No(s)/Mail Date 01/26/2016 and 04/29/2016. o Oother:___

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160620

Page 113 of 304



Application/Control Number: 14/675,613 Page 2
Art Unit: 2898

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

DETAILED ACTION

Applicant claims amendments/arguments filed on 04/29/2016 is acknowledged. Claims 1, 7, and
10 were amended. Claims 12 was canceled.

Applicant’s amendments/arguments with respect to claim 1 are persuasive, therefore claims 1-9
have been allowed.

Applicant’s arguments with respect to amended claims 10 have been considered but are moot
because the arguments do not apply to the references being used in the current rejection.

Claim Rejections - 35 USC § 103

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences between
the claimed invention and the prior art are such that the claimed invention as a whole would have been
obvious before the effective filing date of the claimed invention to a person having ordinary skill in the
art to which the claimed invention pertains. Patentability shall not be negated by the manner in which
the invention was made.

1. Claims 10-11 and 13-17 are rejected under 35 U.S.C. 103 as being unpatentable over Ishizaka
et al (US 2010/0081276 A1l; hereinafter “Ishizaka”) in view of Mayer et al (US 2009/0283499 Al;
hereinafter “Mayer”).

2. Regarding claim 10, Ishizaka (figures 1A-1F and paragraphs 21-44) teaches an apparatus,
comprising: at least one first conductive line (118, 122) in a dielectric layer (104) over a substrate (101)
to form a channel (150, see figure 1A) comprising a dielectric sidewall (vertical surfaces), and a first
capping layer (124) comprising cobalt (paragraph 44) directly deposited on the at least one first
conductive line (118,122) comprising copper (paragraph 44) and cobalt (paragraph 40) and on the
dielectric sidewall (vertical surfaces) to improve electro-migration (paragraphs 7 and 16).

Ishizaka fails to explicitly teach that the cobalt capping layer prevents electro-migration.
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Mayers (figures 1A-1B, paragraphs 42, 46, and 49) teaches two semiconductor structures
comprising cobalt capping layers directly deposited on a first conductive line, in order to prevent
electro-migration.

It would have been obvious to one of ordinary skill in the art, before the effective filling date of
the claimed invention, to modify Ishizaka's structure by arranging a cobalt capping layer directly
deposited on a first conductive line, in order to prevent electro-migration, as taught by Mayer, in order
to obtain a semiconductor structure with reduced capacitance, leakage current, and improved
breakdown voltage.

3. Regarding claim 11, Ishizaka as modified by Mayer teaches the apparatus of claim 10, wherein
the first capping layer is self-aligned to the first conductive line.

4. Regarding claim 13, Ishizaka as modified by Mayer teaches the apparatus of claim 10, further
comprising a second capping layer (right or left layer 121 in Mayer figure 1B) selectively deposited on
the second conductive line (right or left layer 115-117) within second sidewalls (vertical surfaces) of the
dielectric layer (119), the second conductive line (right or left layer 115-117) being at a first spacing
(127) from the at least one first conductive line (right or left layer 115-117), and wherein the second
capping layer (right or left layer 121) is at the first spacing (127) from the first capping layer (right or left
layer 121).

5. Regarding claim 14, Ishizaka as modified by Mayer teaches the apparatus of claim 10, 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 (Mayer’s Figure 5A and paragraph 91-lines 16-20).

6. Regarding claim 15, Ishizaka as modified by Mayer teaches the apparatus of claim 10, 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 (Mayer’s Figure 5A and paragraph 91-lines 16-20).

Ishizaka as modified by Mayer fails to explicitly teach that 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.

However since the optimization of workable ranges is considered within the skill of the art as it
has been held that where the general conditions of a claim are disclosed in the prior art, discovering the
optimum or workable ranges involves only routine skill in the art. It would have been obvious to one of
ordinary skill in the art, at the time of the invention, to adjust trench depth in Ishizaka's as modified by
Mayers teachings, in order to obtain the optimum trench's depth workable range, generating a
semiconductor structure with reduced capacitance, leakage current, and improved breakdown voltage.
(In re Aller, 10S USPQ 233). See also MPEP 2144.0S | and II.

7. Regarding claim 16, Ishizaka as modified by Mayer teaches the apparatus of claim 10, wherein
the at least one first conductive line is an inter-connect incorporated into a data processing system
(Ishizaka’s figure 5, paragraphs 80 and 83).
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8. Regarding claim 17, Ishizaka as modified by Mayer teaches the apparatus of claim 10, where
there is a spacing (113 or 127 in Mayer’s figures 1A or 1B) between the at least one first conductive line
and a second conductive line in the dielectric layer (105 or 119).

Ishizaka as modified by Mayer fails to explicitly teach that the spacing between the at least one
first conductive line and a second conductive line in the dielectric layer is from 5 nm to 500nm.

However since the optimization of workable ranges is considered within the skill of the art as it
has been held that where the general conditions of a claim are disclosed in the prior art, discovering the
optimum or workable ranges involves only routine skill in the art. It would have been obvious to one of
ordinary skill in the art, at the time of the invention, to adjust the firs and/or the second conductive
layers spacing in Ishizaka's as modified by Mayers teachings, in order to obtain the optimum conductive
layer’s spacing workable range, generating a semiconductor structure with reduced capacitance, leakage
current, and improved breakdown voltage. (In re Aller, |IOS USPQ 233). See also MPEP 2144.0S | and II.

Allowable Subject Matter
9. Claims 1-9 have been allowed.

10. The following is a statement of reasons for the indication of allowable subject matter: the prior
art neither discloses nor suggests that:

- An apparatus, comprising: a substrate comprising silicon; an interlayer dielectric layer
over the substrate, the interlayer dielectric layer comprising silicon, oxygen, and carbon, the
interlayer dielectric layer having a top boundary; a trench in the interlayer dielectric layer, the
trench having internal sidewalls; a barrier layer comprising tantalum and nitrogen on the
internal sidewalls of the trench; a conductive material in the trench, the barrier layer between
the conductive material and the interlayer dielectric layer and a capping region comprising
cobalt directly on the top of the conductive material comprising copper and cobalt, a top of the
capping region near the interlayer dielectric layer being no higher than the top boundary of the
interlayer dielectric layer that is near the capping region, as recited in amended claim 1.

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 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
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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.

Correspondence

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to RODOLFO FORTICH whose telephone number is (571) 272-3461.
The examiner can normally be reached on weekdays, 8AM-5PM. If attempts to reach the
examiner by telephone are unsuccessful, the examiner's supervisor, Julio Maldonado can be
reached on (571) 272-1864. The fax phone number for the organization where this application
or proceeding is assigned is 571-273-830.

/RODOLFO FORTICH/

Examiner, Art Unit 2898

/CHUONG A LUU/

Primary Examiner, Art Unit 2898
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AMENDMENT

Sir:
In response to the Office Action mailed January 29, 2016, applicant submits the

following amendment and remarks for consideration.
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IN THE CLAIMS

Please amend the claims as follows:

1. (Currently Amended) An apparatus, comprising:

a substrate comprising silicon;

an interlayer dielectric layer over the substrate, the interlayer dielectric layer
comprising silicon, oxygen, and carbon, the interlayer dielectric layer having a top
boundary;

a trench in the interlayer dielectric layer, the trench having internal sidewalls;

a barrier layer comprising tantalum and nitrogen on the internal sidewalls of the
trench;

a conductive material in the trench, the barrier layer between the conductive
material and the interlayer dielectric layer;-the-conductive-material-comprising-copper
and-cobalt; and

a capping region_comprising cobalt at-directly on the top of the conductive

material comprising copper and cobalt, the-cappingregioncomprising-cobalt-a top of the

capping region near the interlayer dielectric layer being no higher than the top boundary

of the interlayer dielectric layer that is near the capping region.

2. (Original) The apparatus of claim 1, wherein the dielectric layer comprises a low-k
material.

3. (Original) The apparatus of claim 1, wherein the substrate comprises silicon.

4. (Original) The apparatus of claim 1, wherein the barrier layer comprises tantalum

and nitrogen.

5. (Original) The apparatus of claim 1, wherein the capping region comprises cobalt.
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6. (Original) The apparatus of claim 5, wherein the dielectric material comprises
silicon, carbon, and oxygen, and the barrier layer comprises tantalum and nitrogen.
1. (Currently Amended) An apparatus, comprising:
a substrate comprising a semiconductor material;
a dielectric layer over the substrate, the dielectric layer having a top boundary;
a plurality of trenches in the dielectric layer, the plurality of trenches having
sidewalls;
a barrier layer on the sidewalls of at least some of the plurality of trenches;
conductive material in the at least some of the plurality of trenches, the barrier
layer being between the conductive material and the sidewalls, the conductive material
being no higher than the top boundary of the dielectric layer at a location near to the

conductive material-the-conductive-materiat-comprising-copperand-eebalt; and

a capping region comprising cobalt directly on the conductive material

comprising copper and cobalt, the capping region being no higher than the top boundary

of the dielectric layer that is near to the capping region.
8. (Original) The apparatus of claim 7, wherein the dielectric layer comprises a
silicon, oxygen, and carbon.
9. (Original) The apparatus of claim 8, wherein the dielectric layer comprises carbon
doped silicon oxide.
10.  (Currently Amended) An apparatus, comprising:

at least one first conductive line in a dielectric layer over a substrate to form a
channel comprising a dielectric sidewall,

and
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a first capping layer comprising cobalt seleetively-directly deposited on the at least

one first conductive line comprising copper and cobalt and on the dielectric sidewall to

prevent electromigration.
11.  (Original) The apparatus of claim 10, wherein the first capping layer is self-aligned
to the first conductive line.
12.  (Canceled).
13.  (Original) The apparatus of claim 10, further comprising

a second capping layer selectively deposited on the 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.
14.  (Original) The apparatus of claim 10, 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.
15.  (Original) The apparatus of claim 10, 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.
16.  (Original) The apparatus of claim 10, wherein the at least one first conductive line
is an interconnect incorporated into a data processing system.
17.  (Original) The apparatus of claim 10, 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.
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REMARKS

Reconsideration of this application, as amended, is respectfully requested.

Claims 1-17 stand rejected.

In this response, claims 1, 7, and 10 have been amended. Claim 12 has been
canceled. No claims have been added. Support for the amendments is found in the
specification, the drawings, and in the claims as originally filed. Applicant submits that
the amendments do not add new matter.

Amended claim 1 reads as follows:

An apparatus, comprising:

a substrate comprising silicon;

an interlayer dielectric layer over the substrate, the interlayer dielectric layer
comprising silicon, oxygen, and carbon, the interlayer dielectric layer having a top
boundary;

a trench in the interlayer dielectric layer, the trench having internal sidewalls;

a barrier layer comprising tantalum and nitrogen on the internal sidewalls of the
trench;

a conductive material in the trench, the barrier layer between the conductive
material and the interlayer dielectric layer; and

a capping region comprising cobalt directly on the top of the conductive material

comprising copper and cobalt, a top of the capping region near the interlayer dielectric

layer being no higher than the top boundary of the interlayer dielectric layer that is near

the capping region. (emphasis added).
Amended claim 10 reads as follows:
An apparatus, comprising:

at least one first conductive line in a dielectric layer over a substrate to form a

channel comprising a dielectric sidewall,

Appln. No.: 14/675,613 5/9 Atty. Docket No. 42P38794D

Page 133 of 304



and

a first capping layer comprising cobalt directly deposited on the at least one first

conductive line comprising copper and cobalt and on the dielectric sidewall to prevent

electromigration. (emphasis added).

Claims 10-12 were rejected under pre-AIA 35 U.S.C 102(b) as being anticipated
by Misawa et al., U.S. Patent No. 5, 470,789 (hereinafter “Misawa”).

The Examiner noted that Misawa fails to explicitly teach that the conductive
material and the capping region comprise cobalt.

Accordingly, Misawa fails to disclose a first capping layer comprising cobalt
directly deposited on the at least one first conductive line comprising copper and cobalt
and on the dielectric sidewall to prevent electromigration, as recited in amended claim
10.

Because Misawa fails to disclose all limitations of amended claim 10, applicant
respectfully submits that claim 10, as amended, is not anticipated by Misawa under pre-
AIA 35 U.S.C 102(b).

Given that claims 11-12 depend from amended claim 10, and add additional
limitations, applicant respectfully submits that claims 11-12 are not anticipated by
Misawa under pre-AIA 35 U.S.C 102(b).

Claims 1-9 and 13-17 are rejected under pre-AIA 35 U.S.C 103(a) as being
unpatentable over Misawa et al., U.S. Patent No. 5,470,789 (hereinafter “Misawa”), in
view of Mayer et al., U.S. Publication No. 2009/0283499 (hereinafter “Mayer”).

As set forth above, Misawa fails to teach or suggest a capping region comprising
cobalt directly on the top of the conductive material comprising copper and cobalt, a

top of the capping region near the interlayer dielectric layer being no higher than the top
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boundary of the interlayer dielectric layer that is near the capping region, as recited in
amended claim 1.

Mayer fails to cure the deficiencies of Misawa. Mayer discloses a copper line 501
(Figures 5A-5C). In Mayer, a cobalt nucleation layer 509 is deposited on the copper line
501 (paragraph [0121], Figure 5C) and a bulk cobalt layer 511 is formed on the cobalt
nucleation layer 509 (Figure 5D, paragraph [0136]). More specifically, Mayer discloses
that the bulk cobalt layer 511 and cobalt nucleation layer 509 intermix to produce the
cobalt capping layer 513 (Figure SE, paragraph [0139]). In particular, Mayer discloses
that the cobalt capping layer 513 is exposed to a plasma which contain nitrogen thereby
creating a cobalt nitride layer 515 (Figure SF, paragraphs [0141]-[0143]).

Thus, Mayer discloses the cobalt nitride layer on the cobalt capping layer on the
copper line. In contrast, amended claim 1 refers to the capping region comprising cobalt
directly on the top of the conductive material comprising copper and cobalt. Mayer fails
to teach or suggest a capping region comprising cobalt directly on the top of the
conductive material comprising copper and cobalt, a top of the capping region near the
interlayer dielectric layer being no higher than the top boundary of the interlayer
dielectric layer that is near the capping region, as recited in amended claim 1.

Furthermore, even if Mayer and Misawa were combined, such a combination
would still lack a capping region comprising cobalt directly on the top of the conductive
material comprising copper and cobalt, a top of the capping region near the interlayer
dielectric layer being no higher than the top boundary of the interlayer dielectric layer
that is near the capping region, as recited in amended claim 1.

Therefore, applicant respectfully submits that amended claim 1 is not obvious

under pre-AIA 35 U.S.C 103(a) over Misawa in view of Mayer.
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Given that amended claim 7 contain some limitations that are similar to those
limitations discussed with respect to amended claim 1, applicant respectfully submits that
claim 7, as amended, is not obvious under pre-AIA 35 U.S.C 103(a) over Misawa in
view of Mayer.

Given that claims 2-6, 8-9, and 13-17 contain some limitations that are similar to
those limitations discussed above, and add additional limitations, applicant respectfully
submits that claims 2-6, 8-9, and 13-17 are not obvious under pre-AIA 35 U.S.C 103(a)

over Misawa in view of Mayer.
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It is respectfully submitted that in view of the amendments and arguments set
forth herein, the applicable rejections and objections have been overcome. If the
Examiner believes a telephone conference would expedite the prosecution of the present
application, the Examiner is invited to call the undersigned at (408) 720-8300.

If there are any additional charges, please charge Deposit Account No. 504238.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: April 29, 2016 /Tatiana Rossin/
Tatiana Rossin

Reg. No. 56,833

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(408) 720-8300

Fax (408) 720-8383

Customer No. 45209
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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 06/11/2015.
] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[] This action is FINAL. 2b)[X] This action is non-final.
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4[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5)[X Claim(s) 1-17is/are pending in the application.
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8)[1 Claim(s) is/are allowed.
7)X Claim(s) 1-17is/are rejected.
8)[] Claim(s) ____is/are objected to.
[ 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
hitp/reww. usplo.dov/patents/init_events/peh/index.jsp or send an inquiry to PPHieadback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 03/31/2015 is/are: a)[X] 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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.
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Art Unit: 2898

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

Detailed Action
Applicant’s preliminary amendment filed on 06/11/2015 is acknowledged. The specification was

amended.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C. 102 that form
the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

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

1. Claims 10-12 are rejected under pre-AlA 35 U.S.C. 102(b) as being anticipated by Misawa et al
(US 5,470,789; hereinafter “Misawa”).

2. Regarding claim 10, Misawa (figure 5 and columns 5-6) teaches an apparatus, comprising: at
least one first conductive line (36) in a dielectric layer (32, made of silicon nitride, as per column 5-line
57, where it is well known that silicon nitride has a dielectric constant between 7 to 7.8) over a substrate
(30) to form a channel (central opening) comprising a dielectric sidewall (vertical surfaces of 32), and a
first capping layer (38) selectively deposited on the at least one first conductive line (36) and on the
dielectric sidewall (vertical surfaces of 32) to prevent electro-migration (wiring layers of high electro-
migration resistances and low resistances can be formed, column 6-lines 28-30).

3. Regarding claim 11, Misawa (figure 5) teaches the apparatus of claim 10, wherein the first
capping layer (38) is self-aligned to the first conductive line (36).

4, Regarding claim 12, Misawa teaches the apparatus of claim 10, wherein the first conductive line
(36) comprises a first metal (copper), and the first capping layer (38) comprises a second metal (TiN)
other than the first metal (copper, column 5-lines 45-50).
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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 through the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to be
patented and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject matter
pertains. Patentability shall not be negatived by the manner in which the invention was made.

5. Claims 1-9 and 13-17 is rejected under pre-AlA 35 U.S.C 103(a) as being unpatentable over
Misawa et al in view of Mayer et al (US 2009/0283499 A1; hereinafter “Mayer”).

6. Regarding claim 1, Misawa (figure 1 and columns 3-4) teaches an apparatus, comprising: a
substrate (10) comprising silicon (column 3-lines 12-15); an interlayer dielectric layer (12 made of SiO,)
over the substrate (10), the interlayer dielectric layer (12) comprising silicon, oxygen (SiO,), the
interlayer dielectric layer (12) having a top boundary (upper surface); a trench (central opening) in the
interlayer dielectric layer (12), the trench having internal sidewalls (vertical surfaces); a barrier layer (14)
comprising nitrogen (TiN, column 3-line 21) on the internal sidewalls (vertical surfaces) of the trench
(central opening); a conductive material (16) in the trench (central opening), the barrier layer (14)
between the conductive material (16) and the interlayer dielectric layer (12), the conductive material
(16) comprising copper (Column 13-line 23); and a capping region (18) at the top of the conductive
material (16), a top of the capping region (18) near the interlayer dielectric layer (12) being no higher
than the top boundary (upper surface) of the interlayer dielectric layer (12) that is near the capping
region 18 (figure 1).

Misawa fails to explicitly teach that the interlayer dielectric comprises carbon, that the barrier
layer comprises tantalum, and that the conductive material and the capping region comprise cobalt.

Mayer teaches an interlayer dielectric (105) that comprises carbon (figure 1A and paragraph 43),
that a conformal copper barrier, such as Ta or TaN is typically deposited over the entire surface of the
trench (paragraph 5) and in a similar structure shown in figure 5F, Mayer teaches that the conductive
material (501, 513) and the capping region (515) comprise cobalt (paragraph 143).

It would have been obvious to one of ordinary skill in the art, at the time of the invention, to
modify Misawa’s structure by arranging a dielectric layer, a barrier layer, a conductive and capping layer
respectively comprising carbon, Ta, and cobalt, as taught by Mayer, in order to obtain a semiconductor
structure with reduced capacitance, leakage current, and improved breakdown voltage.

7. Regarding claim 2, Misawa as modified by Mayer teaches the apparatus of claim 1, wherein the
dielectric layer (105) comprises a low-k material (Mayer’s figure 1A and paragraph 43).
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8. Regarding claim 3, Misawa as modified by Mayer teaches the apparatus of claim 1, wherein the
substrate (10) comprises silicon (Misawa’s column 3-lines 12-15).

9. Regarding claim 4, Misawa as modified by Mayer teaches the apparatus of claim 1, wherein the
barrier layer comprises tantalum and nitrogen (Mayer’s paragraph 5).

6. Regarding claim 5, Misawa as modified by Mayer teaches the apparatus of claim 1, wherein the
capping region (515) comprises cobalt (Mayer’s paragraph 143).

10. Regarding claim 6, Misawa as modified by Mayer teaches the apparatus of claim 5, wherein the
dielectric material (105) comprises silicon, carbon, and oxygen (Mayer’s paragraph 43), and the barrier
layer comprises tantalum and nitrogen (Mayer’s paragraph 5).

11. Regarding claim 7, Misawa (figure 1 and columns 3-4) teaches an apparatus, comprising: a
substrate (10) comprising a semiconductor material (silicon, column 3-lines 12-15); a dielectric layer (12)
over the substrate (10), the dielectric layer (12) having a top boundary (upper surface); a plurality of
trenches (central opening) in the dielectric layer (12), the plurality of trenches (central opening) having
sidewalls (vertical surface); a barrier layer (14) on the sidewalls (vertical surfaces) of at least some of the
plurality of trenches (central opening); conductive material (16) in the at least some of the plurality of
trenches (central opening) the barrier layer (14) being between the conductive material (16) and the
sidewalls (vertical surfaces), the conductive material (16) being no higher than the top boundary (upper
surface) of the dielectric layer (12) at a location near to the conductive material (16), the conductive
material (16) comprising copper (Column 13-line 23); and a capping region (18) on the conductive
material (16), the capping region (18) being no higher than the top boundary of the dielectric layer (12)
that is near to the capping region (18).

Misawa fails to explicitly teach that the conductive material comprises cobalt.

Mayer (figure 5F) teaches a conductive material (501, 513) that comprises cobalt (paragraph
143).

It would have been obvious to one of ordinary skill in the art, at the time of the invention, to
modify Misawa’s structure by arranging a conductive layer comprising cobalt, as taught by Mayer, in
order to obtain a semiconductor structure with reduced capacitance, leakage current, and improved
breakdown voltage.

12. Regarding claim 8, Misawa as modified by Mayer teaches the apparatus of claim 7, wherein the
dielectric layer (105) comprises a silicon, oxygen, and carbon (Mayer’s paragraph 43).

13. Regarding claim 9, Misawa as modified by Mayer teaches the apparatus of claim 8, wherein the
dielectric layer (105) comprises carbon doped silicon oxide (Mayer’s paragraph 43).
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14. Regarding claim 13, Misawa teaches the apparatus of claim 10, where a first capping layer (38)
is selectively deposited on the at least one first conductive line (36) and on the dielectric sidewall
(vertical surfaces of 32) to prevent electro-migration (wiring layers of high electro-migration resistances
and low resistances can be formed, column 6-lines 28-30).

Misawa fails to explicitly teach a second capping layer selectively deposited on the 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.

Mayers (figure 1B and paragraphs 46-47) teaches a second capping layer (right or left layer 121)
selectively deposited on the second conductive line (right or left layer 115) within second sidewalls
(right or left layer vertical surfaces) of the dielectric layer (119), the second conductive line (right or left
layer 115) being at a first spacing (position) from the at least one first conductive line (right or left layer
115), and wherein the second capping layer (right or left layer 121) is at the first spacing (position) from
the first capping layer (right or left layer 121).

It would have been obvious to one of ordinary skill in the art, at the time of the invention, to
modify Misawa’s structure by arranging a plurality of trenches, conductive and capping layers, as taught
by Mayer, in order to obtain a semiconductor structure with reduced capacitance, leakage current, and
improved breakdown voltage.

15. Regarding claim 14, Misawa as modified by Mayer teaches the apparatus of claim 10, where a
first capping layer (38) is selectively deposited on the at least one first conductive line (36) and on the
dielectric sidewall (vertical surfaces of 32) to prevent electro-migration (wiring layers of high electro-
migration resistances and low resistances can be formed, column 6-lines 28-30).

Misawa fails to explicitly teach that at least the first conductive line is at a depth from 5
nanometers to 50 nanometers from a top surface of the dielectric layer.

Mayers (Figure 5A and paragraph 91-lines 16-20) teaches that at least the first conductive line is
at a depth from 5 nanometers to 50 nanometers from a top surface of the dielectric layer.

It would have been obvious to one of ordinary skill in the art, at the time of the invention, to
modify Misawa’s structure by arranging a first conductive line is at a depth from 5 nanometers to 50
nanometers from a top surface of the dielectric layer, as taught by Mayer, in order to obtain a
semiconductor structure with reduced capacitance, leakage current, and improved breakdown voltage.

16. Regarding claim 15, Misawa as modified by Mayer teaches the apparatus of claim 10, where a
first capping layer (38) is selectively deposited on the at least one first conductive line (36) and on the
dielectric sidewall (vertical surfaces of 32) to prevent electro-migration (wiring layers of high electro-
migration resistances and low resistances can be formed, column 6-lines 28-30).

Page 151 of 304



Application/Control Number: 14/675,613 Page 6
Art Unit: 2898

Misawa fails to explicitly teach that 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.

Mayers (Figure 5A and paragraph 91-lines 16-20) teaches that at least the first
conductive line is at a depth from 5 nanometers to 50 nanometers from a top surface of the dielectric
layer.

Since the optimization of workable ranges is considered within the skill of the art as it has been
held that where the general conditions of a claim are disclosed in the prior art, discovering the optimum
or workable ranges involves only routine skill in the art. It would have been obvious to one of ordinary
skill in the art, at the time of the invention, to adjust trench depth in Misawa’s teachings as taught by
Mavyers, to obtain the optimum trench’s depth workable range, generating a semiconductor structure
with reduced capacitance, leakage current, and improved breakdown voltage.. (In re Aller, 105 USPQ
233). See also MPEP 2144.05 | and II.

17. Regarding claim 16, Misawa as modified by Mayer teaches the apparatus of claim 10, where a
first capping layer (38) is selectively deposited on the at least one first conductive line (36) and on the
dielectric sidewall (vertical surfaces of 32) to prevent electro-migration (wiring layers of high electro-
migration resistances and low resistances can be formed, column 6-lines 28-30).

Misawa fails to explicitly teach that the at least one first conductive line is an interconnect
incorporated into a data processing system.

Mayers (figures 5B-5F) teaches that the at least one first conductive line (501) is an interconnect
(part of 501, 513, 515) incorporated into a data processing system (part of the anneal/nitridation/plating
process described in paragraphs 139 and 143).

It would have been obvious to one of ordinary skill in the art, at the time of the invention, to
modify Misawa’s structure by arranging a first conductive line incorporated into a data processing
system, as taught by Mayer, in order to obtain a semiconductor structure with reduced capacitance,
leakage current, and improved breakdown voltage.

- Regarding claim 17, Misawa as modified by Mayer teaches the apparatus of claim 10, where a
first capping layer (38) is selectively deposited on the at least one first conductive line (36) and on the
dielectric sidewall (vertical surfaces of 32) to prevent electro-migration (wiring layers of high electro-
migration resistances and low resistances can be formed, column 6-lines 28-30).

Misawa fails to explicitly teach that 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.

Mayers (paragraph 45) teaches that his process provides a structure in which the distances
between the conductive capping layers are substantially the same as the distances between the metal
lines
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Since the optimization of workable ranges is considered within the skill of the art as it has been
held that where the general conditions of a claim are disclosed in the prior art, discovering the optimum
or workable ranges involves only routine skill in the art. It would have been obvious to one of ordinary
skill in the art, at the time of the invention, to adjust the spacing between conductive lines in Misawa’s
teachings as taught by Mayers, to obtain the conductive lines spacing’s workable range, generating a
semiconductor structure with reduced capacitance, leakage current, and improved breakdown voltage..
(In re Aller, 105 USPQ 233). See also MPEP 2144.05 | and II.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to RODOLFO FORTICH whose telephone number is (571)272-3461. The examiner can
normally be reached on weekdays, 8AM-5PM. If attempts to reach the examiner by telephone are
unsuccessful, the examiner's supervisor, Julio Maldonado can be reached on (571)272-1864. 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.

/RODOLFO FORTICH/

Examiner, Art Unit 2898

/CHUONG A LUU/

Primary Examiner, Art Unit 2898
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P.O. Box 1450

Alexandria, VA 22313-1450
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together with copies of the documents cited on that form, except for copies not required to be
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enclosed copy of Information Disclosure Citation Form PTO-1449 or PTO/SB/08 be initialed by
the Examiner to indicate such consideration and a copy thereof returned to applicant(s).

Pursuant to 37 C.F.R. § 1.97, the submission of this Information Disclosure Statement is
not to be construed as a representation that a search has been made and is not to be construed as

an admission that the information cited in this statement is material to patentability.

Appln. No.: 14/675,613 1 Atty. Docket No. 42P38794D
Art Unit: 2898
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Pursuant to 37 C.F.R. § 1.97, this Information Disclosure Statement is being submitted
under one of the following (as indicated by an “X” to the left of the appropriate paragraph):

X 37 C.F.R. §1.97(b).

37 C.F.R. §1.97(c). If so, then enclosed with this Information Disclosure
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A statement pursuant to 37 C.F.R. §1.97(e) or

Authorization for $180.00 for the fee under 37 C.F.R. §
1.17(p).

37 C.F.R. §1.97(d). If so, then enclosed with this Information Disclosure
Statement are the following:

(1) A statement pursuant to 37 C.F.R. §1.97(e); and

2) Authorization for $180.00 for the fee under 37 C.F.R. §1.17(p) for
submission of the Information Disclosure Statement.

If there are any additional charges, you are hereby authorized to charge Deposit Account

No. 504238.

Respectfully submitted,

BLAKELY SOKOLOFF TAYLOR ZAFMAN LLP
Date: January 26. 2016 /Tatiana Rossin/

Tatiana Rossin

Reg. No. 56,833
1279 Oakmead Parkway

Sunnyvale, CA 94085-4040
(408) 720-8300

Customer No. 45209

Appln. No.: 14/675,613 2 Atty. Docket No. 42P38794D
Art Unit: 2898
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The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

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

In addition, information on the status of the application, including the mailing date of Office actions and the

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Examiner:  Not yet assigned
Boyan BOYANOV Art Unit: 2811
Application No.: 14/675,613 Confirmation No.: 4208
Filed: March 31, 2015 CERTIFICATE OF ELECTRONIC FILING

T hereby certify that this correspondence is
deposited with the United States Patent
Office via electronic filing through the

For: METHODS AND APPARATUSES TO

FORM SELF-ALIGNED CAPS Patent and Trademark Flectronic Filing
on:
/Tuyen Lam/ July 21, 2015
Tuyen Lam Date

E-Filed via EFS Web
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
RESPONSE TO INFORMATIONAL NOTICE TO APPLICANT

Sir:

In response to the Informational Notice to Applicant mailed June 19, 2015, please

find enclosed:

1. duly executed Declarations for Inventors Boyan Boyanov and Kanwal Jit Singh.

Application No.: 14/675,613 -1- Atty Docket No.: 42P38794D
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If there are any additional charges, please charge Deposit Account No. 504238.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: July 21, 2015 /Tatiana Rossin/
Tatiana Rossin
Reg. No. 56,833

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(408) 720-8300

Application No.: 14/675,613 -2- Atty Docket No.: 42P38794D
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Agesncy having naed for the information in order o perform 2 Contract. Hacipients of
information shall be required o comply with the equirements of the Privacy Act of 1974, as
amended, pursuant {o S U.B.C. 5582a(m).

Acrecard rafated o an intamational Application filed under the Patent Cooperation Treaty in
this systern of records may be disclosed. as a wutine use, 1o the ntemationsd Bureau of the
World inteflectus! Proparty Organization, pursuant 1o the Patent Cooperation Treaty.

A reeord ivcihis system of records may be disclosad, as a routing use, fo ancther fnderal
ageroy for purposss of Netionad Setwrity review (35 US.C. 181) and for review pursuant fo
the Atomic Energy Act (42 U.B.C. 218

Arecord from this system of records may be disclosed, 28 a routine use, to the Administrator,
General Sarvices, or hisfher designes, during an inspection of records conducted by 8SA as
part of that agancy’s responaibllity 1o recommend improvements in records management
practives and programs, under suthority of 44 U.S.C. 2904 and 2208, Such disciosurs shall
be mads in accurdance wilh fhe GBA ragulations goveming inspection of records for this
purpose, and any other relevant {{ga.. G3A or Coramerce) directive. Such disclosure shall nat
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Acreoord from this system of records may be disclosed, as a routine use, 1o the public after
sither publication of the application pursuant to 38 U8 T 1223{k} or issuance of & patent
pursuant e 35 LSO 181, Further, a record may be disclosed, subject o the limitations of 37
CFR 1,14, as a routine uss, 10 the public if the record was filed in an application which
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msued patent.
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

invention

As the below named inventor, | hereby declare that:
This declaration !
is directed to: bt

E United States application or PCT international application number 14/ 6?5’61 3

March 31, 2015

The aftached application, or

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.
g

I hereby acknowiedge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1007
by fine or imprisonment of not more than five (5} years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to stipport a petition or an appiication. If this type of personal information is included in documents submitied to the USPTO,
petitioners/applicants shouid consider redacting such personal information from the documents before submitting them 1o the
USPTO. Petitioner/applicant is advised that the record of a patent application is avaitable to the public after pubtication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application) or issuance of a
patent. Furthermare, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Date (Opticnai)

Kanwal Jit Singh

Signature:

Note: An application data sheet (FTO/SBI14 or equivalent), including naming the entire inventive entity, mast accompany this form or must have
been previously fled. Use an additional PTO/AIA/1 form for each additional inventor,

This cotlection of infarrnation is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is requited 1o cbtain or ratain a benefit by the pubiic which is to file (and
by the USPTQ o process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coliection is sstimated io take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time w vary depending upon the individusl case. Any
comments on the amount of ime you require fo complete this form and/or stgge: s for reducing this burden, shouid be sent to the Chief infarmation Officer, 1.8,
Patant and Trademark Offics, 1.8, Dapartment of Commerce, P.O. Box 1458, Alexancria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESE. SEND TO: Commissioner for Patents, P.O. Box 1458, Afexandriz, VA 22313:1450.

if you need assistance ir; complating the form, cait 1-800-FTO-8199 and select option 2.
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BLAKELY SOKOLOFF TAYLOR & ZAFMAN
c/o CPA Global ANRTIO OO R  LLLTE

P.O. Box 52050
Minneapolis, MN 55402

Date Mailed: 06/19/2015

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

Inventor(s)
Boyan BOYANQV, Portland, OR;
Kanwal Jit SINGH, Hillsboro, OR;
Applicant(s)
Intel Corporation, Santa Clara, CA;

Power of Attorney: The patent practitioners associated with Customer Number 45209

Domestic Priority data as claimed by applicant
This application is a DIV of 13/991,899 06/05/2013
which is a 371 of PCT/US2011/059453 11/04/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 04/15/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/675,613

Projected Publication Date: 09/24/2015

Non-Publication Request: No

Early Publication Request: No
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Title
METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or 5.14.

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

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

NOT GRANTED

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

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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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

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D
CONFIRMATION NO. 4208
45209 INFORMAL NOTICE

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

6/0 CPA Global LRI R
000000

P.O. Box 52050 07583
Minneapolis, MN 55402

869

(AT

Date Mailed: 06/19/2015

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

A new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:
+ does not state that the above-identified application was made or authorized to be made by the person
executing the oath or declaration.
Boyan BOYANOV
Kanwal Jit SINGH

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.

/erugal/
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Attorney’s Docket No. 42P38794D PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Examiner:  Not yet assigned
Boyan BOYANOV Art Unit: 2811
Application No.: 14/675,613 Confirmation No.: 4208
Filed: March 31, 2015 CERTIFICATE OF ELECTRONIC FILING

T hereby certify that this correspondence is
deposited with the United States Patent
Office via electronic filing through the

For: METHODS AND APPARATUSES TO

FORM SELF-ALIGNED CAPS Patent and Trademark Flectronic Filing
on:
/Tuven Lam/ June 11, 2015
Tuyen Lam Date

E-Filed via EFS Web
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS
(FILING DATE GRANTED)

Sir:
In response to the Notice to File Corrected Application Papers (Filing Date Granted)

mailed April 21, 2015 (“Notice”), please find enclosed:

1. a substitute Specification with Figures excluding claims;
2. a marked-up copy of the substitute Specification with Figures excluding claims;
3. a copy of the Notice to File Corrected Application Papers.

The enclosed substitute Specification does not contain new matter.

Application No.: 14/675,613 -1- Atty Docket No.: 42P38794D
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REMARKS

In this response, applicant has been amended the specification to add paragraph
numbering [0008] in the Brief Description of the Drawings before the sentence “Figure 1A is
a cross-sectional view of a typical interconnect structure having metal electromigration
caps.” (specification, line 3, page 2). Applicant has amended the Brief Description of the
Drawings to add a new paragraph that contains a brief description of Figure 5 (specification,
page 4). The paragraphs of the specification have been re-numbered accordingly. No new
matter has been added.

If there are any additional charges, please charge Deposit Account No. 504238.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: June 11, 2015 /Tatiana Rossin/
Tatiana Rossin
Reg. No. 56,833

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(408) 720-8300

Application No.: 14/675,613 -2- Atty Docket No.: 42P38794D
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[SUBSTITUTE SPECIFICATION WITH MARKINGS]

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a divisional application of co-pending U.S. Patent Application
No. 13/991,899 filed June 5, 2013, which is a U.S. National Phase application under 35 U.S.C. §
371 of International Application No. PCT/US2011/059453, filed November 4, 2011, entitled
“METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS” and claims the
priority benefit thereof.

FIELD

[0002] Embodiments of the present invention relate to the field of electronic device
manufacturing, and in particular, to forming interconnect structures.

BACKGROUND

[0003] As the feature size of electronic devices shrinks, reliability of interconnects becomes
critical to integrated circuit performance. Generally, electromigration refers to the transport of
material caused by the movement of the ions in a conductor due to the momentum transfer
between conducting electrons and diffusing metal atoms. The effect is especially important in
applications where high current densities are used, for example, in microelectronics structures
involving logic devices. Typically, a metal capping technology is used to prevent
electromigration.

[0004] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps. As shown in Figure 1A, metal interconnect lines, for example lines 103
and 104, formed on a dielectric substrate 101 are originally spaced apart at a line spacing 105.
The electromigration caps, for example, caps 111-113, can be grown on the respective

interconnect lines above a flat surface of the substrate using electroless plating. Generally, the
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growth of the electromigration caps on the interconnect lines is isotropic. The electromigration
cap can grow on the interconnect metal line vertically as well as laterally above the substrate.
The lateral growth of the metal electromigration caps may generate overhang structures, for
example, an overhang 109 that protrude over the substrate 101 outside the width of the
interconnect lines. As shown in Figure 1A, the lateral growth of the metal caps reduces a line-to-
line spacing from spacing 105 to spacing 107.

[0005] Typically, the size of the overhang 109, is about 50% of the cap thickness. For example,
if the two neighboring metal caps have the thickness of about 10 nanometers (“nm”), the total
size of their overhangs can be about 2x5nm. As such, the line-to-line spacing can be reduced, for
example, by a factor of two from about 20 (nm) to about 10 nm.

[0006] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps electrolessly grown over a flat surface of substrate 121 having interconnect lines, such as
an interconnect line 123. As shown in Figure 1B, the lateral growth of the metal caps above the
substrate increases the line edge roughness (“LLER”) and reduces line-to-line spacing. As shown
in Figure 1B, the line-to-line spacing, for example, a line-to-line spacing 125, varies
uncontrollably. Both the increased LER and reduced line-to-line spacing negatively impact on
the reliability of the interconnect structures, increase the risk of current shorting that may lead to

the failure of the entire integrated circuit device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example and not limitation in the figures of
the accompanying drawings, in which like references indicate similar elements, in which:
[0008] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps.

[0009] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps.

[0010] Figure 2A shows a cross-sectional view of a substrate to fabricate an interconnect
structure according to one embodiment of the invention.

[0011] Figure 2B is a view similar to Figure 2A, after a dielectric layer is formed over the
substrate according to one embodiment of the invention.

[0012] Figure 2C is a view similar to Figure 2B, after a photoresist layer is deposited over the
dielectric layer to form one or more openings in the dielectric layer according to one
embodiment of the invention.

[0013] Figure 2D is a view similar to Figure 2C, after one or more openings are formed in the
dielectric layer according to one embodiment of the invention.

[0014] Figure 2E is a view similar to Figure 2D, after a conductive layer is deposited over the
dielectric layer according to one embodiment of the invention.

[0015] Figure 2F is a view similar to Figure 2E, after portions of conductive layer and the base
layer are removed from the top surface of the dielectric layer outside the openings to form
patterned conductive lines according to one embodiment of the invention.

[0016] Figure 2G is a view similar to Figure 2F, after conductive lines in a dielectric layer over
a substrate are recessed according to one embodiment of the invention.

[0017] Figure 2H is a view similar to Figure 2G, after capping layers are selectively deposited
onto the respective recessed conductive lines in the channels to prevent electromigration

according to one embodiment of the invention.
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[0018] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines in a dielectric layer over a substrate according to one embodiment of the
invention.

[0019] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into the
respective channels formed by the recessed conductive lines according to one embodiment of the
invention.

[0020] Figure 4 is a top view of an interconnect structure 400 having capping layers selectively
deposited within channels formed by the recessed conductive lines in a dielectric layer over a
substrate according to one embodiment of the invention.

[0021] Figure 5 shows a block diagram of an exemplary embodiment of a data processing

system having one or more electronic devices that are built using methods described herein.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0022] In the following description, numerous specific details, such as specific materials,
dimensions of the elements, etc. are set forth in order to provide thorough understanding of one
or more of the embodiments of the present invention. It will be apparent, however, to one of
ordinary skill in the art that the one or more embodiments of the present invention may be
practiced without these specific details. In other instances, semiconductor fabrication processes,
techniques, materials, equipment, etc., have not been described in great details to avoid
unnecessarily obscuring of this description. Those of ordinary skill in the art, with the included
description, will be able to implement appropriate functionality without undue experimentation.
[0023] While certain exemplary embodiments of the invention are described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely illustrative
and not restrictive of the current invention, and that this invention is not restricted to the specific
constructions and arrangements shown and described because modifications may occur to those
ordinarily skilled in the art.

[0024] Reference throughout the specification to “one embodiment”, “another embodiment”,
or “an embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Thus, the appearance of the phrases “in one embodiment” or “for an embodiment” in various
places throughout the specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0025] Moreover, inventive aspects lie in less than all the features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a separate
embodiment of this invention. While the invention has been described in terms of several

embodiments, those skilled in the art will recognize that the invention is not limited to the
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embodiments described, but can be practiced with modification and alteration within the spirit
and scope of the appended claims. The description is thus to be regarded as illustrative rather
than limiting.

[0026] Methods and apparatuses to control a line edge roughness (“LER”) and line-to-line
spacing in deposition of self-aligned metal caps are described herein. At least one conductive
line is recessed to form a channel in a dielectric layer over a substrate. A capping layer to
prevent electromigration is deposited on the recessed conductive line in the channel. The
channel is self-aligned to the conductive line. The channel is configured to contain the capping
layer within the width of the conductive line. That is, the interconnect line is recessed to contain
the cap growth within a channel self aligned to the interconnect line. The channel can be formed
by etching the conductive line to a predetermined depth using a chemistry comprising an
inhibitor to provide uniformity of etching independent of a crystallographic orientation, as
described in further detail below. Methods and apparatuses described herein can be used to
control the increase in LER associated with selectively deposited electromigration caps, for
example, electroless cobalt caps. That is, an increase in LER and reduction in line-to-line
spacing typically associated with the electromigration caps selectively deposited on the metal
interconnect lines can be prevented by containing an electroless cap within a recess that is self-
aligned to an interconnect line. Eliminating an increase in LER and preventing from reducing of
the line-to-line spacing can decrease the risk of failure and increase the manufacturing yield of
the electronic devices having reduced (e.g., nanometer scale) dimensions. The electronic devices
can be, for example, computer system architecture devices, e.g., transistors, memories, logic
devices, and any other integrated circuit and microelectronic devices.

[0027] Figure 2A shows a cross-sectional view 200 of a substrate to fabricate an interconnect
structure according to one embodiment of the invention. In one embodiment, substrate 201
includes a monocrystalline silicon. In one embodiment, substrate 201 includes a silicon-on-

insulator (“SOI”). For alternate embodiments, substrate may comprise compound
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semiconductors, e.g., indium phosphide, gallium arsenide, gallium nitride, silicon germanium,
and silicon carbide. In another embodiment, substrate 201 may include e.g., glass, and quartz.
Substrate 201 may include one or more metallization layers of integrated circuits having active
and passive devices, e.g., transistors, switches, optoelectronic devices, capacitors, resistors,
interconnects (not shown). The one or more metallization layers of integrated circuits of
substrate 201 may be separated from adjacent metallization layers by a dielectric material (not
shown), e.g., interlayer dielectric. The adjacent metallization layers may be electrically
interconnected by vias (not shown).

[0028] Figure 2B is a view similar to Figure 2A, after a dielectric layer 203 is formed over the
substrate 201 according to one embodiment of the invention. In one embodiment, dielectric layer
203 is an interlayer dielectric (“ILD”). In one embodiment, dielectric layer 203 is a low-k
dielectric, e.g., silicon dioxide, silicon oxide, and carbon doped oxide (“CDQ”), or any
combination thereof. In one embodiment, Dielectric layer 203 includes a nitride, oxide, a
polymer, phosphosilicate glass, fluorosilicate (“SiOF”) glass, organosilicate glass (“SiOCH”), or
any combination thereof. In one embodiment, dielectric layer 203 includes a spin-on low-k
dielectric material. In one embodiment, dielectric layer 203 is silicon dioxide. In another
embodiment, dielectric layer 203 is silicon nitride. dielectric layer 203 may be deposited using
any suitable deposition technique. In one embodiment, dielectric layer 203 may be deposited
using blanket deposition technique, for example, chemical vapor deposition (“CVD”),
sputtering, spin-on, or another thin film deposition technique. In one embodiment, dielectric
layer 203 is deposited to the thickness in the approximate range of S0nm to 2pm.

[0029] Figure 2C is a view similar to Figure 2B, after a photoresist layer 204 is deposited over
dielectric layer 203 to form one or more openings in dielectric layer 203 according to one
embodiment of the invention. In one embodiment, photoresist layer 204 is deposited on a hard
mask layer 202 formed on dielectric layer 203, as shown in Figure 2C. In another embodiment,

photoresist layer 204 is deposited directly onto dielectric layer 203. As shown in Figure 2C,
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photoresist layer 204 and hard mask layer 202 are patterned and etched to form openings, such
as an opening 220. Patterning and etching of the photoresist and hard mask is known to one of
ordinary skill in the art of microelectronic device manufacturing. Patterning and etching of the
photoresist may be performed using one of the techniques known to one of ordinary skill in the
art of microelectronic device manufacturing. The technique may include masking the photoresist
layer, exposing the masked layer to light, and then developing the unexposed portions to remove
the portions of the photoresist layer that are exposed to light to form a window in the photoresist
layer. In one embodiment, the process of exposing to light and removing the photoresist layer
may be performed in a plasma reactor. The opening in hard mask 202 may be etched to expose a
portion of dielectric layer 203 using a dry etching, e.g., reactive ion etching (“RIE”), wet
etching, or any combination thereof techniques.

[0030] Figure 2D is a view similar to Figure 2C, after one or more openings, such as an
opening 206, are formed in dielectric layer 203 according to one embodiment of the invention.
In one embodiment, the openings are, such as opening 206, is etched through openings in hard
mask 203, such as opening 220. In another embodiment, the openings are formed by etching the
dielectric layer through the openings in patterned photoresist 204 deposited directly onto
dielectric layer 203. In one embodiment, the openings in the dielectric layer 203, for example,
trenches, are formed using an anisotropic dry etching, e.g., plasma etching. In another
embodiment, the openings in the dielectric layer 203 are formed using dry etching, wet etching,
or a combination thereof techniques known to one of ordinary skill in the art of microelectronic
device manufacturing. In one embodiment, the openings in dielectric layer 203 has the width in
the approximate range of 0.005microns (“um “) to 5 um, and the depth in the approximate range
of 0.005 um to 10 pm. In one embodiment, the size of openings is determined by the size of a
conductive line formed within ILD 203 later on in the process.

[0031] After forming the openings, such as opening 206, the photoresist and hard mask are

removed. Removing of the photoresist and the hard mask from dielectric layer 203 is known to
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one of ordinary skill in the art of microelectronic device manufacturing. In one embodiment, the
photoresist and hard mask may be removed using a chemical technique, mechanical technique,
or both.

[0032] Figure 2E is a view similar to Figure 2D, after a conductive layer 205 is deposited over
dielectric layer 203 according to one embodiment of the invention. As shown in Figure 2E,
forming of the conductive layer 205 involves filling the one or more openings in dielectric layer
203 with a conductive material to form one or more conductive lines. In one embodiment, a base
layer (not shown) is first deposited on dielectric layer 203 covering the internal sidewalls and
bottom of the openings, and then a conductive layer 205 is deposited on the base layer. In one
embodiment, the base layer includes a conductive seed layer (not shown) deposited on a
conductive barrier layer (not shown). The seed layer can include copper, and the conductive
barrier layer can include aluminum, titanium, tantalum, tantalum nitride, and the like metals.
The conductive barrier layer can be used to prevent diffusion of the conductive material from the
seed layer, e.g., copper, into ILD 203. Additionally, the conductive barrier layer can be used to
provide adhesion for the seed layer (e.g., copper). In one embodiment, to form the base layer,
the conductive barrier layer is deposited onto the dielectric layer 203 covering the sidewalls and
bottom of the opening, and then the seed layer is deposited on the conductive barrier layer. In
another embodiment, the conductive base layer includes the seed layer that is directly deposited
onto dielectric layer 203 covering the sidewalls and bottom of the openings. Each of the
conductive barrier layer and seed layer may be deposited using any thin film deposition
technique known to one of ordinary skill in the art of semiconductor manufacturing, e.g., by
sputtering, blanket deposition, and the like. In one embodiment, each of the conductive barrier
layer and the seed layer has the thickness in the approximate range of 1 to 100 nm. In one
embodiment, the barrier layer may be a thin dielectric that has been etched to establish

conductivity to the metal layer below. In one embodiment, the barrier layer may be omitted
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altogether and appropriate doping of the copper line may be used to make a “self-forming
barrier”.

[0033] Conductive layer 205 fills the openings, such as an opening 206, and covers portions of
the base layer (not shown) outside of the openings that are on top of dielectric layer 203. In one
embodiment, conductive layer 205 e.g., copper, is deposited onto the seed layer of base layer of
copper, by an electroplating process. In one embodiment, conductive layer 205 is deposited into
the openings using a damascene process that is known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, conductive layer 205 is deposited
onto the seed layer using one of selective deposition techniques known to one of ordinary skill
in the art of semiconductor manufacturing, e.g., electroplating, electroless plating, and the like.
In one embodiment, the choice of a material for conductive layer 205 determines the choice of a
material for the seed layer. For example, if the material for conductive layer 205 includes
copper, the material for the seed layer also includes copper. In one embodiment, conductive
layer 205 includes e.g., copper (Cu), ruthenium (Ru), nickel (Ni), cobalt (Co), chromium (Cr),
iron (Fe), manganese (Mn), titanium (Ti), aluminum (Al), hafnium (Hf), tantalum (Ta), tungsten
(W), Vanadium (V), Molybdenum (Mo), palladium (Pd), gold (Au), silver (Au), platinum Pt, or
any combination thereof.

[0034] Figure 2F is a view similar to Figure 2E, after portions of conductive layer 205 and the
base layer are removed from the top surface of dielectric layer 203 outside the openings to form
patterned conductive lines, such as a conductive line 208 according to one embodiment of the
invention. Portions of conductive layer 205 may be removed chemically, e.g., using etching,
mechanically, e.g., using polishing, or by a combination of thereof techniques, e.g., using a
chemical-mechanical polishing (“CMP”) technique known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, one or more patterned conductive
lines are formed within dielectric layer 203 using methods described above. In another

embodiment, the conductive lines are formed by patterning and etching of the conductive layer
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deposited on the top surface of dielectric layer 203. Patterning and etching of the conductive
layer deposited on the top surface of the dielectric layer 203 is known to one of ordinary skill in
the art of microelectronic device manufacturing. In one embodiment, the thickness of the
conductive line, for example, a thickness 211 is in the approximate range of 0.015um to 1um. In
one embodiment, the width of the conductive line, for example, a width 209 is in the
approximate range of Snm to about 500nm. In one embodiment, the spacing between the
conductive lines, for example, a spacing 207, is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines is from about 2nm to about 100nm.
[0035] Figure 2G is a view similar to Figure 2F, after the conductive lines, for example, a
conductive line 208, in a dielectric layer over a substrate are recessed according to one
embodiment of the invention. As shown in Figure 2G, channels, such as a channel 212, are
formed in dielectric layer 203. As shown in Figure 2G, channels, such as channel 212, have
sidewalls made of dielectric layer 203, such as sidewalls 214 and 216, and a bottom made of a
respective conductive line, such as a bottom 218 made of conductive line 208.

[0036] In one embodiment, the channel has depth, such as a depth 213 from about 5 nm to
about 50nm. In one embodiment, the depth of the channel is from about 2 nm to about 20nm. In
one embodiment, the channel has depth that is from about 10% to about 50% of the thickness of
the conductive line, such as a thickness 211 shown in Figure 2F. In one embodiment, the
conductive lines are recessed to the depth, which is determined based on the thickness of a
capping layer, as described in further detail below.

[0037] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines, such as a conductive line 305 and a conductive line 304, in a dielectric
layer 303 over a substrate 301 according to one embodiment of the invention. Substrate 301,
dielectric layer 303, and the conductive lines 305 and 304, can be, for example, any of the
respective substrates, dielectric layers, and conductive lines, as described above. As shown in

Figure 3A, channels, such as a channel 302 and a channel 307, are formed in a dielectric layer
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303 over substrate 301 by recessing the conductive lines. As shown in Figure 3A, the channels
are self-aligned to the respective conductive lines. For example, channel 307 is self-aligned to
conductive line 305 and channel 302 is self-aligned to conductive line 304. As shown in Figure
3A, the length of the channel, e.g., a length 315 is along the length of the conductive line, and
the width of the channel, e.g., a width 307 is along the width of the conductive line. In one
embodiment, the length of the channel is substantially longer that the width of the channel. In
one embodiment, the width of the channel is less than 100nm, and the length of the channel is at
least 500nm. In one embodiment, the width of the channel is from about 5 nm to about 500nm,
and the length of the channel is from about a few hundred nanometers to about a few hundred
microns. As shown in Figure 3A, the conductive lines, such as conductive lines 305 and 304 are
separated by a distance, such as a spacing 309. In one embodiment, the spacing between the
conductive lines, such as lines 305 and 304 is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines, such as lines 305 and 304 is from about
2nm to about 100nm.

[0038] In one embodiment, recessing the conductive lines, such as line 208, lines 304 and 305,
involves wet etching the conductive lines uniformly independent of a crystallographic
orientation using a chemistry containing an etchant, an oxidizer, an inhibitor, and a solvent.
That is, adding an inhibitor and a solvent to the etchant provides uniform etching of the
conductive material independent of a crystallographic orientation, by forming, during etching, a
passivation layer (not shown) on the conductive material. The wet etch chemistry containing an
etchant, an oxidizer, an inhibitor, and solvent provides control over the depth of the etching of
the conductive line, so that only a portion (e.g., 5% to 50%) of the conductive line can be
recessed.

[0039] In one embodiment, the chemistry to wet etch the conductive lines to provide a channel
that is free from a pattern dependence and a crystallographic preference comprises between

about 1% to about 40% by mass of an etchant, between about 1% to about 10% by mass of an
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oxidizer, and between about 0.1% to about 1% by mass of an inhibitor, and between about 1 to
about 60% by mass of an organic solvent. In one embodiment, the chemistry to wet etch the
conductive lines comprises an etchant from about 0.1% to about 70% by mass (depending on the
etch rate of the etchant), an oxidizer from about 0.1% to about 10% by mass (depending on the
strength of the oxidizer), an inhibitor from about 50 parts per million (ppm) to about 1% by
mass; and a solvent between about 1 to about 60% by mass.

[0040] In one embodiment, the chemistry to etch the conductive lines can include an etchant,
for example, a glycine, an ethylenediaminetetraacetic acid, an alpha-amino acid, a
polycarboxylic acid, or a combination thereof; the oxidizer, for example, a peroxide, an ozone, a
permanganate, a chromate, a perborate, a hypohalite, or a combination thereof, an inhibitor, for
example, an azole, an amine, an amino acid, a phosphate, a phosphonate, or a combination
thereof, and a solvent. The solvent can be an aqueous system (preferred), e.g., water, or an
organic solvent. The examples of an organic solvents are propylene carbonate, sulfolane, glycol
ethers, methylene chloride, and the like.

[0041] For example, regarding the etchant in the chemistry to etch copper conductive lines, Cu
metal is typically in a zero oxidation state. In order to etch copper, the copper needs to be
oxidized into a O+n oxidation state where ‘n’ can be any of 1,2, 3 or 4. Typically, 1* state and
29 state are more common oxidation states of copper. For any molecule to act as an etchant, it
needs to be able to bind copper in one of its oxidation states 1, 2, 3 or 4. This binding typically
occurs through the use of group 15 (Nitrogen family), group 16 (Oxygen family) or group 17
(Halogen family) atoms in a molecule. In one embodiment, the etchant to etch copper
conductive lines is an organic etchant, for example, any of glycine, ethylenediaminetetraacetic,
alpha-amino acids, polycarboxylic acids (for example, citric acid that is a tricarboxylic acid),
oxalic and malonic acids.

[0042] For example, an oxidizer in the chemistry to etch copper conductive lines is used to

change the copper oxidation state from an insoluble copper metal to a soluble copper ion. The
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oxidizer can be chosen from any of the oxidizers, for example, any of peroxides (e.g., hydrogen
peroxide), ozone, permanganates, chromates, perborates and hypohalites, and the like.

[0043] For example, to etch the copper constituting the current carrying line in a uniform and
non-crystallographic orientation, it is important to add an inhibitor to the chemistry. The role of
an inhibitor is to form a passivation layer (a polymeric compound formed from the molecules of
the inhibitor binding copper in a specific and periodic manner). The formation of this
passivation layer during the controlled etch of copper is critical to ensure uniformity of etching
and preventing etching attacks (e.g., forming voids) along crystallographic (e.g., grain)
boundaries. For example, any inhibitor that is not decomposed in the chosen oxidizer and
etchant combination may be used in the chemistry to etch copper conductive lines. The classes
of inhibitors are known to one of ordinary skill in the art of electronic device manufacturing. For
example, any of organic inhibitors including azoles, amines, amino acids, phosphates and
phosphonates can be used in the chemistry to etch the copper conductive lines.

[0044] In another embodiment, the conductive copper lines are recessed by wet etching using
a chemistry comprising a citric acid and peroxide. A chemistry comprising citric acid and
peroxide, however, typically has high etching rate that can be difficult to control. Additionally,
an etching rate of the chemistry comprising citric acid and peroxide depends on a
crystallographic orientation that may produce rough etched surface. Addition of a corrosion
inhibitor, for example, benzotriazole (“BTA”) to the chemistry, and dilution of the citric acid
and peroxide in organic solvent can slow down the etching rate dramatically and eliminate the
crystallographic nature of the etch, such as etching the voids in Cu along the grain boundaries
producing a smooth surface.

[0045] In one embodiment, the conductive lines are recessed by wet etching that involves any
of spraying, and pouring the etching chemistry onto the conductive lines. In one embodiment,
the conductive lines are recessed by wet etching that involves immersing the conductive lines

into the etching chemistry solution. In one embodiment, the conductive lines are recessed by wet
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etching at a temperature from about 15°C to about 50°C for a predetermined time. In at least
some embodiments, the conductive lines are recessed by dry etching, e.g., plasma etching.
[0046] Tigure 2H is a view similar to Figure 2G, after the capping layers are selectively
deposited onto the respective recessed conductive lines in the channels to prevent
electromigration according to one embodiment of the invention. The conductive lines etched
using the chemistry as described above, have a smooth uniform top surface to adhere the
capping layer. As shown in Figure 2H, a capping layer 215 is deposited onto recessed
conductive line 208 within channel 212. In one embodiment, the channel, such as channel 212,
is configured to contain a capping layer within the width of the conductive line, e.g., width 209
shown in Figure 2F. That is, the recessed conductive line creates a channel which contains the
growth of the capping layer within the channel that mitigates the reduction in line-to-line
spacing and increase in LER. As shown in Figure 2H the capping layer 215 is located on the
conductive line 208 within the sidewalls of the channel 212. In one embodiment, the capping
layer is deposited on the recessed conductive line by an electroless deposition (e.g., plating), a
chemical vapor deposition (“CVD”), a physical vapor deposition (“PVD”), or any other
selective deposition techniques known to one of ordinary skill in the art of electronic device
manufacturing. In one embodiment, a conductive line, such as line 208, comprises a first metal,
and the capping layer comprises a second metal other than the first metal to prevent
electromigration of the first metal from the conductive line. In one embodiment, the metal for
the capping layer is heavier than the metal for the conductive line to prevent electromigration.
[0047] For example, the conductive line can be made of any of the metals including copper,
aluminum. In one embodiment, the capping layer, such as capping layer 215, is made of cobalt
(“Co”), cobalt electroless alloys, e.g., CoBP, CoWBP, CoWP, CoWB, CoWP, or a combination
thereof. In another embodiment, a capping layer, such as capping layer 215, is made of nickel
(“Ni”), Ni electroless alloys, e.g., NiBP, NiWBP, NiWP, NiWB, NiWP, or a combination

thereof. In another embodiment, a capping layer, such as capping layer 215, is made of platinum
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(“Pt”) group metals, for example, Pt, Pd, Ru, Ir, Rh as pure elements or alloys. The typical alloy
elements for Pt group metals are W, B, P. In yet another embodiment, a capping layer, such as
capping layer 215, is made of refractory metals, for example, Ta, W, Mo, or a combination
thereof.

[0048] In one embodiment, the Co capping layer is deposited within a channel onto the
recessed Cu conductive layer. In one embodiment, Ni capping layer is deposited within a
channel onto the recessed Cu conductive layer. In one embodiment, refractory metal capping
layer is deposited within a channel onto the recessed Cu conductive layer.

[0049] In one embodiment, the capping layers comprising a Pt group metal, Co, Ni, or a
combination thereof, are deposited onto the conductive layers, e.g., copper, aluminum, using any
of an electroless deposition, and a vapor phase deposition, e.g., CVD. In one embodiment, the
capping layers including refractory metals are deposited onto the conductive layers, e.g., copper,
aluminum, using any of a CVD and PVD techniques known to one of ordinary skill in the art of
electronic device manufacturing. In one embodiment, the thickness of the capping layer, e.g., a
thickness 221, is from about 2 nm to about 50 nm. In one embodiment, the thickness of the
capping metal layer is sufficient to prevent electromigration from the underlying conductive
layer. In one embodiment, the capping layer has the thickness that is no greater than the depth of
the channel within which the capping layer is deposited.

[0050] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into
the respective channels formed by the recessed conductive lines according to one embodiment of
the invention. As shown in Figure 3B, capping layers, such as a capping layer 311 and 319 are
selectively deposited into respective channels, such as channel 302 and channel 307, as
described above. As shown in Figure 3A, the capping layers are contained within their
respective channels. As shown in Figure 3B, the capping layer 319 is separated from capping
layer 311 by spacing 309. In one embodiment, the spacing between conductive lines 305 and

304 and the spacing between the capping layers 319 and 311 is the same.
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[0051] Figure 4 is a top view of an interconnect structure 400 having capping layers
selectively deposited within channels formed by the recessed conductive lines in a dielectric
layer 401 over a substrate according to one embodiment of the invention. As shown in Figure 4,
the LER of the interconnect lines, such as an interconnect line 403 is substantially reduced, the
edges of the interconnect lines are smooth, and a line-to-line spacing, such as a line-to-line
spacing 405 is increased and maintained between the lines. In one embodiment, the line-to-line
spacing is increased by 2x cap thickness. This can result in rather dramatic decreases in electric
field and time to dielectric breakdown, especially, for a future technology node having 20nm
lines and 20nm spaces. The minimum cap thickness known to work today is Snm. This means
that with a conventional approach the line-line space would be 10nm instead of the 20nm drawn
on a mask. Furthermore, currently, the size of the protrusions in the overhang tends to be about
50% of the cap thickness. For a typical cap thickness of 5-10nm using methods described above
LER can be decreased by 3-5nm independent of line width. For a future 20 nm technology
node, decrease in LER by 3-5nm can result in 15-20% increase in line-to-line spacing of an
interconnect structure.

[0052] Figure 5 shows a block diagram of an exemplary embodiment of a data processing
system 500 having one or more electronic devices, e.g., transistors, memories, such as a memory
504, and a memory 518, processing logic devices, such a processing logic device 526, and any
other integrated circuit and microelectronic devices that are built using methods described
herein. As shown in Figure 5, data processing system 500 includes a processor 502 having
processing logic 526. In at least some embodiments, processing logic 526 contains at least one
conductive line in a dielectric layer over a substrate, a channel in the dielectric layer over the
one conductive line; and a capping layer on the at least one conductive line in the channel to
prevent electromigration, as described herein. In at least some embodiments, each of the

memories 504 and 518 contains at least one conductive line in a dielectric layer over a substrate,
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a channel in the dielectric layer over the one conductive line; and a capping layer on the at least
one conductive line in the channel to prevent electromigration, as described herein

[0053] In alternative embodiments, the data processing system may be connected (e.g.,
networked) to other machines in a Local Area Network (LAN), an intranet, an extranet, or the
Internet. The data processing system may operate in the capacity of a server or a client machine
in a client-server network environment, or as a peer machine in a peer-to-peer (or distributed)
network environment. The data processing system may be a personal computer (PC), a tablet
PC, a set-top box (STB), a Personal Digital Assistant (PDA), a cellular telephone, a web
appliance, a server, a network router, switch or bridge, or any machine capable of executing a
set of instructions (sequential or otherwise) that specify actions to be taken by that data
processing system. Further, while only a single data processing system is illustrated, the term
“data processing system” shall also be taken to include any collection of data processing systems
that individually or jointly execute a set (or multiple sets) of instructions to perform any one or
more of the methodologies described herein.

[0054] The exemplary data processing system 500 includes a processor 502, a main memory
504 (e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM) or Rambus DRAM (RDRAM), etc.), a static memory
506 (e.g., flash memory, static random access memory (SRAM), etc.), and a secondary memory
518 (e.g., a data storage device), which communicate with each other via a bus 530.

[0055] Processor 502 represents one or more general-purpose processing devices such as a
microprocessor, central processing unit, or the like. More particularly, the processor 502 may be
a complex instruction set computing (CISC) microprocessor, reduced instruction set computing
(RISC) microprocessor, very long instruction word (VLIW) microprocessor, processor
implementing other instruction sets, or processors implementing a combination of instruction
sets. Processor 502 may also be one or more special-purpose processing devices such as an

application specific integrated circuit (ASIC), a field programmable gate array (FPGA), a digital
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signal processor (DSP), network processor, or the like. Processor 502 is configured to execute
the processing logic 526 for performing the operations described herein.

[0056] The computer system 500 may further include a network interface device 508. The
computer system 500 also may include a video display unit 510 (e.g., a liquid crystal display
(LCD), a light emitting diode display (LED), or a cathode ray tube (CRT)), an alphanumeric
input device 512 (e.g., a keyboard), a cursor control device 514 (e.g., a mouse), and a signal
generation device 516 (e.g., a speaker).

[0057] The secondary memory 518 may include a machine-accessible storage medium (or more
specifically a computer-readable storage medium) 531 on which is stored one or more sets of
instructions (e.g., software 522) embodying any one or more of the methodologies or functions
described herein. The software 522 may also reside, completely or at least partially, within the
main memory 504 and/or within the processor 502 during execution thereof by the computer
system 500, the main memory 504 and the processor 502 also constituting machine-readable
storage media. The software 522 may further be transmitted or received over a network 520 via
the network interface device 508.

[0058] While the machine-accessible storage medium 531 is shown in an exemplary
embodiment to be a single medium, the term “machine-readable storage medium” should be
taken to include a single medium or multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or more sets of instructions. The term
“machine-readable storage medium” shall also be taken to include any medium that is capable of
storing or encoding a set of instructions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the present invention. The term “machine-
readable storage medium” shall accordingly be taken to include, but not be limited to, solid-state
memories, and optical and magnetic media.

[0059] In alternative embodiments, Figure 5 illustrates a computing device 500. The computing

device 500 houses a board 530. The board may include a number of components, including but
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not limited to a processor 502 and at least one communication chip 508. The processor 502 is
physically and electrically coupled to the board 530. In some implementations the at least one
communication chip 508 is also physically and electrically coupled to the board 530. In further
implementations, the communication chip 508 is integrated within the processor 502.

[0060] Depending on its applications, computing device 500 may include other components that
may or may not be physically and electrically coupled to the board 530. These other
components include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory
(e.g., ROM), flash memory, a graphics processor, a digital signal processor, a crypto processor,
a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a battery, an
audio codec, a video codec, a power amplifier, a global positioning system (GPS) device, a
compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage device (such as
hard disk drive, a solid state drive, a compact disk (CD) drive, a digital versatile disk (DVD)
drive, and so forth).

[0061] The communication chip 508 enables wireless communications for the transfer of data to
and from the computing device 500. The term “wireless™ and its derivatives may be used to
describe circuits, devices, systems, methods, techniques, communications channels, etc., that
may communicate data through the use of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 508 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
andbeyond. The computing device 500 may include a plurality of communication chips 508.
For instance, a first communication chip 508 may be dedicated to shorter range wireless

communications such as Wi-Fi andBluetooth and a second communication chip 1006 may be
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dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.

[0062] The processor 502 of the computing device 500 includes an integrated circuit die
packaged within the processor 502. In some implementations of the invention, the integrated
circuit die of the processor includes one or more devices, such as transistors or metal
interconnects, that are formed using methods and apparatuses to control a line edge roughness
and line-to-line spacing in deposition of self-aligned metal caps as described herein. The term
“processor” may refer to any device or portion of a device that processes electronic data from
registers and/or memory to transform that electronic data into other electronic data that may be
stored in registers and/or memory.

[0063] The communication chip 508 also includes an integrated circuit die packaged within the
communication chip 508. In accordance with another implementation of the invention, the
integrated circuit die of the communication chip includes one or more devices, such as
transistors or metal interconnects, that are formed using methods and apparatuses to control a
line edge roughness and line-to-line spacing in deposition of self-aligned metal caps as described
herein.

[0064] In further implementations, another component housed within the computing device 600
may contain an integrated circuit die that includes one or more devices, such as transistors or
metal interconnects, that are formed using methods and apparatuses to control a line edge
roughness and line-to-line spacing in deposition of self-aligned metal caps as described herein.
[0065] In various implementations, the computing device 500 may be a laptop, a netbook, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra
mobile PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-
top box, an entertainment control unit, a digital camera, a portable music player, or a digital
video recorder. In further implementations, the computing device 500 may be any other

electronic device that processes data.
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[0066] In the foregoing specification, embodiments of the invention have been described with
reference to specific exemplary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from the broader spirit and scope of
embodiments of the invention as set forth in the following claims. The specification and

drawings are, accordingly, to be regarded in an illustrative sense rather than a restrictive sense.

22

Page 206 of 304



P38794D
ABSTRACT

At least one conductive line in a dielectric layer over a substrate is recessed to form a
channel. The channel is self-aligned to the conductive line. The channel can be formed by
etching the conductive line to a predetermined depth using a chemistry comprising an inhibitor
to provide uniformity of etching independent of a crystallographic orientation. A capping layer
to prevent electromigration is deposited on the recessed conductive line in the channel. The

channel is configured to contain the capping layer within the width of the conductive line.
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[SUBSTITUTE SPECIFICATION]

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a divisional application of co-pending U.S. Patent Application
No. 13/991,899 filed June 5, 2013, which is a U.S. National Phase application under 35 U.S.C. §
371 of International Application No. PCT/US2011/059453, filed November 4, 2011, entitled
“METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS” and claims the
priority benefit thereof.

FIELD

[0002] Embodiments of the present invention relate to the field of electronic device
manufacturing, and in particular, to forming interconnect structures.

BACKGROUND

[0003] As the feature size of electronic devices shrinks, reliability of interconnects becomes
critical to integrated circuit performance. Generally, electromigration refers to the transport of
material caused by the movement of the ions in a conductor due to the momentum transfer
between conducting electrons and diffusing metal atoms. The effect is especially important in
applications where high current densities are used, for example, in microelectronics structures
involving logic devices. Typically, a metal capping technology is used to prevent
electromigration.

[0004] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps. As shown in Figure 1A, metal interconnect lines, for example lines 103
and 104, formed on a dielectric substrate 101 are originally spaced apart at a line spacing 105.
The electromigration caps, for example, caps 111-113, can be grown on the respective

interconnect lines above a flat surface of the substrate using electroless plating. Generally, the
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growth of the electromigration caps on the interconnect lines is isotropic. The electromigration
cap can grow on the interconnect metal line vertically as well as laterally above the substrate.
The lateral growth of the metal electromigration caps may generate overhang structures, for
example, an overhang 109 that protrude over the substrate 101 outside the width of the
interconnect lines. As shown in Figure 1A, the lateral growth of the metal caps reduces a line-to-
line spacing from spacing 105 to spacing 107.

[0005] Typically, the size of the overhang 109, is about 50% of the cap thickness. For example,
if the two neighboring metal caps have the thickness of about 10 nanometers (“nm”), the total
size of their overhangs can be about 2x5nm. As such, the line-to-line spacing can be reduced, for
example, by a factor of two from about 20 (nm) to about 10 nm.

[0006] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps electrolessly grown over a flat surface of substrate 121 having interconnect lines, such as
an interconnect line 123. As shown in Figure 1B, the lateral growth of the metal caps above the
substrate increases the line edge roughness (“LLER”) and reduces line-to-line spacing. As shown
in Figure 1B, the line-to-line spacing, for example, a line-to-line spacing 125, varies
uncontrollably. Both the increased LER and reduced line-to-line spacing negatively impact on
the reliability of the interconnect structures, increase the risk of current shorting that may lead to

the failure of the entire integrated circuit device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example and not limitation in the figures of
the accompanying drawings, in which like references indicate similar elements, in which:
[0008] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps.

[0009] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps.

[0010] Figure 2A shows a cross-sectional view of a substrate to fabricate an interconnect
structure according to one embodiment of the invention.

[0011] Figure 2B is a view similar to Figure 2A, after a dielectric layer is formed over the
substrate according to one embodiment of the invention.

[0012] Figure 2C is a view similar to Figure 2B, after a photoresist layer is deposited over the
dielectric layer to form one or more openings in the dielectric layer according to one
embodiment of the invention.

[0013] Figure 2D is a view similar to Figure 2C, after one or more openings are formed in the
dielectric layer according to one embodiment of the invention.

[0014] Figure 2E is a view similar to Figure 2D, after a conductive layer is deposited over the
dielectric layer according to one embodiment of the invention.

[0015] Figure 2F is a view similar to Figure 2E, after portions of conductive layer and the base
layer are removed from the top surface of the dielectric layer outside the openings to form
patterned conductive lines according to one embodiment of the invention.

[0016] Figure 2G is a view similar to Figure 2F, after conductive lines in a dielectric layer over
a substrate are recessed according to one embodiment of the invention.

[0017] Figure 2H is a view similar to Figure 2G, after capping layers are selectively deposited
onto the respective recessed conductive lines in the channels to prevent electromigration

according to one embodiment of the invention.

Page 210 of 304



P38794D

[0018] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines in a dielectric layer over a substrate according to one embodiment of the
invention.

[0019] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into the
respective channels formed by the recessed conductive lines according to one embodiment of the
invention.

[0020] Figure 4 is a top view of an interconnect structure 400 having capping layers selectively
deposited within channels formed by the recessed conductive lines in a dielectric layer over a
substrate according to one embodiment of the invention.

[0021] Figure 5 shows a block diagram of an exemplary embodiment of a data processing
system 500 having one or more electronic devices, e.g., transistors, memories, such as a memory
504, and a memory 518, processing logic devices, such a processing logic device 526, and any
other integrated circuit and microelectronic devices that are built using methods described

herein.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0022] In the following description, numerous specific details, such as specific materials,
dimensions of the elements, etc. are set forth in order to provide thorough understanding of one
or more of the embodiments of the present invention. It will be apparent, however, to one of
ordinary skill in the art that the one or more embodiments of the present invention may be
practiced without these specific details. In other instances, semiconductor fabrication processes,
techniques, materials, equipment, etc., have not been described in great details to avoid
unnecessarily obscuring of this description. Those of ordinary skill in the art, with the included
description, will be able to implement appropriate functionality without undue experimentation.
[0023] While certain exemplary embodiments of the invention are described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely illustrative
and not restrictive of the current invention, and that this invention is not restricted to the specific
constructions and arrangements shown and described because modifications may occur to those
ordinarily skilled in the art.

[0024] Reference throughout the specification to “one embodiment”, “another embodiment”,
or “an embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Thus, the appearance of the phrases “in one embodiment” or “for an embodiment” in various
places throughout the specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0025] Moreover, inventive aspects lie in less than all the features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a separate
embodiment of this invention. While the invention has been described in terms of several

embodiments, those skilled in the art will recognize that the invention is not limited to the
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embodiments described, but can be practiced with modification and alteration within the spirit
and scope of the appended claims. The description is thus to be regarded as illustrative rather
than limiting.

[0026] Methods and apparatuses to control a line edge roughness (“LER”) and line-to-line
spacing in deposition of self-aligned metal caps are described herein. At least one conductive
line is recessed to form a channel in a dielectric layer over a substrate. A capping layer to
prevent electromigration is deposited on the recessed conductive line in the channel. The
channel is self-aligned to the conductive line. The channel is configured to contain the capping
layer within the width of the conductive line. That is, the interconnect line is recessed to contain
the cap growth within a channel self aligned to the interconnect line. The channel can be formed
by etching the conductive line to a predetermined depth using a chemistry comprising an
inhibitor to provide uniformity of etching independent of a crystallographic orientation, as
described in further detail below. Methods and apparatuses described herein can be used to
control the increase in LER associated with selectively deposited electromigration caps, for
example, electroless cobalt caps. That is, an increase in LER and reduction in line-to-line
spacing typically associated with the electromigration caps selectively deposited on the metal
interconnect lines can be prevented by containing an electroless cap within a recess that is self-
aligned to an interconnect line. Eliminating an increase in LER and preventing from reducing of
the line-to-line spacing can decrease the risk of failure and increase the manufacturing yield of
the electronic devices having reduced (e.g., nanometer scale) dimensions. The electronic devices
can be, for example, computer system architecture devices, e.g., transistors, memories, logic
devices, and any other integrated circuit and microelectronic devices.

[0027] Figure 2A shows a cross-sectional view 200 of a substrate to fabricate an interconnect
structure according to one embodiment of the invention. In one embodiment, substrate 201
includes a monocrystalline silicon. In one embodiment, substrate 201 includes a silicon-on-

insulator (“SOI”). For alternate embodiments, substrate may comprise compound
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semiconductors, e.g., indium phosphide, gallium arsenide, gallium nitride, silicon germanium,
and silicon carbide. In another embodiment, substrate 201 may include e.g., glass, and quartz.
Substrate 201 may include one or more metallization layers of integrated circuits having active
and passive devices, e.g., transistors, switches, optoelectronic devices, capacitors, resistors,
interconnects (not shown). The one or more metallization layers of integrated circuits of
substrate 201 may be separated from adjacent metallization layers by a dielectric material (not
shown), e.g., interlayer dielectric. The adjacent metallization layers may be electrically
interconnected by vias (not shown).

[0028] Figure 2B is a view similar to Figure 2A, after a dielectric layer 203 is formed over the
substrate 201 according to one embodiment of the invention. In one embodiment, dielectric layer
203 is an interlayer dielectric (“ILD”). In one embodiment, dielectric layer 203 is a low-k
dielectric, e.g., silicon dioxide, silicon oxide, and carbon doped oxide (“CDQ”), or any
combination thereof. In one embodiment, Dielectric layer 203 includes a nitride, oxide, a
polymer, phosphosilicate glass, fluorosilicate (“SiOF”) glass, organosilicate glass (“SiOCH”), or
any combination thereof. In one embodiment, dielectric layer 203 includes a spin-on low-k
dielectric material. In one embodiment, dielectric layer 203 is silicon dioxide. In another
embodiment, dielectric layer 203 is silicon nitride. dielectric layer 203 may be deposited using
any suitable deposition technique. In one embodiment, dielectric layer 203 may be deposited
using blanket deposition technique, for example, chemical vapor deposition (“CVD”),
sputtering, spin-on, or another thin film deposition technique. In one embodiment, dielectric
layer 203 is deposited to the thickness in the approximate range of S0nm to 2pm.

[0029]  Figure 2C is a view similar to Figure 2B, after a photoresist layer 204 is deposited over
dielectric layer 203 to form one or more openings in dielectric layer 203 according to one
embodiment of the invention. In one embodiment, photoresist layer 204 is deposited on a hard
mask layer 202 formed on dielectric layer 203, as shown in Figure 2C. In another embodiment,

photoresist layer 204 is deposited directly onto dielectric layer 203. As shown in Figure 2C,
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photoresist layer 204 and hard mask layer 202 are patterned and etched to form openings, such
as an opening 220. Patterning and etching of the photoresist and hard mask is known to one of
ordinary skill in the art of microelectronic device manufacturing. Patterning and etching of the
photoresist may be performed using one of the techniques known to one of ordinary skill in the
art of microelectronic device manufacturing. The technique may include masking the photoresist
layer, exposing the masked layer to light, and then developing the unexposed portions to remove
the portions of the photoresist layer that are exposed to light to form a window in the photoresist
layer. In one embodiment, the process of exposing to light and removing the photoresist layer
may be performed in a plasma reactor. The opening in hard mask 202 may be etched to expose a
portion of dielectric layer 203 using a dry etching, e.g., reactive ion etching (“RIE”), wet
etching, or any combination thereof techniques.

[0030] Figure 2D is a view similar to Figure 2C, after one or more openings, such as an
opening 206, are formed in dielectric layer 203 according to one embodiment of the invention.
In one embodiment, the openings are, such as opening 206, is etched through openings in hard
mask 203, such as opening 220. In another embodiment, the openings are formed by etching the
dielectric layer through the openings in patterned photoresist 204 deposited directly onto
dielectric layer 203. In one embodiment, the openings in the dielectric layer 203, for example,
trenches, are formed using an anisotropic dry etching, e.g., plasma etching. In another
embodiment, the openings in the dielectric layer 203 are formed using dry etching, wet etching,
or a combination thereof techniques known to one of ordinary skill in the art of microelectronic
device manufacturing. In one embodiment, the openings in dielectric layer 203 has the width in
the approximate range of 0.005microns (“um “) to 5 um, and the depth in the approximate range
of 0.005 um to 10 pm. In one embodiment, the size of openings is determined by the size of a
conductive line formed within ILD 203 later on in the process.

[0031]  After forming the openings, such as opening 206, the photoresist and hard mask are

removed. Removing of the photoresist and the hard mask from dielectric layer 203 is known to
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one of ordinary skill in the art of microelectronic device manufacturing. In one embodiment, the
photoresist and hard mask may be removed using a chemical technique, mechanical technique,
or both.

[0032] Figure 2E is a view similar to Figure 2D, after a conductive layer 205 is deposited over
dielectric layer 203 according to one embodiment of the invention. As shown in Figure 2E,
forming of the conductive layer 205 involves filling the one or more openings in dielectric layer
203 with a conductive material to form one or more conductive lines. In one embodiment, a base
layer (not shown) is first deposited on dielectric layer 203 covering the internal sidewalls and
bottom of the openings, and then a conductive layer 205 is deposited on the base layer. In one
embodiment, the base layer includes a conductive seed layer (not shown) deposited on a
conductive barrier layer (not shown). The seed layer can include copper, and the conductive
barrier layer can include aluminum, titanium, tantalum, tantalum nitride, and the like metals.
The conductive barrier layer can be used to prevent diffusion of the conductive material from the
seed layer, e.g., copper, into ILD 203. Additionally, the conductive barrier layer can be used to
provide adhesion for the seed layer (e.g., copper). In one embodiment, to form the base layer,
the conductive barrier layer is deposited onto the dielectric layer 203 covering the sidewalls and
bottom of the opening, and then the seed layer is deposited on the conductive barrier layer. In
another embodiment, the conductive base layer includes the seed layer that is directly deposited
onto dielectric layer 203 covering the sidewalls and bottom of the openings. Each of the
conductive barrier layer and seed layer may be deposited using any thin film deposition
technique known to one of ordinary skill in the art of semiconductor manufacturing, e.g., by
sputtering, blanket deposition, and the like. In one embodiment, each of the conductive barrier
layer and the seed layer has the thickness in the approximate range of 1 to 100 nm. In one
embodiment, the barrier layer may be a thin dielectric that has been etched to establish

conductivity to the metal layer below. In one embodiment, the barrier layer may be omitted
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altogether and appropriate doping of the copper line may be used to make a “self-forming
barrier”.

[0033] Conductive layer 205 fills the openings, such as an opening 206, and covers portions of
the base layer (not shown) outside of the openings that are on top of dielectric layer 203. In one
embodiment, conductive layer 205 e.g., copper, is deposited onto the seed layer of base layer of
copper, by an electroplating process. In one embodiment, conductive layer 205 is deposited into
the openings using a damascene process that is known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, conductive layer 205 is deposited
onto the seed layer using one of selective deposition techniques known to one of ordinary skill
in the art of semiconductor manufacturing, e.g., electroplating, electroless plating, and the like.
In one embodiment, the choice of a material for conductive layer 205 determines the choice of a
material for the seed layer. For example, if the material for conductive layer 205 includes
copper, the material for the seed layer also includes copper. In one embodiment, conductive
layer 205 includes e.g., copper (Cu), ruthenium (Ru), nickel (Ni), cobalt (Co), chromium (Cr),
iron (Fe), manganese (Mn), titanium (Ti), aluminum (Al), hafnium (Hf), tantalum (Ta), tungsten
(W), Vanadium (V), Molybdenum (Mo), palladium (Pd), gold (Au), silver (Au), platinum Pt, or
any combination thereof.

[0034] Figure 2F is a view similar to Figure 2E, after portions of conductive layer 205 and the
base layer are removed from the top surface of dielectric layer 203 outside the openings to form
patterned conductive lines, such as a conductive line 208 according to one embodiment of the
invention. Portions of conductive layer 205 may be removed chemically, e.g., using etching,
mechanically, e.g., using polishing, or by a combination of thereof techniques, e.g., using a
chemical-mechanical polishing (“CMP”) technique known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, one or more patterned conductive
lines are formed within dielectric layer 203 using methods described above. In another

embodiment, the conductive lines are formed by patterning and etching of the conductive layer
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deposited on the top surface of dielectric layer 203. Patterning and etching of the conductive
layer deposited on the top surface of the dielectric layer 203 is known to one of ordinary skill in
the art of microelectronic device manufacturing. In one embodiment, the thickness of the
conductive line, for example, a thickness 211 is in the approximate range of 0.015um to 1um. In
one embodiment, the width of the conductive line, for example, a width 209 is in the
approximate range of Snm to about 500nm. In one embodiment, the spacing between the
conductive lines, for example, a spacing 207, is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines is from about 2nm to about 100nm.

[0035] Figure 2G is a view similar to Figure 2F, after the conductive lines, for example, a
conductive line 208, in a dielectric layer over a substrate are recessed according to one
embodiment of the invention. As shown in Figure 2G, channels, such as a channel 212, are
formed in dielectric layer 203. As shown in Figure 2G, channels, such as channel 212, have
sidewalls made of dielectric layer 203, such as sidewalls 214 and 216, and a bottom made of a
respective conductive line, such as a bottom 218 made of conductive line 208.

[0036] In one embodiment, the channel has depth, such as a depth 213 from about 5 nm to
about 50nm. In one embodiment, the depth of the channel is from about 2 nm to about 20nm. In
one embodiment, the channel has depth that is from about 10% to about 50% of the thickness of
the conductive line, such as a thickness 211 shown in Figure 2F. In one embodiment, the
conductive lines are recessed to the depth, which is determined based on the thickness of a
capping layer, as described in further detail below.

[0037] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines, such as a conductive line 305 and a conductive line 304, in a dielectric
layer 303 over a substrate 301 according to one embodiment of the invention. Substrate 301,
dielectric layer 303, and the conductive lines 305 and 304, can be, for example, any of the
respective substrates, dielectric layers, and conductive lines, as described above. As shown in

Figure 3A, channels, such as a channel 302 and a channel 307, are formed in a dielectric layer
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303 over substrate 301 by recessing the conductive lines. As shown in Figure 3A, the channels
are self-aligned to the respective conductive lines. For example, channel 307 is self-aligned to
conductive line 305 and channel 302 is self-aligned to conductive line 304. As shown in Figure
3A, the length of the channel, e.g., a length 315 is along the length of the conductive line, and
the width of the channel, e.g., a width 307 is along the width of the conductive line. In one
embodiment, the length of the channel is substantially longer that the width of the channel. In
one embodiment, the width of the channel is less than 100nm, and the length of the channel is at
least 500nm. In one embodiment, the width of the channel is from about 5 nm to about 500nm,
and the length of the channel is from about a few hundred nanometers to about a few hundred
microns. As shown in Figure 3A, the conductive lines, such as conductive lines 305 and 304 are
separated by a distance, such as a spacing 309. In one embodiment, the spacing between the
conductive lines, such as lines 305 and 304 is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines, such as lines 305 and 304 is from about
2nm to about 100nm.

[0038] In one embodiment, recessing the conductive lines, such as line 208, lines 304 and 305,
involves wet etching the conductive lines uniformly independent of a crystallographic
orientation using a chemistry containing an etchant, an oxidizer, an inhibitor, and a solvent.
That is, adding an inhibitor and a solvent to the etchant provides uniform etching of the
conductive material independent of a crystallographic orientation, by forming, during etching, a
passivation layer (not shown) on the conductive material. The wet etch chemistry containing an
etchant, an oxidizer, an inhibitor, and solvent provides control over the depth of the etching of
the conductive line, so that only a portion (e.g., 5% to 50%) of the conductive line can be
recessed.

[0039] In one embodiment, the chemistry to wet etch the conductive lines to provide a channel
that is free from a pattern dependence and a crystallographic preference comprises between

about 1% to about 40% by mass of an etchant, between about 1% to about 10% by mass of an
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oxidizer, and between about 0.1% to about 1% by mass of an inhibitor, and between about 1 to
about 60% by mass of an organic solvent. In one embodiment, the chemistry to wet etch the
conductive lines comprises an etchant from about 0.1% to about 70% by mass (depending on the
etch rate of the etchant), an oxidizer from about 0.1% to about 10% by mass (depending on the
strength of the oxidizer), an inhibitor from about 50 parts per million (ppm) to about 1% by
mass; and a solvent between about 1 to about 60% by mass.

[0040] In one embodiment, the chemistry to etch the conductive lines can include an etchant,
for example, a glycine, an ethylenediaminetetraacetic acid, an alpha-amino acid, a
polycarboxylic acid, or a combination thereof; the oxidizer, for example, a peroxide, an ozone, a
permanganate, a chromate, a perborate, a hypohalite, or a combination thereof, an inhibitor, for
example, an azole, an amine, an amino acid, a phosphate, a phosphonate, or a combination
thereof, and a solvent. The solvent can be an aqueous system (preferred), e.g., water, or an
organic solvent. The examples of an organic solvents are propylene carbonate, sulfolane, glycol
ethers, methylene chloride, and the like.

[0041] For example, regarding the etchant in the chemistry to etch copper conductive lines, Cu
metal is typically in a zero oxidation state. In order to etch copper, the copper needs to be
oxidized into a O+n oxidation state where ‘n’ can be any of 1,2, 3 or 4. Typically, 1* state and
29 state are more common oxidation states of copper. For any molecule to act as an etchant, it
needs to be able to bind copper in one of its oxidation states 1, 2, 3 or 4. This binding typically
occurs through the use of group 15 (Nitrogen family), group 16 (Oxygen family) or group 17
(Halogen family) atoms in a molecule. In one embodiment, the etchant to etch copper
conductive lines is an organic etchant, for example, any of glycine, ethylenediaminetetraacetic,
alpha-amino acids, polycarboxylic acids (for example, citric acid that is a tricarboxylic acid),
oxalic and malonic acids.

[0042] For example, an oxidizer in the chemistry to etch copper conductive lines is used to

change the copper oxidation state from an insoluble copper metal to a soluble copper ion. The
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oxidizer can be chosen from any of the oxidizers, for example, any of peroxides (e.g., hydrogen
peroxide), ozone, permanganates, chromates, perborates and hypohalites, and the like.

[0043] For example, to etch the copper constituting the current carrying line in a uniform and
non-crystallographic orientation, it is important to add an inhibitor to the chemistry. The role of
an inhibitor is to form a passivation layer (a polymeric compound formed from the molecules of
the inhibitor binding copper in a specific and periodic manner). The formation of this
passivation layer during the controlled etch of copper is critical to ensure uniformity of etching
and preventing etching attacks (e.g., forming voids) along crystallographic (e.g., grain)
boundaries. For example, any inhibitor that is not decomposed in the chosen oxidizer and
etchant combination may be used in the chemistry to etch copper conductive lines. The classes
of inhibitors are known to one of ordinary skill in the art of electronic device manufacturing. For
example, any of organic inhibitors including azoles, amines, amino acids, phosphates and
phosphonates can be used in the chemistry to etch the copper conductive lines.

[0044] In another embodiment, the conductive copper lines are recessed by wet etching using
a chemistry comprising a citric acid and peroxide. A chemistry comprising citric acid and
peroxide, however, typically has high etching rate that can be difficult to control. Additionally,
an etching rate of the chemistry comprising citric acid and peroxide depends on a
crystallographic orientation that may produce rough etched surface. Addition of a corrosion
inhibitor, for example, benzotriazole (“BTA”) to the chemistry, and dilution of the citric acid
and peroxide in organic solvent can slow down the etching rate dramatically and eliminate the
crystallographic nature of the etch, such as etching the voids in Cu along the grain boundaries
producing a smooth surface.

[0045] In one embodiment, the conductive lines are recessed by wet etching that involves any
of spraying, and pouring the etching chemistry onto the conductive lines. In one embodiment,
the conductive lines are recessed by wet etching that involves immersing the conductive lines

into the etching chemistry solution. In one embodiment, the conductive lines are recessed by wet
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etching at a temperature from about 15°C to about 50°C for a predetermined time. In at least
some embodiments, the conductive lines are recessed by dry etching, e.g., plasma etching.
[0046] Figure 2H is a view similar to Figure 2G, after the capping layers are selectively
deposited onto the respective recessed conductive lines in the channels to prevent
electromigration according to one embodiment of the invention. The conductive lines etched
using the chemistry as described above, have a smooth uniform top surface to adhere the
capping layer. As shown in Figure 2H, a capping layer 215 is deposited onto recessed
conductive line 208 within channel 212. In one embodiment, the channel, such as channel 212,
is configured to contain a capping layer within the width of the conductive line, e.g., width 209
shown in Figure 2F. That is, the recessed conductive line creates a channel which contains the
growth of the capping layer within the channel that mitigates the reduction in line-to-line
spacing and increase in LER. As shown in Figure 2H the capping layer 215 is located on the
conductive line 208 within the sidewalls of the channel 212. In one embodiment, the capping
layer is deposited on the recessed conductive line by an electroless deposition (e.g., plating), a
chemical vapor deposition (“CVD”), a physical vapor deposition (“PVD”), or any other
selective deposition techniques known to one of ordinary skill in the art of electronic device
manufacturing. In one embodiment, a conductive line, such as line 208, comprises a first metal,
and the capping layer comprises a second metal other than the first metal to prevent
electromigration of the first metal from the conductive line. In one embodiment, the metal for
the capping layer is heavier than the metal for the conductive line to prevent electromigration.
[0047] For example, the conductive line can be made of any of the metals including copper,
aluminum. In one embodiment, the capping layer, such as capping layer 215, is made of cobalt
(“Co”), cobalt electroless alloys, e.g., CoBP, CoWBP, CoWP, CoWB, CoWP, or a combination
thereof. In another embodiment, a capping layer, such as capping layer 215, is made of nickel
(“Ni”), Ni electroless alloys, e.g., NiBP, NiWBP, NiWP, NiWB, NiWP, or a combination

thereof. In another embodiment, a capping layer, such as capping layer 215, is made of platinum
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(“Pt”) group metals, for example, Pt, Pd, Ru, Ir, Rh as pure elements or alloys. The typical alloy
elements for Pt group metals are W, B, P. In yet another embodiment, a capping layer, such as
capping layer 215, is made of refractory metals, for example, Ta, W, Mo, or a combination
thereof.

[0048] In one embodiment, the Co capping layer is deposited within a channel onto the
recessed Cu conductive layer. In one embodiment, Ni capping layer is deposited within a
channel onto the recessed Cu conductive layer. In one embodiment, refractory metal capping
layer is deposited within a channel onto the recessed Cu conductive layer.

[0049] In one embodiment, the capping layers comprising a Pt group metal, Co, Ni, or a
combination thereof, are deposited onto the conductive layers, e.g., copper, aluminum, using any
of an electroless deposition, and a vapor phase deposition, e.g., CVD. In one embodiment, the
capping layers including refractory metals are deposited onto the conductive layers, e.g., copper,
aluminum, using any of a CVD and PVD techniques known to one of ordinary skill in the art of
electronic device manufacturing. In one embodiment, the thickness of the capping layer, e.g., a
thickness 221, is from about 2 nm to about 50 nm. In one embodiment, the thickness of the
capping metal layer is sufficient to prevent electromigration from the underlying conductive
layer. In one embodiment, the capping layer has the thickness that is no greater than the depth of
the channel within which the capping layer is deposited.

[0050] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into
the respective channels formed by the recessed conductive lines according to one embodiment of
the invention. As shown in Figure 3B, capping layers, such as a capping layer 311 and 319 are
selectively deposited into respective channels, such as channel 302 and channel 307, as
described above. As shown in Figure 3A, the capping layers are contained within their
respective channels. As shown in Figure 3B, the capping layer 319 is separated from capping
layer 311 by spacing 309. In one embodiment, the spacing between conductive lines 305 and

304 and the spacing between the capping layers 319 and 311 is the same.
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[0051] Figure 4 is a top view of an interconnect structure 400 having capping layers
selectively deposited within channels formed by the recessed conductive lines in a dielectric
layer 401 over a substrate according to one embodiment of the invention. As shown in Figure 4,
the LER of the interconnect lines, such as an interconnect line 403 is substantially reduced, the
edges of the interconnect lines are smooth, and a line-to-line spacing, such as a line-to-line
spacing 405 is increased and maintained between the lines. In one embodiment, the line-to-line
spacing is increased by 2x cap thickness. This can result in rather dramatic decreases in electric
field and time to dielectric breakdown, especially, for a future technology node having 20nm
lines and 20nm spaces. The minimum cap thickness known to work today is Snm. This means
that with a conventional approach the line-line space would be 10nm instead of the 20nm drawn
on a mask. Furthermore, currently, the size of the protrusions in the overhang tends to be about
50% of the cap thickness. For a typical cap thickness of 5-10nm using methods described above
LER can be decreased by 3-5nm independent of line width. For a future 20 nm technology
node, decrease in LER by 3-5nm can result in 15-20% increase in line-to-line spacing of an
interconnect structure.

[0052] Figure 5 shows a block diagram of an exemplary embodiment of a data processing
system 500 having one or more electronic devices, e.g., transistors, memories, such as a memory
504, and a memory 518, processing logic devices, such a processing logic device 526, and any
other integrated circuit and microelectronic devices that are built using methods described
herein. As shown in Figure 5, data processing system 500 includes a processor 502 having
processing logic 526. In at least some embodiments, processing logic 526 contains at least one
conductive line in a dielectric layer over a substrate, a channel in the dielectric layer over the
one conductive line; and a capping layer on the at least one conductive line in the channel to
prevent electromigration, as described herein. In at least some embodiments, each of the

memories 504 and 518 contains at least one conductive line in a dielectric layer over a substrate,
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a channel in the dielectric layer over the one conductive line; and a capping layer on the at least
one conductive line in the channel to prevent electromigration, as described herein

[0053] In alternative embodiments, the data processing system may be connected (e.g.,
networked) to other machines in a Local Area Network (LAN), an intranet, an extranet, or the
Internet. The data processing system may operate in the capacity of a server or a client machine
in a client-server network environment, or as a peer machine in a peer-to-peer (or distributed)
network environment. The data processing system may be a personal computer (PC), a tablet
PC, a set-top box (STB), a Personal Digital Assistant (PDA), a cellular telephone, a web
appliance, a server, a network router, switch or bridge, or any machine capable of executing a
set of instructions (sequential or otherwise) that specify actions to be taken by that data
processing system. Further, while only a single data processing system is illustrated, the term
“data processing system” shall also be taken to include any collection of data processing systems
that individually or jointly execute a set (or multiple sets) of instructions to perform any one or
more of the methodologies described herein.

[0054] The exemplary data processing system 500 includes a processor 502, a main memory
504 (e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM) or Rambus DRAM (RDRAM), etc.), a static memory
506 (e.g., flash memory, static random access memory (SRAM), etc.), and a secondary memory
518 (e.g., a data storage device), which communicate with each other via a bus 530.

[0055] Processor 502 represents one or more general-purpose processing devices such as a
microprocessor, central processing unit, or the like. More particularly, the processor 502 may be
a complex instruction set computing (CISC) microprocessor, reduced instruction set computing
(RISC) microprocessor, very long instruction word (VLIW) microprocessor, processor
implementing other instruction sets, or processors implementing a combination of instruction
sets. Processor 502 may also be one or more special-purpose processing devices such as an

application specific integrated circuit (ASIC), a field programmable gate array (FPGA), a digital

18

Page 225 of 304



P38794D
signal processor (DSP), network processor, or the like. Processor 502 is configured to execute
the processing logic 526 for performing the operations described herein.

[0056] The computer system 500 may further include a network interface device 508. The
computer system 500 also may include a video display unit 510 (e.g., a liquid crystal display
(LCD), a light emitting diode display (LED), or a cathode ray tube (CRT)), an alphanumeric
input device 512 (e.g., a keyboard), a cursor control device 514 (e.g., a mouse), and a signal
generation device 516 (e.g., a speaker).

[0057] The secondary memory 518 may include a machine-accessible storage medium (or more
specifically a computer-readable storage medium) 531 on which is stored one or more sets of
instructions (e.g., software 522) embodying any one or more of the methodologies or functions
described herein. The software 522 may also reside, completely or at least partially, within the
main memory 504 and/or within the processor 502 during execution thereof by the computer
system 500, the main memory 504 and the processor 502 also constituting machine-readable
storage media. The software 522 may further be transmitted or received over a network 520 via
the network interface device 508.

[0058] While the machine-accessible storage medium 531 is shown in an exemplary
embodiment to be a single medium, the term “machine-readable storage medium” should be
taken to include a single medium or multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or more sets of instructions. The term
“machine-readable storage medium” shall also be taken to include any medium that is capable of
storing or encoding a set of instructions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the present invention. The term “machine-
readable storage medium” shall accordingly be taken to include, but not be limited to, solid-state
memories, and optical and magnetic media.

[0059] In alternative embodiments, Figure 5 illustrates a computing device 500. The computing

device 500 houses a board 530. The board may include a number of components, including but
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not limited to a processor 502 and at least one communication chip 508. The processor 502 is
physically and electrically coupled to the board 530. In some implementations the at least one
communication chip 508 is also physically and electrically coupled to the board 530. In further
implementations, the communication chip 508 is integrated within the processor 502.

[0060] Depending on its applications, computing device 500 may include other components that
may or may not be physically and electrically coupled to the board 530. These other
components include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory
(e.g., ROM), flash memory, a graphics processor, a digital signal processor, a crypto processor,
a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a battery, an
audio codec, a video codec, a power amplifier, a global positioning system (GPS) device, a
compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage device (such as
hard disk drive, a solid state drive, a compact disk (CD) drive, a digital versatile disk (DVD)
drive, and so forth).

[0061] The communication chip 508 enables wireless communications for the transfer of data to
and from the computing device 500. The term “wireless™ and its derivatives may be used to
describe circuits, devices, systems, methods, techniques, communications channels, etc., that
may communicate data through the use of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 508 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
andbeyond. The computing device 500 may include a plurality of communication chips 508.
For instance, a first communication chip 508 may be dedicated to shorter range wireless

communications such as Wi-Fi andBluetooth and a second communication chip 1006 may be
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dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.

[0062] The processor 502 of the computing device 500 includes an integrated circuit die
packaged within the processor 502. In some implementations of the invention, the integrated
circuit die of the processor includes one or more devices, such as transistors or metal
interconnects, that are formed using methods and apparatuses to control a line edge roughness
and line-to-line spacing in deposition of self-aligned metal caps as described herein. The term
“processor” may refer to any device or portion of a device that processes electronic data from
registers and/or memory to transform that electronic data into other electronic data that may be
stored in registers and/or memory.

[0063] The communication chip 508 also includes an integrated circuit die packaged within the
communication chip 508. In accordance with another implementation of the invention, the
integrated circuit die of the communication chip includes one or more devices, such as
transistors or metal interconnects, that are formed using methods and apparatuses to control a
line edge roughness and line-to-line spacing in deposition of self-aligned metal caps as described
herein.

[0064] In further implementations, another component housed within the computing device 600
may contain an integrated circuit die that includes one or more devices, such as transistors or
metal interconnects, that are formed using methods and apparatuses to control a line edge
roughness and line-to-line spacing in deposition of self-aligned metal caps as described herein.

[0065] In various implementations, the computing device 500 may be a laptop, a netbook, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra
mobile PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-
top box, an entertainment control unit, a digital camera, a portable music player, or a digital
video recorder. In further implementations, the computing device 500 may be any other

electronic device that processes data.
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[0066] In the foregoing specification, embodiments of the invention have been described with
reference to specific exemplary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from the broader spirit and scope of
embodiments of the invention as set forth in the following claims. The specification and

drawings are, accordingly, to be regarded in an illustrative sense rather than a restrictive sense.
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ABSTRACT

At least one conductive line in a dielectric layer over a substrate is recessed to form a
channel. The channel is self-aligned to the conductive line. The channel can be formed by
etching the conductive line to a predetermined depth using a chemistry comprising an inhibitor
to provide uniformity of etching independent of a crystallographic orientation. A capping layer
to prevent electromigration is deposited on the recessed conductive line in the channel. The

channel is configured to contain the capping layer within the width of the conductive line.
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visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tgebre/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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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

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/675,613 03/31/2015 Boyan BOYANOV 42P38794D
CONFIRMATION NO. 4208
45209 FORMALITIES LETTER

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

6/0 CPA Global R0

P.O. Box 52050 0000000746277
Minneapolis, MN 55402

Date Mailed: 04/21/2015

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

« A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

+ The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to

exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

ltems Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

A new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:
+ does not state that the above-identified application was made or authorized to be made by the person
executing the oath or declaration.
Boyan BOYANOV
Kanwal Jit SINGH
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tgebre/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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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

AP%@SQON I 35 EZ:I)NI()}AO”;E GIS:\I??T I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/675,613 03/31/2015 2811 1600 42P38794D 17 3
CONFIRMATION NO. 4208
45209 FILING RECEIPT
BLAKELY SOKOLOFF TAYLOR & ZAFMAN
c/o CPA Global R LA AU
000000074627793

P.O. Box 52050
Minneapolis, MN 55402

Date Mailed: 04/21/2015

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

Inventor(s)
Boyan BOYANQV, Portland, OR;
Kanwal Jit SINGH, Hillsboro, OR;
Applicant(s)
Intel Corporation, Santa Clara, CA

Power of Attorney: The patent practitioners associated with Customer Number 45209

Domestic Priority data as claimed by applicant
This application is a DIV of 13/991,899 06/05/2013
which is a 371 of PCT/US2011/059453 11/04/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 04/15/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/675,613

Projected Publication Date: To Be Determined - pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title
METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or 5.14.

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

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

NOT GRANTED

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

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/675,613
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b}, or (<)) N/A N/A N/A N/A 280
SEARCH FEE
(87 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(87 CFR 1.16(0), {p), or (q)) N/A N/A N/A N/A 720
TOTAL CLAIMS . *
(37 CFR 1.16(7)) 17 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS - *
(37 CFR 1.16(h) 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total . i I =
S (37 CFCF)E ?.15(1)) Minus = OR |«x =
a Independent * Minus | ** =
E (37 PR 1.16(h) = OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR |x =
% Independent * Minus | *** = = OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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Substitute for Form 1449/PTO Complete if Known
INFORMATION DlSCLOSURE Application Number 14/675,613
Filing Date March 31, 2015
STATEMENT BY APPL'CANT First Named Inventor: Boyan BOYANOV
h
(use as many sheets as necessary) Art Unit Not yet assigned
Examiner Name Not yet assigned
Sheet | 1 | of | 1 Attorney Docket Number | 42P38794D
U.S. PATENT DOCUMENTS
Examiner Cite No." Publication Date Name of Patentee or Pages, Columns, Lines,
Initials* Document Number MM-DD-YYYY Applicant of Cited Document Where Relevant
Passages or Relevant
Number-Kind Code®(if known) Figures Appear
us- 7,338,908 03-04-2008 | Koos et al.
Us. 07-08-2008 | Van Schravendijk
7,396,759 B1 Bart et al.
us- 2005-0001325 01-06-2005 | Andricacos et al.
us- 2006/0128144 A1 06-15-2006 | Hyun-Mog Park et al.
us- 2009/0127097 A1 05-21-2009 | Chen Kei-Wei et al.
Us- 2009/0283499 A1 11-19-2009 | Mayer Steven T. et al.
NON PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the T
Initials™ No' item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue
number(s), publisher, city and/or country where published
OTA, Takashi, et al., “Experimental Evaluation of Out-of-Plane Distortion of Electrostatically
Chucked EUV Reticle,” Proc. Of SPIE Vol. 6921, 692138, (2008)
M.M ANTONIJEVIC et al., “Copper Corrosion Inhibitors. A review”, Int. J. Electrochem Sci.,
Vol. 3, 2008, 28 pages.
T. SAITO et al.,, ‘A Robust, Deep-Submicron Copper Interconnect Structure using Self-
Aligned Metal Capping Method”, IEEE, 2004, 3 pages.
PCT International Search Report and Written Opinion for PCT/US2011/059453, mailed July
16,2012 (14 pp.).
Taiwan Patent Application No. 101140536, Office Action and Taiwan IPO Search Report
(with English translation), dated November 27, 2014, (15 pages) [P38794TW].
International Preliminary Report on Patentability (Chapter 1 of the Patent Cooperation
Treaty) for PCT/US2011/059453, mailed May 6, 2014 (8 pages).
Examiner Date
Signature Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant.

'Applicant’s unique citation designation number (optional). 2Applicant is to place a check mark here if English Translation is attached.
This collection of information is required by 37 CFR 1.98. 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 2 hours 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT
SENT FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.

Based on Form PTO/SB/08A (08-03) as modified by BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP on 09/10/03.
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Electronic Acknowledgement Receipt

EFS ID: 21959798
Application Number: 14675613
International Application Number:
Confirmation Number: 4208

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan Boyanov

Customer Number:

45209

Filer:

Tatiana Rossin/Tuyen Lam

Filer Authorized By:

Tatiana Rossin

Attorney Docket Number: 42P38794D
Receipt Date: 02-APR-2015
Filing Date:
Time Stamp: 18:17:15

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.)
) 18995
. 42P38794D_IDS_Transmittal_4
1 Transmittal Letter no 2
-2-15.pdf
706d539aec9e62053c0cdd675c943640b 88|
6e431
Warnings:

Information:
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39666
Information Disclosure Statement (IDS) | 42P38794D_|DS-SB08_4-2-15.

Form (SB08) pdf no 1

8afb40312e2e1ac826d5079b3ff79e29ecd5|

Warnings:

Information:

This is not an USPTO supplied IDS fillable form

Total Files Size (in bytes):i 58661

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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Attorney’s Docket No. 42P38794D PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Examiner: Not yet assigned

Boyan Boyanov Art Unit:  Not yet assigned
Application No.: 14/675,613 Confirmation No.: 4208
Filed: March 31, 2015 CERTIFICATE OF ELECTRONIC FILING

T hereby certify that this correspondence is
deposited with the United States Patent
Office via electronic filing through the
Patent and Trademark Electronic Filing
on:

/Tuyen Lam/ April 2, 2015

For: METHODS AND APPARATUSES TO
FORM SELF-ALIGNED CAPS

Tuyen Lam Date

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

INFORMATION DISCLOSURE STATEMENT

Sir:

Applicant hereby requests consideration of the enclosed Information Disclosure
Statement pursuant to 37 C.F.R. §1.97(b).

Pursuant to 37 C.F.R. §1.98(d), copies of the references are not being provided
herewith since they were previously sent to the Patent and Trademark Office during the
prosecution of U.S. Patent Application No. 13/991,899, filed June 5, 2013, which is
relied on for an earlier effective filing date under 35 U.S.C. 120.

Pursuant to 37 C.F.R. § 1.97, the submission of this Information Disclosure
Statement is not to be construed as a representation that a search has been made and is not
to be construed as an admission that the information cited in this statement is material to

patentability.

Application No.: 14/675,613 -1- Atty. Docket No.: 42P38794D
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If there are any additional charges, please charge Deposit Account No. 504238.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Dated: April 2. 2015 [Tatiana Rossin/
Tatiana Rossin
Reg. No. 56,833

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(408) 720-8300

Customer No.: 45209

Application No.: 14/675,613 -2- Atty. Docket No.: 42P38794D
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Doc Code: PA,.

Document Description: Power of Attorney PTOIMAIB2B (07-13;

Approved for use through 11/302014. OMB 06510081

: U.8. Patent and Trademark Office: 1.5, DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1895, no porsons arg tequired 1o resporid 1o & colfection of informalion unless it displays a valid OMB controt number

POWER OF ATTORNEY BY APPLICANT

t hereby revoke all previous powers of attorney given in the application identified in gither the attached transmittal lotter of
the boxes below. 7 T

Application Number ' Fiting Date

{Note: The boxes above may be leR blank if information is provided on form PTQ/AIAIB2A.)

Fhereby appoint the Patent Prachitioner{s) associated with the foliowing Customer Number as my/our attorney(s) or agent{s), and

to transact all business inthe United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/B2A) or identified abave:

, !
oR 45209 | ]

l:l t hereby appoint Practitioner(s) named in the atiachad kst {form PTO/AIABZG) as myfour atterney({s} or agent{s}, and lo transact

all business in the United States Patent and Trademark Office connacted therewith for the patent application referenced in the
atiached transmittal letter (form PTO/AIA/82A) or identified abave. (Note: Compists form PTO/AIAB2C)

Please recognize or change the correspondence addreéé Vfrdr the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customear Number
VVVVVV OR A e
El The address associated with Customer Number;

OR
Firm or
individual Name

Address
City
Country

I [Sae T ED

Telephone

B |
I am the Applicant {if the Applicant is a juristic entity, list the Applicant name in the box):

INTEL CORPORATION

[:[ tnventor or Joint inventor (title not required below)
D Legat Representative of a Deceased or Legally incapacitated Inventor {title not required below)
Assignee or Person to Whom the inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity)

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a pefition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document] {provide signer's fitle if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
w} is authorized fo act on behalf of the appiicant {a.g., where the applicant is a juristic entity),
.

The undersigned {whose litig s supplied bel

Signature . 7 [Data {Optional) 1 A.w I‘-( Zaltéy
Name Recru Tareet —
Tile Corporation

NOTE: Signaturs - This form must be signed by the applicant in accordance with 37 CFR 1.33, See 37 CFR 1.4 for si'gnatux‘e requirements
and cerifications. if more than ong appi icant, use muitiple forms.

DTUM? of forms are submitted.

This collection of information is required by 37 GFR 1.131, 1.32, and 1.33. The irnformation is required to obtain or retain 3 benefit by the public which is 10 file {and by the
USPTO to process) an application. - Confidentiality is govermned by 38 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is sstimated Io take 3 minutes to complete,
including gathering, preparing, and subimilting the completed application form to the USPTGO. Time will vary depending upon the individual case. Aly commeants on the amouns
of time you requiire to complete this farm andfor suggestions for reducing this burden, should be sent to the Chiaf Information Officer, U.5. Patent and Trademark Office, U.5.
Dppanment of Commerce, £.0. Box 1450, Aexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Commissioner
for Patants, P.O. Box 1455, Alaxandris, VA 223131450,

If you need assistance in completing the form, call 1-800-PT0O-9199 and select aption 2.
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Docket No.| 42P38794D

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: ntel Corporation

.. Not yet igned . i
Application No./Patent No.: OLyet assigne Filed/Issue Date: Herewith

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Titled:
Intel Corporation Corporation
a
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):

1. The assignee of the entire right, title, and interest.
g g

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

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

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

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

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

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

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

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

A. Iz An assignment from the inventor(s) of the patent application/patent identified above. The assignment was

recorded in the United States Patent and Trademark Office at Reel 031022 Frame 0160
or for which a copy thereof is attached.

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

1. From: To:__
The document was recorded in the United States Patent and 11aucinans wiiiee a
Reel Frame , or for which a copy thereof is attached.
2. From: To:

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

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

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

[Page 1 of 2]

Based on Form PTO/AIA/96 (08-12) as modified by Blakely, Sokoloff, Taylor & Zafman LLP on 09/26/201
Confirmation No.: | Notyet assigned
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3. From: Lo
The document was recorded in the United States Patent and Trademark Office at

Reel Frame for which a copy thereof is attached.
4.  From:

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

Reel Frame for which a copy thereof is attached.
5. From:

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

Reel Frame for which a copy thereof is attached.
6. From:

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

Reel Frame for which a copy thereof is attached.

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

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

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

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

/Tatiana Rossin/ March 31, 2015
Signature Date
Tatiana Rossin Reg. No. 56,833
Printed or Typed Name Title or Registration Number
[Page 2 of 2]
Based on Form PTO/AIA/96 (08-12) as modified by Blakely, Sokoloff, Taylor & Zafman LLP on 09/26/201
Confirmation No.: | Notyet assigned
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Docket No.: P38794PCT
PATENT
Declaration of inventorship (Rules 4.17(iv) and 51bis.1(a)(iv))
for the purposes of the designation of the United States of America:

I'hereby declare that I believe I am the original, first and sole (if only one inventor is listed below) or joint (if
more than one inventor is listed below) inventor of the subject matter which is claimed and for which a patent
is sought.

This declaration is directed to the international application of which it forms a part (if filing declaration with
application).

This declaration is directed to international application No. PCT/ . ..... ... ... ... ... ... .. ...... Gif
furnishing declaration pursuant to Rule 26ter).

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name.

I hereby state that I have reviewed and understand the contents of the above-identified international
application, including the claims of said application. I have identified in the request of said application, in
compliance with PCT Rule 4.10, any claim to foreign priority, and I have identified below, under the heading
“Prior Applications,” by application number, country or Member of the World Trade Organization, day,
month and year of filing, any application for a patent or inventor’s certificate filed in a country other than the
United States of America, including any PCT international application designating at least one country other
than the United States of America, having a filing date before that of the application on which foreign
priority is claimed.

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as
defined by 37 C.F.R. § 1.56, including for continuation-in-part applications, material information which
became available between the filing date of the prior application and the PCT international filing date of the
continuation-in-part application.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both,
under Section 1001 of Title 18 of the United States Code and that such willful false statements may
Jeopardize the validity of the application or any patent issued thereon.

Name: _Bovyan Boyanov

Residence: Portland, Oregon
(city and either US state, if applicable, or country)

Mailing Address: 15760 NW Rondos Drive
Portland, OR, US 97229
Citizenship: United States of America

Inventor’s Signature: %1/3/ /)7;“— Date: ’i'// c3/1)

(The signature must be that of the inventér, not that of the agent)

g

INTEL CORPORATION
LCA/PAL FORMS
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Docket No.: P38794PCT
PATENT

Name: Kanwal Jit Singh

Residence: Hillsboro, Oregon
(city and either US state, if applicable, or country)

Mailing Address: 6897 NE Vinings Way, Apt 124
Hillsboro, OR 97124
Citizenship: India

Inventor’s Signature: Date:
(The signature must be that of the inventor, not that of the agent)

[ This declaration is continued on the following sheet, “Continuation of Box No. VII (iv)™.

INTEL CORPORATION
LCA/PAL FORMS
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Daocket Noo PARTOGPC

eclaration of inventorship (Rules 4.37(v) and S15is.2a)iv)}
for the purposes of the designation of the United Stales of America:

| hereby declare that 1 believe T arn the original, fivst and sofe GF ondy one tnventor is bsted befow) or jant (f
move than ose investor s Histed below?) inventor of the subject raatier which is claimed and for which & patent

is sought,

This declaration is directed to the international application of which it forms a part (if filing declaration with
apphication}.

This declaration is directed to international application N . PCT/ L. oo o s af
furnishing declaration pursuast 1o Rule 26fer).

T hereby dectare that my residence. mating uddress, and citizenship are as staied next to my name.

[ hereby state that T huve rav m\,bd and onderstand the contents of the above-identified international
application, including the « Lappiication. Thave identified i the request of said application, in
LUIUPEIJB( with POT Kule ‘ LGNy Chum to forcign priority, and I have identified below, under the heading

“Prior Applications,” b 1om pumber,; country or Member of the World Trade Qrganization, day,
month and year of § my application for a patent of inventor’s cenificae filed i a cowntry other than the
United States-of America, mc‘mdms’ any PCT international apphication designating at feast one country other
thap the United States of Arnerica, baving a filing date before that of the application on which foreign
priovity is claimed.

Prior Applications: ... oo o i

1 hereby acknowledge the duty to disclose information that is known by me to be mraterial to patentubility a5
defined v 37 C.ER. § 1.56, including for contintation-in-part applications, naterial information which
becume wvailable hetween the filing date of the prior application and the PCT international filing date of the
conitnuation-in-part apphicatsn,

sty deelare that all statements made herein of my own knowledpe are frue and that all statements made
ot information and belief are helieved 1o be true: and further that these statements were made with the
knowledge that willfui false staternents and the Hke so made are punishable by fine or fmprisoninent, or both,
under Section 1401 of Title 18 of the United States Code and that such willful false siatements may
jeopardize the validity of the application or any patent issued thereon.

Name: __Boyan Bovanoy

Residence: Portland, Oregon
(city and either US state, if applicable, or country)

AMailing Address: 15760 NW Rondos Drive
Portland, OR. US 97229
Citizeaship: Unifed States of America

Faventaa’s Slgaaturs: Drater
{The signanre must be thatof the inventor, not that of the agent)

INTEL CORPORATION
LCA/PAL FORMS
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Nasne:  Kanwal Jit Singh

rirt

Restdenee: Hillshora, Oregon
{city and either US state, if applicable, or country)

AV &

Mailing Address: 6853 NE-Vinings Wayrpri2d
Hiflsboro, OR 97124
Citizenship: India

%,

Dater W%

Invenior's Signatere: . W
{The signature must be that 6f the inventor. sot thit of the agenty

3 This declarntion is continued on te Tollowing sheet, “Contd nuation of Box No. VIH{iv)™.

INTEL CORPORATION
LCA/PAL FORMS
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan Boyanov

Filer: Tatiana Rossin/Tuyen Lam

Attorney Docket Number: 42P38794D

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Suﬁ;l’;(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600
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Electronic Acknowledgement Receipt

EFS ID: 21935782
Application Number: 14675613
International Application Number:
Confirmation Number: 4208

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan Boyanov

Customer Number:

45209

Filer:

Tatiana Rossin/Tuyen Lam

Filer Authorized By:

Tatiana Rossin

Attorney Docket Number: 42P38794D
Receipt Date: 31-MAR-2015
Filing Date:
Time Stamp: 21:27:08

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1600

RAM confirmation Number 7175

Deposit Account 504238

Authorized User

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

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

File Listing:
Document o . File Size(Bytes Multi Pages
Document Description File Name ( y )V . . J
Number Message Digest | Part/.zip| (ifappl.)
78993
1 Application Data Sheet 42P38794D_ADS_3-31-15.pdf no 7
efae828eb2c36887a8e1347b3bcd1d3f402
7b4ab
Warnings:
Information:
This is notan USPTO supplied ADS fillable form
42P38794D_Applicati 03311 132417
3 _Application_ yes %6
5.pdf
6a354649e7fd8ca36d7cd3997ee9a6a98c5
822¢5
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 22
Claims 23 25
Abstract 26 26
Warnings:
Information:
144793
Drawings-only black and white line 42P38794D_FORMAL_FIGS_3-3
3 . no 10
drawings 1-15.pdf
e7a3448225668a0240b759f61b8e396461a)
aebe7
Warnings:
Information:
42P38794D_POA_T ittal 2>428
4 List-up to 10 attys appointed in a POA N - ransmittal_ no 1
3-31-15.pdf
8d1b82d1bb4cbfc5da5621e649dd28¢f638]
e%aa3
Warnings:
Information:
42P38794D_PTO_AIA_POA-82B 1081635
5 Power of Attorney _?;3 1 -1g.pdf_ no 1
0f4b7c1¢c39dac 224fbafd45e1e8b7970fcof
Warnings:

Information:
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47249
6 Assignee showing of ownership per 37 | 42P38794D_Statement_Under no 2
CFR3.73 _37_CFR_373C_3-31-15.pdf
507e2db90b82bf97{66314c7e51735e490cf|
636
Warnings:
Information:
42P38794D_Declarati B 197539
7 Oath or Declaration filed —eclaration_Boyan no 2
ov_3-31-15.pdf
cca96¢33e9a9600badbb01631ab4bbe804 7]
Warnings:
Information:
42P38794D_Declarati K 941784
8 Oath or Declaration filed —ecaration_fanw no 2
al_3-31-15.pdf
87126635353 1c2c7059fa7bcadbbe7e8d605)
Warnings:
Information:
35168
9 Fee Worksheet (SB06) fee-info.pdf no 2
74ac1cdf3f4c9eb803160bbeedee8cf51482
ce0f
Warnings:
Information:
Total Files Size (in bytes):{ 2685006

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

\ ] Attorney Docket Number | 42P38794D
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Boyan BOYANOV

Residence Information (Select One) (® US Residency (O Non US Residency (O Active US Military Service

City | Portland | State/Province | OR | Country of Residencd | US

Mailing Address of Inventor:

Address 1 15760 NW Rondos Drive

Address 2

City Portland | State/Province OR

Postal Code 97229 | Countryi us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Kanwal Jit SINGH

Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service

City | Hillsboro | State/Province | OR | Country of Residencd | US

Mailing Address of Inventor:

Address 1 1055 NE Creeksedge Drive

Address 2

City Hillsboro | State/Province OR
Postal Code | 97124 | Country us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

EFS Web 2.2.11
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 42P38794D

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

[] An Address is being provided for the correspondence Information of this application.

Customer Number 45209

Email Address intel_foreign_docs@bstz.com

Application Information:

Title of the Invention METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Attorney Docket Number| 42P38794D Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @ CustomerNumber | O US Patent Pracitoner | (O Limited Recognition (37 CFR 11.9)

Customer Number 45209

EFS Web 2.2.11
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

e Attorney Docket Number | 42P38794D
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage

entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status | Pending

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Division of 13991899 2013-06-05
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
13991899 a 371 of international PCT/US2011/059453 2011-11-04

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

EFS Web 2.2.11
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 42P38794D

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ ] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[X] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date o f filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

EFS Web 2.2.11
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 42P38794D

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. X

Organization Name

Intel Corporation

Mailing Address Information For Applicant:

Address 1 2200 Mission College Boulevard

Address 2

City Santa Clara State/Province CA
Country' ‘ us Postal Code 95052
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

EFS Web 2.2.11
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

42P38794D

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Prefix

Given Name

Middle Name

Family Name Suffix
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METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a divisional application of co-pending U.S. Patent Application
No. 13/991,899 filed June 5, 2013, which is a U.S. National Phase application under 35 U.S.C. §
371 of International Application No. PCT/US2011/059453, filed November 4, 2011, entitled
“METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS” and claims the
priority benefit thereof.

FIELD

[0002] Embodiments of the present invention relate to the field of electronic device
manufacturing, and in particular, to forming interconnect structures.

BACKGROUND

[0003] As the feature size of electronic devices shrinks, reliability of interconnects becomes
critical to integrated circuit performance. Generally, electromigration refers to the transport of
material caused by the movement of the ions in a conductor due to the momentum transfer
between conducting electrons and diffusing metal atoms. The effect is especially important in
applications where high current densities are used, for example, in microelectronics structures
involving logic devices. Typically, a metal capping technology is used to prevent
electromigration.

[0004] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps. As shown in Figure 1A, metal interconnect lines, for example lines 103
and 104, formed on a dielectric substrate 101 are originally spaced apart at a line spacing 105.
The electromigration caps, for example, caps 111-113, can be grown on the respective
interconnect lines above a flat surface of the substrate using electroless plating. Generally, the

growth of the electromigration caps on the interconnect lines is isotropic. The electromigration
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cap can grow on the interconnect metal line vertically as well as laterally above the substrate.
The lateral growth of the metal electromigration caps may generate overhang structures, for
example, an overhang 109 that protrude over the substrate 101 outside the width of the
interconnect lines. As shown in Figure 1A, the lateral growth of the metal caps reduces a line-to-
line spacing from spacing 105 to spacing 107.

[0005] Typically, the size of the overhang 109, is about 50% of the cap thickness. For example,
if the two neighboring metal caps have the thickness of about 10 nanometers (“nm”), the total
size of their overhangs can be about 2x5nm. As such, the line-to-line spacing can be reduced, for
example, by a factor of two from about 20 (nm) to about 10 nm.

[0006] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps electrolessly grown over a flat surface of substrate 121 having interconnect lines, such as an
interconnect line 123. As shown in Figure 1B, the lateral growth of the metal caps above the
substrate increases the line edge roughness (“LER”) and reduces line-to-line spacing. As shown
in Figure 1B, the line-to-line spacing, for example, a line-to-line spacing 125, varies
uncontrollably. Both the increased LLER and reduced line-to-line spacing negatively impact on
the reliability of the interconnect structures, increase the risk of current shorting that may lead to

the failure of the entire integrated circuit device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example and not limitation in the figures of

the accompanying drawings, in which like references indicate similar elements, in which:
Figure 1A is a cross-sectional view of a typical interconnect structure having metal

electromigration caps.

[0008] Figure 1B is a top view of a typical interconnect structure having metal electromigration

caps.

[0009] Figure 2A shows a cross-sectional view of a substrate to fabricate an interconnect

structure according to one embodiment of the invention.

[0010] Figure 2B is a view similar to Figure 2A, after a dielectric layer is formed over the

substrate according to one embodiment of the invention.

[0011] Figure 2C is a view similar to Figure 2B, after a photoresist layer is deposited over the

dielectric layer to form one or more openings in the dielectric layer according to one

embodiment of the invention.

[0012] Figure 2D is a view similar to Figure 2C, after one or more openings are formed in the

dielectric layer according to one embodiment of the invention.

[0013] Figure 2E is a view similar to Figure 2D, after a conductive layer is deposited over the

dielectric layer according to one embodiment of the invention.

[0014] Figure 2F is a view similar to Figure 2E, after portions of conductive layer and the base

layer are removed from the top surface of the dielectric layer outside the openings to form

patterned conductive lines according to one embodiment of the invention.

[0015] Figure 2G is a view similar to Figure 2F, after conductive lines in a dielectric layer over a

substrate are recessed according to one embodiment of the invention.

[0016] Figure 2H is a view similar to Figure 2, after capping layers are selectively deposited

onto the respective recessed conductive lines in the channels to prevent electromigration

according to one embodiment of the invention.
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[0017] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing the
conductive lines in a dielectric layer over a substrate according to one embodiment of the
invention.

[0018] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into the
respective channels formed by the recessed conductive lines according to one embodiment of the
invention.

[0019] Figure 4 is a top view of an interconnect structure 400 having capping layers selectively
deposited within channels formed by the recessed conductive lines in a dielectric layer over a

substrate according to one embodiment of the invention.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0020] In the following description, numerous specific details, such as specific materials,
dimensions of the elements, etc. are set forth in order to provide thorough understanding of one
or more of the embodiments of the present invention. It will be apparent, however, to one of
ordinary skill in the art that the one or more embodiments of the present invention may be
practiced without these specific details. In other instances, semiconductor fabrication processes,
techniques, materials, equipment, etc., have not been described in great details to avoid
unnecessarily obscuring of this description. Those of ordinary skill in the art, with the included
description, will be able to implement appropriate functionality without undue experimentation.
[0021] While certain exemplary embodiments of the invention are described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely illustrative and
not restrictive of the current invention, and that this invention is not restricted to the specific
constructions and arrangements shown and described because modifications may occur to those
ordinarily skilled in the art.

[0022] Reference throughout the specification to “one embodiment”, “another embodiment”,
or “an embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Thus, the appearance of the phrases “in one embodiment” or “for an embodiment” in various
places throughout the specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0023] Moreover, inventive aspects lie in less than all the features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a separate
embodiment of this invention. While the invention has been described in terms of several

embodiments, those skilled in the art will recognize that the invention is not limited to the
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embodiments described, but can be practiced with modification and alteration within the spirit
and scope of the appended claims. The description is thus to be regarded as illustrative rather
than limiting.

[0024] Methods and apparatuses to control a line edge roughness (“LER”) and line-to-line
spacing in deposition of self-aligned metal caps are described herein. At least one conductive
line is recessed to form a channel in a dielectric layer over a substrate. A capping layer to prevent
electromigration is deposited on the recessed conductive line in the channel. The channel is self-
aligned to the conductive line. The channel is configured to contain the capping layer within the
width of the conductive line. That is, the interconnect line is recessed to contain the cap growth
within a channel self aligned to the interconnect line. The channel can be formed by etching the
conductive line to a predetermined depth using a chemistry comprising an inhibitor to provide
uniformity of etching independent of a crystallographic orientation, as described in further detail
below. Methods and apparatuses described herein can be used to control the increase in LER
associated with selectively deposited electromigration caps, for example, electroless cobalt caps.
That is, an increase in LER and reduction in line-to-line spacing typically associated with the
electromigration caps selectively deposited on the metal interconnect lines can be prevented by
containing an electroless cap within a recess that is self-aligned to an interconnect line.
Eliminating an increase in LER and preventing from reducing of the line-to-line spacing can
decrease the risk of failure and increase the manufacturing yield of the electronic devices having
reduced (e.g., nanometer scale) dimensions. The electronic devices can be, for example,
computer system architecture devices, e.g., transistors, memories, logic devices, and any other
integrated circuit and microelectronic devices.

[0025] Figure 2A shows a cross-sectional view 200 of a substrate to fabricate an interconnect
structure according to one embodiment of the invention. In one embodiment, substrate 201
includes a monocrystalline silicon. In one embodiment, substrate 201 includes a silicon-on-

insulator (“SOI”). For alternate embodiments, substrate may comprise compound
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semiconductors, e.g., indium phosphide, gallium arsenide, gallium nitride, silicon germanium,
and silicon carbide. In another embodiment, substrate 201 may include e.g., glass, and quartz.
Substrate 201 may include one or more metallization layers of integrated circuits having active
and passive devices, e.g., transistors, switches, optoelectronic devices, capacitors, resistors,
interconnects (not shown). The one or more metallization layers of integrated circuits of
substrate 201 may be separated from adjacent metallization layers by a dielectric material (not
shown), e.g., interlayer dielectric. The adjacent metallization layers may be electrically
interconnected by vias (not shown).

[0026] Figure 2B is a view similar to Figure 2A, after a dielectric layer 203 is formed over the
substrate 201 according to one embodiment of the invention. In one embodiment, dielectric layer
203 is an interlayer dielectric (“ILLD”). In one embodiment, dielectric layer 203 is a low-k
dielectric, e.g., silicon dioxide, silicon oxide, and carbon doped oxide (“CDQO”), or any
combination thereof. In one embodiment, Dielectric layer 203 includes a nitride, oxide, a
polymer, phosphosilicate glass, fluorosilicate (“SiOF”) glass, organosilicate glass (“SiOCH”), or
any combination thereof. In one embodiment, dielectric layer 203 includes a spin-on low-k
dielectric material. In one embodiment, dielectric layer 203 is silicon dioxide. In another
embodiment, dielectric layer 203 is silicon nitride. dielectric layer 203 may be deposited using
any suitable deposition technique. In one embodiment, dielectric layer 203 may be deposited
using blanket deposition technique, for example, chemical vapor deposition (“CVD”),
sputtering, spin-on, or another thin film deposition technique. In one embodiment, dielectric
layer 203 is deposited to the thickness in the approximate range of 50nm to 2pum.

[0027]  Figure 2C is a view similar to Figure 2B, after a photoresist layer 204 is deposited over
dielectric layer 203 to form one or more openings in dielectric layer 203 according to one
embodiment of the invention. In one embodiment, photoresist layer 204 is deposited on a hard
mask layer 202 formed on dielectric layer 203, as shown in Figure 2C. In another embodiment,

photoresist layer 204 is deposited directly onto dielectric layer 203. As shown in Figure 2C,
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photoresist layer 204 and hard mask layer 202 are patterned and etched to form openings, such
as an opening 220. Patterning and etching of the photoresist and hard mask is known to one of
ordinary skill in the art of microelectronic device manufacturing. Patterning and etching of the
photoresist may be performed using one of the techniques known to one of ordinary skill in the
art of microelectronic device manufacturing. The technique may include masking the photoresist
layer, exposing the masked layer to light, and then developing the unexposed portions to remove
the portions of the photoresist layer that are exposed to light to form a window in the photoresist
layer. In one embodiment, the process of exposing to light and removing the photoresist layer
may be performed in a plasma reactor. The opening in hard mask 202 may be etched to expose a
portion of dielectric layer 203 using a dry etching, e.g., reactive ion etching (“RIE”), wet etching,
or any combination thereof techniques.

[0028]  Figure 2D is a view similar to Figure 2C, after one or more openings, such as an
opening 206, are formed in dielectric layer 203 according to one embodiment of the invention. In
one embodiment, the openings are, such as opening 206, is etched through openings in hard
mask 203, such as opening 220. In another embodiment, the openings are formed by etching the
dielectric layer through the openings in patterned photoresist 204 deposited directly onto
dielectric layer 203. In one embodiment, the openings in the dielectric layer 203, for example,
trenches, are formed using an anisotropic dry etching, e.g., plasma etching. In another
embodiment, the openings in the dielectric layer 203 are formed using dry etching, wet etching,
or a combination thereof techniques known to one of ordinary skill in the art of microelectronic
device manufacturing. In one embodiment, the openings in dielectric layer 203 has the width in
the approximate range of 0.005microns (“um “) to 5 um, and the depth in the approximate range
of 0.005 um to 10 pm. In one embodiment, the size of openings is determined by the size of a
conductive line formed within ILD 203 later on in the process.

[0029]  After forming the openings, such as opening 206, the photoresist and hard mask are

removed. Removing of the photoresist and the hard mask from dielectric layer 203 is known to
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one of ordinary skill in the art of microelectronic device manufacturing. In one embodiment, the
photoresist and hard mask may be removed using a chemical technique, mechanical technique,
or both.

[0030] Figure 2E is a view similar to Figure 2D, after a conductive layer 205 is deposited over
dielectric layer 203 according to one embodiment of the invention. As shown in Figure 2E,
forming of the conductive layer 205 involves filling the one or more openings in dielectric layer
203 with a conductive material to form one or more conductive lines. In one embodiment, a base
layer (not shown) is first deposited on dielectric layer 203 covering the internal sidewalls and
bottom of the openings, and then a conductive layer 205 is deposited on the base layer. In one
embodiment, the base layer includes a conductive seed layer (not shown) deposited on a
conductive barrier layer (not shown). The seed layer can include copper, and the conductive
barrier layer can include aluminum, titanium, tantalum, tantalum nitride, and the like metals. The
conductive barrier layer can be used to prevent diffusion of the conductive material from the
seed layer, e.g., copper, into ILD 203. Additionally, the conductive barrier layer can be used to
provide adhesion for the seed layer (e.g., copper). In one embodiment, to form the base layer, the
conductive barrier layer is deposited onto the dielectric layer 203 covering the sidewalls and
bottom of the opening, and then the seed layer is deposited on the conductive barrier layer. In
another embodiment, the conductive base layer includes the seed layer that is directly deposited
onto dielectric layer 203 covering the sidewalls and bottom of the openings. Each of the
conductive barrier layer and seed layer may be deposited using any thin film deposition
technique known to one of ordinary skill in the art of semiconductor manufacturing, e.g., by
sputtering, blanket deposition, and the like. In one embodiment, each of the conductive barrier
layer and the seed layer has the thickness in the approximate range of 1 to 100 nm. In one
embodiment, the barrier layer may be a thin dielectric that has been etched to establish

conductivity to the metal layer below. In one embodiment, the barrier layer may be omitted
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altogether and appropriate doping of the copper line may be used to make a “self-forming
barrier”.

[0031] Conductive layer 205 fills the openings, such as an opening 206, and covers portions of
the base layer (not shown) outside of the openings that are on top of dielectric layer 203. In one
embodiment, conductive layer 205 e.g., copper, is deposited onto the seed layer of base layer of
copper, by an electroplating process. In one embodiment, conductive layer 205 is deposited into
the openings using a damascene process that is known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, conductive layer 205 is deposited
onto the seed layer using one of selective deposition techniques known to one of ordinary skill in
the art of semiconductor manufacturing, e.g., electroplating, electroless plating, and the like. In
one embodiment, the choice of a material for conductive layer 205 determines the choice of a
material for the seed layer. For example, if the material for conductive layer 205 includes copper,
the material for the seed layer also includes copper. In one embodiment, conductive layer 205
includes e.g., copper (Cu), ruthenium (Ru), nickel (Ni), cobalt (Co), chromium (Cr), iron (Fe),
manganese (Mn), titanium (T1), aluminum (Al), hafnium (Hf), tantalum (Ta), tungsten (W),
Vanadium (V), Molybdenum (Mo), palladium (Pd), gold (Au), silver (Au), platinum Pt, or any
combination thereof.

[0032] Figure 2F is a view similar to Figure 2E, after portions of conductive layer 205 and the
base layer are removed from the top surface of dielectric layer 203 outside the openings to form
patterned conductive lines, such as a conductive line 208 according to one embodiment of the
invention. Portions of conductive layer 205 may be removed chemically, e.g., using etching,
mechanically, e.g., using polishing, or by a combination of thereof techniques, e.g., using a
chemical-mechanical polishing (“CMP”) technique known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, one or more patterned conductive
lines are formed within dielectric layer 203 using methods described above. In another

embodiment, the conductive lines are formed by patterning and etching of the conductive layer
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deposited on the top surface of dielectric layer 203. Patterning and etching of the conductive
layer deposited on the top surface of the dielectric layer 203 is known to one of ordinary skill in
the art of microelectronic device manufacturing. In one embodiment, the thickness of the
conductive line, for example, a thickness 211 is in the approximate range of 0.015um to 1um. In
one embodiment, the width of the conductive line, for example, a width 209 is in the
approximate range of Snm to about 500nm. In one embodiment, the spacing between the
conductive lines, for example, a spacing 207, is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines is from about 2nm to about 100nm.

[0033] Figure 2G is a view similar to Figure 2F, after the conductive lines, for example, a
conductive line 208, in a dielectric layer over a substrate are recessed according to one
embodiment of the invention. As shown in Figure 2G, channels, such as a channel 212, are
formed in dielectric layer 203. As shown in Figure 2G, channels, such as channel 212, have
sidewalls made of dielectric layer 203, such as sidewalls 214 and 216, and a bottom made of a
respective conductive line, such as a bottom 218 made of conductive line 208.

[0034] In one embodiment, the channel has depth, such as a depth 213 from about 5 nm to
about 50nm. In one embodiment, the depth of the channel is from about 2 nm to about 20nm. In
one embodiment, the channel has depth that is from about 10% to about 50% of the thickness of
the conductive line, such as a thickness 211 shown in Figure 2F. In one embodiment, the
conductive lines are recessed to the depth, which is determined based on the thickness of a
capping layer, as described in further detail below.

[0035] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines, such as a conductive line 305 and a conductive line 304, in a dielectric
layer 303 over a substrate 301 according to one embodiment of the invention. Substrate 301,
dielectric layer 303, and the conductive lines 305 and 304, can be, for example, any of the
respective substrates, dielectric layers, and conductive lines, as described above. As shown in

Figure 3A, channels, such as a channel 302 and a channel 307, are formed in a dielectric layer
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303 over substrate 301 by recessing the conductive lines. As shown in Figure 3 A, the channels
are self-aligned to the respective conductive lines. For example, channel 307 is self-aligned to
conductive line 305 and channel 302 is self-aligned to conductive line 304. As shown in Figure
3A, the length of the channel, e.g., a length 315 is along the length of the conductive line, and
the width of the channel, e.g., a width 307 is along the width of the conductive line. In one
embodiment, the length of the channel is substantially longer that the width of the channel. In
one embodiment, the width of the channel is less than 100nm, and the length of the channel is at
least 500nm. In one embodiment, the width of the channel is from about 5 nm to about 500nm,
and the length of the channel is from about a few hundred nanometers to about a few hundred
microns. As shown in Figure 3A, the conductive lines, such as conductive lines 305 and 304 are
separated by a distance, such as a spacing 309. In one embodiment, the spacing between the
conductive lines, such as lines 305 and 304 is from about 5Snm to about 500nm. In one
embodiment, the spacing between the conductive lines, such as lines 305 and 304 is from about
2nm to about 100nm.

[0036] In one embodiment, recessing the conductive lines, such as line 208, lines 304 and 305,
involves wet etching the conductive lines uniformly independent of a crystallographic
orientation using a chemistry containing an etchant, an oxidizer, an inhibitor, and a solvent.
That is, adding an inhibitor and a solvent to the etchant provides uniform etching of the
conductive material independent of a crystallographic orientation, by forming, during etching, a
passivation layer (not shown) on the conductive material. The wet etch chemistry containing an
etchant, an oxidizer, an inhibitor, and solvent provides control over the depth of the etching of
the conductive line, so that only a portion (e.g., 5% to 50%) of the conductive line can be
recessed.

[0037] In one embodiment, the chemistry to wet etch the conductive lines to provide a channel
that is free from a pattern dependence and a crystallographic preference comprises between

about 1% to about 40% by mass of an etchant, between about 1% to about 10% by mass of an
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oxidizer, and between about 0.1% to about 1% by mass of an inhibitor, and between about 1 to
about 60% by mass of an organic solvent. In one embodiment, the chemistry to wet etch the
conductive lines comprises an etchant from about 0.1% to about 70% by mass (depending on the
etch rate of the etchant), an oxidizer from about 0.1% to about 10% by mass (depending on the
strength of the oxidizer), an inhibitor from about 50 parts per million (ppm) to about 1% by
mass; and a solvent between about 1 to about 60% by mass.

[0038] In one embodiment, the chemistry to etch the conductive lines can include an etchant,
for example, a glycine, an ethylenediaminetetraacetic acid, an alpha-amino acid, a
polycarboxylic acid, or a combination thereof; the oxidizer, for example, a peroxide, an ozone, a
permanganate, a chromate, a perborate, a hypohalite, or a combination thereof, an inhibitor, for
example, an azole, an amine, an amino acid, a phosphate, a phosphonate, or a combination
thereof, and a solvent. The solvent can be an aqueous system (preferred), e.g., water, or an
organic solvent. The examples of an organic solvents are propylene carbonate, sulfolane, glycol
ethers, methylene chloride, and the like.

[0039] For example, regarding the etchant in the chemistry to etch copper conductive lines, Cu
metal is typically in a zero oxidation state. In order to etch copper, the copper needs to be
oxidized into a O+n oxidation state where ‘n’ can be any of 1, 2, 3 or 4. Typically, 1% state and
29 state are more common oxidation states of copper. For any molecule to act as an etchant, it
needs to be able to bind copper in one of its oxidation states 1, 2, 3 or 4. This binding typically
occurs through the use of group 15 (Nitrogen family), group 16 (Oxygen family) or group 17
(Halogen family) atoms in a molecule. In one embodiment, the etchant to etch copper conductive
lines is an organic etchant, for example, any of glycine, ethylenediaminetetraacetic, alpha-amino
acids, polycarboxylic acids (for example, citric acid that is a tricarboxylic acid), oxalic and
malonic acids.

[0040] For example, an oxidizer in the chemistry to etch copper conductive lines is used to

change the copper oxidation state from an insoluble copper metal to a soluble copper ion. The
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oxidizer can be chosen from any of the oxidizers, for example, any of peroxides (e.g., hydrogen
peroxide), ozone, permanganates, chromates, perborates and hypohalites, and the like.

[0041] For example, to etch the copper constituting the current carrying line in a uniform and
non-crystallographic orientation, it is important to add an inhibitor to the chemistry. The role of
an inhibitor is to form a passivation layer (a polymeric compound formed from the molecules of
the inhibitor binding copper in a specific and periodic manner). The formation of this passivation
layer during the controlled etch of copper is critical to ensure uniformity of etching and
preventing etching attacks (e.g., forming voids) along crystallographic (e.g., grain) boundaries.
For example, any inhibitor that is not decomposed in the chosen oxidizer and etchant
combination may be used in the chemistry to etch copper conductive lines. The classes of
inhibitors are known to one of ordinary skill in the art of electronic device manufacturing. For
example, any of organic inhibitors including azoles, amines, amino acids, phosphates and
phosphonates can be used in the chemistry to etch the copper conductive lines.

[0042] In another embodiment, the conductive copper lines are recessed by wet etching using a
chemistry comprising a citric acid and peroxide. A chemistry comprising citric acid and
peroxide, however, typically has high etching rate that can be difficult to control. Additionally,
an etching rate of the chemistry comprising citric acid and peroxide depends on a
crystallographic orientation that may produce rough etched surface. Addition of a corrosion
inhibitor, for example, benzotriazole (“BTA”) to the chemistry, and dilution of the citric acid
and peroxide in organic solvent can slow down the etching rate dramatically and eliminate the
crystallographic nature of the etch, such as etching the voids in Cu along the grain boundaries
producing a smooth surface.

[0043] In one embodiment, the conductive lines are recessed by wet etching that involves any
of spraying, and pouring the etching chemistry onto the conductive lines. In one embodiment,
the conductive lines are recessed by wet etching that involves immersing the conductive lines

into the etching chemistry solution. In one embodiment, the conductive lines are recessed by wet
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etching at a temperature from about 15°C to about 50°C for a predetermined time. In at least
some embodiments, the conductive lines are recessed by dry etching, e.g., plasma etching.

[0044]  Figure 2H is a view similar to Figure 2, after the capping layers are selectively
deposited onto the respective recessed conductive lines in the channels to prevent
electromigration according to one embodiment of the invention. The conductive lines etched
using the chemistry as described above, have a smooth uniform top surface to adhere the capping
layer. As shown in Figure 2H, a capping layer 215 is deposited onto recessed conductive line
208 within channel 212. In one embodiment, the channel, such as channel 212, is configured to
contain a capping layer within the width of the conductive line, e.g., width 209 shown in Figure
2F. That is, the recessed conductive line creates a channel which contains the growth of the
capping layer within the channel that mitigates the reduction in line-to-line spacing and increase
in LER. As shown in Figure 2H the capping layer 215 is located on the conductive line 208
within the sidewalls of the channel 212. In one embodiment, the capping layer is deposited on
the recessed conductive line by an electroless deposition (e.g., plating), a chemical vapor
deposition (“CVD”), a physical vapor deposition (“PVD™), or any other selective deposition
techniques known to one of ordinary skill in the art of electronic device manufacturing. In one
embodiment, a conductive line, such as line 208, comprises a first metal, and the capping layer
comprises a second metal other than the first metal to prevent electromigration of the first metal
from the conductive line. In one embodiment, the metal for the capping layer is heavier than the
metal for the conductive line to prevent electromigration.

[0045] For example, the conductive line can be made of any of the metals including copper,
aluminum. In one embodiment, the capping layer, such as capping layer 215, is made of cobalt
(“Co”), cobalt electroless alloys, e.g., CoBP, CoWBP, CoWP, CoWB, CoWP, or a combination
thereof. In another embodiment, a capping layer, such as capping layer 215, is made of nickel
(“Ni”), Ni electroless alloys, e.g., NiBP, NiIWBP, NiWP, NiWB, NiWP, or a combination

thereof. In another embodiment, a capping layer, such as capping layer 215, is made of platinum
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(“Pt”) group metals, for example, Pt, Pd, Ru, Ir, Rh as pure elements or alloys. The typical alloy
elements for Pt group metals are W, B, P. In yet another embodiment, a capping layer, such as
capping layer 215, is made of refractory metals, for example, Ta, W, Mo, or a combination
thereof.

[0046] In one embodiment, the Co capping layer is deposited within a channel onto the
recessed Cu conductive layer. In one embodiment, Ni capping layer is deposited within a
channel onto the recessed Cu conductive layer. In one embodiment, refractory metal capping
layer is deposited within a channel onto the recessed Cu conductive layer.

[0047] In one embodiment, the capping layers comprising a Pt group metal, Co, Ni, or a
combination thereof, are deposited onto the conductive layers, e.g., copper, aluminum, using any
of an electroless deposition, and a vapor phase deposition, e.g., CVD. In one embodiment, the
capping layers including refractory metals are deposited onto the conductive layers, e.g., copper,
aluminum, using any of a CVD and PVD techniques known to one of ordinary skill in the art of
electronic device manufacturing. In one embodiment, the thickness of the capping layer, e.g., a
thickness 221, is from about 2 nm to about 50 nm. In one embodiment, the thickness of the
capping metal layer is sufficient to prevent electromigration from the underlying conductive
layer. In one embodiment, the capping layer has the thickness that is no greater than the depth of
the channel within which the capping layer is deposited.

[0048] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into the
respective channels formed by the recessed conductive lines according to one embodiment of the
invention. As shown in Figure 3B, capping layers, such as a capping layer 311 and 319 are
selectively deposited into respective channels, such as channel 302 and channel 307, as
described above. As shown in Figure 3A, the capping layers are contained within their respective
channels. As shown in Figure 3B, the capping layer 319 is separated from capping layer 311 by
spacing 309. In one embodiment, the spacing between conductive lines 305 and 304 and the

spacing between the capping layers 319 and 311 is the same.
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[0049] Figure 4 is a top view of an interconnect structure 400 having capping layers selectively
deposited within channels formed by the recessed conductive lines in a dielectric layer 401 over
a substrate according to one embodiment of the invention. As shown in Figure 4, the LER of the
interconnect lines, such as an interconnect line 403 is substantially reduced, the edges of the
interconnect lines are smooth, and a line-to-line spacing, such as a line-to-line spacing 405 is
increased and maintained between the lines. In one embodiment, the line-to-line spacing is
increased by 2x cap thickness. This can result in rather dramatic decreases in electric field and
time to dielectric breakdown, especially, for a future technology node having 20nm lines and
20nm spaces. The minimum cap thickness known to work today is Snm. This means that with a
conventional approach the line-line space would be 10nm instead of the 20nm drawn on a
mask. Furthermore, currently, the size of the protrusions in the overhang tends to be about 50%
of the cap thickness. For a typical cap thickness of 5-10nm using methods described above LER
can be decreased by 3-5nm independent of line width. For a future 20 nm technology node,
decrease in LER by 3-5nm can result in 15-20% increase in line-to-line spacing of an
interconnect structure.

[0050] Figure 5 shows a block diagram of an exemplary embodiment of a data processing
system 500 having one or more electronic devices, e.g., transistors, memories, such as a memory
504, and a memory 518, processing logic devices, such a processing logic device 526, and any
other integrated circuit and microelectronic devices that are built using methods described
herein. As shown in Figure 5, data processing system 500 includes a processor 502 having
processing logic 526. In at least some embodiments, processing logic 526 contains at least one
conductive line in a dielectric layer over a substrate, a channel in the dielectric layer over the one
conductive line; and a capping layer on the at least one conductive line in the channel to prevent
electromigration, as described herein. In at least some embodiments, each of the memories 504

and 518 contains at least one conductive line in a dielectric layer over a substrate, a channel in
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the dielectric layer over the one conductive line; and a capping layer on the at least one
conductive line in the channel to prevent electromigration, as described herein

[0051] In alternative embodiments, the data processing system may be connected (e.g.,
networked) to other machines in a Local Area Network (LAN), an intranet, an extranet, or the
Internet. The data processing system may operate in the capacity of a server or a client machine
in a client-server network environment, or as a peer machine in a peer-to-peer (or distributed)
network environment. The data processing system may be a personal computer (PC), a tablet
PC, a set-top box (STB), a Personal Digital Assistant (PDA), a cellular telephone, a web
appliance, a server, a network router, switch or bridge, or any machine capable of executing a set
of instructions (sequential or otherwise) that specify actions to be taken by that data processing
system. Further, while only a single data processing system is illustrated, the term “data
processing system” shall also be taken to include any collection of data processing systems that
individually or jointly execute a set (or multiple sets) of instructions to perform any one or more
of the methodologies described herein.

[0052] The exemplary data processing system 500 includes a processor 502, a main memory 504
(e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM) such
as synchronous DRAM (SDRAM) or Rambus DRAM (RDRAM), etc.), a static memory 506
(e.g., flash memory, static random access memory (SRAM), etc.), and a secondary memory 518
(e.g., a data storage device), which communicate with each other via a bus 530.

[0053] Processor 502 represents one or more general-purpose processing devices such as a
microprocessor, central processing unit, or the like. More particularly, the processor 502 may be
a complex instruction set computing (CISC) microprocessor, reduced instruction set computing
(RISC) microprocessor, very long instruction word (VLIW) microprocessor, processor
implementing other instruction sets, or processors implementing a combination of instruction
sets. Processor 502 may also be one or more special-purpose processing devices such as an

application specific integrated circuit (ASIC), a field programmable gate array (FPGA), a digital
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signal processor (DSP), network processor, or the like. Processor 502 is configured to execute
the processing logic 526 for performing the operations described herein.

[0054] The computer system 500 may further include a network interface device 508. The
computer system 500 also may include a video display unit 510 (e.g., a liquid crystal display
(LCD), a light emitting diode display (LED), or a cathode ray tube (CRT)), an alphanumeric
input device 512 (e.g., a keyboard), a cursor control device 514 (e.g., a mouse), and a signal
generation device 516 (e.g., a speaker).

[0055] The secondary memory 518 may include a machine-accessible storage medium (or more
specifically a computer-readable storage medium) 531 on which is stored one or more sets of
instructions (e.g., software 522) embodying any one or more of the methodologies or functions
described herein. The software 522 may also reside, completely or at least partially, within the
main memory 504 and/or within the processor 502 during execution thereof by the computer
system 500, the main memory 504 and the processor 502 also constituting machine-readable
storage media. The software 522 may further be transmitted or received over a network 520 via
the network interface device 508.

[0056] While the machine-accessible storage medium 531 is shown in an exemplary
embodiment to be a single medium, the term “machine-readable storage medium” should be
taken to include a single medium or multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or more sets of instructions. The term
“machine-readable storage medium” shall also be taken to include any medium that is capable of
storing or encoding a set of instructions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the present invention. The term “machine-
readable storage medium” shall accordingly be taken to include, but not be limited to, solid-state
memories, and optical and magnetic media.

[0057] In alternative embodiments, Figure 5 illustrates a computing device 500. The computing

device 500 houses a board 530. The board may include a number of components, including but
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not limited to a processor 502 and at least one communication chip 508. The processor 502 is
physically and electrically coupled to the board 530. In some implementations the at least one
communication chip 508 is also physically and electrically coupled to the board 530. In further
implementations, the communication chip 508 is integrated within the processor 502.

[0058] Depending on its applications, computing device 500 may include other components that
may or may not be physically and electrically coupled to the board 530. These other components
include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory (e.g.,
ROM), flash memory, a graphics processor, a digital signal processor, a crypto processor, a
chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a battery, an audio
codec, a video codec, a power amplifier, a global positioning system (GPS) device, a compass,
an accelerometer, a gyroscope, a speaker, a camera, and a mass storage device (such as hard disk
drive, a solid state drive, a compact disk (CD) drive, a digital versatile disk (DVD) drive, and so
forth).

[0059] The communication chip 508 enables wireless communications for the transfer of data to
and from the computing device 500. The term “wireless” and its derivatives may be used to
describe circuits, devices, systems, methods, techniques, communications channels, etc., that
may communicate data through the use of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 508 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
andbeyond. The computing device 500 may include a plurality of communication chips 508.
For instance, a first communication chip 508 may be dedicated to shorter range wireless

communications such as Wi-Fi andBluetooth and a second communication chip 1006 may be
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dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.

[0060] The processor 502 of the computing device 500 includes an integrated circuit die
packaged within the processor 502. In some implementations of the invention, the integrated
circuit die of the processor includes one or more devices, such as transistors or metal
interconnects, that are formed using methods and apparatuses to control a line edge roughness
and line-to-line spacing in deposition of self-aligned metal caps as described herein. The term
“processor” may refer to any device or portion of a device that processes electronic data from
registers and/or memory to transform that electronic data into other electronic data that may be
stored in registers and/or memory.

[0061] The communication chip 508 also includes an integrated circuit die packaged within the
communication chip 508. In accordance with another implementation of the invention, the
integrated circuit die of the communication chip includes one or more devices, such as
transistors or metal interconnects, that are formed using methods and apparatuses to control a
line edge roughness and line-to-line spacing in deposition of self-aligned metal caps as described
herein.

[0062] In further implementations, another component housed within the computing device 600
may contain an integrated circuit die that includes one or more devices, such as transistors or
metal interconnects, that are formed using methods and apparatuses to control a line edge
roughness and line-to-line spacing in deposition of self-aligned metal caps as described herein.

[0063] In various implementations, the computing device 500 may be a laptop, a netbook, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra
mobile PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-
top box, an entertainment control unit, a digital camera, a portable music player, or a digital
video recorder. In further implementations, the computing device 500 may be any other

electronic device that processes data.
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[0064] In the foregoing specification, embodiments of the invention have been described with
reference to specific exemplary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from the broader spirit and scope of
embodiments of the invention as set forth in the following claims. The specification and

drawings are, accordingly, to be regarded in an illustrative sense rather than a restrictive sense.
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CLAIMS
What is claimed is:
1. An apparatus, comprising:

a substrate comprising silicon;

an interlayer dielectric layer over the substrate, the interlayer dielectric layer comprising
silicon, oxygen, and carbon, the interlayer dielectric layer having a top boundary;

a trench in the interlayer dielectric layer, the trench having internal sidewalls;

a barrier layer comprising tantalum and nitrogen on the internal sidewalls of the trench;

a conductive material in the trench, the barrier layer between the conductive material and
the interlayer dielectric layer, the conductive material comprising copper and cobalt; and

a capping region at the top of the conductive material, the capping region comprising
cobalt, a top of the capping region near the interlayer dielectric layer being no higher than the top

boundary of the interlayer dielectric layer that is near the capping region.

2. The apparatus of claim 1, wherein the dielectric layer comprises a low-k material.

3. The apparatus of claim 1, wherein the substrate comprises silicon.

4. The apparatus of claim 1, wherein the barrier layer comprises tantalum and nitrogen.

5. The apparatus of claim 1, wherein the capping region comprises cobalt.

6. The apparatus of claim 5, wherein the dielectric material comprises silicon, carbon, and

oxygen, and the barrier layer comprises tantalum and nitrogen.
7. An apparatus, comprising:
a substrate comprising a semiconductor material;
a dielectric layer over the substrate, the dielectric layer having a top boundary;
a plurality of trenches in the dielectric layer, the plurality of trenches having sidewalls;

a barrier layer on the sidewalls of at least some of the plurality of trenches;
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conductive material in the at least some of the plurality of trenches, the barrier layer
being between the conductive material and the sidewalls, the conductive material being no
higher than the top boundary of the dielectric layer at a location near to the conductive material,
the conductive material comprising copper and cobalt; and
a capping region on the conductive material, the capping region being no higher than the

top boundary of the dielectric layer that is near to the capping region.
8. The apparatus of claim 7, wherein the dielectric layer comprises a silicon, oxygen, and
carbon.
9. The apparatus of claim 8, wherein the dielectric layer comprises carbon doped silicon
oxide.
10.  An apparatus, comprising:

at least one first conductive line in a dielectric layer over a substrate to form a channel
comprising a dielectric sidewall,

and

a first capping layer selectively deposited on the at least one first conductive line and on
the dielectric sidewall to prevent electromigration.
11.  The apparatus of claim 10, wherein the first capping layer is self-aligned to the first
conductive line.
12.  The apparatus of claim 10, wherein the first conductive line comprises a first metal, and
the first capping layer comprises a second metal other than the first metal.
13.  The apparatus of claim 10, further comprising

a second capping layer selectively deposited on the 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.
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14.  The apparatus of claim 10, 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.

15.  The apparatus of claim 10, 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.

16.  The apparatus of claim 10, wherein the at least one first conductive line is an interconnect
incorporated into a data processing system.

17.  The apparatus of claim 10, 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.
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ABSTRACT

At least one conductive line in a dielectric layer over a substrate is recessed to form a
channel. The channel is self-aligned to the conductive line. The channel can be formed by
etching the conductive line to a predetermined depth using a chemistry comprising an inhibitor
to provide uniformity of etching independent of a crystallographic orientation. A capping layer
to prevent electromigration is deposited on the recessed conductive line in the channel. The

channel is configured to contain the capping layer within the width of the conductive line.
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