UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO OV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/415,744 03/08/2012 Hadi Jebory 0150167
CONFIRMATION NO. 9194
25700 IMPROPER CPOA LETTER
FARJAMI & FARJAMI LLP

o3t LA RUAMEOR AU T 50 T

Date Mailed: 09/27/2016

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the power of attorney filed 09/14/2016. The power of attorney in this application is not
accepted for the reason(s) listed below:

« The power of attorney is from an assignee and the statement required by 37 CFR 3.73(c) has not been
received.

/dtvernon/

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 OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO OV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/415,744 03/08/2012 Hadi Jebory 0150167
CONFIRMATION NO. 9194
25700 MISCELLANEOUS NOTICE
FARJAMI & FARJAMI LLP

o3t LA RUAMEOR AU T 50 T

Date Mailed: 09/23/2016

A communication which cannot be delivered in electronic form has been mailed to the applicant.
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Doc Code: N572

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

[ appLicaTioNnumBer | FILING DATE | FirsTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/415,744 03/08/2012 Hadi Jebory 0150167

CONFIRMATION NO. 9194
25700
o R
26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691

Ce: BEVER HOFFMAN & HARMS, LLP
39500 STEVENSON PLACE, SUITE 209
FREMONT, CA 94539

Date: Mailed: 09/22/2016

DENIAL OF REQUEST FOR POWER OF ATTORNEY

The request for Power of Attorney filed 09/14/2016 is acknowledged. However, the request cannot be
granted at this time for the reason stated below.

Q The Power of Attorney you provided did not comply with the new Power of Attorney rules that became
effective on June 25, 2004. See 37 CFR 1.32.

QO The revocation is not signed by the applicant, the assignee of the entire interest, or one particular
principal attorney having the authority to revoke.

Me Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73(c) has not been
received.

( The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee.

O The inventor(s) is without authority to appoint attorneys since the assignee has intervened as provided
by 37 CFR 3.71.

Q The signature(s) of , co-inventor(s) in this application, has been omitted.
The Power of Attorney will be entered upon receipt of confirmation signed by said co-inventor(s).

O The person(s) appointed in the Power of Attorney is not registered to practice before the U.S. Patent and
Trademark Office.

(L Only one Customer Number can be designated for the Power of Attorney in an application. The
Customer Number that was captured is the first Customer Number provided on the Power of Attorney
document.
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Doc Code: N572

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

aa request under 37 CFR 1.48 to add an inventor was granted in this application, however, no power of
attorney consistent with the power of attorney granted by the originally named inventive entity has been
received. Thus, the addition of the inventor has resulted in the loss of power of attorney in the
application. See 37 CFR 1.32(e).

Q The power of attorney has not been accepted because the party who is giving power of attorney has not
been identified. Power of attorney may only be signed by the applicant for patent (37 CFR 1.42) or the
patent owner. A patent owner who was not the applicant must appoint any power of attorney in
compliance with 37 CFR 3.71 and 3.73. See 37 CFR 1.32(b)(4).

O The power of attorney from the inventors has not been accepted because it is a copy from a prior
national application for which benefit is claimed and the continuing application names an inventor who
was not named as an inventor in the prior application.

O The power of attorney from the inventors has not been accepted because the power of attorney must be
signed by the applicant for patent. See 37 CFR 1.32(b)(4).

Q Any request to correct or update the name of the applicant must include an application data sheet (ADS)
in compliance with 37 CFR 1.76 specifying the correct or updated name of the applicant in the applicant
information section. Any request to change the applicant after an original applicant has been specified
under 37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1.76 specifying the applicant
in the applicant information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c).

Any inquiries regarding this notice should be directed to the Application Assistance Unit at 571-272-4200.

ap

Application Assistance Unit
571-272-4200
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Doc Code: PA..

o PTO/AA/B2B (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 065%-0051

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, na persons are required to respond to a cellection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Numher Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as myfour attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (farm PTO/AIA/82A) or identified above: [;2 888

OR

I____l I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to iransact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter {farm PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/B2C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Custemer Number
OR :
‘:I The address associated with Gustomer Number;

OR
Firm or
Individual Name

Address

City [ State | [ Zip
Country

Telephone | Email [

I 'am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Newport Fab, LLC

D Inventor or Jaint Inventor (title not required below)

D Legal 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)

I:l Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is coneurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent

The undersigned {whose tille is supplied below) is authorized to act on behalf of the applicant {e.g., where the applicant is a juristic entity).

Signature feAD oL ¢ | Date (Optional) T /7 /2.5 /=
Name Ronit Vardi
Titte Chief Financial Officer

NOTE: Signature - This form must be signed by ihe appiicant in accordance with 37 CFR 1.33. See 37 GFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

Total of ONE forms are submitted.

This cellection 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 ta file (and by the
USPTQ ta process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 GFR 1.14 and 1.14. This collection is estimated 1o take 3 minutes to completa,
including gathering, preparing, and submitting the completed applicatien 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/oer stiggestions for reducing this burden, should be sent to the Chisf Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.C. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR GOMPLETED 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, calt 1-860-PTO-9198 and select option 2.
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PTO/SB/47 (03-09)

Approved for use through 05/31/2015. OMB 0651-0016

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

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

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:
Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR-

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

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

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

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

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

Customer Number: 22888

OR

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

PATENT NUMBER APPLICATION NUMBER

(if known)

9,147,609 13/415,744

Completed by (check one):

D Applicant/Inventor /E. Eric Hoffman/
Signature
Attorney or Agent of record _38,186 E. Eric Hoffman
(Reg. No.) Typed or printed hame
D Assignee of record of the entire interest. See 37 CFR 3.71. (925) 895-3545
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number
(Form PTO/SB/96)
D Assignee recorded at Reel Frame September 14, 2016
Date

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

[ *Totalof forms are submitted.

This collection of information is required by 37 CFR 1.363. 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 5 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Depar tment of Commerce, P.O. Box 1450, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspond C issioner for P 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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Electronic Acknowledgement Receipt

EFS ID: 26922565
Application Number: 13415744
International Application Number:
Confirmation Number: 9194

Title of Invention:

THROUGH SILICON VIA STRUCTURE, METHOD OF FORMATION, AND
INTEGRATION IN SEMICONDUCTOR SUBSTRATE

First Named Inventor/Applicant Name:

Hadi Jebory

Customer Number:

25700

Filer:

Edward Eric Hoffman/Carrie Reddick

Filer Authorized By:

Edward Eric Hoffman

Attorney Docket Number: 0150167
Receipt Date: 14-SEP-2016
Filing Date: 08-MAR-2012
Time Stamp: 14:05:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
555331
TSJ-0150167-PTO-CHG-Adrs-
1 yes 3

POA-MF-CHG-Adrs-TO-FILE.pdf]

709aa2d3251d350149a8099

1695
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Multipart Description/PDF files in .zip description
Document Description Start End
Change of Address 1 1
Power of Attorney 2 2
Maintenance Fee Address Change 3 3
Warnings:
Information:
Total Files Size (in bytes)1 555331

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/SB/123 (04-15)
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 nurber.
/ Patent Number
CHANGE OF 9,147,609

I Dat
CORRESPONDENCE ADDRESS | - 09/29/2015
Patent Application Number 113/415 744

Address to: Filing Date 03/08/201 2

Mail Stop Post Issue First Named Inventor )

C issi for Patent

Comnsoner o Paens Hadi Jebory
\Alexandria, VA 22313-1450 ﬁﬁz:gg Docket TSJ-0150167

Please change the Correspondence Address for the above-identified patent to:

The address associated with Customer Number: 22 8 8 8

OR

i Firm or
Individual Name

Address

City State ZIP
Country

Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address” use the "Fee
Address Indication Form" (PTO/SB/47).

I am the:

Patentee.

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

X Attorney or agent of record. Registration Number 38,1 86
Signature /E. Eric Hoffman/
;ﬁﬁfsdo,zame E. Eric Hoffman
Date September 14, 2016 Telephone (925) 895-3545

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

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 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: Mail Stop Post Issue, 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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/415,744 09/29/2015 9147609 0150167 9194
25700 7590 09/09/2015
FARJAMI & FARJAMI LLP

26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691

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

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

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

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

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

Hadi Jebory, Irvine, CA;
David J. Howard, Irvine, CA;

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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Best Available Copy T,
08/25/2015 TUE 11:24 FAX 949 282 1002 FARJAMI & FARJAMI LLP -»--» Publication, USPTO @1006/006

PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commiissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for liansmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 theough 5 shoutd be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in(?icmcd inlcss corrected below or direcled otherwise in Block 1, by (a) specifying a new comespondence address; and/or (b) indicaling a separate "F EE ADDRESS” for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

- Fee(s) Transmiual. This cerliﬁcnlc cannot be used for any other accompanying

-~ CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | far any change of addrcss) E“pﬂs‘ Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or Iransmission.

Certificate of Mailing or Transimission
1 hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufTicicnt postage for first class mail in an envelo
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2883, on the date indicated below.

4%!’[ Mh ha)‘f ’ (Depositor’s name)

25700 7500 0770972015 ) A
FARJAMI & FARJAMI LLP )
26522 LA ALAMEDA AVENUE, SUITE 360{ AUB 25 2015 %
MISSION VIEJO, CA 92691

Lie can 7%,7/44/ (Signatare)
U )~
Fl25/1S D)
liAPPUCMION vo | FILING DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. ]

13/415,744 03/08/2012 Hadi Jebory 0150167 9194
TITLE OF INVENTION: THROUGH SILICON VIA STRUCTURE, METHOD OF FORMATION, AND INTEGRATION IN SEMICONDUCTOR
SUBSTRATE
I APPLN. TYPE l ENTITY STATLS I JSSUE FEE DUE I PLBLICATION FEE DUE ] PREV. PAID ISSUE FEE l TOTAL FEIXS) DUE [ DATE DUE J

nonprovisional UNDISCOUNTED $960 $0 50 $960 10/09/2015
I EXAMINER i ART UNIT [ crasssunciass —I
BACHNER, ROBERT G 2898 257-621000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the palent front page, list )
CFR 1.363). {1) The names of up to 3 registcred patent attorneys IFARJAMI & FARJAMLLLE
Q Change of cpgms!md;‘nce address (or Change of Correspondence or agents OR, alternatively.
Address Torm PTO/SI3/122) auached. (2) The name of a single {irm (having as a member a 2
3 “Fee Address” indication (or “Fee Address” Indication [ocm registered attoracy or agent) and the names of up to
PIO/SBA7: Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent atlorncys or agents. If no name is
Number is requived. listed, no name will be printed. e s e i

A ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTIED ON THE PATENT (print ov lype)
PLEASE NOTE: Unless an assignec is identificd below, no assignee data will appear on the patent. ' an assignec is identificd below. the document has beea filed Tor
recordation as st forth in 37 CFR 311, Completion of this form is NO'T a substilute for filing an assignment.

(A) NAMEE OF ASSIGNEL (B) RESIDEX\'CE: (CITY and STATE OR COUNTRY)
Newport Fab, LLC dba Jazz Semiconductor Newport Beach, CA

Please check the appropriate assignee category or eategories (will nat be printed on the patent) : O 1ndividual &(.‘orwmlion or other private gr.unp eatity 0 Government
J4a. The following feels) are submilted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue {ee shown nbove)

m Issue Fee 0 A check is enclosed.

[ publication Fee (No small entity discount permitted) Paymeni by credit card. Form PTO-2038 is attached.

. Y
Advance Order - # of Copies .o ‘Ihe direction is hereby authorized to charge the required (ee(s). any deficiency. or credits any
: overpayment. to Deposit Account Number ,..._56:.013.L,._ (enclose an extra copy of this form).

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

Q Applicant certilying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid centilication of Micro Entity Status (scc forms PTO/SB/ISA and 15B), issue
. Tee payment in the micro entity amount will not be accepred at the risk of application abandonment.
Q Applicant asserting small entity status. See 37 CFR 1.27 NOTE: I the application was previousty under micro entity status. checking this box will be taken
to be a notilication of Joss of cntitlement to micra entity status. .
] Applicant changing 1o regular undiscounted lee status. NOTE: Checking this box will b taken 10 be a natification of loss of entitlement 10 small or micro

entity status. as applicable.

NOTE: This form must be siencd in accordance with 37 CIR 1.31 and 1.33. Sec 37 CFR 1.4 for signawre requircments and certilications.

Awthorized Signature : ~ Date . AUguSt % ? 20,15,
“Typed or printed name _iXIIChael_Far"ainL~_ O chistm%%:{%e.%?w{mﬁe .BM%MS 13415744 )
: #FEri5et 965,68 OF

Page 20f 3
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08/25/2015 TUE 11:24 FAX 949 282 1002 FARJAMI & FARJAMI LLP --- Publication, USPTO @003/006

PAS
0T R
AUG 25 205 %

Attorney Docket No.: 0150167

THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Jebory et al. ‘ Group Art Unit: 2898
Application Serial No.: 13/415,744 Examiner: Bachner, Robert G.
Filed: 3/8/2012 | Notice of Allowance: July 9, 2015

Title: Through Silicon Via Structure,
Method of Formation, and Integration
in Semiconductor Substrate

ISSUE FEE

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

| Degr Sir/Madam:

Enclosed, please find the completed “Issue Fee Transmittal” form and a “Payment
by Credit Card™ form (PTO;203 8) in the amount of $96¢.00 to cover the issue fee. The
drawings filed in thé present application have been accepted as formal drawings by the

Examiner.

Page 1 of 3 081AZ0006
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08/25/2015 TUE 11:24 FAX 949 282 1002 FARJAMI & FARJAMI LLP ->-» Publication, USPTO @004/008

Attorney Docket No.: 0150167

COMMENTS ON STATEMENTS OF REASONS FOR ALLOWANCE

The Applicant recognizes that in accordance with M.P.E.P. § 1302.14, the reasons
for allowance provided by the Examiner do not necessarily include all of the reasons why
the claims are allowéd. The Applicant does not concede that the stated reasons for
éllowance are the only grounds for patentability of the allowed claims or that any element
excluded from the Examiner’s Reasons fqr Allowance is taught or suggested by thé art of
record.

Further, the Applicant does not concede that all of the elements identified by the
Examiner are 1'eE1uired to distinguish the prior art of record or to satisfy the requirements
of 35 U.S.C. § 112. In addition, the Examiner does not assert, and the Applica.nt would

- not agree, that the stated reasons for allowance have any bearing on the patentability of
claims in ény other applications.

Each dependent claim stands on its own and is allowable based on its own
elements or in combination with one or more elements reéited in its base claim(s). The
combination of elements need not include all of the elements identified in the stated
reasons for allowance.

The Commissionér is hereby authorized to charge the required fee(s), any

deficiency, or credit any overpayment, to Deposit Account Number 50-0731. -
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08/25/2015 TUE 11:24 FAX 949 282 1002 FARJAMI & FARJAMI LLP -»-»- Publication, USPTO [#3005/006

Attorney Docket No.: 0150167

An early issuance of the present application is respectfully requested.

Respectfully Submitted;
FARJAMI & FARJAMI LLP

Dated: _ (0%/2$/29/5 By: _,
e " Michael Farjami
Reg. No. 38,135
Attorneys for Applicants

Michael Farjami, Esq.

FARJAMI & FARJAMILLP .
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Tel: (949) 282-1000

Fax: (949) 282-1002

CERTIFICATE OF MAILING OR TRANSMISSION

[ hereby certify that this correspondence is being deposited

with the United States Postal Service as first class mail in an
envelope addressed: Mail Stop 1ssue Fee, Commissioncr for Patents
P.0. Box 1450, Alexandria, VA 22313-1450, or being facsimile
transmitted to the USPTO at (571) 273-2885, on the datc

indicated below.

Date :___ glﬂg/ZO/S_
fin Baklihor

Name of Person Mailing or Transimitting Paper and/or Fee
Db o Tttt

ggna@
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FARIJAMI & FARJAMI Lip

AN INTELLECTUAL PROPERTY LAW FIRM

www.farjami.com

26522 La Alameda Avenue, Suite 360
Mission Viejo, California 92691

tel: (949) 282-1000

fax:"(949) 282-1002

FACSIMILE TRANSMISSION COVER SHEET

Date: August 25,2015

To: - United States Patent and Trademark Office
Examiner: Bachner, Robert G.; Art Unit: 2898

Fax: (571)273-2885

Re: Application Serial No.: 13/415,744
Filing Date: 3/8/2012; First-Named Inventor: Jebory
Attorney Docket No.: 0150167

From: Farjami & Farjami LLP

Number of pages including the cover sheet: 6

Message:
Enclosed please find the Issue Fee.

Payment in the Amount of $960.00 is hereby enclosed on Form PTO-2038.

Authorization is hereby given to the Commissioner to charge any fees associated with this
communication or credit any overpayment to Deposit Account No. 50-0731.

Thank you.

The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL infonmation intended only for usc of the
individual or entity named above. It you arc not the intended recipient, disclosure, copying, distribution or usc of the contents of this
facsimile information is prohibited. [fyou have received this facsimile in crror, please immediatcly notify us by telephone and return
the original facsimile to us at the above address via U.S. Postal Service. We will reimburse you for all expenses incurred.
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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

NOTICE OF ALLOWANCE AND FEE(S) DUE

25700 7590 07/09/2015 | EXAMINER |
FARJAMI & FARJAMI LLP BACHNER, ROBERT G
26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691 | ART UNIT PAPER NUMBER |
2898
DATE MAILED: 07/09/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/415,744 03/08/2012 Hadi Jebory 0150167 9194

TITLE OF INVENTION: THROUGH SILICON VIA STRUCTURE, METHOD OF FORMATION, AND INTEGRATION IN SEMICONDUCTOR
SUBSTRATE

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 10/09/2015

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

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

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

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

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

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

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

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

Commissioner for Patents

P.O. Box 1450

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

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

ap)
in

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

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

maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.
Certificate of Mailing or Transmission
25700 7550 07/0912015 I hereby certify that this Fee%s Transmittal is being deposited with the United
FARJAMI & FARJAMI LLP Sctleétres P(zlstal StﬁrViCMe vifllsl? suf Ilscé%l]% pg]séeége dfgr first glass mailbiq an ?nve;lo e
addressed to the Mail Stop address above, or being facsimile
26522 LA ALAMEDA AVENUE, SUITE 360 transmitted to the USPTO (571) 273-2885, on the date indicated below.
MISSION VIEJO, CA 92691
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/415,744 03/08/2012 Hadi Jebory 0150167 9194
TITLE OF INVENTION: THROUGH SILICON VIA STRUCTURE, METHOD OF FORMATION, AND INTEGRATION IN SEMICONDUCTOR
SUBSTRATE
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 10/09/2015

| EXAMINER | ART UNIT I CLASS-SUBCLASS |
BACHNER, ROBERT G 2898 257-621000
1. ChangGe ())f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1

(1) The names of up to 3 registered patent attorneys

[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.

(2) The name of a single firm (having as a member a 2

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

w

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for

recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) (| Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies [ 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)

d Applicant certifying micro entity status. See 37 CFR 1.29 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.

d Applicant asserting small entity status. See 37 CFR 1.27 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.

d Applicant changing to regular undiscounted fee 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 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
13/415,744 03/08/2012 Hadi Jebory 0150167 9194
25700 7590 07/09/2015 | EXAMINER |
FARJAMI & FARJAMI LLP BACHNER, ROBERT G
26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691 | ART UNIT PAPER NUMBER |

2898

DATE MAILED: 07/09/2015

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)
13/415,744 JEBORY ET AL.
: i i i AlA (First Inventor to
Notice of Allowability E{)éaE?I]EIE?BACHNER gggg"'t Filo) Siatus
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. X] This communication is responsive to 6/22/15.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

; the restriction

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

3. X The allowed claim(s) is/are 1-10 and 13-20. 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 hitp://www.usplo.qovipatents/init_events/pph/index.jsp or send an inquiry to PPHizedhack@usplo.gov .

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

a)[] Al b)[]Some *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. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

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

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

5. [] 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. X Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

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

/ROBERT BACHNER/
Primary Examiner, Art Unit 2898

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150629
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Application/Control Number: 13/415,744 Page 2
Art Unit: 2898

DETAILED ACTION
Response to Amendment
Applicants’ amendment filed 6/22/15 has been entered and considered. The Examiner
agrees that Applicants” amendment overcomes the art rejections contained in the Non-
Final Office Action mailed on 2/20/15. A new search was conducted based on the

amended claims, and no new art was found. Thus, this application is hereby allowed.

Allowable Subject Matter
Claims 1-10 and 13-20 are hereby allowed.
The following is the Examiner's Reasons for Allowance:
the prior art fails to disclose and would not have rendered obvious:
each of said plurality of through silicon vias has a pinched off region at a bottom portion
to prevent contamination during processing of said semiconductor substrate, and
wherein said hollow center is tapered in said pinched off region, as recited in claim 1;
and
each of said plurality of through silicon vias has a pinched off region at a top portion and
another pinched off region at a bottom portion to prevent contamination during

processing of said semiconductor substrate, and wherein said hollow center is tapered
in said another pinched off region, as recited in claim 13.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ROBERT BACHNER whose telephone number is
(571)270-3888. The examiner can normally be reached on Mon-Thurs 8:30-5 alternate

Fridays.
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Application/Control Number: 13/415,744 Page 3
Art Unit: 2898

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio J. 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.

/ROBERT BACHNER/
Primary Examiner, Art Unit 2898
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref {Hits Search Query DBs Default ;iPlurals {iTime

# Operator Stamp

L1 25 (US-20090298285-$ or US-20120013022-$ {jUS- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:49

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$

or US-20110304026-$ or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-% or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
7955972-% or US-8232626-$ or US-
7795134-$ or US-8039386-$).did.
L2 1 "13415744" us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
L3 689 Jebory near Hadi Howard near David us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
L4 11851 (through near silicon near via$2 TSV) us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
L5 {0 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
tapper PGPUB; 15:49
“““““““““ | USPAT
L6 101 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
pinch near off PGPUB; 15:49
USPAT
L7 113 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch$3 near off PGPUB; 15:49
USPAT
L8 2 "13744864" Us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
L9 6 ("20090098737" | "20090206416" | us OR OFF 2015/06/29
"20110081753" | "20120061773" | PGPUB; 15:49
"7241700" | "7575991").PN. USPAT
L10 #8 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:49

20110151659-$ or US-20100230818-$).did. | USPAT
or (US-7829976-$ or US-7772123-$ or US-
7749899-$).did.

L11 {13 ("2010/0230818").URPN. USPAT {OR OFF 2015/06/29
15:49

L12 57 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch near off and void PGPUB; 15:49

USPAT
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L13 {10 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-% or US- PGPUB; 15:49
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$).did.

L14 #877 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
void PGPUB; 15:49
USPAT
L15 {57 (through near silicon near via$2 TSV) and {jUS OR OFF 2015/06/29
void and (tapper pinch near off) PGPUB; 15:49
USPAT
L16 {10 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:49

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-% or US-

8178950-$).did.
L17 {13 ("2010/0230818").URPN. USPAT HOR OFF 2015/06/29
15:49
L18 {24 ("20060273455" | "20070085198" | us- OR OFF 2015/06/29
"20070152194" | "20070228546" | PGPUB; 15:49
"5424245" | "5493096" | "5501893" | USPAT;
"5599744" | "5679978" | "6150252" | USCCR:

"6333265" | "6589865" | "6821896" |
"6861312" | "6908841" | "6919255").PN.

OR("7772123").URPN. &
L19 {64 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(void hollow ) and (tapper pinch near off) {PGPUB; 15:49
USPAT
20 {1260 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) PGPUB; 15:49
USPAT
21 {151 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (taper pinch near off) PGPUB; 15:49
USPAT
22 {16 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) same (thermal stress) and  {PGPUB; 15:49
(tapper pinch near off) USPAT
23 51 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:49
(tapper pinch near off) USPAT
24 §114 (through near silicon near via$2 TSV) and jUS- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:49
(taper pinch near off) USPAT
25 {181 newport near fab us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
26 {19 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:49

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$).did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
7955972-%).did.
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L27 {279 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:49
(taper pinch near off contaminat$) USPAT

28 6 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:49
(taper pinch near off narrow) same USPAT
contaminat$

29 47 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same PGPUB; 15:49
contaminat$ USPAT

L30 280 (through near silicon near via$2 TSV) and {{US- OR OFF 2015/06/29
(taper pinch near off narrow) and PGPUB; 15:49
contaminat$ USPAT

L37 513 ("20010020739" | "20020005583" | us- OR OFF 2015/06/29
"20020006687" | "20020020898" | PGPUB; 15:49
"20020027293" | "20020057468" | USPAT;

"20020059722" | "20020060208" | USOCR:
"20020089025" | "20020094607" |
"20020096729" | "20020113296" |
"20020130390" | "20020145676" |
"20020190371" | "20030014895" |
"20030042564" | "20030062601" |
"20030119308" | "20030148597" |
"20030216023" | "20040004280" |
"20040012698" | "20040018712" |
"20040023447" | "20040023469" |
"20040038442" | "20040041261" |
"20040043607" | "20040046251" |
"20040073607" | "20040082094" |
"20040087441" | "20040094389" |
"20040137661" | "20040137701" |
"20040141536" | "20040159668" |
"20040159958" | "20040178491" |
"20040180539" | "20040188260" |
"20040192033" | "20040198033" |
"20040198040" | "20040214373" |
"20040219342" | "20040219763" |
"20040222082" | "20040245649" |
"20040255258" | "20040262753" |
"20040265562" | "20050026443" |
"20050037608" | "20050046002" |
"20050052751" | "20050064707" |
"20050067620" | "20050069782" |
"20050101054" | "20050101116" |
"20050104228" | "20050106834" |
"20050110095" | "20050110889" |
"20050127478" | "20050136646" |
"20050139390" | "20050150683" |
"20050151228" | "20050164500" |
"20050189637" | "20050191861" |
"20050194169" | "20050208766" |
"20050227382" | "20050236708" |
"20050247894" | "20050254133" |
"20050258530" | "20050272221" |
"20050277293" | "20050282374" |
"20060003566" | "20060011809" |
"20060038272" | "20060040428" |
"20060043569" | "20060046438" |
"20060046468" | "20060046537" |
"20060057776").PN. OR ("20060057836" |
"20060071347" | "20060151880" |
"20060154153" | "20060160367" |
"20060180941" | "20060186097" |
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"20060191882"
"20060199363"
"20060208360"
"20060223301"
"20060249849"
"20060252262"
"20060264041"
"20060278979"
"20060278988"
"20080281224"
"20060289967"
"20070004079"
"20070020805"
"20070023121"
"20070035033"
"20070042598"
"20070045388"
"20070045806"
"20070045826"
"20070048896"
"20070049019"
"20070077753"
"20070096263"
"20070111386"
"20070138562"
"20070152342"
"20070158839"
"20070161235"
"20070166997"
"20070170574"
"20070182020"
"20070197013"
"20070222050"
"20070228576"
"20070262424"
"20070281473"
"20080006850"
"20080050911"
"20080057620"
"20080079121"
"20080081398"
"20080299759"
"20080318361"

| "200680195729" |
| "20060204651" |
| "20060216862" |
| "20060240687" |
| "20080252254" |
| "20060255443" |
| "20060270108" |
| "20060278980" |
| "20060278989" |
| "20060281243" |
| "20060292877" |
| "20070012655" |
| "20070020935" |
| "20070032061" |
| "20070037379" |
| "20070045120" |
| "20070045779" |
| "20070045812" |
| "20070045834" |
| "20070048994" |
| "20070057028" |
| "20070082427" |
| "20070099395" |
| "20070122940" |
| "20070145563" |
| "20070155997" |
| "20070158853" |
| "20070166991" |
| "20070167004" |
| "20070178694" |
| "20070190803" |
| "20070202617" |
| "20070222054" |
| "20070228926" |
| "20070267138" |
| "20070293040" |
| "20080050904" |
| "20080054444" |
| "20080079120" |
| "20080081386" |
| "20080265933" |
| "20080299762" |
|

"20090007934").PN. OR

("20090014859" | "20090057912" |

"20090091962"
"20090146312"
"20090180257"
"20090283898"

"20090321947" | "2821959" | "3006318" |

| "20090127668" |
| "20090166846" |
| "20090224405" |
| "20090315154" |

"3345134" | "3865298" | "3902036" |
"4040168" | "4368106" | "4534100" |

"4581301" | "4608480" | "4614427"
"4627971" | "4660063" | "4756765"
"4768291" | "4818728" | "4906314"
"4907127" | "4959705" | "4964212"
"4984597" | "5006922" | "5024966"
"5026964" | "5027184" | "5037782"
"5098864" | "5102829" | "5123902"
"5130783" | "5144412" | "5145099"
"5158911" | "5200366" | "5219344"
"5233448" | "5237148" | "5289631"
"5291062" | "5292686" | "5294568"
"5304743" | "56371397" | "5378312"
"5378313" | "56380681" | "5402435"
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"5406630"
"5438212"
"5481483"
"5505804"
"5550403"
"5593913"
"5618752"
"5646067"
"5673846"
"5694246"
"5723904"
"5771158"
"5811799"
"5826628"
"5857963"
"5870823"
"5897338"
"5969422"
"5998292"
"6008070"
"6097087"

"6114240"
"6133622"
"6140604"
"6159764"
"6184465"
"6203539"
"6222270"
"6235552"
"6252300"
"6271580"
"6285064"
"6297155"
"6326697"
"6344976"
"6359328"
"6391770"
"6411439"
"6433304"
"6444576"
"6457515"
"6468889"
"6486549"
"6521530"
"6545563"
"6566745"
"6572606"
"6582987"
"6599436"
"6617623"
"6621045"
"6658818"
"6661047"
"6667551"
"6686588"
"6708405"
"6750144"
"6774486"
"6780749"
"6795120"
"6809025"
"6818464"

"6008914" | "6080291"

| "5424573" | "5435887" |
| "5447871" | "5464960" |
| "5485039" | "5496755" |
| "5515167" | "5518956" |
| "5585308" | "5585675" |
| "5605783" | "5614743" |
| "5624437" | "5627106" |
| "5654221" | "5672519" |
| "5684642" | "5690841" |
| "5708293" | "5718791" |
| "5726493" | "5734555" |
| "5776824" | "5807439" |
| "5821532" | "5825080" |
| "5847454" | "5851845" |
| "5861654" | "5870289" |
| "5877040" | "5893828" |
| "5904499" | "5914488" |
| "5977535" | "5998240" |
| "5998862" | "6004867" |
l l
l

"6103547" | "6104086").PN.
OR ("6107186" | "6107679" | "6110825" |

"6119335" | "6124634" |
"6137163" | "6137182" |

|

| "6143588" | "6148509" |
| "6180518" | "6184060" |
| "6187615" | "6191487" |
| "6221769" | "6222136" |
| "6228687" | "6229202" |
| "6236046" | "6246108" |
| "6259083" | "6266197" |
| "6274927" | "6277757" |
| "6291894" | "6294837" |
| "6324253" | "6326689" |
| "6329632" | "6341009" |
| "6351027" | "6359254" |
| "6372548" | "6388208" |
| "6406636" | "6407381"
| "6432821" | "6433303" |
| "6437284" | "6437441" |
| "6448106" | "6455425" |
| "6459039" | "6459150" |
| "6483652" | "6486083" |
| "6503780" | "6521516" |
| "6534192" | "6541762" |
| "6555782" | "6560047" |
| "6569711" | "6569777" |
| "6576531" | "6580174" |
| "6582992" | "6593644" |
| "6603183" | "6606251" |
| "6620031" | "6620731" |
| "6638410" | "6653236" |
| "6660622" | "6660630" |
| "6664129" | "6664485" |
| "6670986" | "6680459" |
| "6699787" | "6703310" |
| "6734419" | "6746971" |
| "6756564" | "6759266" |
| "8777244" | "6778046" |
| "6790775" | "6791076" |
| "6797616" | "6800943" |
| "6809421" | "6813154" |
[

"6825127").PN. OR

("6825458" | "6825557" | "6828175" |
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"6828223" | "6828663" | "6828674" |

"6838377" | "6841849" | "6844978" |

"6847109" | "6852621" | "6856023" |

"6858891" | "6864172" | "6864457" |

"6867390" | "6873054" | "6882021" |

"6882030" | "6885107" | "6903012" |

"6903442" | "6903443" | "6910268" |

"6913952" | "6916725" | "6934065" |

"6936536" | "6939343" | "6943056" |

"6946325" | "6951627" | "6953748" |

"6962867" | "6970775" | "6982487" |

"7022609" | "7023090" | "7029937" |

"7033927" | "7037836" | "7041598" |

"7045015" | "7084073" | "7091124" |

"7092284" | "7094677" | "7109068" |

"7111149" | "7129112" | "7151009" |

"7164565" | "7166247" | "7170183" |

"7183176" | "7183653" | "7186650" |

"7190061" | "7199050" | "7214615" |

"7217596" | "7217888" | "7223634" |

"7256073" | "7262134" | "7262495" |

"7265052" | "7271482" | "7279776" |

"7300857" | "7317256" | "7378726" |

"7408265" | "7449098" | "7491582" |

"7498661").PN. OR ("7795134") URPN.
L38 23 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29

or US-20110240481-$ or US- PGPUB; 15:49

20110151659-$ or US-20100230818-$ or USPAT

US-20100219513-$ or US-20130302980-$

or US-20120139127-$ or US-

20140070339-$ or US-20110159690-$ or

US-20120175789-$ or US-20100130002-$

or US-20110304026-$) .did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).did.

39 {7 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same polish {iPGPUB; 15:49
USPAT
L40 28 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same polish {PGPUB; 15:49
USPAT
L41 23 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:49

20110151659-$ or US-20100230818-$ or | USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).did.

L42 i1 (US-7795134-9) .did. USPAT {OR OFF 2015/06/29
\\\\\\\\\\\\\\\\\\\\\ 15:49
L43 354 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and polish  {|PGPUB; 15:49
USPAT
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L44 44060 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) PGPUB; 15:49
USPAT
L45 {1497 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:49
polish$4 USPAT
L46 302 (through near silicon near via$2 TSV) same {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:49
polish$4 USPAT
L47 {158 (through near silicon near via$2 TSV) and {jUS OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:49
polish$4 USPAT
L48 {212 (through near silicon near via$2 TSV) with {US- OR OFF 2015/06/29
(taper$4 pinch near off contaminat$) PGPUB; 15:49
USPAT
L49 §2 "8039386" us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
L50 2 "12748101" us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
L561 {25 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:49
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US
7531453-$ or US-8587126-$ or US-
7955972-% or US-8232626-$ or US-
7795134-$ or US-8039386-%).did.
L52 {0 L51 and chamfer$2 us- OR OFF 2015/06/29
PGPUB; 15:49
USPAT
153 {54 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
chamfer$2 PGPUB; 15:49
USPAT
154 i1 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
chamfer$2 with corner same stress PGPUB; 15:50
USPAT
L55 8 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(round$3 chamfer$2) with corner same PGPUB; 15:50
stress USPAT
L56 {89 (through near silicon near via$2 TSV us- OR OFF 2015/06/29
contact near hole) and (round$3 PGPUB; 15:50
chamfer$2) with corner same stress USPAT
L57 {26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$).did.
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or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US-
8039386-$).did.
158 i1 "13415744" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L59 689 Jebory near Hadi Howard near David us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L60 $11851 i(through near silicon near via$2 TSV) us- OR OFF 2015/06/29
PGPUB; 15:50
| USPAT
L6t o (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
tapper PGPUB; 15:50
USPAT
L62 {101 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
USPAT
L63 {113 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch$3 near off PGPUB; 15:50
USPAT
Le4 ¥2 "13744864" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L65 6 ("20090098737" | "20090206416" | us- OR OFF 2015/06/29
"20110081753" | "20120061773" | PGPUB; 15:50
"7241700" | "7575991").PN. USPAT
L66 18 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$).did. i{ USPAT
or (US-7829976-$ or US-7772123-$ or US-
7749899-$).did.

L67 §13 ("2010/0230818").URPN. USPAT {OR OFF 2015/06/29
15:50
Le8 57 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch near off and void PGPUB; 15:50
USPAT
L69 {10 (US-20090298285-% or US-20120013022-$ {jUS- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$% or US-20100230818-% or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$).did.

L70 4877 (through near silicon near via$2 TSV) and {US OR OFF 2015/06/29
void PGPUB; 15:50
USPAT
L71 {57 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
void and (tapper pinch near off) PGPUB; 15:50
USPAT
L72 {10 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$).did.

i N} ] i i i 8
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L73 {13 ("2010/0230818").URPN. USPAT {OR OFF 2015/06/29
15:50
L74 §24 ("20060273455" | "20070085198" | Us- OR OFF 2015/06/29
"20070152194" | "20070228546" | PGPUB; 15:50
"5424245" | "5493096" | "5501893" | USPAT;
"5599744" | "5679978" | "6150252" | USCCR;

"6333265" | "6589865" | "6821896" |
"6861312" | "6908841" | "6919255").PN.

OR ("7772123") .URPN.
L75 64 (through near silicon near via$2 TSV) and {jUS OR OFF 2015/06/29
(void hollow ) and (tapper pinch near off) {{PGPUB; 15:50
USPAT
L76 {1260 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) PGPUB; 15:50
| USPAT
L77 {151 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (taper pinch near off)  {iPGPUB; 15:50
USPAT
L78 {16 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(void hollow ) same (thermal stress) and {{PGPUB; 15:50
(tapper pinch near off) USPAT
L79 51 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(tapper pinch near off) USPAT
L80 {114 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off) USPAT
L81 #181 newport near fab us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L82 {19 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-%
or US-20120139127-$ or US-
20140070339-$% or US-20110159690-% or
US-20120175789-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-% or US-8587126-$ or US
7955972-$).did.

L83 279 (through near silicon near via$2 TSV) and {{US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off contaminat$) USPAT

L84 6 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off narrow) same USPAT
contaminat$

L85 {7 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same PGPUB; 15:50
contaminat$  USPAT

L86 {280 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) and PGPUB; 15:50
contaminat$ USPAT

L93 {513 ("20010020739" | "20020005583" | us- OR OFF 2015/06/29
"20020006687" | "20020020898" | PGPUB; 15:50
"20020027293" | "20020057468" | USPAT;
"20020059722" | "20020060208" | USOCR:
"20020089025" | "20020094607" |
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"20020096729" | "20020113296" |
"20020130390" | "20020145676" |
"20020190371" | "20030014895" |
"20030042564" | "20030062601" |
"20030119308" | "20030148597" |
"20030216023" | "20040004280" |
"20040012698" | "20040018712" |
"20040023447" | "20040023469" |
"20040038442" | "20040041261"
"20040043607" | "20040046251" |
"20040073607" | "20040082094" |
"20040087441" | "20040094389" |
"20040137661" | "20040137701" |
"20040141536" | "20040159668" |
"20040159958" | "20040178491" |
"20040180539" | "20040188260" |
"20040192033" | "20040198033" |
"20040198040" | "20040214373" |
"20040219342" | "20040219763" |
"20040222082" | "20040245649" |
"20040255258" | "20040262753" |
"20040265562" | "20050026443" |
"20050037608" | "20050046002" |
"20050052751" | "20050064707" |
"20050067620" | "20050069782" |
"20050101054" | "20050101116" |
"20050104228" | "20050106834" |
"20050110095" | "20050110889" |
"20050127478" | "20050136646" |
"20050139390" | "20050150683" |
"20050151228" | "20050164500" |
"20050189637" | "20050191861" |
"20050194169" | "20050208766" |
"20050227382" | "20050236708" |
"20050247894" | "20050254133" |
"20050258530" | "20050272221" |
"20050277293" | "20050282374" |
"20080003566" | "20060011809" |
"20080038272" | "20060040428" |
"20080043569" | "20060046438" |
"20080046468" | "20060046537" |
"20080057776").PN. OR ("20060057836" |
"20080071347" | "20060151880" |
"20080154153" | "20060160367" |
"20080180941" | "20060186097" |
"20080191882" | "20060195729" |
"20080199363" | "20060204651" |
"20060208360" | "20060216862" |
"20060223301" | "20060240687" |
"20080249849" | "20060252254" |
"20060252262" | "20060255443" |
"20060264041" | "20060270108" |
"20060278979" | "20060278980" |
"20060278988" | "20060278989" |
"20060281224" | "20060281243" |
"20080289967" | "20060292877" |
"20070004079" | "20070012655" |
"20070020805" | "20070020935" |
"20070023121" | "20070032061" |
"20070035033" | "20070037379" |
"20070042598" | "20070045120" |
"20070045388" | "20070045779" |
"20070045806" | "20070045812" |
"20070045826" | "20070045834" |
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"20070048896"
"20070049019"
"20070077753"
"20070096263"
"20070111386"
"20070138562"
"20070152342"
"20070158839"
"20070161235"
"20070166997"
"20070170574"
"20070182020"
"20070197013"
"20070222050"
"20070228576"
"20070262424"
"20070281473"
"20080006850"
"20080050911"
"20080057620"
"20080079121"
"20080081398"
"20080299759"
"20080318361"

| "20070048994" |
| "20070057028" |
| "20070082427" |
| "20070099395" |
| "20070122940" |
| "20070145563" |
| "20070155997" |
| "20070158853" |
| "20070166991" |
| "20070167004" |
| "20070178694" |
| "20070190803" |
| "20070202617" |
| "20070222054" |
| "20070228926" |
| "20070267138" |
| "20070293040" |
| "20080050904" |
| "20080054444" |
| "20080079120" |
| "20080081386" |
| "20080265933" |
| "20080299762" |
|

"20090007934").PN. OR

("20090014859" | "20090057912" |

"20090091962"
"20090146312"
"20090180257"
"20090283898"

"20090321947" | "2821959" | "3006318" |

| "20090127668" |
| "20090166846" |
| "20090224405" |
| "20090315154" |

"3345134" | "3865298" | "3902036" |
"4040168" | "4368106" | "4534100" |

"4581301" | "4608480" | "4614427"
"4627971" | "4660083" | "4756765"
"4768291" | "4818728" | "4906314"
"4907127" | "4959705" | "4964212"
"4984597" | "5006922" | "5024966"
"50268964" | "5027184" | "5037782"
"5098864" | "5102829" | "5123902"
"5130783" | "5144412" | "5145099"
"5158911" | "5200366" | "5219344"
"5233448" | "5237148" | "5289631"
"5291062" | "5292686" | "5294568"
"5304743" | "6371397" | "5378312"
"5378313" | "56380681" | "5402435"
"54068630" | "5424573" | "5435887"
"5438212" | "5447871" | "5464960"
"5481483" | "5485039" | "5496755"
"5505804" | "5515167" | "5518956"
"5550403" | "5585308" | "5585675"
"5593913" | "5605783" | "5614743"
"5618752" | "5624437" | "5627106"
"5646067" | "5654221" | "5672519"
"5673846" | "5684642" | "5690841"
"5694246" | "5708293" | "5718791"
"5723904" | "5726493" | "5734555"
"5771158" | "5776824" | "5807439"
"5811799" | "56821532" | "5825080"
"5826628" | "5847454" | "5851845"
"5857963" | "5861654" | "5870289"
"5870823" | "6877040" | "5893828"
"5897338" | "5904499" | "5914488"
"5969422" | "56977535" | "5998240"
"5998292" | "5998862" | "6004867"
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"6008070" | "6008914" | "6080291"

"6097087" | "6103547" | "6104086").PN.
OR ("6107186" | "6107679" | "6110825" |

"6114240" | "6119335" | "6124634" |
"6133622" | "6137163" | "6137182" |
"6140604" | "6143588" | "6148509" |
"6159764" | "6180518" | "6184060" |
"6184465" | "6187615" | "6191487" |
"6203539" | "6221769" | "6222136" |
"6222270" | "6228687" | "6229202" |
"6235552" | "6236046" | "6246108" |
"6252300" | "6259083" | "6266197" |
"6271580" | "6274927" | "6277757" |
"6285064" | "6291894" | "6294837" |
"6297155" | "6324253" | "6326689" |
"6326697" | "6329632" | "6341009" |
"6344976" | "6351027" | "6359254" |
"6359328" | "6372548" | "6388208" |
"6391770" | "6406636" | "6407381"
"6411439" | "6432821" | "6433303" |
"6433304" | "6437284" | "6437441" |
"6444576" | "6448106" | "6455425" |
"6457515" | "6459039" | "6459150"
"6468889" | "6483652" | "6486083" |
"6486549" | "6503780" | "6521516" |
"6521530" | "6534192" | "6541762" |
"6545563" | "6555782" | "6560047" |
"6566745" | "6569711" | "6569777" |
"6572606" | "6576531" | "6580174" |
"6582987" | "6582992" | "6593644" |
"6599436" | "6603183" | "6606251" |
"6617623" | "6620031" | "6620731" |
"6621045" | "6638410" | "6653236"
"6658818" | "6660622" | "6660630" |
"6661047" | "6664129" | "6664485"
"6667551" | "6670986" | "6680459" |
"6686588" | "6699787" | "6703310" |
"6708405" | "6734419" | "6746971" |
"6750144" | "6756564" | "6759266" |
"6774486" | "6777244" | "6778046" |
"6780749" | "6790775" | "6791076" |
"6795120" | "6797616" | "6800943" |
"6809025" | "6809421" | "6813154" |
"6818464" | "6825127").PN. OR

("6825458" | "6825557" | "6828175" |

"6828223" | "6828663" | "6828674"
"6838377" | "6841849" | "6844978"
"6847109" | "6852621" | "6856023"
"6858891" | "6864172" | "6864457"
"6867390" | "6873054" | "6882021"
"6882030" | "6885107" | "6903012"
"6903442" | "6903443" | "6910268"
"6913952" | "6916725" | "6934065"
"6936536" | "6939343" | "6943056"

| \ l
| \ l
| \ l
| \ l
| \ l
| \ l
| \ l
e e
"6946325" | "6951627" | "6953748" |
[ | "6982487" |
| \ \
| \ \
| \ \
| \ \
| \ \
[ \ \
| \ \
[ \ \

"6962867" | "6970775"

"7022609" | "7023090" | "7029937"
"7033927" | "7037836" | "7041598"
"7045015" | "7084073" | "7091124"
"7092284" | "7094677" | "7109068"
"7111149" | "7129112" | "7151009"
"7164565" | "7166247" | "7170183"
"7183176" | "7183653" | "7186650"
"7190061" | "7199050" | "7214615"
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"7217598" | "7217888" | "7223634" |

"7256073" | "7262134" | "7262495" |

"7265052" | "7271482" | "7279776" |

"7300857" | "7317256" | "7378726" |

"7408265" | "7449098" | "7491582" |

"7498661").PN. OR ("7795134") . URPN.

L94 23 (US-20090298285-$ or US-20120013022-$ {jUS- OR OFF 2015/06/29

or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-

8232626-$ or US-7795134-%).did.
L95 7 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same polish §PGPUB; 15:50
USPAT
L96 28 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same polish {{PGPUB; 15:50
USPAT
L97 23 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or || USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).did.

98 {1 (US-7795134-9) .did. USPAT {OR OFF 2015/06/29
15:50
L99 {354 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and polish  {{PGPUB; 15:50
USPAT
L100 #4060 i(through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) PGPUB; 15:50
““““““““ USPAT
L101 {1497 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:50
polish$4 USPAT
L102 {302 (through near silicon near via$2 TSV) same {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:50
polish$4 USPAT
L103 {158 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
polish$4 USPAT
L104 §212 (through near silicon near via$2 TSV) with {{US- OR OFF 2015/06/29
(taper$4 pinch near off contaminat$) PGPUB; 15:50
USPAT
L105 2 "8039386" us- OR OFF 2015/06/29
PGPUB; 15:50
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Lol | UsPAT T
L106 §2 "12748101" Us OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L107 {25 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$% or US-20100230818-% or USPAT
US-20100219513-$ or US-20130302980-%
or US-20120139127-% or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-% or US-20100130002-%
or US-20110304026-% or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-% or US-
3178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-% or US-
7955972-$% or US-8232626-$ or US
7795134-$ or US-8039386-9).did.

L108 {0 L107 and chamfer$2 us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L109 {54 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
chamfer$2 PGPUB; 15:50
USPAT
L110 1 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
chamfer$2 with corner same stress PGPUB; 15:50
USPAT
L111 {8 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(round$3 chamfer$2) with corner same PGPUB; 15:50
ste¢s USPATY
L112 §89 (through near silicon near via$2 TSV us- OR OFF 2015/06/29
contact near hole) and (round$3 PGPUB; 15:50
chamfer$2) with corner same stress USPAT
L113 §26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$).did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-

8587126-$% or US-7955972-$ or US-
8232626-$ or US-7795134-% or US-
8039386-$).did.
L114 {0 ("2012/0139127").URPN. USPAT HOR OFF 2015/06/29
15:50
L115 {0 ("2012/0139127") .URPN. us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L116 §0 ("2012/0139127") .URPN. us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L117 48 ("20120013022" | "20090001502" | Us OR OFF 2015/06/29
"20010038128" | "7959819" | PGPUB; 15:50
"20080171432" | "20120280381" | USPAT

"20100264538" | "20110291287").PN.
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L118 {128 (through near silicon near via$2 TSV) same {{US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
conduct$4 and polish$4 USPAT

L119 211 (through near silicon near via$2 TSV) same {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
conduct$4 USPAT

L120 #4 ("20080258307" | "20110237073" | us- OR OFF 2015/06/29
"20120139127" | "7795134").PN. PGPUB; 15:50
““““““““““ USPAT

L121 44 "8569156" us- OR OFF 2015/06/29

PGPUB; 15:50
USPAT

L122 {26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29

or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$).did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US
8039386-%).did.

L123 {25 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$% or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-%
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
7955972-% or US-8232626-$ or US
7795134-$ or US-8039386-9).did.

L124 10 ("20010048166" | "20020110645" | us- OR OFF 2015/06/29
"6239496" | "20080230898" | "5656550" | {{PGPUB; 15:50
"6239496" | "20020047200" | USPAT

"20040245608" | "5864178" | "7105424" |
"20040032013").PN.

L125 {26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$).did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US
8039386-$).did.

¥ i i i B i i
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L126 §4 ("20080258307" | "20110237073" | us- OR OFF 2015/06/29

"201201398127" | "7795134").PN. PGPUB; 15:50
USPAT

L127 {8 ("20120013022" | "20090001502" | us- OR OFF 2015/06/29
"20010038128" | "7959819" | PGPUB; 15:50
"20080171432" | "20120280381" | USPAT
"20100264538" | "20110291287").PN.

L128 §27 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-3$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$ or
US-20080171432-$).did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
7955972-$ or US-8232626-$ or US-
7795134-% or US-8039386-%).did.

L129 {27 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$% or US-20110159690-% or
US-20120175789-% or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$ or
US-20080171432-3) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$% or US-8587126-% or US-
7955972-% or US-8232626-% or US
7795134-$ or US-8039386-9).did.

130 {25 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$% or US-20100230818-% or USPAT
US-20100219513-$ or US-20130302980-%
or US-20120139127-% or US-
20140070339-$% or US-20110159690-% or
US-20120175789-% or US-20100130002-%
or US-20110304026-$ or US-
20110237073-9$).did. or (US-7829976-$ or
US-7772123-% or US-7749899-$% or US-
8178950-$ or US-8647920-$ or US-
7531453-$% or US-8587126-% or US
7955972-% or US-8232626-$ or US
7795134-$ or US-8039386-%).did.

L131 {1 "13415744" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L132 {689 Jebory near Hadi Howard near David us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L133 {11851 ij(through near silicon near via$2 TSV) us- OR OFF 2015/06/29
PGPUB; 15:50
| USPAT
L134 {0 i(through near silicon near via$2 TSV) and  {US- OR OFF §2015/06/29§
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tapper PGPUB; 15:50
USPAT
L135 {101 (through near silicon near via$2 TSV) and {{US- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
USPAT
L136 {113 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch$3 near off PGPUB; 15:50
USPAT
L137 §2 "13744864" Us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L138 i{6 ("20090098737" | "20090206416" | us- OR OFF 2015/06/29
"20110081753" | "20120061773" | PGPUB; 15:50
J241700 | TOTR99T DTN, s USPAT L
L139 {8 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$).did. || USPAT
or (US-7829976-$ or US-7772123-$ or US-
7749899-9).did.
L140 §13 ("2010/0230818") .URPN. USPAT §OR OFF 2015/06/29
15:50
L141 {57 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch near off and void PGPUB; 15:50
USPAT
L142 {10 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$% or US-20100230818-$ or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$).did.

L143 {877 (through near silicon near via$2 TSV) and {jUS OR OFF 2015/06/29
void PGPUB; 15:50
USPAT
L144 457 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
void and (tapper pinch near off) PGPUB; 15:50
USPAT
L145 {10 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$).did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US
8178950-$).did.
L146 {13 ("2010/0230818").URPN. USPAT {OR OFF 2015/06/29
““““““““““““““ 15:50
L147 §24 ("20060273455" | "20070085198" | us- OR OFF 2015/06/29
"20070152194" | "20070228546" | PGPUB; 15:50
"5424245" | "5493096" | "5501893" | USPAT;
"5599744" | "5679978" | "6150252" | USOCR;
"6333265" | "6589865" | "6821896" |
"6861312" | "6908841" | "6919255").PN.
OR ("7772123").URPN.
L148 yi64 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (tapper pinch near off) {PGPUB; 15:50
USPAT
L149 {1260 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) PGPUB; 15:50
USPAT
IL150 {151 (through near silicon near via$2 TSV) and {US-  {OR |OFF  2015/06/29;
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(void hollow ) and (taper pinch near off)  {|PGPUB; 15:50
USPAT
L151 {16 (through near silicon near via$2 TSV) and {{US- OR OFF 2015/06/29
(void hollow ) same (thermal stress) and  {PGPUB; 15:50
(tapper pinch near off) USPAT
L152 {51 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(tapper pinch near off) USPAT
L153 {114 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off) USPAT
L154 {181 newport near fab us- OR OFF 2015/06/29
PGPUB; 15:50
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ USPAT Attt
L155 {19 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$% or US-20110159690-$ or
US-20120175789-9%).did. or (US-7829976-$

or US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-% or US-8587126-$ or US
7955972-$).did.

L156 {279 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off contaminat$) USPAT

L157 {i6 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off narrow) same USPAT
contaminat$

L158 {7 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same PGPUB; 15:50
contaminat$ USPAT

L159 {280 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) and PGPUB; 15:50
contaminat$ USPAT

L166 513 ("20010020739" | "20020005583" | us- OR OFF 2015/06/29
"20020006687" | "20020020898" | PGPUB; 15:50
"20020027293" | "20020057468" | USPAT;
"20020059722" | "20020060208" | USCCR!
"20020089025" | "20020094607" |
"20020096729" | "20020113296" |
"20020130390" | "20020145676" |
"20020190371" | "20030014895" |
"20030042564" | "20030062601" |
"20030119308" | "20030148597" |
"20030216023" | "20040004280" |
"20040012698" | "20040018712" |
"20040023447" | "20040023469" |
"20040038442" | "20040041261" |
"20040043607" | "20040046251" |
"20040073607" | "20040082094" |
"20040087441" | "20040094389" |
"20040137661" | "20040137701" |
"20040141536" | "20040159668" |
"20040159958" | "20040178491" |
"20040180539" | "20040188260" |
"20040192033" | "20040198033" |
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"20040198040" | "20040214373" |
"20040219342" | "20040219763" |
"20040222082" | "20040245649" |
"20040255258" | "20040262753" |
"20040265562" | "20050026443" |
"20050037608" | "20050046002" |
"20050052751" | "20050064707" |
"20050067620" | "20050069782" |
"20050101054" | "20050101116" |
"20050104228" | "20050106834" |
"20050110095" | "20050110889" |
"20050127478" | "20050136646" |
"20050139390" | "20050150683" |
"20050151228" | "20050164500" |
"20050189637" | "20050191861" |
"20050194169" | "20050208766" |
"20050227382" | "20050236708" |
"20050247894" | "20050254133" |
"20050258530" | "20050272221" |
"20050277293" | "20050282374" |
"20080003566" | "20060011809" |
"20080038272" | "20060040428" |
"20060043569" | "20060046438" |
"20060046468" | "20060046537" |
"20060057776").PN. OR ("20060057836" |
"20060071347" | "20060151880" |
"20080154153" | "20060160367" |
"20080180941" | "20060186097" |
"20080191882" | "20060195729" |
"20080199363" | "20060204651" |
"20080208360" | "20060216862" |
"20080223301" | "20060240687" |
"20080249849" | "20060252254" |
"20080252262" | "20060255443" |
"20080264041" | "20060270108" |
"20080278979" | "20060278980" |
"20080278988" | "20060278989" |
"20080281224" | "20060281243" |
"20080289967" | "20060292877" |
"20070004079" | "20070012655" |
"20070020805" | "20070020935" |
"20070023121" | "20070032061" |
"20070035033" | "20070037379" |
"20070042598" | "20070045120" |
"20070045388" | "20070045779" |
"20070045806" | "20070045812" |
"20070045826" | "20070045834" |
"20070048896" | "20070048994" |
"20070049019" | "20070057028" |
"20070077753" | "20070082427" |
"20070096263" | "20070099395" |
"20070111386" | "20070122940" |
"20070138562" | "20070145563" |
"20070152342" | "20070155997" |
"20070158839" | "20070158853" |
"20070161235" | "20070166991" |
"20070166997" | "20070167004" |
"20070170574" | "20070178694" |
"20070182020" | "20070190803" |
"20070197013" | "20070202617" |
"20070222050" | "20070222054" |
"20070228576" | "20070228926" |
"20070262424" | "20070267138" |
"20070281473" | "20070293040" |
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"20080006850" | "20080050904" |
"20080050911" | "20080054444" |
"20080057620" | "20080079120" |
"20080079121" | "20080081386" |
"20080081398" | "20080265933" |
"20080299759" | "20080299762" |
"20080318361" | "20090007934").PN. OR
("20090014859" | "20080057912" |
"20090091962" | "20090127668" |
"20090146312" | "20090166846" |

|
"20090180257" | "20090224405" |
"20090283898" | "20090315154" |

"20090321947" | "2821959" | "3006318" |

"3345134" | "3865298" | "3902036" |
"4040168" | "4368106" | "4534100" |

"4581301" | "4608480" | "4614427" |
"4627971" | "4660063" | "4756765" |
"4768291" | "4818728" | "4906314" |
"4907127" | "4959705" | "4964212" |
"4984597" | "5006922" | "5024966" |
"5026964" | "5027184" | "5037782" |
"5098864" | "5102829" | "5123902" |
"5130783" | "5144412" | "5145099" |
"5158911" | "5200366" | "5219344" |
"5233448" | "5237148" | "5289631" |
"5291062" | "5292686" | "5294568" |
"5304743" | "5371397" | "5378312" |
"5378313" | "5380681" | "5402435" |
"5406630" | "5424573" | "5435887" |
"5438212" | "5447871" | "5464960" |
"5481483" | "5485039" | "5496755" |
"5505804" | "5515167" | "5518956" |
"5550403" | "5585308" | "5585675" |
"5593913" | "5605783" | "5614743" |
"5618752" | "5624437" | "5627106" |
"5646067" | "5654221" | "5672519" |
"5673846" | "5684642" | "5690841" |
"5694246" | "5708293" | "5718791" |
"5723904" | "5726493" | "5734555" |
"5771158" | "5776824" | "5807439" |
"5811799" | "5821532" | "5825080" |
"5826628" | "5847454" | "5851845" |
"5857963" | "5861654" | "5870289" |
"5870823" | "5877040" | "5893828" |
"5897338" | "5904499" | "5914488" |
"5969422" | "5977535" | "5998240" |
"5998292" | "5998862" | "6004867" |
"6008070" | "6008914" | "6080291"
"8097087" | "6103547" | "6104086").PN.

OR ("6107186" | "6107679" | "6110825" |

"6114240" | "6119335" | "6124634" |
"6133622" | "6137163" | "6137182" |
"6140604" | "6143588" | "6148509" |
"6159764" | "6180518" | "6184060" |
"6184465" | "6187615" | "6191487" |
"6203539" | "6221769" | "6222136" |
"6222270" | "6228687" | "6229202" |
"6235552" | "6236046" | "6246108" |
"6252300" | "6259083" | "6266197" |
"6271580" | "6274927" | "6277757" |
"6285064" | "6291894" | "6294837" |
"6297155" | "6324253" | "6326689" |
"6326697" | "6329632" | "6341009" |
"6344976" | "6351027" | "6359254" |
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"6359328" | "6372548" | "6388208" |
"6391770" | "6406636" | "6407381"
"6411439" | "6432821" | "6433303" |
"6433304" | "6437284" | "6437441" |
"6444576" | "6448106" | "6455425" |
"6457515" | "6459039" | "6459150" |
"6468889" | "6483652" | "6486083" |
"6486549" | "6503780" | "6521516" |
"6521530" | "6534192" | "6541762" |
"8545563" | "6555782" | "6560047" |
"6566745" | "6569711" | "6569777"
"8572606" | "6576531" | "6580174" |
"6582987" | "6582992" | "6593644" |
"6599436" | "6603183" | "6606251"
"6617623" | "6620031" | "6620731"
"6621045" | "6638410" | "6653236" |
"6658818" | "6660622" | "6660630" |
"6661047" | "6664129" | "6664485" |
"6667551" | "6670986" | "6680459" |
"6686588" | "6699787" | "6703310" |
"6708405" | "6734419" | "6746971"
"8750144" | "6756564" | "6759266" |
"B774486" | "6777244" | "6778046" |
"8780749" | "6790775" | "6791076" |
"8795120" | "6797616" | "6800943" |
"6809025" | "6809421" | "6813154" |
"6818464" | "6825127").PN. OR

("6825458" | "6825557" | "6828175" |

"6828223" | "6828663" | "6828674" |
"6838377" | "6841849" | "6844978" |
"6847109" | "6852621" | "6856023" |
"6858891" | "6864172" | "6864457" |
"6867390" | "6873054" | "6882021" |
"6882030" | "6885107" | "6903012" |
"6903442" | "6903443" | "6910268" |
"6913952" | "6916725" | "6934065" |
"6936536" | "6939343" | "6943056" |
"6946325" | "6951627" | "6953748" |
"6962867" | "6970775" | "6982487" |
"7022609" | "7023090" | "7029937" |
"7033927" | "7037836" | "7041598" |
"7045015" | "7084073" | "7091124" |
"7092284" | "7094677" | "7109068" |
"7111149" | "7129112" | "7151009" |
"7164565" | "7166247" | "7170183" |
"7183176" | "7183653" | "7186650" |
"7190061" | "7199050" | "7214615" |
"7217596" | "7217888" | "7223634" |
"7256073" | "7262134" | "7262495" |
"7265052" | "7271482" | "7279776" |
"7300857" | "7317256" | "7378726" |
"7408265" | "7449098" | "7491582" |
"7498661").PN. OR ("7795134").URPN.
L1687 §23 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or

US-20120175789-$ or US-20100130002-$
or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
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8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).did.

L168 {7 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same polish {{PGPUB; 15:50
USPAT
L169 {28 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same polish {PGPUB; 15:50
USPAT
L170 §23 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or || USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).did.

L171 {1 (US-7795134-$) .did. USPAT OR OFF 2015/06/29
15:50
L172 {354 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and polish  {PGPUB; 15:50
USPAT
L173 44060 (through near silicon near via$2 TSV) and {jUS OR OFF 2015/06/29
(tap$4 pinch near off narrow) PGPUB; 15:50
USPAT
L174 §1497 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:50
polish$4 | USPAT
L175 {302 (through near silicon near via$2 TSV) same {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:50
polish$4 USPAT
L176 {158 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
polish$4 USPAT
L177 §212 (through near silicon near via$2 TSV) with {US- OR OFF 2015/06/29
(taper$4 pinch near off contaminat$) PGPUB; 15:50
USPAT
L178 {§2 "8039386" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L179 {2 "12748101" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L180 §25 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or || USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
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7955972-$ or US-8232626-$ or US-
7795134-$ or US-8039386-$).did.

L181 {0 L180 and chamfer$2 us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L182 {{54 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
chamfer$2 PGPUB; 15:50
USPAT
L183 {1 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
chamfer$2 with corner same stress PGPUB; 15:50
USPAT
L184 {8 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(round$3 chamfer$2) with corner same PGPUB; 15:50
St ress \\\\\\\\\\\\\\\\\\\\\\\\\\\\\ USPAT Attt
L185 {89 (through near silicon near via$2 TSV us- OR OFF 2015/06/29
contact near hole) and (round$3 PGPUB; 15:50
 chamfer$2) with corner same stress USPAT {
L186 {26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$

or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-3).did.

or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US
8039386-$).did.
1187 {1 "13415744" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L188 {689 Jebory near Hadi Howard near David Us- OR OFF 2015/06/29
PGPUB; 15:50
\\\\\\\\\\\\\ USPATY
L189 {11851 ij(through near silicon near via$2 TSV) us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L190 {0 (through near silicon near via$2 TSV) and {{US- OR OFF 2015/06/29
tapper PGPUB; 15:50
USPAT
L191 §101 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
USPAT
L192 {113 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch$3 near off PGPUB; 15:50
USPAT
L193 {2 "13744864" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L194 {6 ("20090098737" | "20090206416" | us- OR OFF §2015/O6/29
"20110081753" | "20120061773" | PGPUB; i 15:50
"7241700" | "7575991").PN. USPAT
L195 8 (US-20090298285-$ or US-20120013022-$ {US- OR OFF §2015/06/29
or US-20110240481-$ or US- PGPUB; i 15:50
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20110151659-$ or US-20100230818-$).did. { USPAT
or (US-7829976-$ or US-7772123-$ or US-
7749899-$).did.

L196 {13 ("2010/0230818").URPN. USPAT {OR OFF 2015/06/29
15:50
L197 {57 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
pinch near off and void PGPUB; 15:50
USPAT
L198 {10 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151859-$ or US-20100230818-$ or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US
8178950-$).did.

L199 {877 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
void PGPUB; 15:50
| USPAT
L200 {57 (through near silicon near via$2 TSV) and {jUS OR OFF 2015/06/29
void and (tapper pinch near off) PGPUB; 15:50
USPAT
201 {10 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-9) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-% or US-
8178950-$).did.

202 {13 ("2010/0230818").URPN. USPAT {OR OFF 2015/06/29
15:50
1203 {24 ("20060273455" | "20070085198" | us- OR OFF 2015/06/29
"20070152194" | "20070228546" | PGPUB; 15:50
"5424245" | "5493096" | "5501893" | USPAT;
"5599744" | "5679978" | "6150252" | USCCR:

"6333265" | "6589865" | "6821896" |
"6861312" | "6908841" | "6919255").PN.
OR ("7772123").URPN.

L204 {64 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(void hollow ) and (tapper pinch near off) {{PGPUB; 15:50
USPAT
L205 {1260 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) PGPUB; 15:50
USPAT
206 {151 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (taper pinch near off) PGPUB; 15:50
USPAT
207 {16 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) same (thermal stress) and  {PGPUB; 15:50
(tapper pinch near off) USPAT
208 {51 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(tapper pinch near off) USPAT
L209 114 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off) USPAT
210 {181 newport near fab us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
211 §19 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
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20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$

or US-20120139127-$ or US-

20140070339-$% or US-20110159690-$ or
US-20120175789-9$).did. or (US-7829976-$

or US-7772123-$ or US-7749899-% or US-
8178950-$ or US-8647920-$ or US-

7531453-$ or US-8587126-$ or US-

7955972-$).did.

1212 {279 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off contaminat$) USPAT

213 {6 (through near silicon near via$2 TSV) and {US OR OFF 2015/06/29
(void hollow ) and (thermal stress) and PGPUB; 15:50
(taper pinch near off narrow) same USPAT
contaminat$

1214 47 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same PGPUB; 15:50
contaminat$ USPAT

215 {280 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) and PGPUB; 15:50
contaminat$ USPAT

1222 1513 ("20010020739" | "20020005583" | us- OR OFF 2015/06/29
"20020006687" | "20020020898" | PGPUB; 15:50
"20020027293" | "20020057468" | USPAT;

"20020059722" | "20020060208" | USOCR:
"20020089025" | "20020094607" |
"20020096729" | "20020113296" |
"20020130390" | "20020145676" |
"20020190371" | "20030014895" |
"20030042564" | "20030062601" |
"20030119308" | "20030148597" |
"20030216023" | "20040004280" |
"20040012698" | "20040018712" |
"20040023447" | "20040023469" |
"20040038442" | "20040041261" |
"20040043607" | "20040046251" |
"20040073607" | "20040082094" |
"20040087441" | "20040094389" |
"20040137661" | "20040137701" |
"20040141536" | "20040159668" |
"20040159958" | "20040178491" |
"20040180539" | "20040188260" |
"20040192033" | "20040198033" |
"20040198040" | "20040214373" |
"20040219342" | "20040219763" |
"20040222082" | "20040245649" |
"20040255258" | "20040262753" |
"20040265562" | "20050026443" |
"20050037608" | "20050046002" |
"20050052751" | "20050064707" |
"20050067620" | "20050069782" |
"20050101054" | "20050101116" |
"20050104228" | "20050106834" |
"20050110095" | "20050110889" |
"20050127478" | "20050136646" |
"20050139390" | "20050150683" |
"20050151228" | "20050164500" |
"20050189637" | "20050191861" |
"20050194169" | "20050208766" |
"20050227382" | "20050236708" |
"20050247894" | "20050254133" |
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"20050258530" | "20050272221" |
"20050277293" | "20050282374" |
"20060003566" | "20060011809" |
"20060038272" | "20060040428" |
"20060043569" | "20060046438" |
"20060046468" | "20060046537" |
"20060057776").PN. OR ("20060057836" |
"20060071347" | "20060151880" |
"20060154153" | "20060160367" |
"20060180941" | "20060186097" |
"20060191882" | "20060195729" |
"20060199363" | "20060204651" |
"20060208360" | "20060216862" |
"20060223301" | "20060240687" |
"20060249849" | "20060252254" |
"20060252262" | "20060255443" |
"20060264041" | "20060270108" |
"20060278979" | "20060278980" |
"20060278988" | "20060278989" |
"20060281224" | "20060281243" |
"20060289967" | "20060292877" |
"20070004079" | "20070012655" |
"20070020805" | "20070020935" |
"20070023121" | "20070032061" |
"20070035033" | "20070037379" |
"20070042598" | "20070045120" |
"20070045388" | "20070045779" |
"20070045806" | "20070045812" |
"20070045826" | "20070045834" |
"20070048896" | "20070048994" |
"20070049019" | "20070057028" |
"20070077753" | "20070082427" |
"20070096263" | "20070099395" |
"20070111386" | "20070122940" |
"20070138562" | "20070145563" |
"20070152342" | "20070155997" |
"20070158839" | "20070158853" |
"20070161235" | "20070166991" |
"20070166997" | "20070167004" |
"20070170574" | "20070178694" |
"20070182020" | "20070190803" |
"20070197013" | "20070202617" |
"20070222050" | "20070222054" |
"20070228576" | "20070228926" |
"20070262424" | "20070267138" |
"20070281473" | "20070293040" |
"20080006850" | "20080050904" |
"20080050911" | "20080054444" |
"20080057620" | "20080079120" |
"20080079121" | "20080081386" |
"20080081398" | "20080265933" |
"20080299759" | "20080299762" |
"20080318361" | "20090007934").PN. OR
("20090014859" | "20090057912" |
"20090091962" | "20090127668" |
"20090146312" | "20090166846" |
"20090180257" | "20090224405" |
"20090283898" | "20090315154" |
"20090321947" | "2821959" | "3006318" |
"3345134" | "3865298" | "3902036" |
"4040168" | "4368106" | "4534100" |
"4581301" | "4608480" | "4614427" |
"4627971" | "4660063" | "4756765" |
"4768291" | "4818728" | "4906314" |
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"4907127"
"4984597"
"5026964"
"5098864"
"5130783"
"5158911"
"5233448"
"5291062"
"5304743"
"5378313"
"5406630"
"5438212"
"5481483"
"5505804"
"5550403"
"5593913"
"5618752"
"5646067"
"5673846"
"5694246"
"5723904"
"5771158"
"5811799"
"5826628"
"5857963"
"5870823"
"5897338"
"5969422"
"5998292"
"6008070"
"6097087"

"6114240"
"6133622"
"6140604"
"6159764"
"6184465"
"6203539"
"6222270"
"6235552"
"6252300"
"6271580"
"6285064"
"6297155"
"6326697"
"6344976"
"6359328"
"6391770"
"6411439"
"6433304"
"6444576"
"6457515"
"6468889"
"6486549"
"6521530"
"6545563"
"6566745"
"6572606"
"6582987"
"6599436"
"6617623"
"6621045"
"6658818"
"6661047"

"6008914" | "6080291"

| "4959705" | "4964212" |
| "5006922" | "5024966" |
| "5027184" | "5037782" |
| "5102829" | "5123902" |
| "5144412" | "5145099" |
| "5200366" | "5219344" |
| "5237148" | "5289631" |
| "5292686" | "5294568" |
| "5371397" | "5378312" |
| "5380681" | "5402435" |
| "5424573" | "5435887" |
| "5447871" | "5464960" |
| "5485039" | "5496755" |
| "5515167" | "5518956" |
| "5585308" | "5585675" |
| "5605783" | "5614743" |
| "5624437" | "5627106" |
| "5654221" | "5672519" |
| "5684642" | "5690841" |
| "5708293" | "5718791" |
| "5726493" | "5734555" |
| "5776824" | "5807439" |
| "5821532" | "5825080" |
| "5847454" | "5851845" |
| "5861654" | "5870289" |
| "5877040" | "5893828" |
| "5904499" | "5914488" |
| "5977535" | "5998240" |
| "5998862" | "6004867" |
| \
[

"6103547" | "6104086").PN.
OR ("6107186" | "6107679" | "6110825" |

"6119335" | "6124634" |
"6137163" | "6137182" |

|

| "6143588" | "6148509" |
| "6180518" | "6184060" |
| "6187615" | "6191487" |
| "6221769" | "6222136" |
| "6228687" | "6229202" |
| "6236046" | "6246108" |
| "6259083" | "6266197" |
| "6274927" | "6277757" |
| "6291894" | "6294837" |
| "6324253" | "6326689" |
| "6329632" | "6341009" |
| "6351027" | "6359254" |
| "6372548" | "6388208" |
| "6406636" | "6407381"
| "6432821" | "6433303" |
| "6437284" | "6437441" |
| "6448106" | "6455425" |
| "6459039" | "6459150" |
| "6483652" | "6486083" |
| "6503780" | "6521516" |
| "6534192" | "6541762" |
| "6555782" | "6560047" |
| "6569711" | "6569777" |
| "6576531" | "6580174" |
| "6582992" | "6593644" |
| "6603183" | "6606251" |
| "6620031" | "6620731" |
| "6638410" | "6653236" |
| "6660622" | "6660630" |
| "6664129" | "6664485" |
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"6667551" | "6670986" | "6680459" |
"6686588" | "6699787" | "6703310" |
"6708405" | "6734419" | "6746971" |
"6750144" | "6756564" | "6759266" |
"B774486" | "6777244" | "6778046" |
"6780749" | "6790775" | "6791076" |
"6795120" | "6797616" | "6800943" |
"6809025" | "6809421" | "6813154" |
"6818464" | "6825127").PN. OR
("6825458" | "6825557" | "6828175" |
"6828223" | "6828663" | "6828674" |
"6838377" | "6841849" | "6844978" |
"6847109" | "6852621" | "6856023" |
"6858891" | "6864172" | "6864457" |
"6867390" | "6873054" | "6882021" |
"6882030" | "6885107" | "6903012" |
"6903442" | "6903443" | "6910268" |
"6913952" | "6916725" | "6934065" |
"6936536" | "6939343" | "6943056" |
"6946325" | "6951627" | "6953748" |
"6962867" | "6970775" | "6982487" |
"7022609" | "7023090" | "7029937" |
"7033927" | "7037836" | "7041598" |
"7045015" | "7084073" | "7091124" |
"7092284" | "7094677" | "7109068" |
"7111149" | "7129112" | "7151009" |
"7164565" | "7166247" | "7170183" |
"7183176" | "7183653" | "7186650" |
"7190061" | "7199050" | "7214615" |
"7217598" | "7217888" | "7223634" |
"7256073" | "7262134" | "7262495" |
"7265052" | "7271482" | "7279776" |
"7300857" | "7317256" | "7378726" |
"7408265" | "7449098" | "7491582" |
"7498661").PN. OR ("7795134").URPN.
223 |23 (US-20090298285-$ or US-20120013022-$ {jUS- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$

or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).did.

1224 {7 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(taper pinch near off narrow) same polish §{PGPUB; 15:50
USPAT
1225 {28 (through near silicon near via$2 TSV) and {jUS- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same polish {|PGPUB; 15:50
USPAT
1226 {23 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or i USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$).did. or (US-
7829976-$ or US-7772123-$ or US-
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7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$).dd. ~§ §
1227 {1 (US-7795134-$) .did. USPAT {OR OFF 2015/06/29
15:50
1228 {354 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and polish  {{PGPUB; 15:50
USPAT
229 4060 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) PGPUB; 15:50
USPAT
1230 {1497 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:50
polish$4 USPAT
231 {302 (through near silicon near via$2 TSV) same {{US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) and PGPUB; 15:50
polish$4 USPAT
232 {158 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
polish$4 USPAT
1233 jj212 (through near silicon near via$2 TSV) with {US- OR OFF 2015/06/29
(taper$4 pinch near off contaminat$) PGPUB; 15:50
USPAT
234 {2 "8039386" us- OR OFF 2015/06/29
PGPUB; 15:50
USPATY §
L235 {2 "12748101" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L2386 25 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or | USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
7955972-$ or US-8232626-$ or US-
7795134-$ or US-8039386-$).did.

1237 {0 236 and chamfer$2 us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
1238 {54 (through near silicon near via$2 TSV) and {US- OR OFF 2015/06/29
chamfer$2 PGPUB; 15:50
USPAT
1239 i1 (through near silicon near via$2 TSV) and {US OR OFF 2015/06/29
chamfer$2 with corner same stress PGPUB; 15:50
USPAT
240 §8 (through near silicon near via$2 TSV) and {jUS- OR OFF §2015/O6/29
(round$3 chamfer$2) with corner same PGPUB; i 15:50
stress USPAT
241 {89 (through near silicon near via$2 TSV Us- OR OFF §2015/06/29
contact near hole) and (round$3 PGPUB; i 15:50
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chamfer$2) with corner same stress USPAT ;
242 {26 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$

or US-20110304026-$ or US-
20110237073-$ or US-20080258307-%).did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US-
8039386-%).did.
243 {0 ("2012/0139127") .URPN. USPAT jOR OFF 2015/06/29
15:50
244 {0 ("2012/0139127") .URPN. us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
245 {0 ("2012/0139127") .URPN. us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT

1246 {8 ("20120013022" | "20090001502" | us- OR OFF 2015/06/29
"20010038128" | "7959819" | PGPUB; 15:50
"20080171432" | "20120280381" | USPAT
"20100264538" | "20110291287").PN.

1247 {128 (through near silicon near via$2 TSV) same {|{US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
conduct$4 and polish$4 USPAT

1248 {211 (through near silicon near via$2 TSV) same {US- OR OFF 2015/06/29
(tap$4 pinch near off narrow) same PGPUB; 15:50
conduct$4 USPAT

1249 {4 ("20080258307" | "20110237073" | us- OR OFF 2015/06/29
"20120139127" | "7795134").PN. PGPUB; 15:50

USPAT
250 {4 "8569156" us- OR OFF 2015/06/29
PGPUB; 15:50
““““““““““““““““““““ USPATY

L251 {26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or

US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$).did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US-
8039386-$).did.

252 {25 (US-20090298285-$ or US-20120013022-$ {jUS- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
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20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-
7531453-$ or US-8587126-$ or US-
7955972-$ or US-8232626-$ or US-
7795134-$ or US-8039386-$).did.

253 {10 ("20010048166" | "20020110645" | us- OR OFF 2015/06/29
"6239496" | "20080230898" | "5656550" | {PGPUB; 15:50
"6239496" | "20020047200" | USPAT

"20040245608" | "5864178" | "7105424" |
"20040032013").PN.

1254 26 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$% or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-9$) .did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-% or US-8178950-% or US-
8647920-% or US-7531453-% or US
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US-
8039386-$).did.

1255 {4 ("20080258307" | "20110237073" | Us JoR OFF  {2015/06/29

"20120139127" | "7795134").PN. PGPUB; 15:50
USPAT

1256 {8 ("20120013022" | "20090001502" | US  [oR OFF  12015/06/29
"20010038128" | "7959819" | PGPUB; 15:50
"20080171432" | "20120280381" | USPAT
 "20100264538" | "20110291287").PN. \

1257 {27 (US-20090298285-$ or US-20120013022-$ |US-  JOR OFF  [2015/06/29
or US-20110240481- or US- PGPUS; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-%
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$ or
US-20080171432-3) .did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
8178950-$% or US-8647920-% or US-
7531453-$ or US-8587126-$ or US-
7955972-$ or US-8232626-$ or US-
7795134-$ or US-8039386-%).did.

258 {27 (US-20090298285-$ or US-20120013022-$ {US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50
20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-%
or US-20120139127-% or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$% or US-20080258307-$ or
US-20080171432-$).did. or (US-7829976-$
or US-7772123-$ or US-7749899-$ or US-
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8178950-$ or US-8647920-$ or US
7531453-$ or US-8587126-$ or US-
7955972-% or US-8232626-$ or US-
7795134-$ or US-8039386-$).did. ~§ §
259 {0 "14251296" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L260 {719 (through near silicon near via$2 tsv) and Us- OR OFF 2015/06/29
(air near gap airgap hollow) PGPUB; 15:50
USPAT
261 {4 ("20080258307" | "20110237073" | us- OR OFF 2015/06/29
"20120139127" | "7795134") .PN. PGPUB; 15:50
USPAT
1262 64 (through near silicon near via$2 tsv) and us- OR OFF 2015/06/29
(air near gap airgap hollow) and expand  {{PGPUB; 15:50
USPAT
263 110838 ii(air near gap airgap hollow) and expand us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
264 {19250 (air near gap airgap hollow) and expand Us- OR OFF 2015/06/29
and semiconductor PGPUB; 15:50
USPAT
L265 {849 (air near gap airgap hollow) same expand {US- OR OFF 2015/06/29
and semiconductor PGPUB; 15:50
USPAT
1266 {7 ("5686171" | "20040129451" | "6214703" | {US- OR OFF 2015/06/29
"20100090304" | "20070111390" | PGPUB; 15:50
"20100120227" | "20070222037").PN. USPAT
267 689 Jebory near Hadi Howard near David us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
268 {135 267 and semiconductor us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
269 jj0 (air near gap airgap hollow) same expand {jUS- OR OFF 2015/06/29
and semiconductor and pinchoff PGPUB; 15:50
USPAT
L270 {10 (air near gap airgap hollow) same expand {US- OR OFF 2015/06/29
and semiconductor and pinch near off PGPUB; 15:50
USPAT
L271 {95 (air near gap airgap hollow) same expand {US- OR OFF 2015/06/29
and pinch near off PGPUB; 15:50
USPAT
L272 {230 (air near gap airgap hollow) same expand {§US- OR OFF 2015/06/29
and thermal near stress PGPUB; 15:50
USPAT
L273 {74174 ( (257/774 OR 257/416 OR 257/737 OR us- OR OFF 2015/06/29
257/432 OR 257/531 OR 257/E21.502 OR {PGPUB; 15:50
257/E23.021 OR 257/330 OR 257/415 OR | USPAT
257/417 OR 257/434 OR 257/443 OR
257/446 OR 257/48 OR 257/532 OR
257/621 OR 257/878 OR 257/684 OR
257/741 OR 257/762 OR 257/773 OR
257/783 OR 257/94 OR 257/98 OR
287/99¢CCls.) o4 H
1274 16 273 and (hollow air near gap) same us- OR OFF 2015/06/29
(conductive near fill) PGPUB; 15:50
USPAT
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L275 {1991 L273 and (hollow air near gap) same us- OR OFF 2015/06/29
(conductive fill metal) PGPUB; 15:50
USPAT
L276 {0 L273 and (hollow air near gap) same us- OR OFF 2015/06/29
(conductive near fill) and pinch near oof  {PGPUB; 15:50
USPAT
1277 {4 273 and (hollow air near gap) same us- OR OFF 2015/06/29
(conductive near fill) and pinch near off PGPUB; 15:50
USPAT
1278 {6 (hollow air near gap) same (conductive us- OR OFF 2015/06/29
near fill) and pinch near off PGPUB; 15:50
USPAT
L279 48 (hollow air ) same (conductive near fill) andjjUS- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
USPAT
L280 {334 (hollow air ) same (conductive ) and pinch {US- OR OFF 2015/06/29
near off PGPUB; 15:50
USPAT
281 {73 (hollow air ) same (conductive ) same via {US- OR OFF 2015/06/29
and pinch near off PGPUB; 15:50
USPAT
1282 {114 (hollow air ) same (conductive metal) same {jUS- OR OFF 2015/06/29
via and pinch near off PGPUB; 15:50
USPAT
1283 73 (hollow air ) same ( metal) sameviaand {US- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
USPAT
284 {38 (hollow air ) with ( metal) same via and us- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
\\\\\\\\\\\\ USPATY
1285 {73 (hollow air ) same ( metal) sameviaand {US- OR OFF 2015/06/29
pinch near off PGPUB; 15:50
USPAT
1286 {4 ("20080258307" | "20110237073" | us- OR OFF 2015/06/29
"20120139127" | "7795134") .PN. PGPUB; 15:50
USPAT
287 {1809 (through near silicon near via tsv) and (air jUS- OR OFF 2015/06/29
hollow) PGPUB; 15:50
USPAT
288 {729 (through near silicon near via tsv) and (air {jUS- OR OFF 2015/06/29
hollow) and (thermal near stress PGPUB; 15:50
expan$4) USPAT
289 263526 i{( (H01L.2924/00 OR H0O1L2224/73204 OR {US- OR OFF 2015/06/29
HO1L2924/014 OR HO1L2224/16225 OR  {{PGPUB; 15:50
HO01L2924/0002 OR HO1L2224/32225 OR i USPAT
HO01L2924/1461 OR HO1L2224/48091 OR
HO01L2924/00012 OR HO01L2224/245 OR
HO01L2924/00015 OR H01L2924/10253 OR
HO11L2924/12041 OR HO1L2224/16145 OR
HO11L2924/15311 OR HO1P3/121 OR
HO1P3/16 OR HO1P11/001 OR
HO1P11/002 OR HO1P3/165 OR HO1P5/00
OR HO1P5/087 OR HO1P5/107 OR
Y10T29/49826 OR Y10T29/49016 OR
Y10T156/10 OR Y10T428/24942 OR
Y10T428/26 OR Y10T29/49908 OR
Y10T29/49002 OR Y10T29/4902 OR
Y10T29/49071 OR Y10T29/49117 OR
Y10T29/49155 OR Y10T29/49165 OR

EASTSearchHistory.13415744_Accessible Version.htm[6/29/2015 4:09:46 PM]

Samsung Exhibit 1003, Page 55 of 321



EAST Search History

Y10T29/4935 OR G02B6/4416).CPC. )

290 133291 #( (257/774 OR 257/415 OR 257/43 OR us- OR OFF 2015/06/29
257/531 OR 257/777 OR 257/E21.211 OR {{PGPUB; 15:50
257/E21.506 OR 257/E23.145 OR 257/209 {§{ USPAT
OR 257/369 OR 257/421 OR 257/432 OR
257/437 OR 257/48 OR 257/499 OR
257/618 OR 257/675 OR 257/690 OR
257/692 OR 257/737 OR 257/762 OR
257/773 OR 257/783 OR 257/84 OR
257/88 OR 257/98 OR 257/99 OR 333/239
OR 333/21R OR 333/254 OR 333/1 OR
333/248 OR 333/256 OR 333/26 OR
333/260 OR 438/109 OR 438/667 OR
438/104 OR 438/107 OR 438/126 OR
438/455 OR 438/51 OR 438/613 OR
438/106 OR 438/108 OR 438/113 OR
438/118 OR 438/119 OR 438/121 OR
438/125 OR 438/17 OR 438/25 OR 438/26

OR 438/3 OR 438/424 OR 438/458 OR
438/459 OR 438/618 OR 438/637 OR
438/64 OR 438/660 OR 438/780).CCLS. )
291 347497 ijL273 1290 289 us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
292 {34104 :{L291 and (hollow air) same (conductive us- OR OFF 2015/06/29
metal) PGPUB; 15:50
USPAT
293 {6852 291 and (hollow air) same (conductive us- OR OFF 2015/06/29
metal) same (thermal stress) PGPUB; 15:50
USPAT
294 {38 291 and (hollow air) same (conductive us- OR OFF 2015/06/29
metal) same (thermal stress) and (pinch  {PGPUB; 15:50
near off) USPAT
295 {1 "13370400" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
296 313 Adamovich us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
297 6 ("20090053488" | "7161294" | "7161294" | {US- OR OFF 2015/06/29
"20050168137" | "20070037010" | PGPUB; 15:50
"20100244002" | "20040100190").PN. USPAT
298 31 (US-20090298285-$ or US-20120013022-$ {{US- OR OFF 2015/06/29
or US-20110240481-$ or US- PGPUB; 15:50

20110151659-$ or US-20100230818-$ or USPAT
US-20100219513-$ or US-20130302980-$
or US-20120139127-$ or US-
20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$
or US-20110304026-$ or US-
20110237073-$ or US-20080258307-$ or
US-20080171432-$ or US-20140374916-$
or US-20130256843-$ or US-
20130161826-$ or US-20050121768-$).did.
or (US-7829976-$ or US-7772123-$ or US-
7749899-$ or US-8178950-$ or US-
8647920-$ or US-7531453-$ or US-
8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US-
8039386-$).did.
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299 i1 "13415744" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L300 {1 "13415744" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT
L301 167378 {i( (257/98 OR 257/773 OR 257/774 OR us- OR OFF 2015/06/29
257/99 OR 257/737 OR 257/415 OR PGPUB; 15:50
257/432 OR 257/48 OR 257/88 OR 257/94 | USPAT
OR 257/531 OR 257/621 OR 257/741 OR
257/751 OR 257/76 OR 257/762 OR
257/314 OR 257/532 OR 257/738 OR
257/89 OR 257/184 OR 257/194 OR

257/231 OR 257/292 OR 257/390 OR
257/40 OR 257/43 OR 257/443 OR
257/446 OR 257/459 OR 257/5 OR
257/666 OR 257/756 OR 257/77 OR
257/777 OR257/79 OR 257/93 OR
438/107 OR 438/29 OR 438/51 OR
438/613 OR 438/637 OR 438/666 OR
438/109 OR 438/126 OR 438/127 OR
438/22 OR 438/381 OR 438/108 OR
438/121 OR 438/122 OR 438/125 OR
438/14 OR 438/152 OR 438/17 OR 438/26
OR 438/268 OR 438/27 OR 438/3 OR
438/382 OR 438/401 OR 438/45 OR
438/455 OR 438/525 OR 438/586 OR

438/604 OR 438/612 OR 438/619 OR
438/640 OR 438/660 OR 438/667 OR
438/687 OR 438/69).CCLS. )

L302 {4439 L301 and (tsv via$3) and substrate and us- OR OFF 2015/06/29

silicon and (air near gap hollow) PGPUB; 15:50
USPAT

L303 {143 L301 and (tsv via$3) and substrate and us- OR OFF 2015/06/29
silicon and (air near gap hollow) and PGPUB; 15:50

 pinch$3 USPAT \
L304 {28 L301 and (tsv via$3) and substrate and us- OR OFF 2015/06/29
silicon and (air near gap hollow) and PGPUB; 15:50
pinch$3 and taper$3 USPAT
L305 857 L301 and (tsv via$3) and substrate and Us- OR OFF 2015/06/29
silicon and (air near gap hollow) and PGPUB; 15:50
(pinch$3 taper$3) USPAT
L3086 {2 "13183315" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT

L307 {3 "20120013022" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT

L308 {2 "8647920" us- OR OFF 2015/06/29
PGPUB; 15:50
USPAT

EAST Search History (I nterference)

Ref {Hits {{Search Query DBs Default |Plurals {Time
# Operator Stamp
L309 {1671 i(tsv via$3) and substrate and silicon and  {US- OR OFF 2015/06/29
(air near gap hollow) and (pinch$3 PGPUB; 15:50
taper$3).cim. USPAT;
UPAD
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L310 {{1618 ii(tsv via$3) and substrate and silicon and {US- OR OFF 2015/06/29
(air near gap hollow) and (pinch$3 PGPUB; 15:50
taper$3) and (fill$3).cim. USPAT;

UPAD

L311 §75 (tsv via$3) and substrate and silicon and  {US- OR OFF 2015/06/29
(air near gap hollow) and (pinch$3 PGPUB; 15:50
taper$3) and conductive near (fill$3).clm. § USPAT;

UPAD

L312 {1671 ii(tsv via$3) and substrate and silicon and  {US- OR OFF 2015/06/29
(air near gap hollow) and (pinch$3 PGPUB; 15:50
taper$3).cim. USPAT;

UPAD

L313 {1501 ii(tsv via$3) and substrate and silicon and {US- OR OFF 2015/06/29
(air near gap hollow) and (pinch$3 PGPUB; 15:50
taper$3) and thermal.cim. USPAT;

UPAD

L314 {323 ii(tsv via$3) and substrate and silicon and  {US- OR OFF 2015/06/29
(air near gap hollow) and (pinch$3 PGPUB; 15:50
taper$3) and stress.cim. USPAT;

UPAD

L315 {135 ii(tsv via$3) and substrate and silicon and  {US- OR OFF 2015/06/29
air near gap and ( hollow) and (pinch$3 #PGPUB; 15:50
taper$3).cim. USPAT;

UPAD

L3186 {822 ii(tsv via$3) and substrate and silicon and  {US- OR OFF 2015/06/29
air and ( hollow) and (pinch$3 PGPUB; 15:50
taper$3).cim. USPAT;

UPAD

L317 {1072 ii(tsv via$3) and substrate and silicon and §US- OR OFF 2015/06/29
air and (empty hollow) and (pinch$3 PGPUB; 15:50
taper$3).cim. USPAT;

UPAD

6/29/2015 4:09:35 PM
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N (==
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US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
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CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
438 667
NONE
Total Claims Allowed:
18
(Assistant Examiner) (Date)
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Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 1 15 17
2 2 16 18
3 3 17 19
4 4 18 20
5 5
6 6
7 7
8 8
9 9
10 10
11
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11 13
12 14
13 15
14 16
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Total Claims Allowed:
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ROBERT BACHNER 2898
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((HO1L2924/00 OR H01L2224/73204 OR H01L2924/014 OR 6/29/2015 /RGB/
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257/432 OR 257/437 OR 257/48 OR 257/499 OR
257/618 OR 257/675 OR 257/690 OR 257/692 OR
257/737 OR 257/762 OR 257/773 OR 257/783 OR
257/84 OR 257/88 OR 257/98 OR 257/99 OR 333/239
OR 333/21R OR 333/254 OR 333/1 OR 333/248 OR
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06/22/2015 MON 17:47 FAX 949 282 1002 FARJAMI & FARJAMI LLP --- USPTO [do003/017

CENTaﬂﬁLCFEAl)\(/ EEDNTER Attormney Docket No.: 0150167

JUN 22 205
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jebory et al. Art Unit: 2898

Serial No.: 13/415,744 Examiner: Bachner, Robert G.
Filing Date: 03/08/2012

For: Through Silicon Via Structure,

Method of Formation, and Integration
in Semiconductor Substrate

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

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

Dear Sir/Madam:

This is in response to the Non-Final Office Action dated February 20, 2015 in the
above-referenced patent application. Please enter and consider the following |
amendments and remarks.

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.

86/23/2815 JUONGI  6B6B88B4 13415744
81 FC:1231 260.69 0P
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06/22/2015 MON 17:47 FAX 949 282 1002 FARJAMI & FARJAMI LLP --- USPTO Ao04/017

Attomey Docket No.: 0150167

In the Claims:

Claim 1 (currently amended): A semiconductor substrate having a plurality of
devices, said semiconductor substrate comprising;

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

.a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate, said hollow center being entirely surrounded by
said conductive filler to provide space for said conductive filler to expand inward;

wherein each of said plurality of through silicon vias has a pinched off region at a
bottom portion to prevent contamination during processing of said semiconductor

substrate, and wherein said hollow center is tapered in said pinched off region.

Claim 2 (original): The semiconductor substrate of claim 1, wherein said pinched
off region is formed by tapering a bottom portion of each of said plurality of through

silicon vias. . .

Claim 3 (original): The semiconductor substrate of claim |, wherein said
preventing contamination during said processing is achieved by preventing contamination
during polishing said bottom surface of said substrate.

Page 2
08JAZ0006
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Claim 4 (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises 2 metallic filler.

Claim S (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises tungsten.

Claim 6 (original): The semiconductor substrate of claim 1, wherein each of said
plurality of through silicon vias is tapered at a bottom portion such that said conductive

filler fills said bottom portion, pinching off said hollow center.

Claim 7 (original): The semiconductor substrate of claim I, wherein a first group

of said plurality of through silicon vias are laid out in a width direction and a second

group of said plurality of through silicon vias are laid out in a length direction.

Claim 8 (original): The semiconductor substrate of claim 1, wherein each of said

plurality of through silicon vias has at least one chamfered corner.

Claim 9 (original): The semiconductor substrate of claim 1, further comprising a

pinched off region at a top of each of said plurality of through silicon vias.
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Claim 10 (original): The semiconductor substrate of claim 1, wherein each of
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.

Claims 11-12 (canceled)

Claim 13 (currently amended): A semiconductor substrate having a plurality of
devices, said semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center being entirely
surrounded by said conductive filler to provide space for said conductive filler to expand
inward for reducing thermal stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region at a

top portion and another pinched off region at a bottom portion to prevent contamination

during processing of said semiconductor substrate, and wherein said hollow center is

tapered in said another pinched off region.

Claim 14 (original): The semiconductor substrate of claim 13, further comprising

" a dielectric layer disposed on said top surface of said substrate, wherein said dielectric
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layer has a plurality of openings, each situated over one of said plurality of through

silicon vias, and having a width smaller than a width of said through silicon vias.

Claim 15 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises a metallic filler.

Claim 16 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises tungsten.

Claim 17 (original): The semiconductor substrate of claim 13, wherein a first
group of said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length direction.

Claim 18 (original): The semiconductor substrate of claim 13, wherein each of

said plurality of through silicon vias has at least one chamfered corner.

Claim 19 (currently amended): The semiconductor substrate of claim 13, further

eomprising-a wherein said another pinched off region is.tapered at {[a]] said bottom of

each of said plurality of through silicon vias.
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Claim 20 (original): The semiconductor substrate of claim 13, wherein each of

said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.

Page 6
08JAZ0006

PAGE 8/17 * RCVD AT 6/22/2015 7:55:18 PM [Eastern Daylight Time] * SVR:W-PTOFAX-003/20 * DNIS:2738300 * CSID:949 282 1002 * DURATION (mm-55):03-06

Samsung Exhibit 1003, Page 69 of 321



06/22/2015 MON 17:48 FAX 949 282 1002 FARJAMI & FARJAMI LLP -»-- USPTO [d009/017

RECEIVED
CENTRAL FAX CENTER

JUN 22 205 Auorney Docket No.: 0150167

REMARKS
Prior to the present amendment and response, claims 1-10 and 13-20 were pending
in the present application. By the present amendment and response, Applicants have
amended claims 1, 13 and 19. Thus, after the present amendment and response, claims 1-
10 and 13-20 remain pending in the present application. Applicants respectfully request
reconsideration and allowance of claims 1-10 and 13-20 in view of the above

amendments and the following remarks.

A. Rejection of Claims 13, 14 and 17 under pre-AlA 35 U.S.C. § 103(a)

In the Non-Final Office Action, dated February 20, 2015 (hereinafter “Office
Action”), the Examiner rejects claims 13, 14 and 17 under pre-AlIA 35 U.S.C. § 103(a) as
being unpatentable for purported obviousness over alleged Applicants® Admitted Prior
Art (bereinafter “AAPA”) in view of U.S. Patent Application Publication Number
2012/0139127 Al by Eric Beyne (hereinafter “Beyne™), and further in view of U.S. Patent
Application Publication Number 2005/0121768 Al by Edelstein et al. (hereinafter
“Edelstein”). See page 2 of the Office Action. For the reasons discussed below,
Applicants respectfully submit that amended independent claim 13 is patentably
distinguishable over the alleged AAPA, Beyne and Edelstein, either singly or in any
combination thereof.

As disclosed in the present application, in one implementation, flowchart 500 in

Figure 5 presents an exemplary method of fabricating a through silicon via having a
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pinched off region such as, for example, TSV 402 in Figure 4 of the present application.
See, e.g., page 10, lines 4-6 of the present application. For example, “action 510 of
flowchart 500 includes performing a first etch into substrate 412 to first depth d; to form
sidewalls 440 of through silicon via 402.” Id., e.g., at lines 7-8 with Figures 4 and 5.
Thereafter, “action 520 includes performing a second etch in through silicon via 402 to
second depth d, such that through silicon via 402 tapers from first depth d; to second
depth d,.” Id., e.g., at lines 10-12. Action 530 of flowchart 500 “includes depositing
conductive filler 430 on sidewalls 440 of through silicon via 402 such that hollow center
portion 432 and pinched off region 438 are formed in through silicon via 402.” See, e.g.,
id. at page 11, lines 6-8. As illustrated in Figure 4, hollow center portion 432 extends
below first depth d; into second depth d, in pinched off region 438, and is tapered off in
pinched off region 438.

By the present amendment and response, Applicants have amended independent
claim 13 to recite, in part,

wherein each of said plurality of through silicon vias has a

pinched off region at a top portion and another pinched off region at

a bottom portion to prevent contamination during processing of said

semiconductor substrate, and wherein said hollow center is tapered

in said another pinched off region. See claim 13 above.
Support for amended independent claim 13 can be found at least page 11, lines 6-21 and
Figure 4 of the present application. Applicants have also amended claim 19 to harmonize

its recitation with changes introduced to independent claim 13, from which it depends.

See claim 19 above.
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In the Office Action, the Examiner asserts that the alleged AAPA discloses various
features of independent claim 13 of the present application. See pages 2-3 of the Office
Action. The Examiner concedes:

AAPA does not disclose:

each of said plurality of through silicon vias having a hollow
center being entirely surrounded by said conductive filler to provide
space for said conductive filler to expand inward; to reduce thermal
stress in said semiconductor substrate; wherein each of said plurality
of through silicon vias has a pinched off region at a top portion to
prevent contamination during processing of said semiconductor
substrate. Id.

In an attempt to cure the acknowledged deficiencies of the alleged AAPA, the
Examiner suggests combining the alleged AAPA with Edelstein and Beyne. /d.
Specifically, the Examiner asserts:

In related art, Edelstein discloses Fig. 2b and éd-f:

Said hollow center (220) being entirely surrounded by said
conductive filler (225) to provide space fro said conductive filler to
expand inward, (See [0041]). Edelstein discloses that providing the
hollow portion 220 provides the benefit of reducing thermal stresses
on the substrate. See [0041]. Thus, it would have been obvious to
one having ordinary skill in the art o provide the hollows as taut by
Edelstein for the thermal benefits that by Edelstein. /d.

Turning to Edelstein, Figure 2B of Edelstein depicts a through-via having “an

annular ring of insulating material 223 within which is disposed a conductive via of metal
(e.g., copper) 225 having a void 220 at its core.” See page 4, paragraph [0041] with
Figure 2B of Edelstein. However, Applicants respectfully submit that Edelstein does not
disclose or suggest, for example, “wherein each of said plurality of through silicon vias

has [...] another pinched off region at a bottom portion,” and “wherein said hollow center
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1s tapered in said another pinched off region,.” as recited in amended independent claim
13 of the present application. |

Turning to Beyne, Beyne describes a specific method of “forming airgaps in
isolating structures whereby the structures are situated around a TSV interconnect
structure in order to reduce the mechanical stress, the electric field and capacitance
effects in the surrounding areas of the large TSV interconnect structure.” See page 1,
paragraph [0015] of Beyne (emphases added by Applicants):

With reference to Figures 2A and 2B, Beyne provides: .

Turning now to FIG. 2A and FIG. 2B illustrating side views
of a -particular example of an embodiment, wherein the -
semiconductor substrate S has a 3D-TSV 10. The semiconductor
substrate S comprises a 3D-TSV 10 in the present example having
a depth in the substrate S of around 50 um and a diameter (width)
around 2 um and further comprises isolating trench-like
structures 3 having at least one airgap 4. The trench-like structure
3 thus is a hollow trench-like structure comprising at least one
airgap 4. A liner 2a¢ may be deposited onto the substrate S and on the
inner sidewalls 25 of TSV. In the present example, the liner 2b has a
thickness of around 200 nm on the inner sidewalls of said TSV,
although embodiments are not limited thereto. The liner further may
pinch of the isolating trench-like structures 3 thereby creating an
airgap 4 in the trench-like structures. FIG. 2A illustrates a side view
and FIG. 2B illustrates a more detailed side view combined with a
top view. See id. at page 4, paragraph [0064] with Figures 2A and
2B (emphases added by Applicants).

With reference to Figures 10A-10H, Beyne depicts various steps of fabricating “a
Through Silicon Via (TSV) interconnect based on the via middle approach whereby

said TSV interconnects are surrounded by isolating trenches with airgaps.” See id.
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at page 6, paragraph [0079] (emphasis added by Applicants). As illustrated in Figure
10A, TSV hole 1 and isolating trench 3 are formed in substrate S. Id. with Figure 10A.

With reference to Figure 10B, Beyne further states:

FIG. 10B illustrates a detailed view of the substrate S with a

patterned photoresist 12, PMD and STI layer(s) 11 and a liner 2a

deposited in the TSV hole and isolating trenches. The liner is

deposited on the horizontal parts of the substrate 2a and onto the

sidewalls of the TSV hole 25 and within the isolating trenches 2¢

FIG. 10B clearly illustrates the closure of the opening (top) of the

isolating trenches 3 thereby pinching-off the trench and forming an

airgap 4 within said trench. /d. at paragraph {0088] with Figure 10B.

As expressly stated in Beyne, the deposited liner 2a is a tetraethyl orthosilicate
(TEOS) liner, which is a dielectric liner lining the sidewalls of isolating trench 3.
Although Figure 10B of Beyne illustrates that the top of isolating trench 3 is pinched off
by TEOS liner 2a, airgap 4 is not entirely enclosed by TEOS liner 2a in isolating trench 3
since the bottom of isolating trench 3 remains open. Thus, Applicants respectfully submit
that Beyne also fails to disclose or suggest, for example, “wherein each of said plurality
of through silicon vias has [...] another pinched off region at a bottom portion,” and
“wherein said hollow center is tapered in said another pinched off region,” as recited in
amended independent claim 13 of the present application.

For all of the reasons set forth above, Applicants respectfully submit that amended
independent claim 13 is neither anticipated by, nor is obvious in light of, the disclosures
provided by the alleged AAPA, Edelstein and Beyne, either singly or in any combination

thereof. Consequently, Applicants respectfully submit that independent claim 13 is

patentably distinguishable over the alleged AAPA, Edelstein and Beyne. As such, claims
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14 and 17 depending from and further limiting patentable independent claim 13 are, a
Jortiori, also patentably distinguishable over the alleged AAPA and Beyne, for at least the
reasons discussed above, and also for the additional limitations contained in each

dependent claim.

B. Rejection of Claims 1-7, 9. 10, 15, 16, 19 and 20 under pre-AlA
35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects 1-7, 9, 10, 15, 16, 19 and 20 under pre-
AIA 35 U.S.C. §103(a) as being unpatentable for purported obviousness over the alleged
AAPA i.n view Beyne and Edelstein, and further in view of U.S. Patent Application
Publication Number 2011/0237073 by Dao et al. (hereinafter “Dao™). See page 6 of the
Office Action.

With regard to claims 1-7, 9 and 10, by the present amendment and response,
Applicants have amended independent claim | to include features similar to those in
amended indcpendent claim 13. See claim | above. For at least similar reasons presented
above, Applicants respectfully assert that none of the alleged AAPA, Beyne and Edelstein
discloses or suggests, for example, “wherein said hollow center is tapered in said pinched
off region,” as recited in amended independent claim 1 of the present application.
Applicants respectfully assert that the above-cited feature is also not disclosed by Dao.

For all of the reasons set forth above, Applicants respectfully submit that amended

independent claim | is neither anticipated by, nor is obvious in light of, the disclosures
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provided by the alleged AAPA, Beyne, Edelstein and Dao, either singly or in any
combination thereof. Consequently, Applicants respectfully submit that independent
claim | is patentably distinguishable over the alleged AAPA, Beyne, Edelstein and Dao.
As such, claims 2-7, 9 and 10 depending from and further limiting patentable independent
claim 1 are, a fortiori, also patentably distinguishable over the alleged AAPA, Beyne,
Edelstein and Dao, for at least the reasons discussed above, and also for the additional
limitations contained in each dependent claim.

With regard to claims 15, 16, 19 and 20, as discussed above, amended independent
claim 13 is patentably distinguishable over the alleged AAPA, Beyne and Edelstein. As
such, claims 15, 16, 19 and 20 depending from and further limiting patentable
independent claim 13 are, a fortiori, al§o patentably distinguishable over the alleged
AAPA, Beyne and Edelstein, and the alleged AAPA, Beyne and Edelstein in combination
with any other cited references, such as Dao, for at least the reasons discussed above, and

also for the additional limitations contained in each dependent claim.

C. Rejection of Claims 8 and 18 under pre-AlA 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 8 and 18 under pre-AlA 35
U.S.C. §103(a) as being unpatentable for purported obviousness over the alleged AAPA
in view Beyne, Edelstein and Dao, and further in view of U.S. Patent Application
Publication Number 2008/0258307 by lto et al. (hereinafter “1to™). See page 16 of the

Office Action. However, as discussed above, independent claims 1 and 13 are patentably
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distinguishable over the alleged AAPA, Beyne, Edelstein and Dao. As such, claim 8
depending from and further limiting patentable independent claim 1, and claim 18
depending from and further limiting patentable independent claim 13, are, a fortiori, also
patentably distinguishable over the alleged AAPA, Beyne, Edelstein and bao, and the
alleged AAPA, Beyne, Edelstein and Dao in combination with any other cited reference,
sucﬁ as Ito, for at least the reasons discussed above, and also for the additional limitations

contained in each dependent claim.

D. Conclusion -

Based on the foregoing reasons, Applicants respectfully submit that independent
claims 1 and 13, and claims depending therefrom, are patentably novel and inventive.
Moreover, Applicants assert that no new matter has been introduced herein. Thus, for all
of the reasons presented above, an early allowance of claims 1-10 and 13-20 pending in

the present application is respectfully requested.
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The Commissioner is hereby authorized to charge payment of any additioral fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

Date: ) {[ 2220 /{
Michael Farjami, Esq.

. Reg.No. 38,135

FARJAMI & FARJAMI LLP

26522 La Alameda Ave., Suite 360

Mission Viejo, California 92691

Telephone: (949) 282-1000 ,
Facsimile: (949) 282-1002 ;

CERTIFICATE QF FACSIMILE TRANSMISSION

1 hereby certify that this comrespondencee is being fited by
facsimile transmission 1o United States Patent and

Trademark Office at facsimile number 571-273-8300 on the
date stated below. The facsimile transmission report indicaled
that the facsimile ransmission was successful.

Date of Facsimile: (.0’.7/7/120/5

hoin Rakbhan

Name of Person Performing Facsimile Transmission
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www.farjami.com

26522 La Alameda Avenue, Suite 360
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tel: (949) 282-1000

fax: (949) 282-1002
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Date: June 2%, 2015

To: United States Patent and Trademark Office
Examiner: Bachner, Robert G.; Art Unit: 2898

Fax: (571) 273-8300

Re: Application Serial No.: 13/415,744 )
Filing Date: 03/08/2012; First-Named Inventor: Jebory
Attorney Docket No.: 0150167

From: ~ Farjami & Farjami LLP

Number of pages including the cover sheet: 17

Message:

Enclosed, please find the Amendment and Response to Non-Final Office Action
dated February 20, 2015.

Payment for First Month Extension of Time in the Amount of $200.00 is hereby
enclosed on Form PTO-2038.

Authorization is hereby given to the Commissioner to charge any fees associated with
this communication or credit any overpayment to Deposit Account 50-0731.

Thank you.

The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL information intended only foruse of the
individual or entity named above, 1 vou are nat the intended recipient, disclosure, copying. distribution or use of the contents of this
facsimile information is prohihited. 1 you have received this facsimile in error, please immediately notify us by telephone and retum
the original facsimile to us at the above address via U.S. Postal Service, We will reimburse vou for all expenses incurred.
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DETAILED ACTION
Response to Amendment
Applicants' amendment filed 1/27/15 with RCE has been entered and considered.
Applicant’s arguments with respect to claims 1 and 13 have been considered but are
moot because the arguments do not apply to any of the references being used in the

current rejection.

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

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 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.

Claims 13, 14 and 17 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Applicants' Admitted Prior Art (hereafter: AAPA) citations referring to
applicants' U.S. Application Publication No. 2013/0087893, in view of Beyne U.S.
Provisional Patent Application No. 61/420,653 (copy attached), citations refer to U.S.
Patent Application Publication No. 2012/0139127 further in view of Edelstein (U.S.

Patent Application No. 2005/0121768).

Regarding Claim 183.

AAPA discloses (AAPA Figs. 1A and 1B and [0013]-[0014])
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A semiconductor substrate (110) having a plurality of devices (108, [0002]), said
semiconductor substrate comprising: a plurality of through silicon vias (118, plurality:
[0002] and [0014]) disposed in said substrate (118 disposed in 110) extending from a
top surface (134) of said substrate (110) to a bottom surface (132) of said substrate
(110); a conductive filler (conductive fill shown as shaded area) disposed within each of
said plurality of through silicon vias (conductive fill shown as shaded area),

AAPA does not disclose:

each of said plurality of through silicon vias having a hollow center being entirely
surrounded by said conductive filler to provide space for said conductive filler to
expand inward; to reduce thermal stress in said semiconductor substrate; wherein
each of said plurality of through silicon vias has a pinched off region at a top portion to
prevent contamination during processing of said semiconductor substrate.

In related art, Edelstein discloses Fig. 2b and 6d-f:

Said hollow center (220) being entirely surrounded by said conductive filler(225) to
provide space for said conductive filler to expand inward, (See [0041]). Edelstein
discloses that providing the hollow portion 220 provides the benefit of reducing thermal
stresses on the substrate. See [0041]. Thus, it would have been obvious to one having
ordinary skill in the art to provide the hollows as taught by Edelstein for the thermal
benefits taught by Edelstein.

In related art, Beyne discloses (10B-H)

each of said plurality of through silicon vias (10b) having a hollow center (4) to reduce

thermal stress in said semiconductor substrate (4 reduces thermal stress, [0070],

Samsung Exhibit 1003, Page 84 of 321



Application/Control Number: 13/415,744 Page 4
Art Unit: 2898

disclosing that the airgaps help reduce stress in the substrate TSV interface); wherein
each of said plurality of through silicon vias (Fig. 10b) has a pinched off region (Pinch-
off trench) at a top portion to prevent contamination during processing of said
semiconductor substrate. (See Abstract, [0017], [0066]-[0068], [0078].

Beyne discloses that the pinch off trench top provides good TSV. the airgap and via is
formed of good quality, and does not contain contamination. Thus, it would have been
obvious to modify AAPA by including the pinch-off top portion to include the air-gap for
the benefit of avoiding stress in the VIA and obtaining good quality TSV. The modified
AAPA would result the hollow center being surrounded by said conductive filler,
because AAPA is relied on for the conductive filler. That is, the hollow center, and
pinch off would be provided in the device of AAPA for the benefit of reducing stress on
the substrate of AAPA. Thus, the features of claim 13 would have been obvious to one
having ordinary skill in the art.

Regarding Claim 14.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

Beyne disclose that the pinched off portion that is overhanging the trench forms the
airgap. Beyne discloses that the pinch off may be formed by a dielectric. See
Abstract,

The semiconductor substrate of claim 13, further comprising a dielectric layer disposed
on said top surface of said substrate, wherein said dielectric layer has a plurality of

openings, each situated over one of said plurality of through silicon vias, and having a
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width smaller than a width of said through silicon vias. (See Beyne Fig. 10b-h, and
Abstract, [0017], [0070] [0078], [0093] [0094] and claim 1). Beyne discloses that the
use dielectric layer can be used to form the pinch off, which creates the airgaps which
reduces stress in the TSV. Thus, it would have been obvious to form a dielectric pinch
off as taught by Beyne in the device of AAPA for the benefit of reducing stress in the

TSV.

Regarding Claim 17. The semiconductor substrate of claim 13, wherein a first group of
said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length

direction. AAPA discloses [0002], that semiconductor substrates have a plurality of
TSV's in semiconductor substrates. AAPA discloses that the TSV's are used to make
interconnections through semiconductors. AAPA discloses that the TSV'’s are used
where needed to make interconnections through the semiconductors.

The semiconductor substrate of claim 13, wherein a first group of said plurality of
through silicon vias are laid out in a width direction and a second group of said plurality
of through silicon vias are laid out in a length direction. The recited feature would have
resulted from an obvious matter of design choice. One having ordinary skill in the art
would be motivated to make the vias as recited to accommodate a particular
arrangement of contacts required by a die. See MPEP 2144.04 VI C. In re Japikse, 181
F.2d 1019, 86 USPQ 70 (CCPA1950) (Claims to a hydraulic power press which read

on the prior art except with regard to the position of the starting switch were held
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unpatentable because shifting the position of the starting switch would not have
modified the operation of the device.); In re Kuhle, 526 F.2d 553, 188 USPQ 7 (CCPA
1975) (the particular placement of a contact in a conductivity measuring device was
held to be an obvious matter of design choice). Thus, the broadly recited features

recited in claim 17 would have been obvious to one having ordinary skill in the art.

Claims 1-7, 9, 10, 15, 16, 19 and 20 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Applicants' Admitted Prior Art (hereafter: AAPA), in view of
Beyne in view of Edelstein (U.S. Patent Application No. 2005/0121768) further in view

of Dao (U.S. Patent Application No. 2011/0237073)

Regarding Claim 1.

(AAPA Figs. 1A and 1B and [0013]-[0014])

A semiconductor substrate (110) having a plurality of devices (108, [0002]), said
semiconductor substrate (110) comprising: a plurality of through silicon vias (118,
plurality: [0002] and [0014]) disposed in said substrate (118 disposed in 110) extending
from a top surface (134) of said substrate (110) to a bottom surface (132) of

said substrate (110); a conductive filler (conductive fill shown as shaded area)
disposed within each of said plurality of through silicon vias (fill disposed in 118 figs. 1A
& 1B),

AAPA does not disclose:
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each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region

at a bottom portion to prevent contamination during processing of said

semiconductor substrate, said hollow center being entirely surrounded by said
conductive filler to provide space for said conductive filler to expand inward.

In related art, Edelstein discloses Fig. 2b and 6d-f:

Said hollow center (220) being entirely surrounded by said conductive filler(225) to
provide space for said conductive filler to expand inward, (See [0041]). Edelstein
discloses that providing the hollow portion 220 provides the benefit of reducing thermal
stresses on the substrate. See [0041]. Thus, it would have been obvious to one having
ordinary skill in the art to provide the hollows as taught by Edelstein for the thermal
benefits taught by Edelstein.

In related art, Beyne discloses (Fig. 10B-H):

each of said plurality of through silicon vias (2c through S) having a hollow center (4) to
reduce thermal stress in said semiconductor substrate (4 reduces thermal stress,
[0070], disclosing that the airgaps help reduce stress in the substrate TSV interface).
Beyne discloses that the airgaps help reduce stress in the TSV. Thus, it would have
been obvious to modify AAPA to incorporate the airgap as taught by Beyne for the
benefit of reducing the thermal stress in further processing of the device;

IN related art Dao discloses:
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wherein each of said plurality of through silicon vias (fig. 10, 16) has a pinched off
region at a bottom portion (taper ending at bottom) to prevent contamination during
processing of said semiconductor substrate (taper preventing contamination as
described at [0017], [0021]. Dao discloses that the taper prevents contamination of the
Via conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. The modified AAPA would result the
hollow center being surrounded by said conductive filler, because AAPA is relied on for
the conductive filler. That is, the hollow center, and pinch off would be provided in the
device of AAPA for the benefit of reducing stress on the substrate of AAPA. Thus, the

features of claim 1 would have been obvious to one having ordinary skill in the art.

Regarding Claim 2.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

Modified AAPA of claim 1 results in the features of claim 2. Namely,

The semiconductor substrate of claim 1, wherein said pinched off region is formed by
tapering a bottom portion of each of said plurality of through silicon vias. Dao discloses
that the taper at the bottom prevents contamination of the Via conductive fill. See
[0017], [0025]. Thus, it would have been obvious to make the TSV of AAPA tapered as

taught by Dao for the benefit of preventing contamination of the TSV in further
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processing as taught by Dao. Thus, the features of claim 2 would have been obvious

to one having ordinary skill in the art.

Regarding Claim 3.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

The semiconductor substrate of claim 1, wherein said preventing

contamination during said processing is achieved by preventing contamination

during polishing said bottom surface of said substrate. Dao discloses that the taper at
the bottom prevents contamination of the Via conductive fill during polishing. See
[0017], [0025] [0028], See Figs 5-10. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 3 would

have been obvious to one having ordinary skill in the art.

Regarding Claims 4 and 5

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not specifically disclose:

The semiconductor substrate of claim 1, wherein said conductive filler comprises a

metallic filler.
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The semiconductor substrate of claim 1, wherein said conductive filler comprises
tungsten.

In related art, Dao discloses:

The semiconductor substrate of claim 1, wherein said conductive filler comprises a
metallic filler. (Dao [0028], 44 comprising tungsten, copper)

The semiconductor substrate of claim 1, wherein said conductive filler comprises
tungsten. (Dao [0028], 44 comprising tungsten, copper). The selection of a known
material based on its suitability for its intended use supported a prima facie
obviousness determination in Sinclair &Carroll Co. v. Interchemical Corp., 325 U.S.
327,65 USPQ 297 (1945) See MPEP 2144.07. Here, the selection of metal,
specifically tungsten would have been obvious because it is known to be used as a fill
for a TSV, With no unexpected results. Thus, the features of claims 4-5 would have

been obvious.

Regarding Claim 6.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not specifically disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler fills said
bottom portion, pinching off said hollow center.

In related art, Dao discloses:
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The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler fills said
bottom portion, pinching off said hollow center. (See Dao Fig. 9, disclosing that bottom
of Taper 16 is filled with 44.) Thus, modified AAPA would result in this feature,
because the teaching of Beyne would include the pinched off hollow center, with the
bottom filled as taught by Dao. Thus, the features of claim 6 would have been obvious

to one having ordinary skKill in the art.

Regarding Claim 7.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA discloses [0002], that semiconductor substrates have a plurality of TSV's in
semiconductor substrates. AAPA discloses that the TSV's are used to make
interconnections through semiconductors. AAPA discloses that the TSV’s are used
where needed to make interconnections through the semiconductors.

The semiconductor substrate of claim 1, wherein a first group of said plurality of
through silicon vias are laid out in a width direction and a second group of said plurality
of through silicon vias are laid out in a length direction. The recited feature would have
resulted from an obvious matter of design choice. One having ordinary skill in the art
would be motivated to make the vias as recited to accommodate a particular
arrangement of contacts required by a die. See MPEP 2144.04 VI C. In re Japikse, 181

F.2d 1019, 86 USPQ 70 (CCPA1950) (Claims to a hydraulic power press which read
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on the prior art except with regard to the position of the starting switch were held
unpatentable because shifting the position of the starting switch would not have
modified the operation of the device.); In re Kuhle, 526 F.2d 553, 188 USPQ 7 (CCPA
1975) (the particular placement of a contact in a conductivity measuring device was
held to be an obvious matter of design choice). Thus, the broadly recited features

recited in claim 7 would have been obvious to one having ordinary skill in the art.

Regarding Claim 9.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, further comprising a pinched off region at a
top of each of said plurality of through silicon vias.

Beyne discloses:

The semiconductor substrate of claim 1, further comprising a pinched off region at a
top of each of said plurality of through silicon vias. (See fig. 10b-H, pinch off trench,
and Abstract and [0017] [0061] [0064]). Beyne discloses that the pinched off top
portions creates air gap 4, which helps reduce stress in the substrate/via. Thus, it
would have been obvious to provide a top pinch off for the benefit of obtaining the

airgap 4 which reduces stress in AAPA.

Regarding Claim 10.
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AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive

filler incompletely fills said bottom portion, narrowing said hollow center.

Modified AAPA results in this features, because Beyne discloses that the air gap is
created by the top pinch off region and Dao discloses that the tip of the taper is filled.
See Beyne fig 10b, and Dao Fig. 6 and 9. Dao’s fill narrows the hollow center, by
providing more fill material to close the airgap. Thus, the features recited are met by
modified AAPA by applying the teachings of both Beyne and Dao to AAPA as done in

regards to claim 1.

Regarding Claims 15 and 16.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, wherein said conductive filler comprises a
metallic filler.

The semiconductor substrate of claim 13, wherein said conductive filler comprises
tungsten.

In related art, Dao discloses:
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The semiconductor substrate of claim 13, wherein said conductive filler comprises a
metallic filler. (Dao [0028], 44 comprising tungsten, copper)

The semiconductor substrate of claim 13, wherein said conductive filler comprises
tungsten. (Dao [0028], 44 comprising tungsten, copper). The selection of a known
material based on its suitability for its intended use supported a prima facie
obviousness determination in Sinclair &Carroll Co. v. Interchemical Corp., 325 U.S.
327,65 USPQ 297 (1945) See MPEP 2144.07. Here, the selection of metal,
specifically tungsten would have been obvious because it is known to be used as a fill
for a TSV, with no unexpected results. Thus, the features of claims 15-16 would have

been obvious.

Regarding Claim 19.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, further comprising a pinched off region at a
bottom of each of said plurality of through silicon vias.

IN related art Dao discloses:

wherein each of said plurality of through silicon vias (fig. 10, 16) has a pinched off
region at a bottom portion (taper ending at bottom) to prevent contamination during
processing of said semiconductor substrate (taper preventing contamination as
described at [0017], [0021]. Dao discloses that the taper prevents contamination of the

Via conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the
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TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 18 would

have been obvious to one having ordinary skill in the art.

Regarding Claim 20.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler incompletely
fills said bottom portion, narrowing said hollow center.

AAPA does not disclose:

Dao discloses a taper bottom portion at (taper preventing contamination as described
at [0017], [0021]. Dao discloses that the taper prevents contamination of the Via
conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the TSV
of AAPA tapered as taught by Dao for the benefit of preventing contamination of the
TSV in further processing as taught by Dao. Thus, the features of claim 1 would have
been obvious to one having ordinary skill in the art.

Modified AAPA results in this feature, because Beyne discloses that the air gap is
created by the top pinch off region and Dao discloses that the tip of the taper is filled.
See Beyne fig 10b, and Dao Fig. 6 and 9. Dao’s fill narrows the hollow center, by
providing more fill material to close the airgap. Thus, the features recited are met by

modified AAPA by applying the teachings of both Beyne and Dao to AAPA for the
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benefits of obtaining an airgap to prevent stress as taught by Beyne and tapering to
avoid contamination as taught by Dao. Thus, the features of claim 20 would have been

obvious to one having ordinary skill in the art.

Claims 8 and 18 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over AAPA) Beyne in view of Edelstein (U.S. Patent Application No. 2005/0121768)in

view of Dao further in view of Ito (U.S. Patent Application No. 2008/0258307)

Regarding Claim 8 and 18.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias has at least one chamfered corner.

The semiconductor substrate of claim 13, wherein each of said plurality of through
silicon vias has at least one chamfered corner.

In related art, Ito discloses:

The semiconductor substrate of claim 1/13, wherein each of said plurality of through
silicon vias has at least one chamfered corner. (See Ito Figs. 2B, 3B, and [0051]) Ito
discloses that the chamfered corners help avoid a stress concentration in the corners.
Thus, it would have been obvious to chamfer the corners of the Vias of AAPA for the

benefit of avoiding stress concentrations as taught by Ito.
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ROBERT BACHNER whose telephone number is
(571)270-3888. The examiner can normally be reached on Mon-Thurs 8:30-5 alternate
Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio J. 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.

/ROBERT BACHNER/
Examiner, Art Unit 2898
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref jiHits Search Query DBs iDefault :Plurals iTime
# Operator Stamp
L1 {642 (through near silicon near via$2 tsv) and us- OR OFF 2015/02/10
(air near gap airgap hollow) PGPUB; 18:39
USPAT § 4
2 4 ("20080258307" | "20110237073" | us- OR OFF 2015/02/10
"20120139127" | "7795134") .PN. PGPUB; 18:40
USPAT
L3 60 (through near silicon near via$2 tsv) and us- OR OFF 2015/02/10
(air near gap airgap hollow) and expand PGPUB; 18:47
USPAT
L4 §107841 {i(air near gap airgap hollow) and expand us- OR OFF 2015/02/10
PGPUB; 18:47
USPAT
L5 18936 (air near gap airgap hollow) and expand andiUS- OR OFF 2015/02/10
semiconductor PGPUB; 18:47
USPAT
L6 806 (air near gap airgap hollow) same expand  {US- OR OFF 2015/02/10
and semiconductor PGPUB; 18:53
USPAT
L7 47 ("5686171" | "20040129451" | "6214703" | HUS- OR OFF 2015/02/10
"20100090304" | "20070111390" | PGPUB; 18:58
"20100120227" | "20070222037").PN. USPAT
L8 ii680 Jebory near Hadi Howard near David us OR OFF 2015/02/10
PGPUB; 19:03
USPAT
L9 {129 8 and semiconductor us OR OFF 2015/02/10
PGPUB; 19:04
USPAT
L10 #0 (air near gap airgap hollow) same expand us- OR OFF 2015/02/10
and semiconductor and pinchoff PGPUB; 19:12
USPAT
L11 §10 (air near gap airgap hollow) same expand {US- OR OFF 2015/02/10
and semiconductor and pinch near off PGPUB; 19:12
USPAT
L12 94 (air near gap airgap hollow) same expand us OR OFF 2015/02/10
and pinch near off PGPUB; 19:13
USPAT
L13 §229 (air near gap airgap hollow) same expand {US- OR OFF 2015/02/10
and thermal near stress PGPUB; 19:15
USPAT
L14 §71642 §( (257/774 OR 257/416 OR 257/737 OR us- OR OFF 2015/02/10
257/432 OR 257/531 OR 257/E21.502 OR  {{PGPUB; 19:21
257/E23.021 OR 257/330 OR 257/415 OR  {USPAT
257/417 OR 257/434 OR 257/443 OR
257/446 OR 257/48 OR 257/532 OR
257/621 OR 257/678 OR 257/684 OR
257/741 OR 257/762 OR 257/773 OR
257/783 OR 257/94 OR 257/98 OR
257/99).CCLS. )
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L15 {6 14 and (hollow air near gap) same us- OR OFF 2015/02/10
(conductive near fill) PGPUB; 19:22
USPAT
L16 §1904 14 and (hollow air near gap) same us- OR OFF 2015/02/10
(conductive fill metal) PGPUB; 19:22
USPAT
L17 §0 14 and (hollow air near gap) same us- OR OFF 2015/02/10
(conductive near fill) and pinch near oof PGPUB; 19:23
USPAT
L18 4 14 and (hollow air near gap) same us- OR OFF 2015/02/10
(conductive near fill) and pinch near off PGPUB; 19:23
USPAT
L19 &6 (hollow air near gap) same (conductive near §US- OR OFF 2015/02/10
fill) and pinch near off PGPUB; 19:25
USPAT
L20 8 ii(hollow air ) same (conductive near fill) and §US- OR OFF 2015/02/10
iipinch near off PGPUB; 19:28
USPAT
L21 §324 (hollow air ) same (conductive ) and pinch  jjUS- OR OFF 2015/02/10
near off PGPUB; 19:28
USPAT
22 §70 (hollow air ) same (conductive ) same via us- OR OFF 2015/02/10
and pinch near off PGPUB; 19:28
USPAT
23 §110 (hollow air ) same (conductive metal) same {US- OR OFF 2015/02/10
via and pinch near off PGPUB; 19:29
““““““““ USPAT
124 472 (hollow air ) same ( metal) same via and us- OR OFF 2015/02/10
pinch near off PGPUB; 19:29
USPAT
L25 437 §(ho|low air ) with ( metal) same via and us- OR OFF 2015/02/10
¥pinch near off PGPUB; 19:29
USPAT
126 472 (hollow air ) same ( metal) same via and us- OR OFF 2015/02/10
Ypinch near off PGPUB; 19:33
USPAT
127 44 ("20080258307" | "20110237073" | us- OR OFF 2015/02/10
"20120139127" | "7795134").PN. PGPUB; 19:35
USPAT
128 {{1631  H(through near silicon near via tsv) and (air §US- OR OFF 2015/02/10
iihollow) PGPUB; 19:36
USPAT
L29 {664 (through near silicon near via tsv) and (air {US- OR OFF 2015/02/10
hollow) and (thermal near stress expan$4) iPGPUB; 19:37
\\\\\\\\\\\ USPAT
L30 252658 ( (H01L2924/00 OR HO1L2224/73204 OR us- OR OFF 2015/02/10
HO112924/014 OR HO1L2224/16225 OR PGPUB; 19:38
HO112924/0002 OR H01L2224/32225 OR USPAT
HO112924/1481 OR H01L2224/48091 OR
HO0112924/00012 OR H01L2224/245 OR
HO112924/00015 OR H0112924/10253 OR
HO112924/12041 OR H0112224/16145 OR
H0112924/15311 OR HO1P3/121 OR
HO1P3/16 OR HO1P11/001 OR HO1P11/002
OR HO01P3/165 OR HO01P5/00 OR HO1P5/087
OR HO01P5/107 OR Y10T29/49826 OR
Y10T29/49016 OR Y10T156/10 OR
Y10T428/24942 OR Y10T428/26 OR
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Y10T29/49908 OR Y10T29/49002 OR
Y10T29/4902 OR Y10T29/49071 OR
Y10T29/49117 OR Y10T29/49155 OR
Y10T29/49165 OR Y10T29/4935 OR
G02B6/4416).CPC. )

L31 §128776 {( (257/774 OR 257/415 OR 257/43 OR us- OR OFF 2015/02/10
257/531 OR 257/777 OR 257/E21.211 OR  §{PGPUB; 19:38
257/E21.506 OR 257/E23.145 OR 257/209  §USPAT
OR 257/369 OR 257/421 OR 257/432 OR
257/437 OR 257/48 OR 257/499 OR
257/618 OR 257/675 OR 257/690 OR
257/692 OR 257/737 OR 257/762 OR
257/773 OR 257/783 OR 257/84 OR 257/88
OR 257/98 OR 257/99 OR 333/239 OR
333/21R OR 333/254 OR 333/1 OR 333/248
OR 333/256 OR 333/26 OR 333/260 OR
438/109 OR 438/667 OR 438/104 OR
438/107 OR 438/126 OR 438/455 OR
438/51 OR 438/613 OR 438/106 OR
438/108 OR 438/113 OR 438/118 OR
438/119 OR 438/121 OR 438/125 OR
438/17 OR 438/25 OR 438/26 OR 438/3 OR
438/424 OR 438/458 OR 438/459 OR
438/618 OR 438/637 OR 438/64 OR
438/660 OR 438/780).CCLS. )

L32 1334620 {14 31 30 us- OR OFF 2015/02/10
PGPUB; 19:38
USPAT
L33 32937 {32 and (hollow air) same (conductive us- OR OFF 2015/02/10
metal) PGPUB; 19:39
USPAT
L34 6657 32 and (hollow air) same (conductive metal) {US- OR OFF 2015/02/10
same (thermal stress) PGPUB; 19:39
USPAT
L35 138 1132 and (hollow air) same (conductive metal) US- OR OFF 2015/02/10
lisame (thermal stress) and (pinch near off) {PGPUB; 19:39
USPAT

EAST Search History (I nterference)
< This search history is empty>

2/10/2015 7:43:07 PM
C:\ Users\ rbachner\ Documents\ EAST\ Workspaces\ 13415744.wsp
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RECEIVED

01/27/2015 TUE 17:49 FAX 949 282 1002 FARJAMI & FARJAMT LLP s> USPTO CENTRALFAX CENTER D 003/017

JAN 27 2015

I Application Number 13415744

REQUEST

FOR Filing Date 03/8/2012

CONT'NUED EXAMINATION (RCE) First Named Inventor Jebory

TRANSMITTAL Group Art Unit 2808

Subsection (b) of 35 U.S.C. § 132, effective on May 29, 2000, Examiner Name Bachner, Robert G.
provides for continued examination of an utility or plant application
fited on or after June 8, 1995, Attorney Docket Number | 0150167

See The American Inventors Protection Act of 1999 (AIPA).

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application.
NOTE: 37 C.F.R. § 1.114 is effective on May 29. 2000. il the above-identified applicalion was liled prior to May 29, 2000. applicant may
wish to consider filing & continued prosscution appfication (CPA} under 37 C.F.R. § 1.53 (d} (PTO/SB/29) instead of a RCE to be eligible for
the patenl term adjustment provisions of the AIPA. See Changes to Application E; inalion and Provisionat Application Practice, Final Rule, 65
Fed Reg. 50092 (Aug. 16, 2000): Intesim Rule, 65 Fed. Reg. 14865 (Mar. 20, 2000). 1233 O/f. Gaz. Pat Office 47 (Apr. 11, 2000). which
eslablished RCE practice.

1. | Submission required under 37 C.F.R. § 1.114 |

a. D Previously submitted
i Consider ihe amendment(s)/reply under 37 C.F.R. § 1.116 previously filed on

{Any unentered amendment(s) referred o above will be entered).
ii. Consider the arguments in the Appeal Brief or Reply Brief previously filed on

iv. Other

2. |Miscellaneous |

a. D Suspension of action on the above-identified application is requested under 37 C.F.R. 1.103(c) for
a period of months. (Period of suspension shall nol exceed 3 months. Fee under 37 C.F.R. § 1.17{i) required)

b. Other
3. | Fees [ The RCE fee under 37 C.F.R. § 1.17(e) is required by 37 C.F.R. § 1.114 when the RCE is filed.

a. The Director is hereby authorized to charge the following fees, or credit any overpayments, 1o
Deposit Account No. 50-0731

i RCE fee required under 37 C.F.R. § 1.17(e)
ii. Extension of time fee (37 C.F.R. §§ 1.136 and 1.17)
i, Other
b. ChéckK in the amount of $ enclosed.
c. Payment by credit card for the amount of $ 1,800.00 (Form PTO-2038 enclosed).

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Name  (Pint/Type) Michael Farjami, Esq. Registration No. (Attorney/Agent) I 38135

Signature /%. > 2 Date , /an. 27/ 20/8

CERTIFICATE OF MAILING OR TRANSMISSION

I hereby cerlify thal this correspondence is being deposiled with the United States Postal Service with sufficient postage as first class mail in an
envelope addressed lo: Mail Stop RCE, Commissioner For Patents, P. O. Box 1450. Alexandria. VA 22313-1450, or facsimile transmilted lo the
U.S. Patent and Trademark Office on:

Neme wrinvee) | Bkt C . (o anSicizaeal

Signature /{‘MC ) Cm.,.&/ I Date ] [/37//5”

Jii. Other
b. Enclosed '
i AmendmentReply B1/26/2815 APEREZAK 8884888 13415744 |,
i. D] Affidavit(s)/Declaration(s) 81 FC:1881 1208.04
iii. Information Disclosure Statement (IDS) Bﬁ
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RECEIVED
CENTRAL FAX CENTER

JAN 27 2015

Attorney Docket No.: 0150167

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Application of: Jebory etal. Art Unit: 2898

- Serial No.: 13/415,74_4 Examiner: Bachner, Robert G.
Filing Date: 03/08/2012
For: Through Silicon Via Structure,

Method of Formation, and Integration
in Semiconductor Substrate

AMENDMENT AND RESPONSE TO ADVISORY ACTION

Mail Stop RCE
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir/Madam:
This is in response to the Advisory Action dated December 5, 2014 in the above-
referenced patent application. Please enter and consider the following amendments and

remarks in light of the attached Request for Continued Examination filed under 37 CFR .

§ 1.114 in the above-identified application.

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
61/28/2815 APEREZAM 88060884 13415744

82 FC:125e 669,89 0p
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Attorney Docket No.: 0150167

In_the Claims:

Claim 1 (currently amended): A semiconductor substrate having a p]uralit}; of
devices, said semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate, said hollow center being entirely surrounded by

said conductive filler to provide space for said conductive filler to expand inward;

wherein each of said plurality of through silicon vias has a pinched off region at a
bottom portion to prevent contamination during processing of said semiconductor

substrate.

Claim 2 (original): The semiconductor substrate of claim 1, wherein said pinched
off region is formed by tapering a bottom portion of each of said plurality of through

silicon vias.

Claim 3 (original): The semiconductor substrate of claim 1, wherein said
preventing contamination during said processing is achieved by preventing contamination
during polishing said bottom surface of said substrate.

Page 2
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Attorncy Docket No.: 0150167

’

Claim 4 (original): The semiconductor substrate of claim |, wherein said

conductive filler comprises a metallic filler.

Claim S (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises tungsten. ,

Claim 6 (original): The semiconductor substrate of claim 1, wherein each of said
plurality of through silicon vias is tapered at a bottom portion such that said conductive

filler fills said bottom portion, pinching off said hollow center.
Claim 7 (original): The semiconductor substrate of claim |, wherein a first group
of said plurality of through silicon vias are laid out in a width direction and a second

group of said plurality of through silicon vias are laid out in a length direction.

Claim 8 (original): The semiconductor substrate of claim 1, wherein each of said

plurality of through silicon vias has at least one chamfered corner.

Claim 9 (original): The semiconductor substrate of claim |, further comprising a

pinched off region at a top of each of said plurality of through silicon vias.

Page 3
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Claim 10 (original): The semiconductor substrate of claim 1, wherein each of
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.

Claims 11-12 (canceled)

Claim 13 (currently amended): A semiconductor substrate having a plurality of
devices, said semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of- said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,

B

each of said plurality of through silicon vias having a hollow center being entirely

surrounded by said conductive filler to provide space for said conductive filler to expand

inward for reducing reduee thermal stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region at a

top portion to prevent contamination during processing of said semiconductor substrate.

Claim 14 (original): The semiconductor substrate of claim 13, further comprising
a dielectric layer disposed on said top surface of said substrate, wherein said dielectric
layer has a plurality of openings, each situated over one of said plurality of through

silicon vias, and having a width smaller than a width of said through silicon vias.
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Claim 15 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises a metallic filler.

Claim 16 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises tungsten.

Claim 17 (original): The semiconductor substrate of claim 13, wherein a first
group of said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length direction.

Claim 18 (original): The semiconductor substrate of claim |3, wherein each of

said plurality of through silicon vias has at least one chamfered corner.

Claim 19 (original): The semiconductor substrate of claim 13, further comprising

a pinched off region at a bottom of each of said plurality of through silicon vias.

Claim 20 (original): The semiconductor substrate of claim 13, wherein each of
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.
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RECEIVED
CENTRAL FAX CENTER

JAN 27 2015
REMARKS

Altorney Docket No.: 3150167

Prior to the present amendment and response, claims 1-10 and'l 3-20 were pending
in the present application. By the present amendment and response, Applicants have
amended claims | and 13. Thus, after the present amendment and response, claimé 1-10
and 13-20 remain pending in the present application. Applicants respectfully request
reconsideration and allowance of claims 1-10 and 13-20 in view-of the above

amendments and the following remarks.

A. Rejection of Claims 13, 14 and 17 under pre-AlA 35 U.S.C. § 103(a)

In the Advisory Action dated December 5, 2014 (hereinafter “Advisory Action™),

the Examiner affirms rejection of claims 13, 14 and 17 under pre-AlA ”aS U.S.C. § 103(a)
as being unpatentable for purported obviousness over alleged Applicants” Admitted Prior
Art (hereiﬁafter “AAPA™) in view of U.S. Patent Application Publication Number
2012/0139127 At by Eric Beyne (hereinafter “Beyne’™). See page | of the Advisory
Action; and see page 3 of the Final Office Action dated August 28, 2014 (hereinafter

“Office Action™). For the reasons discussed below, Applicants respectfully submit that

amended independent claim 13 is patentably distinguishable over the alleged AAPA and
Bevne, either singly or in combination.

The present application is directed, in part, to through silicon via (TSV) structures.

See, e.g., page 4, lines 2-5 of the present application. For example, in one

implementation, as shown in described in Figure 4 of the present application, exemplary

Page 6
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TSV 402 may correspond to TSV 202 of Figure 2. See, e.g., id. at page 10, lines 3-4 with

| Figure 4. As illustrated in Figure 4, TSV 402 includes first depth d; and second depth d,
in substrate 412, where TSV 402 tapers from first depth d; to second depth dy. /d., e.g., at
lines 7-12 with Figure 4. Conductive filler 430 is depositgd on sidewalls 440 of TSV 402
such that hollow center portion 432 and pinched off region 438 are formed in TSV 402.
See, e.g., id. at page 11, lines 6-8 with Figure 4. For example, “hollow center portion 432
may serve to reduce intrinsic inductance of TSV 402.” Id., e.g., at lines 15-21. “Hollow
center portion 432 also reduces thermal and mechanical stress in substrate 412 by
providing space for conductive filler 430 to expand inward rather than outward in high
temperature conditions.” Jd. “Such reduction in thermal an(_l mechanical stress reduces
cracking in substrate 412.7 /d.

By the present amendment and response, Applicants have amended independent
claim 13 to recite, in part, “each of said ;;;lux'ality of througﬁ silicon vias havingh hollow
center being entirely surrounded by said conductive filler to provide space for said
conductive filler to expand inward for reducing thermal stress in said semiconductor
substrate.” See claim 13 above. Support for amended independent claim 13 can be -found
at least page 11, lines 6-21 and Figure 4 of the present application.

In the Ofﬁce Action, the Examiner asse;ns that the alleged AAPA discloses various
features of independent claim 13 of the present application. See pages 3-4 of the Office
Action. The Examiner concedes:

AAPA does not disclose:

Page 7
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cach of said plurality of through silicon vias having a hollow
center being surrounded by said conductive filler to reduce thermal
stress in said semiconductor substrate; wherein each of said plurality
of through silicon vias has a pinched off region at a top portion to
prevent contamination during processing of said semiconductor
substrate. /d. '

In an attempt to cure the acknowledged deficiencies of the alleged AAPA, the
Examiner suggests combining the alleged AAPA with Beyne. /d. In the Advisory
Action, the Examiner further asserts:

Beyne teaches forming trenches around TSV. In the trenches,

Beyne teaches using an airgap in the fill to reduce the thermal

stresses on the substrate. This is evidenced in Beyne [0070]-[0076],

[0083]-[0094] and Figs. 5and 10. Fig. 5 expressly teaches that the

use of airgaps in filled features that are deposited in a silicon

substrate reduces the stress on the substrate, which reduces cracking

.in the substrate from stress from the TSV, ‘or thermal processing
stress. Based on at least this teaching of Beyne, one having ordinary

skill in the art would have been motivated to modify AAPA to

include a airgap in the TSV for the benefit of reducing stress on the

substrate, which prevents cracking. See page | of the Advisory
Action. .

As acknowledged by the Examiner above, Beyne merely describes “forming
trénches around TSV." As depicted in Figure 2B of Beyne, isolating trench-like
structure 3 having airgap 4 surrounds TSV 10 in the center. By contrast, previously
unamended independent claim -I 3 requires “each of said plurality of through silicon vias

' having a hollow center being surrounded by said conductive filler.” Applicants
respectfully maintain that neither the alleged AAPA nor Beyne discloses or suggests, for
example, “a conductive filler disposed within each of said plurality of through silicon

vias, each of said plurality of through silicon vias having a hollow center being

Page 8
OSJAZO006

PAGE 11117 * RCVD AT 1/27/2015 7:58:35 PM [Eastern Standard Time] * SVR:W-PTOFAX-001/36 * DNIS:2738300 * CSID:949 282 1002 * DURATION (mm-55):03-26

Samsung Exhibit 1003, Page 113 of 321




01/27/72015 TUE 17:50 FAX 949 282 1002 FARJAMI & FARJAMI LLP --- USPTO @o012/017
Attorney Docket No.: 0130167

surrounded by said conductive filler,” as recited in previously unamended independent
claim 13. Furthermore, even assuming, aJ arguendo, that the Examiner’s assertions
above are proper, Applicants respectfully assert that Beyne does not disclose or suggest,
for example, “each of said plurality of through silicon vias having a hollow center being
entirely surrounded by said conductive filler to provide space for said conductive filler to .
expand inward for reducing thermal stress in said semiconductor substrate,” as recited in
amended independent claim 13.

Turning to Beyne, Beyne describes a specific method of “forming airgaps in
isolating structures whereby the structures are situated around a TSV interconnect
structure in order to reduce the mechanical stress, the electric field and capacitance
effects in'the'surrouncling arcas of the large TSV interconnect structure.” See page |,
paragraph [0015] of Beyne (emphases added by Ap;ﬂicax1ts).

With reference to Figures 2A and 2B, Beyne provides:

Turning now to FIG. 2A and FIG. 2B illustrating side views
of a particular example of an embodiment, wherein the
semiconductor substrate S has a 3D-TSV 10. The semiconductor
substrate S comprises a 3D-TSV 10 in the present example having
a depth in the substrate S of around 50 pm and a diameter (width)
around 2 pm and further comprises isolating trench-like
structures 3 having at least one airgap 4. The trench-lilee structure
3 thus is a hollow trench-like structure comprising at least one
airgap 4. A liner 2a may be deposited onto the substrate S and on the
inmer sidewalls 26 of TSV. In the present example, the liner 25 has a
thickness of around 200 mim on the inner sidewalls of said TSV,
although embodiments are not limited thereto. The hiner further may
pinch of the isolating trench-like structures 3 thereby creating an
airgap 4 io the trench-like structures. FIG. 2ZA illustrates a side view
and FIG. 2B illustrates a more dctailed side view combined with a
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top view. See id. at page 4, paragraph [0064] with Figures 2A and
2B. '

With reference to Figures 10A-10H, Beyne depicts various steps of fabricating “a

Through Silicon Via (TSV) interconnect based on the via middle approach whereby

" said TSV interconnects are surrounded by isolating trenches with airgaps.”™ See id.
at page 6, paragraph [0079] (emphasis added by Applicants). As illustrated in Figure
10A, TSV hole | and isolating trench 3 are formed in substrate S. /d. with Figure 10A.,

With reference to Figure 10B, Beyne further states:

FIG. 10B illustrates a detailed view of the substrate S with a

patterned photoresist 12, PMD and STI layer(s) 11 and a liner 2a

deposited in the TSV hole and isolating trenches. The liner is

deposited on the horizontal parts of the substrate 2¢ and onto the

sidewalls of the TSV hole 26 and within the-isolating trenches 2¢

FIG. 10B clearly illustrates the closure of the opening (top) of the

isolating trenches 3 thereby pinching-off the trench and forming an

- airgap 4 within said trench. /d. at paragraph [0088] with Figure 10B.

As expressly stated in Beyne, the deposited liner 2a is a ietraethyl orthosilicate
(TEOS) liner, which is a dielectric liner lining the sidewalls of isolating trench 3.
Although Figure 10B of Beyne illustrates that the top of isolating trench 3 is pinched off
by TEOS liner 2a, airgap 4 is not entirely enclosed by TEOS liner 2a in isolating trench 3
since the bottom of isolating trench 3 remains open. Moreover, since airgap 4 is not
surrounded by a conductive material, Beyne does not disclose or suggest reducing stress
in a substrate by providing space within a conductive material to allow it to expand

inward. Thus, Applicants respectfully assert that the combination of the alleged AAPA

and Beyne does not disclose or suggest, for example, “each of said plurality of through
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silicon vias having a hollow center being entirely surrounded by said conductive filler to
provide space for said conductive filler to expand inward for reducing thermal stress in
said semiconductor substrate,” as recited in amended independent claim 13,

For all of the reasons set forth above, Applicants respectfully submit that amended.
independent claim 13 is neither anticipated by, nor is obvious in light of, the disclosures
provided by the alleged AAPA and Beyne, either singly or in combination. Consequently,
Applicants'r'espectfu'lly submit that independent claim 13 is patentably distinguiéhable
over the alleged-AAPA and Beyne. As such, claims 14 and 17 depenaing from and
further limiting patentable independent claim 13 are, a fortiori, also patentably
distinguishable over the alleged AAPA and Beyne, for at least the reasons discussed

above, and also for the additional limitations contained in each dependent claim.

B. Rejection of Claims 1-7, 9, 10, 15, 16, 19 and 20 under pre-AlA

35 U.S.C. § 103(a)

In the Advisory Action, the Examiner affirms rejection of claims 1-7, 9, 10, 15, 16,
19 and 20 under pre-AlIA 35 U.S.C. §103(a} as being unpatentable for purported
obviousness over the alleged AAPA in view Beyne, and further in view of U.S. Patent
Application Publication Number 2011/0237073 by Dao et al. (hereinafter “Dao™). See
page 1 of the Advisory Action; and see page 6 of the Office Action.
| With regard to claims 1-7, 9 and 10, By the present amendment and response,

Applicants have amended independent claim 1 to include features similar to those in
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amended independent cléim 13. See claim 1 above. For at least similar reasons presented
above, Applicants respectfully assert that neither the alleged AAPA nor Beyne discloses
or suggests, for example, “said hollow center being entirely surrounded by said
conductive filler to pro;/ide sb-ace for said conductive filler to expand inward,” as recited
in amended indepen-dent claim | of the present appiication. Applicants respectfully assert
that the above-mentioncd features are also not disclosed by Dao.

For all of the reasons set forth above, Applicants respectfully submit that amended
independent claim 1 is neither anticipated by, nor is obvious in light of, the disclosures
provided by the alleged AAPA, Beyne and Dao, either singly or in any combination
thereof. Consequently, Applicants respectfully submit that indepenc\lem claim I is
patentably distinguishable over the alleged AAPA, Beyne and Dao. As such, claims 2-7,
9, 10 depending from and furth'er limiting patentable independent claim | are, a fortiori,
also patentably distinguishable over the alleged AAPA, Beyne and Dao, for at least the
reasons discussed above, and also for the additional limitations contéined in each
depéndent claim. |

With regm"d to independent claims 15, 16, 19 and 20, as discussed above, amended
independent claim 13 is patentably distinguishable over tﬁe alleged AAPA and Beyne.

As such, claims 15, 16, 19 and 20 depending from and further limiting patentable
independent claim 13 are, a fortiori, also patentably distinguishable over the alleged

AAPA and Beyne, and the alleged AAPA and Beyne in combination with any other cited
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additional limitations contained in each dependent claim.

C.  Rejection of Claims 8 and 18 under pre-AlA 35 U.S.C. § 103(a)

In the Advisory Action, the Examiner affirms rejection of claims 8 and 18 under
pre—AlA 35 U.S.C. §103(a) as being unpétentable for purported obviousness over the
alleged AAPA in view Beyl-le and Dao, and further in view of U.S. Patent Application
Publication Number 2008/0258307 by Ito et al. (hereinafter “Ito”). See page I of the
Advisory Action; and see page 15 of the Office Action. However, as discussed above,
independent claims 1 and 13 are patentably distinguishable over the alleged AAPA,
Beyne and Dao. As such, claim 8 depending from and further limiting patentaﬁle
independent claim 1, and claim 18 depending from and further limiting patentable
independent claim 13, are, a fortiori, also patentably distinguishable over the alleged
AAPA, Beyne and Dao, and the alleged AAPA, Beyne and Dao in combination with any
other cited references, such as lIto, for at least the reasons discussed above, and also for

the additional limitations contained in each dependent claim.

D. Conclusion

Based on the foregoing reasons, Applicants respectfully submit that independent
claims 1 and 13, and claims depending therefrom, are patentably novel and inventive.
Moreover, Applicants assert that no new matter has been introduced herein. Thus, for all
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of the reasons'presented above, an early allowance of claims 1-10 and 13-20 pending in
the present application is respectfully requested.

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment td Deposit Account No.

50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

Date: #‘7 .27 2015
. AL <

FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

Michael Farjami, Esq.
Reg. No. 38,135

CERTIFICATE OF FACSIMILE TRANSMISSION

1 hereby certity that this correspondencee is being filed by
Faesimile rransmission o United States Patent ond

Trademark Office at facsimile number 571-273-8300 on the
date stated below, The facsimile transmission report indicated
that the tacsimile ransmission was suecessiul. :

Date of FFacsimile: //Z 7/' <

Name of Person Performing Facsimile Transmission

z{ (,‘. 45/ /'/ Z7//s

Signature Dae
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www.farjami.com

26522 i.a Alameda Avenue, Suite 360
Mission Vicjo, California 92691

tel: (949) 282-1000

fax: (949) 282-1002

FACSIMILE TRANSMISSION COVER SHEET

Date: January 27, 2015
To: United States Patent and Trademark Office

Examiner: Bachner, Robert G.; Art Unit: 2898

Fax: (571)273-8300
Re: Application Serial No.: 13/415,744

Filing Date: 03/08/2012; First-Named Inventor: Iebory
Attorney Docket No.: 0150167

From: Farjami & Farjami LLP

Number of pages including the cover sheet: 17

Messaue:

Enclosed please find:
1. Request for Continued Examination;
2. Amendment and Response o Advisory Action.

Payment for Request for Continued Examination and Second Month Extension Fee in the
Amount of $1,800.00 is hereby enclosed on Form PTO-2038.

Autharization is hereby given to the Commissioner to charge any fees associated with this
communication or credit any overpayment to Deposit Account 50-0731.

Thank you.

The docements accompanying this facsinile contain PRIVILEGED AND CONFIDENTEAL information intenched only loruse ol the
individual or entity named above. Ivouare not the intended recipient. disclosure. copying. distribution or use of the contents ol this
facsimile information is prohibited. If you have reccived this fiesimile in error, please immediately nofify us by telephone and return
the original facsimile 10 us at the above address via LLS. Postal Serviee. W will reimburse vou for all expenses incurred.
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Before the Filing of an Appeal Brief | Examiner Art Unit AIA (First Inventor to File) Status
ROBERT BACHNER 2898 No

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

THE REPLY FILED 20 November 2014 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
NO NOTICE OF APPEAL FILED

1. X The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file
one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance;
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with
37 CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of
the following time periods:
a) & The period for reply expires 3 months from the mailing date of the final rejection.
b) D The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later.
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
c) D A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed
within 2 months of the mailing date of the final rejection. The current period for reply expires months from the mailing date of
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier.
Examiner Note: If box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE
FIRST RESPONSE TO APPLICANT'S FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL
REJECTION. ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(f).
Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The
appropriate extension fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally
set in the final Office action; or (2) as set forth in (b) or (c) above, if checked. Any reply received by the Office later than three months after the
mailing date of the final rejection, even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b).
NOTICE OF APPEAL
2. [] The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the
Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of
Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a).
AMENDMENTS

3. |:| The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will not be entered because
a) |:| They raise new issues that would require further consideration and/or search (see NOTE below);
b) |:| They raise the issue of new matter (see NOTE below);
c) J They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal; and/or
d) |:| They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: . (See 37 CFR 1.116 and 41.33(a)).
4.[] The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).
5. |:| Applicant’s reply has overcome the following rejection(s):
6. |:| Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the non-
allowable claim(s).
7. D For purposes of appeal, the proposed amendment(s): (a) [] will not be entered, or (b) [] will be entered, and an explanation of how the
new or amended claims would be rejected is provided below or appended.
AFFIDAVIT OR OTHER EVIDENCE

8. |:| A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

9. [ The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because
applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier
presented. See 37 CFR 1.116(e).

10. [ The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will not be entered
because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good
and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1).

11. [ The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

REQUEST FOR RECONSIDERATION/OTHER

12. X The request for reconsideration has been considered but does NOT place the application in condition for allowance because:
Applicants argue that AAPA could not reasonably be modified in view of Beyne without "impremissible hindsight" from Applicants'
specification to arrive at the features of claims 1 and 13. The Examiner disagrees. Beyne teaches forming tenches around TSV. In the
frenches, Beyne teaches use of an airgap in the fill to reduce the thermal stresses on the substrate. This is evidenced in Beyne [0070]-
[0076], [0083]-[0094] and Figs. 5 and 10. Fig. 5 expressly teaches that use of airgaps in filled features that are deposited in a silicon
substrate reduces the siress on the substrate, which reduces cracking in the substrate from stress from the TSV, or thermal processing
stress. Based on at least this teaching of Beyne, one having ordinary skill in the art would have been motivated to modify AAPA to
include a airgap in the TSV for the benefit of reducing stress on the substrate, which prevents cracking. Thus, the well-made rejection is
hereby maintained.

13. [ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).

14. [] Other: .

/ROBERT BACHNER/
Examiner, Art Unit 2898

U.S. Patent and Trademark Office
PTOL-303 (Rev. 08-2013) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20141202
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorey Docket No.: 0150167

In re Application of: Jebory et al. Art Un;t: 2898

Serial No.: 13/415,744 Examiner: Bachner, Robert G.
Filing Date: 03/08/2012

For: Through Silicon Via Structure,

Method of Formation, and Integration
in Semiconductor Substrate

RESPONSE TO FINAL OFFICE ACTION

Mail Stop AF ‘
Honorable Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir/Madam:

This is in response to the Fina/ Office Action dated August 28, 2014 in the above-
referenced patent application. Please enter and consider the following remarks.

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or éredit any overpayment to Deposit Account No.

50-0731.
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In the Claims:

Claim 1 (previously presented): A semiconductor substrate having a plurality of
devices, said semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate, said hollow center being surrounded by said
conductive filler;

wherein each of said plurality of through silicon vias has a pinched off region at a
bottom portion to prevent contamination during processing of said semiconductor

substrate.

Claim 2 (original): The semiconductor substrate of claim 1, wherein said pinched
off region is formed by tapering a bottom portion of each of said plurality of through

silicon vias.

Claim 3 (original): The semiconductor substrate of claim 1, wherein said
preventing contamination during said processing is achieved by preventing contamination
during polishing said bottom surface of said substrate.
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Claim 4 (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises a metallic filler,

Claim 5 (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises tungsten.

Claim 6 (original): The semiconductor substrate of claim 1, wherein each of said
plurality of through silicon vias is tapered at a bottom portion such that said conductive

filler fills said bottom portion, pinching off said hollow center.

Claim 7 (original): The semiconductor substrate of claim 1, wherein a first group
of said plurality of through silicon vias are laid out in a width direction and a second

group of said plurality of through silicon vias are laid out in a length direction.

Claim 8 (original): The semiconductor substrate of claim I, wherein each of said

plurality of through silicon vias has at least one chamfered corner.

Claim 9 (original): The semiconductor substrate of claim I, further comprising a

pinched off region at a top of each of said plu]ality of through silicon vias.
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Claim 10 (original): The semiconductor substrate of claim 1, wherein each of -
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.
Claims 11-12 (canceled)

Claim 13 (previously presented): A semiconductor substrate having a plurality
vof devices, said semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center bbeing surrounded by
said conductive filler to reduce th.ermal stress in said semiconductor substrate;

wherein each of said plura.]ity of through silicon vias has a pinched off region at a

top portion to prevent contamination during processing of said semiconductor substrate.

Claim 14 (original): The semiconductor substrate of claim 13, further comprising
a dielectric Jayer disposed on said top surface of said substrate, wherein said dielectric
layer has a plurality of openings, each situated over one of said plurality of through

silicon vias, and having a width smaller than a width of said through silicon vias.
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Claim 15 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises a metallic filler.

Claim 16 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises tungsten.

Claim 17 (original): The semiconductor substrate of claim 13, wherein a first
group of said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length direction.

Claim 18 (original): The semiconductor substrate of claim 13, wherein each of

said plurality of through silicon vias has at least one chamfered corner.

Claim 19 (original): The semiconductor substrate of claim 13, further comprising

a pinched off region at a bottom of each of said plurality of through silicon vias.

Claim 20 (original): The semiconductor substrate of claim [3, wherein each of
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.
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REMARKS
Prior to the present response, claims 1-10 and 13-20 were pending in the present
application. No claims are amended by the present response. Thus, after the present
response, claims 1-10 and 13-20 remain pending in the present application. Applicants
respectfully request reconsideration and allowance of claims 1-10 and 13-20 in view of

the following remarks.

A. Rejection of Claims 13, 14 and 17 under pre-AlA 35 U.S.C. § 103(a)

In the Final Office Action dated August 28, 20]‘4 (hereinafter “Office Action™),
the Examiner rejects claims 13, 14 and 17 under pre-AIA 35 U.S.C. § 103(a) as being
unpatentable for purported obviousness over alleged Applicants’ Admitted Prior Art
(hereinafter “AAPA™) in view of U.S. Patent Application Publication Number
2012/0139127 A1 by Eric Beyne (hereinafter “Beyné”). See page 3 of the Office Action.
For the reasons discussed below, Applicants respectfully submit that previously presented
independent claim 13 is patentably distinguishable over the alleged AAPA and Beyne,
either singly or in combination.

The present application is directed, in part, to through silicon via structures. See,
e.g., page 4, lines 2-5 of the present application. ‘For example, in one implementation, as
shown in described in Figure 4 of the present appﬁcalion, exemplary TSV 402 may
correspond to TSV 202 of Figure 2. See, e.g., id. at page 10, lines 3-4 with Figure 4. As

illustrated in Figure 4, TSV 402 includes first depth d; and second depth dg in substrate

Page 6
ORJAZ0006

PAGE 7/18 * RCVD AT 11/20/2014 6:28:55 PM [Eastern Standard Time) * SVR:W-PTOFAX-001/44 * DNIS:2738300 * CSID:949 282 1002 * DURATION (mm-55):02-54

Samsung Exhibit 1003, Page 129 of 321




'lL(ZO{‘QOI4 THU 16:19 FAX 949 282 1002 FARJAMI & FARJAMI LLP ---» USPTO dhoosso16
Attorney Docket No.: 0150167

412, where TSV 402 tapers from first depth d; to second depth ds. 1d., e.g., ai lines 7-12
with Figure 4. Conductive filler 430 is deposited on sidewalls 440 of TSV 402 such that
hollow center portion 432 and pinched off region 438 are formed in TSV 402. See, e.g.,
id. at page 11, lines 6-8 with Figure 4. For example, “hollow center portion 432 may
serve to reduce intrinsic inductance of TSV 402.” /d., e.g., at lines 15-21. “Hollow
center portion 432 also reduces thermal and mechanical stress in substrate 412 by
pz‘oviding space for conductive filler 430 to expand inward rather than outward in high
temperature conditions.” /d. “Such reduction in thermal and mechanical stress reduces
cracking in substrate 412, Id.

Previously presented independent claim 13 recites, in part, “a conductive filler
disposed within each of said plurality of through silicon viaé, each of said plurality of
through silicon vias having a hollow center being surrounded by said conductive filler to
reduce thermal stress in said semiconductor substrate.” See claim 13 above.

In the Office Action, the Examiner asserts that the alleged AAPA discloses various
features of independent claim 13 of the present application. See pages 3-4 of the Office
Action. The Examiner concedes:

AAPA does not disclose:
each of said i)lurality of through silicon vias having a hollow

center being surrounded by said conductive filler to reduce thermal

stress in said semiconductor substrate; wherein each of said plurality

of through silicon vias has a pinched off region at a top portion to

prevent contamination during processing of said semiconductor
substrate. /d.
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In an attempt to cure the acknowledged deficiencies of the alleged AAPA, the
Examiner suggests combining the alleged AAPA with Beyne. /d. Specifically, the

Examiner asserts:
In related art, Beyne discloses (10B-H)

each of said plurality of through silicon vias (10b) having a
hollow center (4) to reduce thermal stress in said semiconductor
substrate (4 reduces thermal stress, [0070], disclosing that the
airgaps help reduce stress in the substrate TSV interface); wherein
each of said plurality of through silicon vias (Fig. 10b) has a pinched
off region (Pinch-off trench) at a top portion to prevent
contamination during processing of said semiconductor substrate.
(See Abstract, [0017], [0066]-[0068], [0078]. Beyne discloses that
the pinch off trench top provides good TSV. The airgap and via is
formed of good quality, and does not contain contamination). Thus,
it would have been obvious to-modify AAPA by including the pinch-
off top portion to include the air-gap for the benefit of avoiding
stress in the VIA and obtaining good quality TSV. The modified
AAPA would result the hollow center being surrounded by said
conducive filler, because AAPA is relied on for the conductive filler,
That is, the hollow center, and pinch off would be provided in the
device of AAPA for the benefit of reducing stress on the substrate of
AAPA_. Thus, the features of claim 13 would have been obvious to
one having ordinary skill in the art. /d.

Applicants respectfully disagree with the Examiner’s assertions above.

Turning to Beyne, Beyne describes a specific method of “forming airgaps in
isolating structures whereby the structures are situated around a TSV interconnect
structure in order to reduce the mechanical stress, the electric field and capacitance
effects in the surrounding areas of the large TSV interconnect structure.” See page I,
paragraph [0015] of Beyne (emphases added by Applicants).

With reference to Figures 2A and 2B, Beyne provides:
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Turning now to F1G. 2A and FIG. 2B illustrating side views
of a particular example of an embodiment, wherein the
semiconductor substrate S has a 3D-TSV 10. The semiconductor
substrate S comprises a 3D-TSV 10 in the present example having
a depth in the substrate S of around 50 pm and-a diameter (width)
around 2 um and further comprises isolating trench-like
structures 3 having at least one airgap 4. The trench-like structure
3 thus is a hollow trench-like structure comprising at least one
airgap 4. A liner 2a may be deposited onto the substrate S and on the
inner sidewalls 2b of TSV. In the present example, the liner 25 has a
thickness of around 200 nm on the inner sidewalls of said TSV,
although embodiments are not limited thereto. The liner further may
pinch of the isolating trench-like structures 3 thereby creating an
airgap 4 in the trench-like structures. FIG. 2A illustrates a side view
and FIG. 2B illustrates a more detailed side view combined with a
top view. See id. at page 4, paragraph [0064] with Figures 2A and
2B.

With reference to Figures 10A-10H, Beyne depicts various steps of fabricating “a
Through Silicon Via (TSV) interconnect based on the via middle approach whereby said
TSV interconnects are surrounded by isolating trenches with airgaps.”™ See id. at page 6,
paragraph [0079]. As illustrated in Figure 10A, TSV hole | and isolating trench 3 are
formed in substrate S. Id. with Figure 10A. With reference to Figure 10B, Beyne further
states:

FIG. 10B illustrates a detailed view of the substrate S with a

patterned photoresist 12, PMD and STI layer(s) 11 and a liner 2a

deposited in the TSV hole and isolating trenches. The liner is

deposited on the horizontal parts of the substrate 2¢ and onto the

sidewalls of the TSV hole 26 and within the isolating trenches 2c¢

. FIG. 10B clearly illustrates the closure of the opening (top) of the

isolating trenches 3 thereby pinching-off the trench and forming an

airgap 4 within said trench. /d. at paragraph [0088] with Figure 10B.

As further stated in Beyne, “FIG. 10C illustrates the deposition of barrier material
and conductive material 21 onto the substrate S thereby filling the TSV hole with
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conductive material in order to create a TSV interconnect 10.” /d. at paragraph [0090]
with Figure 10C.

Thus, Beyne describes forming an isolating trench-like structure surrounding a
TSV, where the isolating trench-like structure includes an airgap to help isolate high
mechanical stress in the substrate. As depicted in Figure 2B of Beyne, isolating trench-
like structure 3 having airgap 4 surrounds TSV 10 in the center. As described in Beyne,
by concentrating and capturing the stress in the ring pf substrate material in between the
isolating trench-like structure and the TSV, cracking in the substrate between closely
spaced TSVs can be avoided. See id. at page S, paragraph [0070]. However, neither the’
alleged AAPA nor Beyne describes or suggests, for example, forming a holiow center
within the conductive material in a through silicon via to reduce thermal stress in a
semiconductor substrate. Rather, the Examiner has apparently relied upon Applicants’
own disclosure stating that after said modification,

The modified AAPA would result the hollow center being

surrounded by said conducive filler, because AAPA is relied on for

the conductive filler. That is, the hollow center, and pinch off would

be provided in the device of AAPA for the benefit of reducing stress

on the substrate of AAPA. See page 4 of the O_fﬁcc" Action.

Applicants respectfully submit that the cémbination of the alleged AAPA and
Figures 10B-H of Beyne is improper because the Examiner relies on information gleaned
solely from the present appfication. MPEP § 2142 states that “impermissible hindsight

must be avoided and the legal conclusion must be reached on the basis of the facts

gleaned from the prior art.” Consequently, Applicants respectfully submit that the
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Examiner has not pointed to a teaching, suggestion, or motivation in either the alleged
AAPA or Figures 10B-H of Beyne which would prompt one of ordinary skill in the art to
combine these references for the purpose of forming “a conductive filler disposed within
each of said plurality of through silicon vias, each of said plurality of through silicon vias
having a hollow center being surrounded by said conductive filler to reduce thermal stress
in said semiconductor substrate,” as recited in previously presented independent claim 13
of the present application.

For all of the reasons set forth above, Applicants respectfully submit that
previously presented independent claim 13 is neither anticipated by, nor is obvious in
light of, the disclosures provided by the alleged AAPA and Beyne, either singly or in
combination. Consequently, Applicants respectfully submit that independent claim 13 is
patentably distinguishable over the alleged AAPA and Beyne, As such, claims 14 and 17
depending from and fux"ther limiting patentable independent claim 13 are, ¢ fortiori, also
patentably distinguishable over the alleged AAPA and Beyne, for at least the reasons
discussed above, and also for the additional limitations contained in each dependent

claim.

B. Rejection of Claims 1-7, 9, 10, 15, 16, 19 and 20 under pre-AlA

35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 1-7, 9, 10, 15, 16, 19 and 20

under pre-AlA 35 U.S.C. §103(a) as being unpatentable for purported obviousness over
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the alleged AAPA in view Beyne, and further in view of U.S. Patent Application
Publication Number 2011/0237073 by Dao et al. (hereinafter “Dao”). See page 6 of the
Office Action.

With regard to claims 1-7, 9 and 10, previously presented independent claim !
includes features similar to those in previbusly presented independent claim 13. See
claim 1 above. For at least similar reasons presented above, Applicants respectfully assert
that neither the alleged AAPA nor Beyne discloses or suggests, for example, “a
conductive filler disposed within each of said plurality of through silicon vias, each of
said plurality of through silicon vias having a hollow center to reduce thermal stress in
said semiconductor substrate, said hollow center being surrounded by said conductive
filler,” as recited in previously presented independent claim 1 of the present application.
Applicants respectfully assert that the above-mentioned features are also not disclosed by
Dao.

For all of the reasons set forth above, Applicants respectfully submit that
previously presented independent claim | is neither anticipated by, nor is obvious in light
of, the disclosures provided by the alleged AAPA, Beyne and Dao, either singly or in any
combination thereof. Consequently, Applicants respectfully submit that independent
claim 1 is patentably distinguishable over the alleged AAPA, Beyne and Dao. As such,
claims 2-7, 9, 10 depending from and further limiting patentable independent claim 1 are,

a fortiori, also patentably distinguishable over the alleged AAPA, Beyne and Dao, for at
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least ihe reasons discussed above, and also for the additional limitations contained in each
dependent claim.

With regard to independent claims 15, 16, 19 and 20, as discussed above,
previously presented independent claim 13 is patentably distinguishable over the alleged
AAPA and Beyne. As such, claims 15, 16, 19 and 20 depending from and further
limiting patentable independent claim 13 are, a fortiori, also patentably distinguishable
over the alleged AAPA and Beyne, and the alleged AAPA and Beyne in combination
with any other cited references, such as Dao, for at least the reasons discussed above, and

also for the additional limitations contained in each dependent claim.

C. Rejection of Claims 8 and 18 under pre-AlA 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 8 and 18 under pre-AlA 35
U.S.C. §103(a) as being unpatentable for purported obviousness over the alleged AAPA
in view Beyne and Dao, and further in view of U.S. Patent Application Publication
Number 2008/0258307 by Ito et al. (hereinafter “It0™). See page 15 of the Office Action.
However, as discussed above, independent claims | and |3 are patentably distinguishable
over the alleged AAPA, Beyne and Dao. As such, claim 8 depguding from and further
limiting patentable independent claim 1, and clziim 18 depending from and further
limiting patentable independent claim 13, are, a fortiori, also patentably distinguishable

over the alleged AAPA, Beyne and Dao, and the alleged AAPA, Beyne and Dao in
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combination with any other cited references, such as Ito, for at least the reasons discussed

above, and also for the additional limitations contained in each dependent claim.

D. Conclusion

Based on the foregoing reasons, Applicants respectfully submit that independent
claims 1 and 13, and claims depending therefrom, are patentably novel and inventive.
Thus, for all of the reasons presented above, an early allowance of claims 1-10 and 13-20

pending in the present application is respectfully requested.
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The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

Date: Mov. 20, 2o 714

Michael Farjami, Esq.
Reg. No. 38,135

FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
.Telephone: (949) 282-1000
Facsimile: (949) 282-1002

CERTIFICATE OF FACSIMILE TRANSMISSION

1 hereby certify that this correspondence is being filed by
facsimile transmission to United States Patent and

Trademark Office at facsimile number §71-273-8300 on the
dawe stated below. The facsimile transmission report indicated
that the facsimile transmission was suceessful.

Date of Facsimile: i//ZCJ// (:/

Name of Person Performing Facsimile Transmission

Lo o Lot / /i/zg')ﬁti

Signature Date
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Number of pages including the cover sheet: 16
Message:

Enclosed please find the Response to Final Office Action dated August 28, 2014.
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DETAILED ACTION

Response to Amendment
Applicants' amendment filed 7/8/14 has been entered and considered. Applicants’
amendment of the drawings overcomes the objections to the drawings detailed in the
previous Office Action. Applicants have amended claims 1 and 13, and argue that
these claims are patentable over the cited references. The Examiner disagrees.
AAPA teaches a conductive filler in figs. 1a and b. The proposed modification of AAPA
is to include Beyne’s pinch off, and hollow 4 in the conductive material of AAPA. This
modified AAPA would result in the feature “said hollow center being surrounded by said
conductive filler”, as recited in claim 1 and similarly recited in claim 13, because the
proposed modification would include the hollow as taught by Beyne in the conductive
filled TSV of AAPA. Including the pinch off and hollow in the device of AAPA would
provide the benefit of reducing mechanical stress on the substrate, as taught by Beyne
at least at [0013]-[0015], [0037], [0069]-[0086]. For at least these reasons, the features
of claims 1 and 13 are properly read on AAPA in view of Beyne. This rejection is

hereby made FINAL.

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

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 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
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obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 13, 14 and 17 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Applicants' Admitted Prior Art (hereafter: AAPA) citations referring to
applicants' U.S. Application Publication No. 2013/0087893, in view of Beyne U.S.
Provisional Patent Application No. 61/420,653 (copy attached), citations refer to U.S.

Patent Application Publication No. 2012/0139127.

Regarding Claim 183.

AAPA discloses (AAPA Figs. 1A and 1B and [0013]-[0014])

A semiconductor substrate (110) having a plurality of devices (108, [0002]), said
semiconductor substrate comprising: a plurality of through silicon vias (118, plurality:
[0002] and [0014]) disposed in said substrate (118 disposed in 110) extending from a
top surface (134) of said substrate (110) to a bottom surface (132) of said substrate
(110); a conductive filler (conductive fill shown as shaded area) disposed within each of
said plurality of through silicon vias (conductive fill shown as shaded area),

AAPA does not disclose:

each of said plurality of through silicon vias having a hollow center being surrounded
by said conductive filler to reduce thermal stress in said semiconductor substrate;
wherein each of said plurality of through silicon vias has a pinched off region at a top
portion to prevent contamination during processing of said semiconductor substrate.

In related art, Beyne discloses (10B-H)
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each of said plurality of through silicon vias (10b) having a hollow center (4) to reduce
thermal stress in said semiconductor substrate (4 reduces thermal stress, [0070],
disclosing that the airgaps help reduce stress in the substrate TSV interface); wherein
each of said plurality of through silicon vias (Fig. 10b) has a pinched off region (Pinch-
off trench) at a top portion to prevent contamination during processing of said
semiconductor substrate. (See Abstract, [0017], [0066]-[0068], [0078].

Beyne discloses that the pinch off trench top provides good TSV. the airgap and via is
formed of good quality, and does not contain contamination. Thus, it would have been
obvious to modify AAPA by including the pinch-off top portion to include the air-gap for
the benefit of avoiding stress in the VIA and obtaining good quality TSV. The modified
AAPA would result the hollow center being surrounded by said conductive filler,
because AAPA is relied on for the conductive filler. That is, the hollow center, and
pinch off would be provided in the device of AAPA for the benefit of reducing stress on
the substrate of AAPA. Thus, the features of claim 13 would have been obvious to one
having ordinary skill in the art.

Regarding Claim 14.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

Beyne disclose that the pinched off portion that is overhanging the trench forms the
airgap. Beyne discloses that the pinch off may be formed by a dielectric. See

Abstract,
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The semiconductor substrate of claim 13, further comprising a dielectric layer disposed
on said top surface of said substrate, wherein said dielectric layer has a plurality of
openings, each situated over one of said plurality of through silicon vias, and having a
width smaller than a width of said through silicon vias. (See Beyne Fig. 10b-h, and
Abstract, [0017], [0070] [0078], [0093] [0094] and claim 1). Beyne discloses that the
use dielectric layer can be used to form the pinch off, which creates the airgaps which
reduces stress in the TSV. Thus, it would have been obvious to form a dielectric pinch
off as taught by Beyne in the device of AAPA for the benefit of reducing stress in the

TSV.

Regarding Claim 17. The semiconductor substrate of claim 13, wherein a first group of
said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length

direction. AAPA discloses [0002], that semiconductor substrates have a plurality of
TSV's in semiconductor substrates. AAPA discloses that the TSV's are used to make
interconnections through semiconductors. AAPA discloses that the TSV’s are used
where needed to make interconnections through the semiconductors.

The semiconductor substrate of claim 13, wherein a first group of said plurality of
through silicon vias are laid out in a width direction and a second group of said plurality
of through silicon vias are laid out in a length direction. The recited feature would have
resulted from an obvious matter of design choice. One having ordinary skill in the art

would be motivated to make the vias as recited to accommodate a particular
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arrangement of contacts required by a die. See MPEP 2144.04 VI C. In re Japikse, 181
F.2d 1019, 86 USPQ 70 (CCPA1950) (Claims to a hydraulic power press which read
on the prior art except with regard to the position of the starting switch were held
unpatentable because shifting the position of the starting switch would not have
modified the operation of the device.); In re Kuhle, 526 F.2d 553, 188 USPQ 7 (CCPA
1975) (the particular placement of a contact in a conductivity measuring device was
held to be an obvious matter of design choice). Thus, the broadly recited features

recited in claim 17 would have been obvious to one having ordinary skill in the art.

Claims 1-7, 9, 10, 15, 16, 19 and 20 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Applicants' Admitted Prior Art (hereafter: AAPA), in view of

Beyne further in view of Dao (U.S. Patent Application No. 2011/0237073).

Regarding Claim 1.

(AAPA Figs. 1A and 1B and [0013]-[0014])

A semiconductor substrate (110) having a plurality of devices (108, [0002]), said
semiconductor substrate (110) comprising: a plurality of through silicon vias (118,
plurality: [0002] and [0014]) disposed in said substrate (118 disposed in 110) extending
from a top surface (134) of said substrate (110) to a bottom surface (132) of

said substrate (110); a conductive filler (conductive fill shown as shaded area)
disposed within each of said plurality of through silicon vias (fill disposed in 118 figs. 1A

& 1B),
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AAPA does not disclose:

each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region

at a bottom portion to prevent contamination during processing of said

semiconductor substrate, said hollow center being surrounded by said conductive filler.
In related art, Beyne discloses (Fig. 10B-H):

each of said plurality of through silicon vias (2c through S) having a hollow center (4) to
reduce thermal stress in said semiconductor substrate (4 reduces thermal stress,
[0070], disclosing that the airgaps help reduce stress in the substrate TSV interface).
Beyne discloses that the airgaps help reduce stress in the TSV. Thus, it would have
been obvious to modify AAPA to incorporate the airgap as taught by Beyne for the
benefit of reducing the thermal stress in further processing of the device;

IN related art Dao discloses:

wherein each of said plurality of through silicon vias (fig. 10, 16) has a pinched off
region at a bottom portion (taper ending at bottom) to prevent contamination during
processing of said semiconductor substrate (taper preventing contamination as
described at [0017], [0021]. Dao discloses that the taper prevents contamination of the
Via conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. The modified AAPA would result the

hollow center being surrounded by said conductive filler, because AAPA is relied on for
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the conductive filler. That is, the hollow center, and pinch off would be provided in the
device of AAPA for the benefit of reducing stress on the substrate of AAPA. Thus, the

features of claim 1 would have been obvious to one having ordinary skill in the art.

Regarding Claim 2.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

Modified AAPA of claim 1 results in the features of claim 2. Namely,

The semiconductor substrate of claim 1, wherein said pinched off region is formed by
tapering a bottom portion of each of said plurality of through silicon vias. Dao discloses
that the taper at the bottom prevents contamination of the Via conductive fill. See
[0017], [0025]. Thus, it would have been obvious to make the TSV of AAPA tapered as
taught by Dao for the benefit of preventing contamination of the TSV in further
processing as taught by Dao. Thus, the features of claim 2 would have been cbvious

to one having ordinary skill in the art.

Regarding Claim 3.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

The semiconductor substrate of claim 1, wherein said preventing

contamination during said processing is achieved by preventing contamination

Samsung Exhibit 1003, Page 149 of 321



Application/Control Number: 13/415,744 Page 9
Art Unit: 2898

during polishing said bottom surface of said substrate. Dao discloses that the taper at
the bottom prevents contamination of the Via conductive fill during polishing. See
[0017], [0025] [0028], See Figs 5-10. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 3 would

have been obvious to one having ordinary skill in the art.

Regarding Claims 4 and 5

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not specifically disclose:

The semiconductor substrate of claim 1, wherein said conductive filler comprises a
metallic filler.

The semiconductor substrate of claim 1, wherein said conductive filler comprises
tungsten.

In related art, Dao discloses:

The semiconductor substrate of claim 1, wherein said conductive filler comprises a
metallic filler. (Dao [0028], 44 comprising tungsten, copper)

The semiconductor substrate of claim 1, wherein said conductive filler comprises
tungsten. (Dao [0028], 44 comprising tungsten, copper). The selection of a known
material based on its suitability for its intended use supported a prima facie

obviousness determination in Sinclair &Carroll Co. v. Interchemical Corp., 325 U.S.
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327,65 USPQ 297 (1945) See MPEP 2144.07. Here, the selection of metal,
specifically tungsten would have been obvious because it is known to be used as a fill
for a TSV, With no unexpected results. Thus, the features of claims 4-5 would have

been obvious.

Regarding Claim 6.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not specifically disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler fills said
bottom portion, pinching off said hollow center.

In related art, Dao discloses:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler fills said
bottom portion, pinching off said hollow center. (See Dao Fig. 9, disclosing that bottom
of Taper 16 is filled with 44.) Thus, modified AAPA would result in this feature,
because the teaching of Beyne would include the pinched off hollow center, with the
bottom filled as taught by Dao. Thus, the features of claim 6 would have been obvious

to one having ordinary skill in the art.

Regarding Claim 7.
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AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA discloses [0002], that semiconductor substrates have a plurality of TSV's in
semiconductor substrates. AAPA discloses that the TSV's are used to make
interconnections through semiconductors. AAPA discloses that the TSV’s are used
where needed to make interconnections through the semiconductors.

The semiconductor substrate of claim 1, wherein a first group of said plurality of
through silicon vias are laid out in a width direction and a second group of said plurality
of through silicon vias are laid out in a length direction. The recited feature would have
resulted from an obvious matter of design choice. One having ordinary skill in the art
would be motivated to make the vias as recited to accommodate a particular
arrangement of contacts required by a die. See MPEP 2144.04 VI C. In re Japikse, 181
F.2d 1019, 86 USPQ 70 (CCPA1950) (Claims to a hydraulic power press which read
on the prior art except with regard to the position of the starting switch were held
unpatentable because shifting the position of the starting switch would not have
modified the operation of the device.); In re Kuhle, 526 F.2d 553, 188 USPQ 7 (CCPA
1975) (the particular placement of a contact in a conductivity measuring device was
held to be an obvious matter of design choice). Thus, the broadly recited features

recited in claim 7 would have been obvious to one having ordinary skill in the art.

Regarding Claim 9.
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AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, further comprising a pinched off region at a
top of each of said plurality of through silicon vias.

Beyne discloses:

The semiconductor substrate of claim 1, further comprising a pinched off region at a
top of each of said plurality of through silicon vias. (See fig. 10b-H, pinch off trench,
and Abstract and [0017] [0061] [0064]). Beyne discloses that the pinched off top
portions creates air gap 4, which helps reduce stress in the substrate/via. Thus, it
would have been obvious to provide a top pinch off for the benefit of obtaining the

airgap 4 which reduces stress in AAPA.

Regarding Claim 10.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive

filler incompletely fills said bottom portion, narrowing said hollow center.

Modified AAPA results in this features, because Beyne discloses that the air gap is

created by the top pinch off region and Dao discloses that the tip of the taper is filled.
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See Beyne fig 10b, and Dao Fig. 6 and 9. Dao’s fill narrows the hollow center, by
providing more fill material to close the airgap. Thus, the features recited are met by
modified AAPA by applying the teachings of both Beyne and Dao to AAPA as done in

regards to claim 1.

Regarding Claims 15 and 16.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, wherein said conductive filler comprises a
metallic filler.

The semiconductor substrate of claim 13, wherein said conductive filler comprises
tungsten.

In related art, Dao discloses:

The semiconductor substrate of claim 13, wherein said conductive filler comprises a
metallic filler. (Dao [0028], 44 comprising tungsten, copper)

The semiconductor substrate of claim 13, wherein said conductive filler comprises
tungsten. (Dao [0028], 44 comprising tungsten, copper). The selection of a known
material based on its suitability for its intended use supported a prima facie
obviousness determination in Sinclair &Carroll Co. v. Interchemical Corp., 325 U.S.
327,65 USPQ 297 (1945) See MPEP 2144.07. Here, the selection of metal,

specifically tungsten would have been obvious because it is known to be used as a fill
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for a TSV, with no unexpected results. Thus, the features of claims 15-16 would have

been obvious.

Regarding Claim 19.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, further comprising a pinched off region at a
bottom of each of said plurality of through silicon vias.

IN related art Dao discloses:

wherein each of said plurality of through silicon vias (fig. 10, 16) has a pinched off
region at a bottom portion (taper ending at bottom) to prevent contamination during
processing of said semiconductor substrate (taper preventing contamination as
described at [0017], [0021]. Dao discloses that the taper prevents contamination of the
Via conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 18 would

have been obvious to one having ordinary skill in the art.
Regarding Claim 20.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.

AAPA does not specifically disclose:
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The semiconductor substrate of claim 13, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler incompletely
fills said bottom portion, narrowing said hollow center.

AAPA does not disclose:

Dao discloses a taper bottom portion at (taper preventing contamination as described
at [0017], [0021]. Dao discloses that the taper prevents contamination of the Via
conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the TSV
of AAPA tapered as taught by Dao for the benefit of preventing contamination of the
TSV in further processing as taught by Dao. Thus, the features of claim 1 would have
been obvious to one having ordinary skill in the art.

Modified AAPA results in this feature, because Beyne discloses that the air gap is
created by the top pinch off region and Dao discloses that the tip of the taper is filled.
See Beyne fig 10b, and Dao Fig. 6 and 9. Dao’s fill narrows the hollow center, by
providing more fill material to close the airgap. Thus, the features recited are met by
modified AAPA by applying the teachings of both Beyne and Dao to AAPA for the
benefits of obtaining an airgap to prevent stress as taught by Beyne and tapering to
avoid contamination as taught by Dao. Thus, the features of claim 20 would have been

obvious to one having ordinary skill in the art.
Claims 8 and 18 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over AAPA) Beyne in view of Dao further in view of Ito (U.S. Patent Application No.

2008/0258307)
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Regarding Claim 8 and 18.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as

addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through

silicon vias has at least one chamfered corner.

The semiconductor substrate of claim 13, wherein each of said plurality of through

silicon vias has at least one chamfered corner.

In related art, Ito discloses:

The semiconductor substrate of claim 1/13, wherein each of said plurality of through

silicon vias has at least one chamfered corner. (See Ito Figs. 2B, 3B, and [0051]) Ito

discloses that the chamfered corners help avoid a stress concentration in the corners.

Thus, it would have been obvious to chamfer the corners of the Vias of AAPA for the

benefit of avoiding stress concentrations as taught by Ito.

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

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ROBERT BACHNER whose telephone number is
(571)270-3888. The examiner can normally be reached on Mon-Thurs 8:30-5 alternate
Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio J. 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.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Examiner, Art Unit 2898

/JULIO J. MALDONADO/
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref jiHits {Search Query DBs Default ;iPlurals {iTime
# Operator Stamp
L1 i1 "13415744" us- OR OFF 2014/08/15
PGPUB; 16:47
\\\\\\\ USPAT Anaasd
L2 {652 iJebory near Hadi Howard near David us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
L3 8928 ii(through near silicon near via$2 TSV) Us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
L4 0 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
tapper PGPUB; 16:47
USPAT
L5 479 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
pinch near off PGPUB; 16:47
USPAT
L6 87 (through near silicon near via$2 TSV) and uUs- OR OFF 2014/08/15
pinch$3 near off PGPUB; 16:47
L ey USPAT
L7 i1 "13744864" us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
L8 i6 ("20090098737" | "20090206416" | us- OR OFF 2014/08/15
"20110081753" | "20120061773" | "7241700" {{PGPUB; 16:47
| "7575991").PN. USPAT
L9 8 (US-20090298285-% or US-20120013022-$ or {jUS- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$ or {PGPUB; 16:47
US-20100230818-$).did. or (US-7829976-$ or JUSPAT
US-7772123-$ or US-7749899-9$).did.
L10 §11 ("2010/0230818").URPN. USPAT {OR OFF 2014/08/15
16:47
L11 440 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
pinch near off and void PGPUB; 16:47
USPAT
L12 10  #(US-20090298285-$ or US-20120013022-$ or {US- OR OFF §2014/08/15
US-20110240481-$ or US-20110151659-$% or {PGPUB; 116:47
US-20100230818-$ or US-20100219513- USPAT

$).did. or (US-7829976-$ or US-7772123-$ or
US-7749899-$ or US-8178950-%).did.

L13 i681 {i(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

void PGPUB; 16:47
USPAT
L14 440 (through near silicon near via$2 TSV) and void {US- OR OFF 2014/08/15
and (tapper pinch near off) PGPUB; 16:47
USPAT
L15§10  {(US-20090298285-$ or US-20120013022-$ or {{US- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$ or {{PGPUB; 16:47
US-20100230818-$ or US-20100219513- USPAT
$).did. or (US-7829976-$ or US-7772123-$ or

file:///Cl/Users/rbachner/Documents/e-Red%20Folder/13415744/EASTSearchHistory. 13415744 _AccessibleVersion.htm[8/15/2014 5:46:23 PM]
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EAST Search History

| us-7749899-$ or US-8178950-$).did. . 3
L16 {11 |("2010/0230818").URPN. USPAT 1OR OFF  42014/08/15

16:47
L17 §23 ("20060273455" | "20070085198" | us- OR OFF 2014/08/15
"20070152194" | "20070228546" | "5424245" {PGPUB; 16:47
| "5493096" | "5501893" | "5599744" | USPAT;
"5B79978" | "6150252" | "6333265" | USOCR

"6589865" | "6821896" | "6861312" |
"6908841" | "6919255").PN. OR
("7772123").URPN.

L18 i§47 (through near silicon near via$2 TSV) and uUs- OR OFF 2014/08/15
(void hollow ) and (tapper pinch near off) PGPUB; 16:47
USPAT
L19 §955 {i(through near silicon near via$2 TSV) and uUs- OR OFF 2014/08/15
(void hollow ) PGPUB; 16:47
USPAT
L20 §106 {(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(void hollow ) and (taper pinch near off) PGPUB; 16:47
USPAT
L21 {14 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(void hollow ) same (thermal stress) and PGPUB; 16:47
(tapper pinch near off) USPAT
L22 438 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(void hollow ) and (thermal stress) and PGPUB; 16:47
(tapper pinch near off) USPAT
L23 §79  i(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(void hollow ) and (thermal stress) and (taper {|PGPUB; 16:47
pinch near off) USPAT
L24 {167 inewport near fab us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
L25 {19 (US-20090298285-% or US-20120013022-$ or {jUS- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$ or {PGPUB; 16:47

US-20100230818-$ or US-20100219513-$ or {{USPAT
US-20130302980-$ or US-20120139127-$ or
US-20140070339-$ or US-20110159690-$ or
US-20120175789-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-7531453-$
or US-8587126-$ or US-7955972-%) .did.

26 §210 ij(through near silicon near via$2 TSV) and Us- OR OFF 2014/08/15
(void hollow ) and (thermal stress) and (taper {PGPUB; 16:47
pinch near off contaminat$) USPAT

127 5 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(void hollow ) and (thermal stress) and (taper {{PGPUB; 16:47
pinch near off narrow) same contaminat$ USPAT

L28 i6 (through near silicon near via$2 TSV) and us OR OFF 2014/08/15
(taper pinch near off narrow) same PGPUB; 16:47

““““““ contaminat$ USPAT

L29 §216 {i(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(taper pinch near off narrow) and PGPUB; 16:47
contaminat$ USPAT

L36 513 {{("20010020739" | "20020005583" | us- OR OFF 2014/08/15
"20020006687" | "20020020898" | PGPUB; 16:47
"20020027293" | "20020057468" | USPAT;

"20020059722" | "20020060208" | USOCR
"20020089025" | "20020094607" |
"20020096729" | "20020113296" |
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EAST Search History

"20020130390" | "20020145676" |
"20020190371" | "20030014895" |
"20030042564" | "20030062601" |
"20030119308" | "20030148597" |
"20030216023" | "20040004280" |
"20040012698" | "20040018712" |
"20040023447" | "20040023469" |
"20040038442" | "20040041261" |
"20040043607" | "20040046251" |
"20040073607" | "20040082094" |
"20040087441" | "20040094389" |
"20040137661" | "20040137701" |
"20040141536" | "20040159668" |
"20040159958" | "20040178491" |
"20040180539" | "20040188260" |
"20040192033" | "20040198033" |
"20040198040" | "20040214373" |
"20040219342" | "20040219763" |
"20040222082" | "20040245649" |
"20040255258" | "20040262753" |
"20040265562" | "20050026443" |
"20050037608" | "20050046002" |
"20050052751" | "20050064707" |
"20050067620" | "20050069782" |
"20050101054" | "20050101116" |
"20050104228" | "20050106834" |
"20050110095" | "20050110889" |
"20050127478" | "20050136646" |
"20050139390" | "20050150683" |
"20050151228" | "20050164500" |
"20050189637" | "20050191861" |
"20050194169" | "20050208766" |
"20050227382" | "20050236708" |
"20050247894" | "20050254133" |
"20050258530" | "20050272221" |
"20050277293" | "20050282374" |
"20080003566" | "20060011809" |
"20080038272" | "20060040428" |
"20080043569" | "20060046438" |
"20080046468" | "20060046537" |
"20080057776").PN. OR ("20060057836" |
"20080071347" | "20060151880" |
"20080154153" | "20060160367" |
"20080180941" | "20060186097" |
"20080191882" | "20060195729" |
"20080199363" | "20060204651" |
"20060208360" | "20060216862" |
"20060223301" | "20060240687" |
"20060249849" | "20060252254" |
"20060252262" | "20060255443" |
"20060264041" | "20060270108" |
"20060278979" | "20060278980" |
"20060278988" | "20060278989" |
"20060281224" | "20060281243" |
"20060289967" | "20060292877" |
"20070004079" | "20070012655" |
"20070020805" | "20070020935" |
"20070023121" | "20070032061" |
"20070035033" | "20070037379" |
"20070042598" | "20070045120" |
"20070045388" | "20070045779" |
"20070045806" | "20070045812" |
"20070045826" | "20070045834" |
"20070048896" | "20070048994" |
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EAST Search History

"20070049019"
"20070077753"
"20070096263"
"20070111386"
"20070138562"
"20070152342"
"20070158839"
"20070161235"
"20070166997"
"20070170574"
"20070182020"
"20070197013"
"20070222050"
"20070228576"
"20070262424"
"20070281473"
"20080006850"
"20080050911"
"20080057620"
"20080079121"
"20080081398"
"20080299759"
"20080318361"

| "20070057028" |
| "20070082427" |
| "20070099395" |
| "20070122940" |
| "20070145563" |
| "20070155997" |
| "20070158853" |
| "20070166991" |
| "20070167004" |
| "20070178694" |
| "20070190803" |
| "20070202617" |
| "20070222054" |
| "20070228926" |
| "20070267138" |
| "20070293040" |
| "20080050904" |
| "20080054444" |
| "20080079120" |
| "20080081386" |
| "20080265933" |
| "20080299762" |
|

"20090007934").PN. OR

("20090014859" | "20090057912" |

"20090091962"
"20090146312"
"20090180257"
"20090283898"

"20090321947" | "2821959" | "3006318" |

| "20090127668" |
| "20090166846" |
| "20090224405" |
| "20090315154" |

"3345134" | "3865298" | "3902036" |
"4040168" | "4368106" | "4534100" |

"4581301" | "4608480" | "4614427"
"4627971" | "4660083" | "4756765"
"4768291" | "4818728" | "4906314"
"4907127" | "4959705" | "4964212"
"4984597" | "5006922" | "5024966"
"5026964" | "5027184" | "5037782"
"5098864" | "5102829" | "5123902"
"5130783" | "5144412" | "5145099"
"5158911" | "5200366" | "5219344"
"5233448" | "5237148" | "5289631"
"5291062" | "5292686" | "5294568"
"5304743" | "5371397" | "5378312"
"5378313" | "5380681" | "5402435"
"5406630" | "5424573" | "5435887"
"5438212" | "5447871" | "5464960"
"5481483" | "5485039" | "5496755"
"5505804" | "5515167" | "5518956"
"5550403" | "5585308" | "5585675"
"5593913" | "5605783" | "5614743"
"5618752" | "5624437" | "5627106"
"5646067" | "5654221" | "5672519"
"5673846" | "5684642" | "5690841"
"5694246" | "5708293" | "5718791"
"5723904" | "5726493" | "5734555"
"B771158" | "5776824" | "5807439"
"56811799" | "5821532" | "5825080"
"5826628" | "5847454" | "5851845"
"5857963" | "5861654" | "5870289"
"6870823" | "5877040" | "5893828"
"5897338" | "5904499" | "5914488"
"5969422" | "5977535" | "5998240"
"5998292" | "5998862" | "6004867"
"6008070" | "6008914" | "6080291"
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EAST Search History

"6097087" | "6103547" | "6104086").PN. OR
("6107186" | "6107679" | "6110825" |
"6114240" | "6119335" | "6124634" |
"6133622" | "6137163" | "6137182" |
"6140604" | "6143588" | "6148509" |
"6159764" | "6180518" | "6184060" |
"6184465" | "6187615" | "6191487" |
"6203539" | "6221769" | "6222136" |
"6222270" | "6228687" | "6229202" |
"6235552" | "6236046" | "6246108" |
"6252300" | "6259083" | "6266197" |
"6271580" | "6274927" | "6277757" |
"6285064" | "6291894" | "6294837" |
"6297155" | "6324253" | "6326689" |
"6326697" | "6329632" | "6341009" |
"6344976" | "6351027" | "6359254" |
"6359328" | "6372548" | "6388208" |
"6391770" | "6406636" | "6407381" |
"6411439" | "6432821" | "6433303" |
"6433304" | "6437284" | "6437441" |
"6444576" | "6448106" | "6455425" |
"6457515" | "6459039" | "6459150" |
"6468889" | "6483652" | "6486083" |
"6486549" | "6503780" | "6521516" |
"6521530" | "6534192" | "6541762" |
"6545563" | "6555782" | "6560047" |
"6566745" | "6569711" | "6569777" |
"6572606" | "6576531" | "6580174" |
"6582987" | "6582992" | "6593644" |
"6599436" | "6603183" | "6606251" |
"6617623" | "6620031" | "6620731" |
"6621045" | "6638410" | "6653236" |
"6658818" | "6660622" | "6660630" |
"6661047" | "6664129" | "6664485" |
"6667551" | "6670986" | "6680459" |
"6686588" | "6699787" | "6703310" |
"6708405" | "6734419" | "6746971" |
"6750144" | "6756564" | "6759266" |
"B774486" | "6777244" | "6778046" |
"6780749" | "6790775" | "6791076" |
"6795120" | "6797616" | "6800943" |
"6809025" | "6809421" | "6813154" |
"6818464" | "6825127").PN. OR ("6825458" |
"6825557" | "6828175" | "6828223" |
"6828663" | "6828674" | "6838377" |
"6841849" | "6844978" | "6847109" |
"6852621" | "6856023" | "6858891" |
"6864172" | "6864457" | "6867390" |
"6873054" | "6882021" | "6882030" |
"6885107" | "6903012" | "6903442" |
"6903443" | "6910268" | "6913952" |
"6916725" | "6934065" | "6936536" |
"6939343" | "6943056" | "6946325" |
"6951627" | "6953748" | "6962867" |
"6970775" | "6982487" | "7022609" |
"7023090" | "7029937" | "7033927" |
"7037836" | "7041598" | "7045015" |
"7084073" | "7091124" | "7092284" |
"7094677" | "7109068" | "7111149" |
"7129112" | "7151009" | "7164565" |
"7166247" | "7170183" | "7183176" |
"7183653" | "7186650" | "7190061" |
"7199050" | "7214615" | "7217596" |
"7217888" | "7223634" | "7256073" |
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EAST Search History

"7262134" | "7262495" | "7265052" |
"7271482" | "7279776" | "7300857" |
"7317256" | "7378726" | "7408265" |
"7449098" | "7491582" | "7498661").PN. OR
("7795134") . URPN.

L37 {23  {(US-20090298285-$ or US-20120013022-$ or {jUS- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$% or {PGPUB; 16:47
US-20100230818-% or US-20100219513-% or {USPAT
US-20130302980-$ or US-20120139127-$ or
US-20140070339-% or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-

8178950-% or US-8647920-$ or US-7531453-%
or US-8587126-$ or US-7955972-$ or US-
8232626-% or US-7795134-%).did.

L38 i6 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

(taper pinch near off narrow) same polish PGPUB; 16:47
USPAT

39 21 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

(tap$4 pinch near off narrow) same polish PGPUB; 16:47
USPAT

L40 §23  {#(US-20090298285-$ or US-20120013022-$ or {US- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$ or {PGPUB; 16:47
US-20100230818-$ or US-20100219513-$ or {USPAT
US-20130302980-$ or US-20120139127-$ or
US-20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$).did. or (US-7829976-$% or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-7531453-$
or US-8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-%).did.

L41 i1 (US-7795134-$).did. USPAT iOR OFF 2014/08/15

16:47

L42 §279 ii(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

(tap$4 pinch near off narrow) and polish PGPUB; 16:47
USPAT

L43 43030 {i(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

(tap$4 pinch near off narrow) PGPUB; 16:47
USPAT

L44 §1146 {(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

(tap$4 pinch near off narrow) and polish$4 PGPUB; 16:47
USPAT

L45 1238 {i(through near silicon near via$2 TSV) same Us- OR OFF 2014/08/15

(tap$4 pinch near off narrow) and polish$4 PGPUB; 16:47
\\\\\\\\\\\ USPAT

L46 §111  {i(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15

(tap$4 pinch near off narrow) same polish$4 {{PGPUB; 16:47
USPAT
L47 §162 ii(through near silicon near via$2 TSV) with us- OR OFF 2014/08/15
(taper$4 pinch near off contaminat$) PGPUB; 16:47
USPAT
L48 i1 "8039386" us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
L49 §2 "12748101" Us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
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EAST Search History

L50 25 (US-20090298285-% or US-20120013022-$ or {US- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$ or {PGPUB; 16:47
US-20100230818-$ or US-20100219513-$ or {{USPAT
US-20130302980-% or US-20120139127-$ or
US-20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$ or US-20110237073-
$).did. or (US-7829976-$ or US-7772123-$ or
US-7749899-$ or US-8178950-$ or US-

8647920-$% or US-7531453-$ or US-8587126-$
or US-7955972-$ or US-8232626-$ or US-
7795134-$ or US-8039386-$).did.
L51 {0 L50 and chamfer$2 us- OR OFF 2014/08/15
PGPUB; 16:47
USPAT
L52 435  {j(through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
chamfer$2 PGPUB; 16:47
USPAT
L53 i1 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
chamfer$2 with corner same stress PGPUB; 16:47
USPAT
L54 16 (through near silicon near via$2 TSV) and us- OR OFF 2014/08/15
(round$3 chamfer$2) with corner same stress {{PGPUB; 16:47
USPAT
L55 486 (through near silicon near via$2 TSV contact {US- OR OFF 2014/08/15
near hole) and (round$3 chamfer$2) with PGPUB; 16:47
corner same stress USPAT
L56 26  #(US-20090298285-$ or US-20120013022-$ or {US- OR OFF 2014/08/15
US-20110240481-$ or US-20110151659-$ or {PGPUB; 16:47
US-20100230818-% or US-20100219513-$ or {USPAT
US-20130302980-$ or US-20120139127-$ or

US-20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$ or US-20110237073-$ or
US-20080258307-9$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-

8178950-$ or US-8647920-$ or US-7531453-$
or US-8587126-$ or US-7955972-$ or US-
8232626-% or US-7795134-$ or US-8039386-
$dd. O} F
L57 {0 ("2012/0139127") .URPN. USPAT §OR OFF 2014/08/15
17:03
L58 {0 ("2012/0139127").URPN. us- OR OFF 2014/08/15
PGPUB; 17:03
USPAT
L59 §0 ("2012/0139127").URPN. us- OR OFF 2014/08/15
PGPUB; 17:03
USPAT
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REQEIVED
CENTRAL FAX CENTER Attorney Docket No.: 0150167

JUL 08 204

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jebory et al. Art Unit: 2898

Serial No.: 13/4]5,744 Examiner: Bachner, Robert G.
Filing Date: 03/08/2012

For: Through Silicon Via Structure,

Method of Formation, and Integration
in Semiconductor Substrate

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

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

Dear Sir/Madam:

This is in response to the Non-Final Office Action dated April 8, 2014 in the
above-referenced patent application. Please enter and consider the following
amendments and reinarks.

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any 6verpayment to Deposit Account No.

50-0731.

Page 1
08JAZ0006

PAGE 2/19* RCVD AT 7/8/2014 6:50:08 PM [Eastern Daylight Time] * SVR:W-PTOFAX-002/6 * DNIS:2738300 * CSID:949 282 1002 * DURATION (mm-55):06-13

Samsung Exhibit 1003, Page 170 of 321



07}08/2014 TUE 16:38 FAX 949 282 1002 FARJAMI & FARJAMI LLP --- USPTO v [@oo3/019

Attorney Docket No.: 0150167

In the Drawings:

Pleasé enter repiacement Figures 1A, 1B and 4 in the present application.
Applicants amend Figures 1A and 1B to include the I.egend “Prior Art.” Applicants
amend Figure 4 to remove reference numeral 422. No new matter is introduced by
replacement Figures 1A, 1B and 4. Two drawing repla;:ement sheets, marked as such, are

provided at the end of the present amendment and response.
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CENTRAL PAX CENTER Attorney Docket No.: 0150167

JuL 08 20t4

In the Claims:

Claim 1 (currently amended): A semiconductor substrate having a plurality of :
devices, said semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal

stress in said semiconductor substrate, said hollow center being surrounded by said

conductive filler;
wherein each of said plurality of through silicon vias has a pinched off-region at a
bottom portion to prevent contamination during processing of said semiconductor

substrate.

Claim 2 (original): The semiconductor substrate of claim 1, wherein said pinched
off region is formed by tapering a bottom portion of each of said plurality of through

silicon vias.

Claim 3 (original): The semiconductor substrate of claim 1, wherein said
preventing contamination during said processing is achieved by preventing contamination

during polishing said bottom surface of said substrate.
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Claim 4 (original): The semiconductor substrate of claim I, wherein said

conductive filler comprises a metallic filler.

Claim 5 (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises tungsten.

Claim 6 (original): The semiconductor substrate of claim 1, wherein each of said
plurality of through silicon vias is tapered at a bottom portion such that said conductive

filler fills said bottom portion, pinching off said hollow center. = |

Claim 7 (original): The semiconductor substrate of claim |, wherein a first group
of said plurality of through silicon vias are laid out in a width direction and a second

group of said plurality of through silicon vias are laid out in a length direction.

Claim 8 (original): The semiconductor substrate of claim 1, wherein each of said

plurality bfthrough silicon vias has at least one chamfered corner.
Claim 9 (original): The semiconductor substrate of claim [, further comprising a

pinched off region at a top of each of said plurality of through silicon vias.
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Claim 10 (original): The semiconductor substrate of claim |, wherein each of
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.
Claims 11-12 (canceled)

Claim 13 (currently amended): A semiconductor substrate having a plurality of
devices, said semiconductor substrate comprising:
‘a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;
a conductive filler disposed within each of said plurality of through silicon vias,

each of said plurality of through silicon vias having a hollow center being surrounded by

said conductive filler to reduce thermal stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region at a

top portion to prevent contamination during processing of said semiconductor substrate.

Claim 14 (original): The semiconductor substrate of claim 13, further comprising
a dielectric layer disposed on said top surface of said substrate, wherein said dielectric
layer has a plurality of openings, each situated over one of said plurality of through

silicon vias, and having a width smaller than a width of said through silicon vias.
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Claim 15 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises a metallic filler.

Claim 16 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises tungsten.

Claim 17 (original): The semiconductor substrate of claim [3, wherein a first
group of said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length direction.

Claim 18 (original): The semiconductor substrate of claim 13, wherein each of

said plurality of through silicon vias has at least one chamfered corner.

Claim 19 (original): The semiconductor substrate of claim 13, further comprising

a pinched off region at a bottom of each of said plurality of through silicon vias.

Claim 20 (original): The semiconductor substrate of claim 13, wherein each of
said plurality of through silicon vias is taperéd at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.
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REMARKS
Prior to the present amendment and response, c.:laimS 1-10 and 13-20 were pending
in the present application. By the present amendment and response, Applicants have
amended Figures 1A, 1B and 4, and claims | and 13. Thus, after the present amendment
and response, claims 1-10 and 13-20 remain pending in the present application.
Applicants respectfully request reconsideration and allowance of claims 1-10 and 13-20

in view of the above amendments and the following remarks.

A. Objection to the Drawings

In the Non-Final Office Action, dated April 8, 2014 '(hereinafter “Office Aétio_n"),
the Examiner objects to Figures 1A, 1B and 4 of the present application. See page 2 of
the Office Action. By the present amendment and response, Applicants have amended
Figures 1A and 1B to include the legend “Prior Art.” Applicants have also amended
Figure 4 to remove reference numeral 422. Two replacement sheets including the
amended F.igures 1A, 1B and 4 are enclosed and ﬁléd herewith. Applicants respectfully

submit that the objection to Figures 1A, IB and 4 has now been overcome.

B. Rejection of Claims 13, 14 and 17 under pre-AlA 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 13, 14 and 17 under pre-AlA 35
U.S.C. § 103(a) as being unpatentable for purported obviousness over alleged Applicants’

~ Admitted Prior Art (hereinafter “AAPA™) in view of U.S. Patent Application Publication
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Number 2012/0139127 A1 by Eric Beyne (hereinafter “Beyne™). See page 3 of the Office
Action. For the reasons discussed below, Applicants respectfully submit that amended
independent claim 13 is patentably distinguishabl; over the alleged AAPA and Beyne,
either singly or in combination.

The present app]icétion is directed, in part, to through silicon via structures. See,
e.g., page 4, lines 2-5 of the present application.. For example, in one implementation, as
shown in described in Figure 2 of the present application, exemplary semiconductor
structure 200 includes semiconductor devices 208 and 210, and narrow thréugh-silicon
vias (TSVs) 202, 204 and 206 in'substrate 212. See, e.g., id. at page 7, lines 15-22 with
Figure 2. “The novel features of narrow TSVs 202, 204 and 206 [...] allow exemplary
semiconductor devices 208 and 210 to be placed much closer to TSVs 202, 204 and 206
than conventional TWV designs.” See, e.g., id. at i)age 8, lines 6-9. “In addition, because
TSVs 202, 204 and 206 may be placed much closer to each other than in conventional
TWYV designs, uniform thermal dissipation and heatsinking through TSVs 202, 204 and
206 becomes more practical.” Jd., e.g., at lines 14-16 with Figure 2. o

As disclosed in the present application, “Figure 4 presents an éxemplary magnified
view of TSV 402, which may correspond to TSV 202 of Figure 2, for example.” See,
e.g., id. at page 10, lines 3-4 with Figure 4. As illustrated in Figure 4, TSV 402 includes
first depth d; and second depth d4 in substrate 412, where TSV 402 tapers from first depth
d; to second depth dy. /d., e.g., at lines 7-12 with Figure 4. Conductive filler 430 is

deposited on sidewalls 440 of TSV 402 such that hollow center portion 432 and pinched
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off region 438 are formed in TSV 402. See, e.g., id. at page 11, lines 6-8 with Figurg 4.
For example, “hollow center portion 432 may serve to reduce intrinsic inductance of TSV
402." Id., e.g., at lines 15-21. “Hollow center portion 432 also reduces thermal and
mechanical stress in substrate 412 by pl'oviding space for conductive filler 430 to expand
inward rather than outward in high temperature conditions.” Id. “Such reduction in
thermal and mechanical stress reduces cracking in substrate 412.” /d.

By the present amendment and response, Applicants have amended independent
claim 13 to recite, in part, “a conductive filler disposed within each of said plurality of
through silicon vias, each of said plurality of through silicon vias having a hollow center
being surrounded by said conductive filler to reduce thermal stress in said semiconductor
substrate.” See claim 13 above. Support for amended independent claim 13 can be found
at least in page 11 , lines 6~2i and Figure 4 of the present application.

In the Office Action, the Examiner asserts that the alleged AAPA discloses various
features of independent claim 13 of the present application. See pages 3-4 of the Office
Action. The Examiner concedes: |

AAPA does not disclose:

each of said plurality of through silicoh vias having a hollow’
center to reduce thermal stress in said semiconductor substrate;
wherein each of said plurality of through silicon vias has a pinched

off region at a top portion to prevent contamination during
processing of said semiconductor substrate. /d.
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In an attempt to cure the acknowledged deficiencies of the alleged AAPA, the
Examiner suggests combining the alleged AAPA with Beyne. /d. Specifically, the
Examiner asserts:

In related art, Beyne discloses (10B-H)

each of said plurality of through silicon vias (10b) having a
hollow center (4) to reduce thermal stress in said semiconductor
substrate (4 reduces thermal stress, [0070], disclosing that the
airgaps help reduce stress in the substrate TSV interface); wherein
each of said plurality of through silicon vias (Fig. 10b) has a pinched
off region (Pinch-off trench) at a top portion to prevent
contamination during processing of said semiconductor substrate.
(See Abstract, [0017], [0066]-[0068], [0078]. Beyne discloses that
the pinch off trench top provides good TSV. The airgap and via is
formed of good quality, and does not contain contamination). Id.

Turning to Beyne, with reference to Figure 10B,

FIG. 10B illustrates a detailed view of the substrate S with a
patterned photoresist 12, PMD and STI layer(s) 11 and a liner 2a
deposited in the TSV hole and isolating trenches. The liner is
deposited on the horizontal parts of the substrate 2a and onto the
sidewalls of the TSV hole 2b and within the isolating trenches 2¢
FIG. 10B clearly illustrates the closure of the opening (top) of the
isolating trenches 3 thereby pinching-off the trench and forming an
airgap 4 within said trench. See page 6, paragraph [0088] with
Figure 10B of Beyne.

As described in the Beyne, the liner deposited in isolating trench 2c is a tetraethyl
orthosilicate (TEOS) liner, which is a dielectric material. See id. at baragraph [0023].
Thus, airgap 4 is formed in a dielectric liner in isolating trench 2c. As further depicted in
Figure 10C of Beyne, conductive material 21 is deposited over the dielectric liner in TSV
hole 26 above isolating trench 2¢. In other words, Beyne describes depositing a dielectric

liner in an isolating trench, where an airgap may be formed in the dielectric Jiner. Thus,

/
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Applicants respectfully assert that neither the alleged AAPA nor Beyne discloses or ¢
suggests, for example, “a conductive filler disposed within each of said plurality of :
through silicon vias, each of said plurality of through silicon vias having a hollow center
being surrounded by said conductive filler to reduce thermal stress in said semiconductor
substrate,” as recited in amended independent claim 13 of the present application.

For all of the reasons set forth above, Applicants respectfully submit that amended
independent claim 13 is neither anticipated by, nor is obvious in light of, the disclosures
provided by the alleged AAPA and Beyne, either singly or in combination. Consequently,
Applicants respectfully submit that independent claim 13 is patentably distinguishable
over the alleged AAPA and Beyne. As such, claims 14 and 17 depending from and |
further limiting patentable independent élaim 13 are, a fortiori, also patentably
distinguishabv]e over the alleéed AAPA and Beyne, for at least the reasons discussed

above, and also for the additional limitations contained in each dependent claim.

C. Rejection of Claims 1-7, 9, 10, 15, 16, 19 and 20 under pre-AlA
35 U.S.C.8§103(a

" In the Office Action, the Examiner rejects claims 1-7, 9, 10, 15, 16, 19 and 20
under pre-AlA 35 U.S.C. §103(a) as being unpatentable for purported obviousness over
the alleged AAPA in view Beyne and further in view of U.S. Patent Application
Publication Number 201 1)0237073 by Dao et al. (hereinafter “Dao™). See page 6 of the

Office Action.
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With regard to claims 1-7, 9 and 10, by thé present amendment and response,
Applicants have amended independent claim 1 to include féatures similar to those in
amended independent claim 13. See claim | above. For at least similar reasons presented
above, Applicants respectfully assert that neither the alleged AAPA nor Beyne discloses
or suggests, for example, “a conductive filler disposed within each of said plurality of
through silicon vias, each of said plurality of through silicon vias having a hollow center
to reduce thermal stress in said semicbnducior substrate, said hollow center being
surrounded by said conductive filler,” as recited in amended independent claim 1 of the
present application. Applicants respectfully assert that the above-mentioned features are.
also not disclosed by Dao.

For all of the reasons set forth above, Applicants respectfully submit that amended
independent claim 1 is neither anticipated by, nor is obvious in light of, the disclosures
provided by the alleged AAPA, Beyne, and Dao either singly or in any combination
thereof. Consequently, Applicants respectfully submit that independent claim ! is
patentably distinguishable over the alleged AAPA, Beyne, and Dao. As such, claims 2-7,
9, 10 depending from and further limiting patentable independent claim | are, a fortiori,
also patentably distinguishable over the alleged AAPA, Beyne, and Dao, for at least the
reasons discussed above, and also for the additional limitatiéns contained in each
dependent claim.

With regard to independent claims 15, 16, 19 and 20, as discussed above, amended

independent claim 13 is patentably distinguishable over the alleged AAPA and Beyne.
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As such, claims 15, 16, 19 and 20 depending from and further limiting patentable

independent claim 13 are, a fortiori, also patentably distinguishable over the alleged
-AAPA and Beyne, and the alleged AAPA and Beyne in combination with any other cited

references, such as Dao, for at least the reasons discussed above, and also for the

additional limitations contained in each dependent claim.

D. Rejection of Claims 8 and 18 under pre-AlA 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 8 and 18 under pre-AlA 35
U.S.C. §103(a) as being unpatentable for purported obviousness over the alleged AAPA
in view Beyne and Dao, and further in view of U.S. Patent Application Publication |
Number 2008/0258307 by lto et al. (hereinafter “1to™). See page 16 of the Office Action.
However, as discussed above, independent claims | and 13 are patentably distinguishable
over the alleged AAPA, Beyne, and Dao. As such, claim 8 depending from and further
limiting patentable independent claim 1, and claim 18 depending from and further
limiting patentable independent claim 13, are(, a fortiori, also patentably distinguishable
over the alleged AAPA, Beyne, and VDao, and the alleged AAPA, Beyne, and Dao in
combination with any other cited references, such as Ito, for at lcast the reasons discussed

above, and also for the additional limitations contained in each dependent claim.
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RECEIVED
CENTRAL FAX CENTER Attorney Docket No.: 0150167

JuL 08 2014

E. Conclusion

Based on the foregoing reasons, Applicants respectfully submit that independent
claims 1 and 13, and claims depending therefrom, are patenAtably novel and invemive.‘
Moreover, Applicants assert that no new matter has been introduced herein. Thus, for all
of the reasons presented above, an early allowance of claims 1-10 and 13-20 pending in

the present application is respectfully requested.
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The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.

Respectfully Submitted,
FARIAMI & FARJAMI LLP

Date: f 2=/Y

Michael Farjami, Esq.
Reg. No. 38,135

FARJAMI & FARIAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

CERTIFICATE OF FACSIMILE TRANSMISSION

1 hereby certity that this correspondence is being filed by
facsimile ransmission to United States Patent and

Trademark Office at facsimile number 371-273-8300 on the
date stated below. The facsimile transmission report indicated
that the facsimilc transmission was successiul,

Date of Facsimilc: _I I %l\q
Digne, Anelt—

Name of Person Performing Facsimile Transmission

Blarg Owek (3[4

R4 4
Signature Date
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DRAWING REPLACEMENT SHEETS
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REPLACEMENT SHEET

Fig. 1A (Prior Art)
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REPLACEMENT SHEET

Fig. 4 402
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Office Action Summary Examiner Art Unit AIA (First Inventor to File)
ROBERT BACHNER 2898 ,S\ltgt“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.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)X Responsive to communication(s) filed on 2/19/14.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] 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)X Claim(s) 1-10 and 13-20is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-10 and 13-20 is/are rejected.
8)[1 Claim(s) ____is/are objected to.
9)[d 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/Awww uspio.aov/patents/init_events/pehvindex.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
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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** c)[] None of the:
1.0 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.
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DETAILED ACTION
Response to Amendment
Applicants' amendment filed 2/19/14 has been entered and considered. Applicants
have elected Group |, claims 1-10 and 13-20, without traverse. Non-elected claims 11-
12 are canceled.
Drawings
Figures 1A and 1B should be designated by a legend such as --Prior Art—because
based on applicants’ specification page 5, lines 1-5 and page 6 line 11- page7 line 5
only that which is old is illustrated. See MPEP § 608.02(g). Corrected drawings in
compliance with 37 CFR 1.121(d) are required in reply to the Office action to avoid
abandonment of the application. The replacement sheet(s) should be labeled
“‘Replacement Sheet” in the page header (as per 37 CFR 1.84(c)) so as not to obstruct
any portion of the drawing figures. If the changes are not accepted by the examiner, the
applicant will be notified and informed of any required corrective action in the next Office

action. The objection to the drawings will not be held in abeyance.

The drawings are objected to as failing to comply with 37 CFR 1.84(p) (5) because they
include the following reference character(s) not mentioned in the description: 422.
Corrected drawing sheets in compliance with 37 CFR 1.121(d), or amendment to the
specification to add the reference character(s) in the description in compliance with 37
CFR 1.121(b) are required in reply to the Office action to avoid abandonment of the

application. Any amended replacement drawing sheet should include all of the figures
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appearing on the immediate prior version of the sheet, even if only one figure is being
amended. Each drawing sheet submitted after the filing date of an application must be
labeled in the top margin as either “Replacement Sheet” or “New Sheet” pursuant to 37
CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will be
notified and informed of any required corrective action in the next Office action. The

objection to the drawings will not be held in abeyance.

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

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 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.

Claims 13, 14 and 17 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Applicants' Admitted Prior Art (hereafter: AAPA) citations referring to
applicants' U.S. Application Publication No. 2013/0087893, in view of Beyne U.S.
Provisional Patent Application No. 61/420,653 (copy attached), citations refer to U.S.

Patent Application Publication No. 2012/0139127.
Regarding Claim 13.

AAPA discloses (AAPA Figs. 1A and 1B and [0013]-[0014])

A semiconductor substrate (110) having a plurality of devices (108, [0002]), said
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semiconductor substrate comprising: a plurality of through silicon vias (118, plurality:
[0002] and [0014]) disposed in said substrate (118 disposed in 110) extending from a
top surface (134) of said substrate (110) to a bottom surface (132) of said substrate
(110); a conductive filler (conductive fill shown as shaded area) disposed within each of
said plurality of through silicon vias (conductive fill shown as shaded area),

AAPA does not disclose:

each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate; wherein each of said plurality of through silicon
vias has a pinched off region at a top portion to prevent contamination during
processing of said semiconductor substrate.

In related art, Beyne discloses (10B-H)

each of said plurality of through silicon vias (10b) having a hollow center (4) to reduce
thermal stress in said semiconductor substrate (4 reduces thermal stress, [0070],
disclosing that the airgaps help reduce stress in the substrate TSV interface); wherein
each of said plurality of through silicon vias (Fig. 10b) has a pinched off region (Pinch-
off trench) at a top portion to prevent contamination during processing of said
semiconductor substrate. (See Abstract, [0017], [0066]-[0068], [0078]. Beyne
discloses that the pinch off trench top provides good TSV. the airgap and via is formed
of good quality, and does not contain contamination. Thus, it would have been obvious
to modify AAPA by including the pinch-off top portion to include the air-gap for the
benefit of avoiding stress in the VIA and obtaining good quality TSV. Thus, the features

of claim 13 would have been obvious to one having ordinary skill in the art.

Samsung Exhibit 1003, Page 194 of 321



Application/Control Number: 13/415,744 Page 5
Art Unit: 2898

Regarding Claim 14.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

Beyne disclose that the pinched off portion that is overhanging the trench forms the
airgap. Beyne discloses that the pinch off may be formed by a dielectric. See
Abstract,

The semiconductor substrate of claim 13, further comprising a dielectric layer disposed
on said top surface of said substrate, wherein said dielectric layer has a plurality of
openings, each situated over one of said plurality of through silicon vias, and having a
width smaller than a width of said through silicon vias. (See Beyne Fig. 10b-h, and
Abstract, [0017], [0070] [0078], [0093] [0094] and claim 1). Beyne discloses that the
use dielectric layer can be used to form the pinch off, which creates the airgaps which
reduces stress in the TSV. Thus, it would have been obvious to form a dielectric pinch
off as taught by Beyne in the device of AAPA for the benefit of reducing stress in the

TSV.

Regarding Claim 17. The semiconductor substrate of claim 13, wherein a first group of
said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length

direction. AAPA discloses [0002], that semiconductor substrates have a plurality of

TSV's in semiconductor substrates. AAPA discloses that the TSV's are used to make
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interconnections through semiconductors. AAPA discloses that the TSV'’s are used
where needed to make interconnections through the semiconductors.

The semiconductor substrate of claim 13, wherein a first group of said plurality of
through silicon vias are laid out in a width direction and a second group of said plurality
of through silicon vias are laid out in a length direction. The recited feature would have
resulted from an obvious matter of design choice. One having ordinary skill in the art
would be motivated to make the vias as recited to accommodate a particular
arrangement of contacts required by a die. See MPEP 2144.04 VI C. In re Japikse, 181
F.2d 1019, 86 USPQ 70 (CCPA1950) (Claims to a hydraulic power press which read
on the prior art except with regard to the position of the starting switch were held
unpatentable because shifting the position of the starting switch would not have
modified the operation of the device.); In re Kuhle, 526 F.2d 553, 188 USPQ 7 (CCPA
1975) (the particular placement of a contact in a conductivity measuring device was
held to be an obvious matter of design choice). Thus, the broadly recited features

recited in claim 17 would have been obvious to one having ordinary skill in the art.
Claims 1-7, 9, 10, 15, 16, 19 and 20 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Applicants' Admitted Prior Art (hereafter: AAPA), in view of

Beyne further in view of Dao (U.S. Patent Application No. 2011/0237073).
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Regarding Claim 1.

(AAPA Figs. 1A and 1B and [0013]-[0014])

A semiconductor substrate (110) having a plurality of devices (108, [0002]), said
semiconductor substrate (110) comprising: a plurality of through silicon vias (118,
plurality: [0002] and [0014]) disposed in said substrate (118 disposed in 110) extending
from a top surface (134) of said substrate (110) to a bottom surface (132) of

said substrate (110); a conductive filler (conductive fill shown as shaded area)
disposed within each of said plurality of through silicon vias (fill disposed in 118 figs. 1A
& 1B),

AAPA does not disclose:

each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region

at a bottom portion to prevent contamination during processing of said

semiconductor substrate.

In related art, Beyne discloses (Fig. 10B-H):

each of said plurality of through silicon vias (2c¢ through S) having a hollow center (4) to
reduce thermal stress in said semiconductor substrate (4 reduces thermal stress,
[0070], disclosing that the airgaps help reduce stress in the substrate TSV interface).
Beyne discloses that the airgaps help reduce stress in the TSV. Thus, it would have
been obvious to modify AAPA to incorporate the airgap as taught by Beyne for the

benefit of reducing the thermal stress in further processing of the device;
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IN related art Dao discloses:

wherein each of said plurality of through silicon vias (fig. 10, 16) has a pinched off
region at a bottom portion (taper ending at bottom) to prevent contamination during
processing of said semiconductor substrate (taper preventing contamination as
described at [0017], [0021]. Dao discloses that the taper prevents contamination of the
Via conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 1 would

have been obvious to one having ordinary skill in the art.

Regarding Claim 2.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

Modified AAPA of claim 1 results in the features of claim 2. Namely,

The semiconductor substrate of claim 1, wherein said pinched off region is formed by
tapering a bottom portion of each of said plurality of through silicon vias. Dao discloses
that the taper at the bottom prevents contamination of the Via conductive fill. See
[0017], [0025]. Thus, it would have been obvious to make the TSV of AAPA tapered as
taught by Dao for the benefit of preventing contamination of the TSV in further
processing as taught by Dao. Thus, the features of claim 2 would have been obvious

to one having ordinary skill in the art.
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Regarding Claim 3.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

The semiconductor substrate of claim 1, wherein said preventing

contamination during said processing is achieved by preventing contamination

during polishing said bottom surface of said substrate. Dao discloses that the taper at
the bottom prevents contamination of the Via conductive fill during polishing. See
[0017], [0025] [0028], See Figs 5-10. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 3 would

have been obvious to one having ordinary skill in the art.

Regarding Claims 4 and 5

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not specifically disclose:

The semiconductor substrate of claim 1, wherein said conductive filler comprises a
metallic filler.

The semiconductor substrate of claim 1, wherein said conductive filler comprises
tungsten.

In related art, Dao discloses:
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The semiconductor substrate of claim 1, wherein said conductive filler comprises a
metallic filler. (Dao [0028], 44 comprising tungsten, copper)

The semiconductor substrate of claim 1, wherein said conductive filler comprises
tungsten. (Dao [0028], 44 comprising tungsten, copper). The selection of a known
material based on its suitability for its intended use supported a prima facie
obviousness determination in Sinclair &Carroll Co. v. Interchemical Corp., 325 U.S.
327,65 USPQ 297 (1945) See MPEP 2144.07. Here, the selection of metal,
specifically tungsten would have been obvious because it is known to be used as a fill
for a TSV, With no unexpected results. Thus, the features of claims 4-5 would have

been obvious.

Regarding Claim 6.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not specifically disclose:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler fills said
bottom portion, pinching off said hollow center.

In related art, Dao discloses:

The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler fills said

bottom portion, pinching off said hollow center. (See Dao Fig. 9, disclosing that bottom
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of Taper 16 is filled with 44.) Thus, modified AAPA would result in this feature,
because the teaching of Beyne would include the pinched off hollow center, with the
bottom filled as taught by Dao. Thus, the features of claim 6 would have been obvious

to one having ordinary skill in the art.

Regarding Claim 7.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA discloses [0002], that semiconductor substrates have a plurality of TSV's in
semiconductor substrates. AAPA discloses that the TSV's are used to make
interconnections through semiconductors. AAPA discloses that the TSV’s are used
where needed to make interconnections through the semiconductors.

The semiconductor substrate of claim 1, wherein a first group of said plurality of
through silicon vias are laid out in a width direction and a second group of said plurality
of through silicon vias are laid out in a length direction. The recited feature would have
resulted from an obvious matter of design choice. One having ordinary skill in the art
would be motivated to make the vias as recited to accommodate a particular
arrangement of contacts required by a die. See MPEP 2144.04 VI C. In re Japikse, 181
F.2d 1019, 86 USPQ 70 (CCPA1950) (Claims to a hydraulic power press which read
on the prior art except with regard to the position of the starting switch were held
unpatentable because shifting the position of the starting switch would not have

modified the operation of the device.); In re Kuhle, 526 F.2d 553, 188 USPQ 7 (CCPA
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1975) (the particular placement of a contact in a conductivity measuring device was
held to be an obvious matter of design choice). Thus, the broadly recited features

recited in claim 7 would have been obvious to one having ordinary skill in the art.

Regarding Claim 9.

AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:

The semiconductor substrate of claim 1, further comprising a pinched off region at a
top of each of said plurality of through silicon vias.

Beyne discloses:

The semiconductor substrate of claim 1, further comprising a pinched off region at a
top of each of said plurality of through silicon vias. (See fig. 10b-H, pinch off trench,
and Abstract and [0017] [0061] [0064]). Beyne discloses that the pinched off top
portions creates air gap 4, which helps reduce stress in the substrate/via. Thus, it
would have been obvious to provide a top pinch off for the benefit of obtaining the

airgap 4 which reduces stress in AAPA.

Regarding Claim 10.
AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.

AAPA does not disclose:
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The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive

filler incompletely fills said bottom portion, narrowing said hollow center.

Modified AAPA results in this features, because Beyne discloses that the air gap is
created by the top pinch off region and Dao discloses that the tip of the taper is filled.
See Beyne fig 10b, and Dao Fig. 6 and 9. Dao’s fill narrows the hollow center, by
providing more fill material to close the airgap. Thus, the features recited are met by
modified AAPA by applying the teachings of both Beyne and Dao to AAPA as done in

regards to claim 1.

Regarding Claims 15 and 16.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, wherein said conductive filler comprises a
metallic filler.

The semiconductor substrate of claim 13, wherein said conductive filler comprises
tungsten.

In related art, Dao discloses:

The semiconductor substrate of claim 13, wherein said conductive filler comprises a
metallic filler. (Dao [0028], 44 comprising tungsten, copper)

The semiconductor substrate of claim 13, wherein said conductive filler comprises

tungsten. (Dao [0028], 44 comprising tungsten, copper). The selection of a known
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material based on its suitability for its intended use supported a prima facie
obviousness determination in Sinclair &Carroll Co. v. Interchemical Corp., 325 U.S.
327,65 USPQ 297 (1945) See MPEP 2144.07. Here, the selection of metal,
specifically tungsten would have been obvious because it is known to be used as a fill
for a TSV, with no unexpected results. Thus, the features of claims 15-16 would have

been obvious.

Regarding Claim 19.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, further comprising a pinched off region at a
bottom of each of said plurality of through silicon vias.

IN related art Dao discloses:

wherein each of said plurality of through silicon vias (fig. 10, 16) has a pinched off
region at a bottom portion (taper ending at bottom) to prevent contamination during
processing of said semiconductor substrate (taper preventing contamination as
described at [0017], [0021]. Dao discloses that the taper prevents contamination of the
Via conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the
TSV of AAPA tapered as taught by Dao for the benefit of preventing contamination of
the TSV in further processing as taught by Dao. Thus, the features of claim 18 would

have been obvious to one having ordinary skill in the art.
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Regarding Claim 20.

AAPA in view of Beyne disclose all of the features of claim 13 as addressed above.
AAPA does not specifically disclose:

The semiconductor substrate of claim 13, wherein each of said plurality of through
silicon vias is tapered at a bottom portion such that said conductive filler incompletely
fills said bottom portion, narrowing said hollow center.

AAPA does not disclose:

Dao discloses a taper bottom portion at (taper preventing contamination as described
at [0017], [0021]. Dao discloses that the taper prevents contamination of the Via
conductive fill. See [0017], [0025]. Thus, it would have been obvious to make the TSV
of AAPA tapered as taught by Dao for the benefit of preventing contamination of the
TSV in further processing as taught by Dao. Thus, the features of claim 1 would have
been obvious to one having ordinary skill in the art.

Modified AAPA results in this feature, because Beyne discloses that the air gap is
created by the top pinch off region and Dao discloses that the tip of the taper is filled.
See Beyne fig 10b, and Dao Fig. 6 and 9. Dao’s fill narrows the hollow center, by
providing more fill material to close the airgap. Thus, the features recited are met by
modified AAPA by applying the teachings of both Beyne and Dao to AAPA for the
benefits of obtaining an airgap to prevent stress as taught by Beyne and tapering to
avoid contamination as taught by Dao. Thus, the features of claim 20 would have been

obvious to one having ordinary skill in the art.
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Claims 8 and 18 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over AAPA) Beyne in view of Dao further in view of Ito (U.S. Patent Application No.

2008/0258307)

Regarding Claim 8 and 18.
AAPA in view of Beyne further in view of Dao disclose all of the features of claim 1 as
addressed above.
AAPA does not disclose:
The semiconductor substrate of claim 1, wherein each of said plurality of through
silicon vias has at least one chamfered corner.
The semiconductor substrate of claim 13, wherein each of said plurality of through
silicon vias has at least one chamfered corner.
In related art, Ito discloses:
The semiconductor substrate of claim 1/13, wherein each of said plurality of through
silicon vias has at least one chamfered corner. (See Ito Figs. 2B, 3B, and [0051]) Ito
discloses that the chamfered corners help avoid a stress concentration in the corners.
Thus, it would have been obvious to chamfer the corners of the Vias of AAPA for the
benefit of avoiding stress concentrations as taught by Ito.
Conclusion
Any inquiry concerning this communication or earlier communications from the

examiner should be directed to ROBERT BACHNER whose telephone number is
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(571)270-3888. The examiner can normally be reached on Mon-Thurs 8:30-5 alternate
Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio J. 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.

/ROBERT BACHNER/
Examiner, Art Unit 2898
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Method for forming isolation trenches with airgaps behind Through

Silicon Via 3D-interconnect structures and devices obtained thereof

Field of the invention

[0001] The invention relates to the field of forming isolation trenches comprising
airgaps and to the field of forming interconnect structures such as Through Silicon

Vias (TSV) to be used in the stacking of semiconductor devices.

[0002] More particularly, the present invention relates to methods of forming airgaps
in isolating structures whereby said structures are situated around a TSV interconnect
structure in order to reduce the mechanical stress, the electric field and capacitance

effects in the surrounding areas of the large TSV interconnect structure.

[0003] The invention further relates to devices thus obtained.

Background of the invention

[0004] With the continued scaling of IC technology, due to the large amount of
electronic circuits on a small area, the density of chip input/output connection pads
(1/0’s) continues to increase. This leads to an increasing bandwidth of interconnects
between integrated circuits (IC’s) and/or other system elements. For short
interconnects, electrical signal lines maintain the highest capacity and speed. In order
to keep up with the increasing speed and density requirements, system in a package
(SIP) technology is increasingly used. This creates the need for 3-dimensional
interconnects.

[0005] 3D integration requires the realization of electrical interconnections that go
through the bulk of the substrate (wafer) on (or into) which the active devices are
realized. These are the so-called Through-Si-Via (TSV) connections. One particular

approach to realizing TSV connections is the so-called via-middle approach, where the
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TSV is realized after the fabrication of the active devices (the front-end-of-line, FEOL),
just before the integration of the multilayer chip interconnect stack {the back-end-of-
line, BEOL). The electrically conductive material of the TSV is typically copper or
tungsten metal.

[0006] However in the state of the art there are still key issues which need to be
resolved in order to integrate these TSV in a reliable way with good device
performances:

- The use of a metallic connection through the Si substrate results in large
mechanical stress levels in the Si, causing mobility variations in the Si resulting in
performance degradation of neighboring devices.

- The presence of a relatively large metallic structure through the bulk of the
substrate causes a relatively large electrical capacitance that degrades circuit
performance.

- Electrostatic field due to TSV potential and charging current of the TSV-
substrate capacitor during transient operation may affect the device performance of

neighboring devices

Detailed description of illustrative embodiments

[0007] The present invention will be described with respect to particular
embodiments and with reference to certain drawings but the invention is not limited
thereto but only by the claims. The drawings described are only schematic and are
non-limiting. In the drawings, the size of some of the elements may be exaggerated
and not drawn on scale for illustrative purposes. The dimensions and the relative
dimensions do not correspond to actual reductions to practice of the invention.
[0008] Moreover, the term top and the like in the description and the claims are used
for descriptive purposes and not necessarily for describing relative positions. It is to
be understood that the terms so used are interchangeable under appropriate
circumstances and that the preferred embodiments described herein are capable of

operation in other orientations than described or illustrated herein.
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[0009] It is to be noticed that the term “comprising”, used in the claims, should not
be interpreted as being restricted to the means listed thereafter; it does not exclude
other elements or steps. It is thus to be interpreted as specifying the presence of the
stated features, integers, steps or components as referred to, but does not preclude
the presence or addition of one or more other features, integers, steps or
components, or groups thereof. Thus, the scope of the expression “a device
comprising means A and B” should not be limited to devices consisting only of
components A and B. It means that with respect to the present invention, the only
relevant components of the device are A and B.

[0010] Reference throughout this specification to “one 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, appearances of the phrases “in one embodiment” or “in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment, but may. Furthermore, the particular features,
structures or characteristics may be combined in any suitable manner, as would be
apparent to one of ordinary skill in the art from this disclosure, in one or more
embodiments.

[0011] Similarly it should be appreciated that in the description of exemplary
preferred embodiments, various features of the invention are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure and aiding in the understanding of one or more of the
various inventive aspects. This method of disclosure, however, is not to be
interpreted as reflecting an intention that the claimed invention requires more
features than are expressly recited in each claim. Rather, as the following claims
reflect, inventive aspects lie in less than all features of a single foregoing 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.
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[0012] Furthermore, while some embodiments described herein include some but
not other features included in other embodiments, combinations of features of
different embodiments are meant to be within the scope of the invention, and form
different embodiments, as would be understood by those in the art. For example, in
the following claims, any of the claimed embodiments can be used in any
combination.

[0013] In the description provided herein, numerous specific details are set forth.
However, it is understood that preferred embodiments may be practiced without
these specific details. In other instances, well-known methods, structures and
techniques have not been shown in detail in order not to obscure an understanding
of this description.

[0014] The invention will now be described by a detailed description of several
preferred embodiments. It is clear that other preferred embodiments can be
configured according to the knowledge of persons skilled in the art without departing
from the true spirit or technical teaching of the invention as defined by the appended
claims.

[0015] It is an object of embodiments of the present invention to provide Through
Substrate Via (TSV) interconnects, such as Through Silicon Via interconnects for use in
3D stacked semiconductor devices, thereby reducing the negative impact of these 3D-
TSV towards neighboring devices. It is therefore a goal to provide isolating trenches
around said TSV interconnect structures, said trenches comprising airgaps.

[0016] It is a further goal to provide a method for manufacturing said 3D-TSV
semiconductor devices making use of existing processing technology.

[0017] The present invention significantly reduces the negative impact caused by the
relative large 3D-TSV interconnect structures. Said negative impact may be
mechanical stress created in the substrate around said 3D-TSV structure thereby
causing mobility variations in the surrounding substrate and hence resulting in
performance degradation of neighboring devices. Said negative impact may be
caused by inducing a relatively large electrical capacitance that degrades neighboring

circuit performance. Furthermore said negative impact caused by the large 3D-TSV
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structures may be due to the creation of an electrostatic field and potential within
the 3D-TSV thereby creating a charging current in the surrounding substrate which
may during transient operation affect the device performance of neighboring devices.
[0018] The present invention solves the above mentioned problems by forming
isolating trenches with airgaps during the processing of said 3D-TSV interconnect
structure. It is the aim of the invention to provide said isolating trenches without
adding additional processing steps and making use of processing steps required to
fabricate the 3D-TSV.

[0019] The above objective is accomplished by a method and device according to the
present invention.

[0020] The present invention relates to a semiconductor device and a method for
making said device, the semiconductor device comprising at least one 3D-TSV
interconnect and isolating trench-like structure, said isolating trench-like structure
comprising at least one airgap. Said 3D-TSV interconnect is preferably a pillar made
of conductive material which can be connected to the interconnect structures of for
example another semiconductor substrate or another semiconductor device and/or
another level of interconnect structures within the same semiconductor device.
[0021] The method of the present invention for making the 3D-TSV interconnect is
based on the so-called “via-middle” approach, wherein the TSV is realized after the
fabrication of the active devices (the front-end-of-line, FEOL), just before the
integration of the multilayer chip interconnect stack (the back-end-of-line, BEOL).
The electrically conductive material of the TSV is typically copper or tungsten metal.
[0022] According to a_first aspect of the invention, a substrate, preferably a
semiconductor substrate comprising semiconductor active devices, is disclosed which
comprises at least an interconnect Through Substrate (Si) Via (TSV) structure which is
surrounded by at least one isolating trench-like structure comprising an airgap. Said
interconnect structure is preferably a 3D-TSV in the form of a conductive pillar. Said
at least one isolating trench-like structure comprises at least an airgap and a sealing

which pinches off the airgap.
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[0023] Figure 1 illustrates side views of a state of a state of the art semiconductor
substrate having 3D-TSV interconnects 10, said 3D-TSV having a depth in the
substrate S of around 50 um and a diameter around 5 pm (Figure 1A). Figure 1B
illustrates a 3D-TSV 10 having a diameter of around 2 um thereby responding to
further device scaling requirements. Both TSV structures 10 have a liner 2b deposited
onto the inner sidewalls of TSV, said liner 2b having a width of around 200nm in said
TSV 10.

[0024] Figure 2 illustrates side views of a semiconductor substrate S having a 3D-TSV
10 having a depth in the substrate S of around 50 pum and a diameter (width) around
2 um and further comprising isolating trench-like structures 3 having at least one
airgap 4. A liner 2a is deposited onto the substrate S and on the inner sidewalls 2b of
TSV, said liner 2b having a thickness of around 200nm on the inner sidewalls of said
TSV. Said liner further pinches of the isolating trench-like structures 3 thereby
creating an airgap 4 in said trench-like structures. Figure 2A illustrates a side view and
Figure 2B illustrates a more detailed side view combined with a top view. Figure 2A
further illustrates the portion of the (backside) substrate S2 to be removed in order to
open the TSV 10 structure when the device is finalized.

[0025] According to preferred embodiments of the invention said at least one
isolating trench-like structure is etched at the same time (simultaneous) as the
interconnect TSV structure and hence requiring no additional processing. Due to
aspect-ratio-dependent etching it is possible to etch the isolating trench-like structure
having a diameter in the order of 200-500nm at the same time of the interconnect
TSV structure having a diameter in the order of 2-10um. In general, the isolating
trench-like structure has a depth which is around 1/5 to 2/3 the via depth. A state of
the art anisotropic Bosch etch process may be used to perform said simultaneous
etching.

[0026] According to embodiments of the invention the airgap in said at least one
isolating trench-like structure is formed through depositing a liner onto the substrate
whereby said liner pinches off the trench-like structure, thereby forming at least one

airgap in said trench-like structure. The pinch-off is preferably realized during the
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deposition of a liner within the TSV structure and hence requiring almost no
additional processing. A liner deposition within the TSV structure is preferred to
realize a smoothening of the sidewalls (to reduce the scalloped surface) after etching
the TSV structure.

[0027] According to embodiments of the invention the liner material used to
smoothen the sidewalls of the TSV structure and at the same time pinching off the
airgap in the trench like structure is made of a liner material selected from an oxide
and/or nitride and/or polymer such as CVD oxide, CVD nitride, SA-CVD TEQS oxide,
plasma enhanced CVD oxide. Figure 8 is a SEM picture illustrating the TSV
interconnect structure 10 filled with copper and having a SA-CVD deposited TEOS
liner 2b. The TEOQS liner is clearly smoothening the scalloped surface of the inner
sidewalls of the TSV 10.

[0028] According to embodiments of the invention the isolating trench-like structure
is narrow such that during TSV liner deposition (typically oxide or nitride) forms an
airgap in the trench due to the pinch-off of the liner deposited on the field area. To
realize the pinch-off, the at least one trench-like structure typically has a diameter
(width) smaller than 2 times the average thickness of the deposited liner on the Si-
sidewall near the top of the via (which is typically 40% less than the thickness of the
deposited liner on the field area). This means that for a deposited liner on the TSV
sidewall having a thickness of e.g. 200nm, the average diameter of the trench-like
structure has to be smaller than 400nm. The at least one trench-like structure
typically has a diameter around 200-500 nm and a liner deposition of e.g. 200 to 300
nm thickness on the TSV sidewalls is sufficient to pinch-off the trench surrounding the
TSV.

[0029] According to embodiments of the invention the isolating trench-like structure
may have any closed form shape, such as a polygon, circle or oval, with the TSV
structure situated within said closed form trench separated by a minimum amount of
substrate material. Mechanical stresses in the substrate material that are caused by
the different materials used inside the TSV will be concentrated in this narrow silicon

ring-like structure around the TSV structure. The diameter of which has to be
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optimized in order to minimize and to avoid loss in TSV density over the whole device
substrate. The separation between the outside of the TSV and inner dimension of the
air-gap trench surrounding the TSV is in the range of 1um to one or two times the TSV
diameter.

[0030] High mechanical stress in the substrate surrounding the TSV may result in
mobility changes in the channels of surrounding {MOSFET) devices thereby causing
cracks in the substrate between closely spaced TSV’s which may be avoided be
concentrating and capturing the stress in said substrate material (ring) in between the
isolating trench-like structure and the TSV. An isolating trench-like structure
comprising an airgap thereby significantly helps to isolate the stress. Furthermore
high mechanical stress in TSV (copper) may cause TSV (Cu)-"pumping” and thereby
cause damage to the low-k dielectric in the BEOL. Figure 4 illustrates the stress
concentration in the (Si) substrate surrounding the TSV as a function of the diameter
of the substrate (Si) ring in between the isolating trenches and the TSV. Figure 5
illustrates a first order analytical model illustrating the stress in the substrate (Si) ring
around the TSV due to stress in TSV for different TSV diameters and diameter of the Si
ring between the TSV and the air-gap.

[0031] According to embodiments of the invention the TSV structure has a
diameter/width between 1 and 30 um.  According to particular embodiments said
TSV has an average diameter/width in the range 2 um up to 5 um, more particular
said TSV has an average diameter of around 2 um.

[0032] According to embodiments of the invention the depth of the trench-like
structure is significantly less than the depth of the TSV structure, the depth of the
trench-like structure may be only 5 to 10 um.

[0033] According to embodiments of the invention the TSV structure has a depth
around 50 um in the substrate, which results after thinning the substrate in order to
expose the conductive part of the TSV in a depth of around 47 um.

[0034] According to preferred embodiments of the invention said TSV structure is
made of a material selected from copper (Cu), aluminum (Al), tungsten (W) or any

other metals used in the field. The conductive material can also be an alloy, an

Samsung Exhibit 1003, Page 219 of 321



10

15

20

25

30

implanted semiconductor, conductive silicon, conducting polymers. Alternatively a
metal paste, e.g. Cu paste, can be applied. Also combinations of above mentioned
materials can be used. The step of depositing a conductive material possibly creates
an interconnect with an external contact. This step can comprise various sub-steps.
Extra layers underlying the conductive material or intermediate layers can be used.
This can be for example improve the filling of the holes, improve adhesion of the
conductive material, further reduce the stress within the TSV, prevent inter-diffusion
of materials,...

[0035] In particular embodiments of the present invention, the TSV structure may be
made of conductive material, and further comprises a barrier layer and/or a seed
layer which is deposited before filling the TSV structure with conductive material e.g.
by electroplating. Said seed layer may cover the whole surface of the side walls and
bottom wall of the TSV structure. Said barrier layer is preferably made of a material
selected from Ta, Ti, TaN, TiN, RuTa, Mn and combinations thereof and is deposited
by state of the art deposition techniques such as PVD and CVD and combinations
thereof. A seed layer is preferably made of a material selected from Cu, Ni, Co, W,
Mn and may be applied for instance by Chemical Vapor Deposition (CVD), Physical
Vapor Deposition (sputtering) (PVD), Atomic Layer Deposition (ALD), Electro
Chemical Deposition (ECD), as well as by any other method known in the art.

[0036] It is also possible that more than one electrical interconnect TSV structure
(conductive pillar) is formed within a single surrounding trench-like structure. This
means that parallel TSV are formed within the same trench-like (ring) structure.
[0037] According to a second aspect of the invention a method for the fabrication of
at least one Through Substrate Via (TSV) interconnect with surrounding isolating
trench like structure is disclosed, whereby said trench-like structures comprise at
least one airgap to further improve its insulating properties. Said method is
characterized and differentiated towards state of the art methods in the fact that the
isolating trench-like structures are fabricated at the same time as the fabrication of
the TSV holes thereby reducing the number of processing steps significantly. The

method is further differentiated by the formation of airgaps in said isolating trench-
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like structures. No process steps are added to the process flow to create and seal the
airgap trenches. No additional masks are required.

[0038] Figures 10A-10F illustrate different processing steps according to
embodiments of the invention to fabricate a Through Silicon Via (TSV) interconnect
based on the via middle approach whereby said TSV interconnects are surrounded by
isolating trenches with airgaps.

[0039] According to embodiments, the method of the invention to provide TSV
interconnect structures surrounded by isolating trench-like structures, said trench-
like structures having at least one airgap comprises at least the steps of:

— providing a substrate having a first main surface and then,

— producing at the same time (simultaneous) at least one a TSV hole having a
diameter in the order of 2 um up to 20um and a trench-like structure having a
diameter (width) smaller than 1000nm surrounding said TSV hole and
separated by remaining substrate material, and then

— depositing a dielectric liner in order to smoothen the sidewalls of the etched
TSV hole and to pinch-off the opening of the trench-like structure at the first
main surface of the substrate in order to create at least one airgap in said
trench-like structure, and then

— depositing a conductive material in said TSV hole in order to create a TSV
interconnect.

[0040] According to embodiments, the substrate is a silicon wafer having active
devices on its first main surface material, said active device being produced during
the preceding FEOL processing. After completion of the TSV interconnect BEOL
processing is performed in order to create BEOL interconnects

[0041] According to embodiments the step of producing at the same time
(simultaneous) at least one a TSV hole and a trench-like structure is performed using
an aspect-ratio-dependent etching such that it is possible to etch the isolating trench-
like structure having a diameter (width) in the order of 100-500nm at the same time
of the TSV hole having a diameter (width) in the order of 2-20um. In general, the

isolating trench-like structure has a depth which is around 1/5 to 2/3 the via depth. A
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state of the art anisotropic Bosch etch process may be used to perform said
simultaneous etching.

[0042] Figure 3 illustrates the aspect-ratio-dependent- etch-rate effect (ARDE), the
Figure illustrates the etched trench depth as a function of the trench diameter (width)
when simultaneously a 50 um deep TSV hole having a diameter (width) of around 5
pum for a typical Bosch type etch process (tool dependent).

[0043] Figure 9 and Figure 10A illustrate a detailed view of the substrate S with a
photoresist 12, PMD and STI layer(s) 11 after patterning in order to define the TSV
hole (to be etched) and the isolating trenches or ring (to be etched).

[0044] According to embodiments the trench-like structure is a trench-like ring
structure having a diameter {width) below 100-500nm. The outer diameter of the
trench-like ring structure may be in the order of 10-15 um, for example 10.4-10.8 um.
The inner diameter of the trench-like ring structure may be in the order of 10 um.
[0045] According to embodiments the TSV hole is having a diameter (width) in the
order of 2 um up to 20um. The TSV hole (interconnect structure) may have a
diameter (width) smaller than 10 um, or smaller than 7 um, or smaller than 6 um or
below 5 pum or below 4um. According to particular embodiments said TSV hole may
have an average diameter (width) in the range 2 um up to 5 um, more particular said
TSV hole has an average diameter (width) of around 2 um.

[0046] According to embodiments the distance between the TSV and the trench-like
structure comprising an airgap is such that it allows for a sufficiently low stress layer
in this Si sidewall (Stress is more concentrated when using an airgap), typically this
will be a diameter (width) between 1 um and 1 or 2 times the via diameter, most
typically around half of the via diameter.

[0047] According to embodiments the step of providing TSV holes (interconnect
structures) in said first main surface of the substrate may be performed using an etch
process which is optimized to obtain undercut free etch with limited scallops on the
sidewalls during etching. This may be a pulsed etching technique comprising
alternating steps of isotropic etching and passivation (Bosch process). Said

alternating etching — passivation process is preferably using an SF¢ based plasma
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etching step alternated with a C;Fg based plasma passivation step, optionally further
comprising oxygen and/or inert gases in either or both steps. Figure 6 illustrates the
TSV hole 1 with an undercut 20 after performing a standard deep via etch process
(Figure 6A) and after applying an optimized deep via etch process to obtain undercut
free etch with limited scallops (Figure 6B).

[0048] Figure 10B illustrates a detailed view of the substrate S with a patterned
photoresist 12, PMD and STl layer(s) 11 and a liner 2a deposited in the TSV hole and
isolating trenches. The liner is deposited on the horizontal parts of the substrate 2a
and onto the sidewalls of the TSV hole 2b and within the isolating trenches 2c. Figure
10B clearly illustrates the closure of the opening (top) of the isolating trenches 3
thereby pinching-off the trench and forming an airgap 4 within said trench.

[0049] According to embodiments the thickness of the deposited liner is such that it
pinches off the trench-like (ring) structure at the surface of the substrate such that an
airgap is created in the center of said structure. The thickness of the liner is much
thicker on the horizontal parts compared to the thickness on the vertical parts
(sidewalls of the TSV hole). This is illustrated in Figure 7A which shows the thickness
of a TEOS liner using a SA-CVD O3-TEOS process {at 400°C) on a substrate (300mm
wafer) having TSV of 5um diameter (width) and having an aspect ratio 1:1, 3:1 and
5:1. Figure 7B illustrates a SEM picture of the bottom and sidewall of a TSV 1 having
an aspect ratio 10:1. For a 200 nm thick liner on the bottom sidewall 2b, a 500nm
thick layer 2a is deposited on the top surface of the substrate {wafer).

[0050] According to embodiments the step of depositing a conductive material in said
TSV hole in order to create a TSV interconnect structure is such that said TSV hole is
at least partly filled with a conductive material thereby creating an electrical
interconnect structure suitable for forming an electrical path from the bottom surface
of the hole up until the surface of the substrate. Figure 10C illustrates the deposition
of barrier material and conductive material 21 onto the substrate S thereby filling the
TSV hole with conductive material in order to create a TSV interconnect 10.

[0051] According to preferred embodiments of the invention the step of at least

partly filling the TSV hole with a conductive material is performed using
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electrochemical deposition (ECD) techniques or alternatively Chemical Vapor
deposition (CVD). Said conductive material may be a metal such as Copper (Cu),
Nickel (Ni), tungsten (W) or any other metals and/or alloy of metals. Also alternative
conductive materials may be used such as an implanted semiconductor, conductive
silicon, conducting polymers, carbon nanotubes. Alternatively a metal paste
consisting of metallic particles and organic binders, e.g. Ag paste, can be applied.
Alternatively Carbon nano tubes (CNT) and combination of CNT and Cu can be
applied.

[0052] Figure 10D illustrates the step of performing a planarization of the conductive
material in order to remove the overburden of conductive material 20 on the
horizontal parts. Said planarization may be performed using Chemical Mechanical
Planarization (CMP). A residual part of conductive material may be left above the
isolating trenches

[0053] After performing the TSV processing steps the device may then be further
finalized by providing metal contacts onto said TSV interconnect and furthermore
several BEOL interconnect layers. Figure 10E indicates the metal contacts and
dielectric layer surrounding said metal contact. Figure 10F illustrates further BEOL
layers for the first (M1) and second metal (M2) layers in combination with Dielectric
layers.

[0054] Figure 10G illustrates the passivation step after finalizing the BEOL processing.
[0055] Finally the substrate may be thinned on the backside in order to open the TSV
interconnects from the backside of the substrate in order to make a 3D stacking
possible. Said TSV interconnect structure may therefore be further provided with a
solder ball or bump. Thinning of the substrate may be performed down to a
substrate thickness of 50um-100um. The thinning may be performed by for instance
mechanical operations such as grinding or other state of the art techniques.
According to alternative embodiments of the present invention, the thinning may
comprise chemically thinning, e.g. by dry etching or plasma etching the substrate (1)
from the backside, the thinning being halted when the interconnect structure (5) is

reached. The chemical thinning, e.g. plasma etching, may not stop at the level where
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the conductive structure 10 is reached, but may continue above that level (thus
slightly over etching the substrate S e.g. silicon wafer). The interconnect structure
(the conducting material 10 or the combined conductive material and dielectric will
then stick out of the etched-back surface, which is advantageous for the addition of a
solder volume such as a solder ball or bump. A solder volume as for instance a solder
ball or solder bump can further be applied to the conductive structure on the second
surface.

[0056] According to preferred embodiments of the invention the circumferential
(hoop-)stress or in other words the stress originating from the TSV interconnect
structure towards the substrate behind said TSV structure is dependent on the
diameter of the TSV interconnect structure and the width of the remaining substrate
(Ws;) in between the TSV interconnect structure and the isolating trench-like
structure. Figure 11A illustrates a 3D-TSV with a diameter @, having isolating trench-
like structures having at least one airgap and remaining (Si) substrate (Si ring) having
a width Ws; in between the isolating trench-like structure (ring) and the TSV structure
according to embodiments of the invention. Figure 11B illustrates the circumferential
(hoop-)stress as a function of the width of the remaining substrate (Ws;) as a function
of the diameter of the Cu TSV (@c.).

[0057] While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and not restrictive. The invention is not limited to
the disclosed embodiments.

[0058] Other variations to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed invention, from a study of
the drawings, the disclosure and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere fact that certain measures

are recited in mutually different dependent claims does not indicate that a
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combination of these measures cannot be used to advantage. Any reference signs in
the claims should not be construed as limiting the scope.

[0059] The foregoing description details certain embodiments of the invention. It will
be appreciated, however, that no matter how detailed the foregoing appears in text,
the invention may be practiced in many ways, and is therefore not limited to the
embodiments disclosed. It should be noted that the use of particular terminology
when describing certain features or aspects of the invention should not be taken to
imply that the terminology is being re-defined herein to be restricted to include any
specific characteristics of the features or aspects of the invention with which that

terminology is associated.

Brief description of the drawings

[0060] Figure 1 illustrates side views of a state of a state of the art semiconductor
substrate having 3D-TSV interconnects, said 3D-TSV having a depth in the substrate of
around 50 um and a diameter (width) around 5 um (Figure 1A). Figure 1B illustrates a
3D-TSV having a diameter (width) of around 2 um thereby responding to further
device scaling requirements. Both TSV structures have a liner deposited onto the
inner sidewalls of TSV, said liner having a width of around 200nm in said TSV.

[0061] Figure 2 illustrates side views of a semiconductor substrate having a 3D-TSV
according to Figure 1 and further comprising isolating trench-like structures having at
least one airgap according to embodiments of the invention. Figure 2A illustrates a
side view and Figure 2B illustrates a more detailed side view combined with a top
view.

[0062] Figure 3 illustrates the trench depth in function of the trench diameter (width)
when performing the Bosch etch process in order to etch simultaneously a 50um
deep and 5 um wide TSV according to embodiments of the invention. The Figure
illustrates the aspect-ratio-dependent- etch-rate effect (ARDE).

[0063] Figure 4 illustrates the stress in the (Si) substrate surrounding the TSV, relative
to the stress in the TSV, as a function of the diameter (width) of the substrate (Si) ring

in between the isolating trenches and the TSV.
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[0064] Figure 5 illustrates a first order analytical model illustrating the stress in the
substrate (Si) ring around the TSV due to stress in TSV.

[0065] Figure 6 illustrates the TSV after performing a standard deep via etch process
(Figure 6A) and after applying an optimized deep via etch process to obtain undercut
free etch with limited scallops (Figure 6B).

[0066] Figure 7A illustrates the thickness of a TEOS liner using a SA-CVD O3-TEOS
process (at 400°C) on a substrate (300mm wafer) having TSV of 5um diameter (width)
and having an aspect ratio 1:1, 3:1 and 5:1. Figure 7B illustrates a SEM picture of the
bottom and sidewall of a TSV having an aspect ratio 10:1. For a 200 nm thick liner on
the bottom sidewall, a 500nm thick layer is deposited on the top surface of the
substrate (wafer).

[0067] Figure 8 is a SEM picture illustrating the TSV interconnect structure filled with
copper and having a SA-CVD deposited TEOS liner according to embodiments of the
invention. The TEOS liner clearly smoothening the scalloped surface of the inner
sidewalls of the TSV hole.

[0068] Figure 9 illustrates a detailled view of the substrate with a photoresist , PMD
and STI layer after patterning in order to define the TSV hole (to be etched) and the
isolating trenches or ring (to be etched) according to embodiments of the invention.
[0069] Figures 10A-10F illustrate different processing steps according to
embodiments of the invention to fabricate a Through Silicon Via (TSV) interconnect
based on the via middle approach whereby said TSV interconnects are surrounded by
isolating trenches with airgaps.

[0070] Figure 11A illustrates a 3D-TSV with a diameter @¢, having isolating trench-like
structures having at least one airgap and remaining (Si) substrate (Si ring) having a
width Wg; in between the isolating trench-like structure (ring) and the TSV structure
according to embodiments of the invention. Figure 11B illustrates the circumferential
(hoop-)stress as a function of the width of the remaining substrate (Ws;) as a function

of the diameter of the Cu TSV (@c.).
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[0071] The drawings are only schematic and are non-limiting. In the drawings, the
size of some of the elements may be exaggerated and not drawn on scale for
illustrative purposes.

[0072] Any reference signs in the claims shall not be construed as limiting the scope.
In the different drawings, the same reference signs refer to the same or analogous

elements.

Definitions

[0073] Where reference is made in embodiments of the present invention to isolating
“trench-like structure” this may refer to a structure with any geometrical shape
having a specific diameter (width) Wg that is surrounding a TSV structure. Examples
of suitable shapes for the trench-like structure are a circular ring, polygonal rings or
square rings,.... In between said “trench-like structure” and the TSV structure there is
substrate material. In embodiments the isolating trench-like structure is separated
from the TSV by remaining substrate (e.g. Si) material having at least a critical
diameter (width) Wg, which is in the order of one um up to 2 times the via diameter,
with % the via diameter more optimal.

[0074] Where in embodiments of the present invention reference is made to a pulsed
etching it refers to a process in which an etching step is alternated with a deposition
step and this is repeated to achieve nearly vertical structures. It is also referred to as
the “The Bosch process”. The plasma contains some ions, which attack the wafer
from a nearly vertical direction. For silicon, this pulsed etching preferably uses sulfur
hexafluoride source gas [SF¢], while for the deposition of a chemically inert
passivation layer, preferably a C4Fg source gas is used and each pulsed phase
preferably lasts for several seconds. The passivation layer protects the entire
substrate from further chemical attack and prevents further (lateral) etching.
However, during the etching phase, the directional ions that bombard the substrate
attack the passivation layer at the bottom of the trench (but not along the sides. The
etch/deposition steps are repeated many times over resulting in a large number of

very small isotropic etch steps taking place only at the bottom of the etched pits. To
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etch through a 0.5 mm silicon wafer, for example, 100-1000 etch/deposit steps are

needed. Typically this etching process results in sidewalls having a scalloped surface.
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Claims

1. A method for providing at least one TSV interconnect structure surrounded by at

10

15

20

25

least one isolating trench-like structure, said trench-like structure having at least

one airgap and said method comprising at least the steps of:

— providing a substrate having a first main surface, and then

— producing simultaneous at least one a TSV hole having a diameter (width) in
the order of 2 um up to 20um and a trench-like structure having a diameter
(width) smaller than 1000nm surrounding said TSV hole and separated by
remaining substrate material, and then

— depositing a dielectric liner in order to smoothen the sidewalls of the etched
TSV hole and to pinch-off the opening of the trench-like structure at the first
main surface of the substrate in order to create at least one airgap in said
trench-like structure, and then

— depositing a conductive material in said TSV hole in order to create a TSV
interconnect.

A method according to claim 1 wherein the substrate is a silicon wafer having

active devices on its first main surface material, said active device being produced

during a preceding FEOL processing.

A method according to claim 1 or 2 wherein the step of producing simultaneous

at least one TSV hole and a trench-like structure is performed using an aspect-

ratio-dependent etching such that the isolating trench-like structure has a

diameter (width) of 100-500nm and the TSV hole has a diameter (width) of 2-

20um and the isolating trench-like structure has a depth around 1/5 to 2/3 the via

depth.

A method according to foregoing claims wherein the aspect-ratio-dependent

etching is a pulsed etching comprising alternating steps of isotropic etching and

passivation such as an SF¢ based plasma etching step alternated with a C4Fg based

plasma passivation step, optionally further comprising oxygen and/or inert gases

in either or both steps.
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A method according to foregoing claims wherein the deposited liner is a TEQOS
liner deposited using a process such as a SA-CVD.

A method according to foregoing claims wherein the step of depositing a
conductive material in said TSV hole in order to create a TSV interconnect
structure is performed using electrochemical deposition (ECD) techniques or
Chemical Vapor deposition (CVD) and wherein the conductive material is selected
from a metal such as Copper (Cu), Nickel (Ni), tungsten (W) or any other metals
and/or alloy of metals or selected from alternative conductive materials such as
an implanted semiconductor, conductive silicon, conducting polymers, carbon
nanotubes.

A method according to foregoing claims further comprising after the step of
creating a TSV interconnect a planarization step such as Chemical Mechanical
Planarization (CMP) of the conductive material in order to remove the
overburden of conductive material on the horizontal parts of the substrate.

A method according to foregoing claims further comprising after the step of
creating a TSV interconnect a thermal anneal step in order to initiate grain growth
of the metal.

A method according to foregoing claims further comprising after the step of
creating a TSV interconnect the step of providing metal contacts onto said TSV
interconnect and furthermore several BEOL interconnect layers.

Use of a method according to foregoing claims for the 3D stacking of
semiconductor substrates and further comprising the step thinning the backside
of the substrate using mechanical operations such as grinding and/or chemical
thinning in order to open the TSV interconnects from the backside and to make a
3D stacking possible.

Use according to claim 10 wherein said TSV interconnect structure is further
provided with a solder ball or bump.

A substrate comprising at least one interconnect Through Substrate (Si) Via (TSV)

structure which is surrounded by at least one isolating trench-like structure
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comprising an airgap fabricated using the method according to any of claims 1 to

9 and wherein said interconnect TSV structure is a 3D-TSV.
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Abstract

Method for forming isolation trenches with airgaps behind Through

Silicon Via 3D-interconnect structures and devices obtained thereof

A method is disclosed for providing at least one TSV interconnect structure

surrounded by at least one isolating trench-like structure, said trench-like structure

having at least one airgap. Said method comprising at least the steps of:

providing a substrate having a first main surface, and then

producing simultaneous at least one a TSV hole having a diameter (width) in
the order of 2 um up to 20um and a trench-like structure having a diameter
(width) smaller than 1000nm surrounding said TSV hole and separated by
remaining substrate material, and then

depositing a dielectric liner in order to smoothen the sidewalls of the etched
TSV hole and to pinch-off the opening of the trench-like structure at the first
main surface of the substrate in order to create at least one airgap in said
trench-like structure, and then

depositing a conductive material in said TSV hole in order to create a TSV

interconnect.

Samsung Exhibit 1003, Page 233 of 321



| 94n314

g7 24nbi4

3o8ue |
3uleong

wrizp3
wirgg

’

VT 24nbi4

wirlzpF

wirlgg

Samsung Exhibit 1003, Page 234 of 321



dg 24n3i

w7z 03
Sujpeng

A

0l
qz

v e s

A

A4 i3ResesRecsecenseposeoeeoRIoRIRoRRIRRARRRRY

owr g

s\
A
A

gw g|

gwr g0|-p0l

—

VT 94n3i4

wrlzpz

wirlgg

Samsung Exhibit 1003, Page 235 of 321



(wrl) Ypm youaiyl
G0 70 0] 20 10

— BIA IS J8]BWwelp
wrl g ‘desp wr g —e—

(3adV) 1091J° 9jei-|ojo —-juopuodop-onei-joodse

€ 24n3l4

0l
Gl
0¢
Gc
0¢
Ge

(wrl) y3dap youaay

Samsung Exhibit 1003, Page 236 of 321



Figure 4

. 0
-
1 S
(]
o
(]
£
8
- T
>
7
=
=
(&)
—
L
whd
o 2
s 3
o
£
™
n
T o
Q Q o Q o o o
© o) < 9] N - o
Lainssaad

n9,, [eulajul / SSa4)S [elualajunall)

Samsung Exhibit 1003, Page 237 of 321



deb-aie
noyum AS1 JI1S-ag

G 24n3l4

S v €

(wrl) ypim Buu 1S s9

0.0€ 92UE)SIp |eIpeYy

wrgl =M ‘wrg=q
wrg'g=pm ‘wrgL=q - o —
wrlg'z=p ‘wrlgp=q —=—

wrg'g=m ‘wrg=q — o —

— wrg'z=Mm ‘wrlg=q—=
wrlgz=m ‘wrzg=q - - —
L wrlg' =M ‘wnz=q — <~

0¢

G¢c

0¢

ainssaid apisul / Ssa1}s [epualajwinild

Samsung Exhibit 1003, Page 238 of 321



Optimized

imized

Non opt

12
11
S

SSHAAAAAAENAY
PSRRI,
A AAAAAENAY
LR LA ALAY

Figure 6B

55000
SSLARALAALAAY
PRI IR

S350
F&SSSSS&S&S&SSSS

SALLALLALALANLY
SR
ALY

20

AAREAARAALNNY
SASLALLALALANLY

Figure 6A

SALLALLALALANLY
SR

Samsung Exhibit 1003, Page 239 of 321




Figure 7/

Figure 7B

100

80

60

40

wonoq
vil
llem apis <
i = ™~
= )
emops & S
* 2 3
§ § 8 o
5 5 5 do i
- @ 9 |lemapls
doy
8 =y

Samsung Exhibit 1003, Page 240 of 321



Figure 8

Samsung Exhibit 1003, Page 241 of 321



Figure 9

TSV Resist opening

D

Annular trench resist opening

<

3 T
LLARLALANY
BNy |
ALY
I
AN
AR ALY
AN
S&Ez S

)
LLARLALALY
BNy
LLARLALANY
BNy |
ALY
I
AN
AR ALY
AN
S&Sz S

BRIy |
LLARLALALY

SRASEARAAN &

SiC

sy

Res
M

Samsung Exhibit 1003, Page 242 of 321



Figure 10A

SiC

PMD

ST

’/\7/\; N

- T T

/\/\//\\\/\ _

Si‘

11

Samsung Exhibit 1003, Page 243 of 321



Figure 10B
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Figure 10D
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"6589865" | "6821896" | "6861312" |
"6908841" | "6919255").PN. OR
("7772123").URPN.

L18 {40 (through near silicon near via$2 TSV) and Us- OR OFF 2014/04/02
(void hollow ) and (tapper pinch near off) PGPUB; 10:42
USPAT
L19 §809 {i(through near silicon near via$2 TSV) and uUs- OR OFF 2014/04/02
(void hollow ) PGPUB; 10:42
USPAT
L20 #87 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
(void hollow ) and (taper pinch near off) PGPUB; 10:42
USPAT
21 §13 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
(void hollow ) same (thermal stress) and PGPUB; 10:42
(tapper pinch near off) USPAT
22 431 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
(void hollow ) and (thermal stress) and PGPUB; 10:42
(tapper pinch near off) USPAT
23 #63  ii(through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
(void hollow ) and (thermal stress) and (taper {|PGPUB; 10:42
pinch near off) USPAT
L24 {167 inewport near fab us- OR OFF 2014/04/02
PGPUB; 10:42
USPAT
L25 {19 (US-20090298285-% or US-20120013022-$ or {jUS- OR OFF 2014/04/02
US-20110240481-$ or US-20110151659-$ or {PGPUB; 10:42

US-20100230818-$ or US-20100219513-$ or {{USPAT
US-20130302980-$ or US-20120139127-$ or
US-20140070339-$ or US-20110159690-$ or
US-20120175789-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-7531453-$
or US-8587126-$ or US-7955972-%) .did.

L26 §176 i(through near silicon near via$2 TSV) and Us- OR OFF 2014/04/02
(void hollow ) and (thermal stress) and (taper {PGPUB; 10:42
pinch near off contaminat$) USPAT

127 5 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
(void hollow ) and (thermal stress) and (taper {{PGPUB; 10:42
pinch near off narrow) same contaminat$ USPAT

L28 5 (through near silicon near via$2 TSV) and us OR OFF 2014/04/02
(taper pinch near off narrow) same PGPUB; 10:42

““““““ contaminat$ USPAT

29 §186 {i(through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
(taper pinch near off narrow) and PGPUB; 10:42
contaminat$ USPAT

L36 513 {{("20010020739" | "20020005583" | us- OR OFF 2014/04/02
"20020006687" | "20020020898" | PGPUB; 10:42
"20020027293" | "20020057468" | USPAT;

"20020059722" | "20020060208" | USOCR
"20020089025" | "20020094607" |
"20020096729" | "20020113296" |
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EAST Search History

"20020130390" | "20020145676" |
"20020190371" | "20030014895" |
"20030042564" | "20030062601" |
"20030119308" | "20030148597" |
"20030216023" | "20040004280" |
"20040012698" | "20040018712" |
"20040023447" | "20040023469" |
"20040038442" | "20040041261" |
"20040043607" | "20040046251" |
"20040073607" | "20040082094" |
"20040087441" | "20040094389" |
"20040137661" | "20040137701" |
"20040141536" | "20040159668" |
"20040159958" | "20040178491" |
"20040180539" | "20040188260" |
"20040192033" | "20040198033" |
"20040198040" | "20040214373" |
"20040219342" | "20040219763" |
"20040222082" | "20040245649" |
"20040255258" | "20040262753" |
"20040265562" | "20050026443" |
"20050037608" | "20050046002" |
"20050052751" | "20050064707" |
"20050067620" | "20050069782" |
"20050101054" | "20050101116" |
"20050104228" | "20050106834" |
"20050110095" | "20050110889" |
"20050127478" | "20050136646" |
"20050139390" | "20050150683" |
"20050151228" | "20050164500" |
"20050189637" | "20050191861" |
"20050194169" | "20050208766" |
"20050227382" | "20050236708" |
"20050247894" | "20050254133" |
"20050258530" | "20050272221" |
"20050277293" | "20050282374" |
"20080003566" | "20060011809" |
"20080038272" | "20060040428" |
"20080043569" | "20060046438" |
"20080046468" | "20060046537" |
"20080057776").PN. OR ("20060057836" |
"20080071347" | "20060151880" |
"20080154153" | "20060160367" |
"20080180941" | "20060186097" |
"20080191882" | "20060195729" |
"20080199363" | "20060204651" |
"20060208360" | "20060216862" |
"20060223301" | "20060240687" |
"20060249849" | "20060252254" |
"20060252262" | "20060255443" |
"20060264041" | "20060270108" |
"20060278979" | "20060278980" |
"20060278988" | "20060278989" |
"20060281224" | "20060281243" |
"20060289967" | "20060292877" |
"20070004079" | "20070012655" |
"20070020805" | "20070020935" |
"20070023121" | "20070032061" |
"20070035033" | "20070037379" |
"20070042598" | "20070045120" |
"20070045388" | "20070045779" |
"20070045806" | "20070045812" |
"20070045826" | "20070045834" |
"20070048896" | "20070048994" |
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"20070049019"
"20070077753"
"20070096263"
"20070111386"
"20070138562"
"20070152342"
"20070158839"
"20070161235"
"20070166997"
"20070170574"
"20070182020"
"20070197013"
"20070222050"
"20070228576"
"20070262424"
"20070281473"
"20080006850"
"20080050911"
"20080057620"
"20080079121"
"20080081398"
"20080299759"
"20080318361"

| "20070057028" |
| "20070082427" |
| "20070099395" |
| "20070122940" |
| "20070145563" |
| "20070155997" |
| "20070158853" |
| "20070166991" |
| "20070167004" |
| "20070178694" |
| "20070190803" |
| "20070202617" |
| "20070222054" |
| "20070228926" |
| "20070267138" |
| "20070293040" |
| "20080050904" |
| "20080054444" |
| "20080079120" |
| "20080081386" |
| "20080265933" |
| "20080299762" |
|

"20090007934").PN. OR

("20090014859" | "20090057912" |

"20090091962"
"20090146312"
"20090180257"
"20090283898"

"20090321947" | "2821959" | "3006318" |

| "20090127668" |
| "20090166846" |
| "20090224405" |
| "20090315154" |

"3345134" | "3865298" | "3902036" |
"4040168" | "4368106" | "4534100" |

"4581301" | "4608480" | "4614427"
"4627971" | "4660083" | "4756765"
"4768291" | "4818728" | "4906314"
"4907127" | "4959705" | "4964212"
"4984597" | "5006922" | "5024966"
"5026964" | "5027184" | "5037782"
"5098864" | "5102829" | "5123902"
"5130783" | "5144412" | "5145099"
"5158911" | "5200366" | "5219344"
"5233448" | "5237148" | "5289631"
"5291062" | "5292686" | "5294568"
"5304743" | "5371397" | "5378312"
"5378313" | "5380681" | "5402435"
"5406630" | "5424573" | "5435887"
"5438212" | "5447871" | "5464960"
"5481483" | "5485039" | "5496755"
"5505804" | "5515167" | "5518956"
"5550403" | "5585308" | "5585675"
"5593913" | "5605783" | "5614743"
"5618752" | "5624437" | "5627106"
"5646067" | "5654221" | "5672519"
"5673846" | "5684642" | "5690841"
"5694246" | "5708293" | "5718791"
"5723904" | "5726493" | "5734555"
"B771158" | "5776824" | "5807439"
"56811799" | "5821532" | "5825080"
"5826628" | "5847454" | "5851845"
"5857963" | "5861654" | "5870289"
"6870823" | "5877040" | "5893828"
"5897338" | "5904499" | "5914488"
"5969422" | "5977535" | "5998240"
"5998292" | "5998862" | "6004867"
"6008070" | "6008914" | "6080291"
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"6097087" | "6103547" | "6104086").PN. OR
("6107186" | "6107679" | "6110825" |
"6114240" | "6119335" | "6124634" |
"6133622" | "6137163" | "6137182" |
"6140604" | "6143588" | "6148509" |
"6159764" | "6180518" | "6184060" |
"6184465" | "6187615" | "6191487" |
"6203539" | "6221769" | "6222136" |
"6222270" | "6228687" | "6229202" |
"6235552" | "6236046" | "6246108" |
"6252300" | "6259083" | "6266197" |
"6271580" | "6274927" | "6277757" |
"6285064" | "6291894" | "6294837" |
"6297155" | "6324253" | "6326689" |
"6326697" | "6329632" | "6341009" |
"6344976" | "6351027" | "6359254" |
"6359328" | "6372548" | "6388208" |
"6391770" | "6406636" | "6407381" |
"6411439" | "6432821" | "6433303" |
"6433304" | "6437284" | "6437441" |
"6444576" | "6448106" | "6455425" |
"6457515" | "6459039" | "6459150" |
"6468889" | "6483652" | "6486083" |
"6486549" | "6503780" | "6521516" |
"6521530" | "6534192" | "6541762" |
"6545563" | "6555782" | "6560047" |
"6566745" | "6569711" | "6569777" |
"6572606" | "6576531" | "6580174" |
"6582987" | "6582992" | "6593644" |
"6599436" | "6603183" | "6606251" |
"6617623" | "6620031" | "6620731" |
"6621045" | "6638410" | "6653236" |
"6658818" | "6660622" | "6660630" |
"6661047" | "6664129" | "6664485" |
"6667551" | "6670986" | "6680459" |
"6686588" | "6699787" | "6703310" |
"6708405" | "6734419" | "6746971" |
"6750144" | "6756564" | "6759266" |
"B774486" | "6777244" | "6778046" |
"6780749" | "6790775" | "6791076" |
"6795120" | "6797616" | "6800943" |
"6809025" | "6809421" | "6813154" |
"6818464" | "6825127").PN. OR ("6825458" |
"6825557" | "6828175" | "6828223" |
"6828663" | "6828674" | "6838377" |
"6841849" | "6844978" | "6847109" |
"6852621" | "6856023" | "6858891" |
"6864172" | "6864457" | "6867390" |
"6873054" | "6882021" | "6882030" |
"6885107" | "6903012" | "6903442" |
"6903443" | "6910268" | "6913952" |
"6916725" | "6934065" | "6936536" |
"6939343" | "6943056" | "6946325" |
"6951627" | "6953748" | "6962867" |
"6970775" | "6982487" | "7022609" |
"7023090" | "7029937" | "7033927" |
"7037836" | "7041598" | "7045015" |
"7084073" | "7091124" | "7092284" |
"7094677" | "7109068" | "7111149" |
"7129112" | "7151009" | "7164565" |
"7166247" | "7170183" | "7183176" |
"7183653" | "7186650" | "7190061" |
"7199050" | "7214615" | "7217596" |
"7217888" | "7223634" | "7256073" |
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EAST Search History

"7262134" | "7262495" | "7265052" |
"7271482" | "7279776" | "7300857" |
"7317256" | "7378726" | "7408265" |
"7449098" | "7491582" | "7498661").PN. OR
("7795134") . URPN.

L37 §23 (US-20090298285-% or US-20120013022-$ or {jUS- OR OFF 2014/04/02
US-20110240481-$ or US-20110151659-$% or {PGPUB; 10:42
US-20100230818-% or US-20100219513-% or {USPAT
US-20130302980-$ or US-20120139127-$ or
US-20140070339-% or US-20110159690-$ or
US-20120175789-% or US-20100130002-$ or
US-20110304026-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-

8178950-% or US-8647920-$ or US-7531453-%
or US-8587126-$ or US-7955972-$ or US-
8232626-% or US-7795134-%).did.

L38 i6 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02

(taper pinch near off narrow) same polish PGPUB; 10:42
USPAT

39 21 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02

(tap$4 pinch near off narrow) same polish PGPUB; 10:42
USPAT

L40 §23 (US-20090298285-$ or US-20120013022-$ or {jUS- OR OFF 2014/04/02
US-20110240481-$ or US-20110151659-$ or {PGPUB; 11:07
US-20100230818-$ or US-20100219513-$ or {USPAT
US-20130302980-$ or US-20120139127-$ or
US-20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$).did. or (US-7829976-$% or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-7531453-$
or US-8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-%).did.

L41 i1 (US-7795134-$).did. USPAT iOR OFF 2014/04/02

11:14

L42 244 (through near silicon near via$2 TSV) and Us- OR OFF 2014/04/02

(tap$4 pinch near off narrow) and polish PGPUB; 11:37
USPAT

L43 {2641 {i(through near silicon near via$2 TSV) and us- OR OFF 2014/04/02

(tap$4 pinch near off narrow) PGPUB; 11:54
USPAT

L44 §1003 {{(through near silicon near via$2 TSV) and us- OR OFF 2014/04/02

(tap$4 pinch near off narrow) and polish$4 PGPUB; 11:54
USPAT

L45 §211 §(through near silicon near via$2 TSV) same Us- OR OFF 2014/04/02

(tap$4 pinch near off narrow) and polish$4 PGPUB; 11:54
\\\\\\\\\\\\ USPAT

L46 §95 {i(through near silicon near via$2 TSV) and us- OR OFF 2014/04/02

(tap$4 pinch near off narrow) same polish$4 {{PGPUB; 12:04
USPAT
L47 §137 ii(through near silicon near via$2 TSV) with us- OR OFF 2014/04/02
(taper$4 pinch near off contaminat$) PGPUB; 12:13
USPAT
L48 i1 "8039386" us- OR OFF 2014/04/02
PGPUB; 12:19
USPAT
L49 §2 "12748101" Us- OR OFF 2014/04/02
PGPUB; 12:19
USPAT
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L50 25 (US-20090298285-% or US-20120013022-$ or {US- OR OFF 2014/04/02
US-20110240481-$ or US-20110151659-$ or {PGPUB; 13:46
US-20100230818-$ or US-20100219513-$ or {{USPAT
US-20130302980-% or US-20120139127-$ or
US-20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$ or US-20110237073-
$).did. or (US-7829976-$ or US-7772123-$ or
US-7749899-$ or US-8178950-$ or US-

8647920-$% or US-7531453-$ or US-8587126-$
or US-7955972-$ or US-8232626-$ or US-
7795134-$ or US-8039386-$).did.
L51 §0 50 and chamfer$2 us- OR OFF 2014/04/02
PGPUB; 13:46
USPAT
L52 433  ij(through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
chamfer$2 PGPUB; 13:48
USPAT
L53 i1 (through near silicon near via$2 TSV) and us- OR OFF 2014/04/02
chamfer$2 with corner same stress PGPUB; 13:49
USPAT
L54 5 (through near silicon near via$2 TSV) and Us- OR OFF 2014/04/02
(round$3 chamfer$2) with corner same stress {{PGPUB; 13:49
USPAT
L55 483 (through near silicon near via$2 TSV contact {US- OR OFF 2014/04/02
near hole) and (round$3 chamfer$2) with PGPUB; 13:50
corner same stress USPAT
L56 26  #(US-20090298285-$ or US-20120013022-$ or {US- OR OFF 2014/04/02
US-20110240481-$% or US-20110151659-$ or {PGPUB; 14:09
US-20100230818-$ or US-20100219513-$ or {USPAT
US-20130302980-$% or US-20120139127-$ or

US-20140070339-$ or US-20110159690-$ or
US-20120175789-$ or US-20100130002-$ or
US-20110304026-$ or US-20110237073-$ or
US-20080258307-$).did. or (US-7829976-$ or
US-7772123-$ or US-7749899-$ or US-
8178950-$ or US-8647920-$ or US-7531453-$
or US-8587126-$ or US-7955972-$ or US-
8232626-$ or US-7795134-$ or US-8039386-
$).did.

EAST Search History (I nterference)
< This search history is empty>
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RECEIVED
CENTRAL FAX CENTER

FEB 19 204

Attorney Docket No.: 0150167

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Application'of: Jebory et al. Art Unit: 2898

Serial No.: 13/415,744 Examiner: Bachner, Robert G.
Filing Date: 03/08/2012 |
For: Through Silicon Via Structure,

Method of Formation, and Integration
in Semiconductor Substrate

AMENDMENT AND RESPONSE TO OFFICE ACTION

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

Dear Sir/Madam:

This is in response to the Ofﬁce Action dated December 19, 2013 in the above- |
referenced patent application. Please enter and consider the following amendments and
remarks.

The Commissioner is hereby authorizeﬁ to charge payment of any additional fees
asséciated with this communication, or credit any overpayment to Deposit Account No.

50-0731.

62/28/20814 APEREZAN BEBEABAS 13415744
81 FC:1251 209.08 0P
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CEN’::EP gl)\(’ EQNTER Automey Docket No.: 0150167

FEB 19 2014

In the Claims:

(;‘laim 1 (original): A semiconductor substrate having a plurélity of devices, said
semiconductor substrate conﬁprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of slaid plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of thrc;ugh silicon vias has a pinched off region at a
bottom portion to prevent contamination durjng processing of said semiconductor

substrate.

Claim 2 (original): The semiconductor substrate of claim 1, wherein said pinched
off region is formed by tapering a bottom portion of each of said plurality of through

silicon vias.

Claim 3 (original);: The semiconductor substrate of claim 1, wherein said

preventing contamination during said processing is achieved by preventing contamination

during polishing said bottom surface of said substrate.
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Attorney Docket No.: 0150167

Claim 4 (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises a metallic filler.

Claim 5 (original): The semiconductor substrate of claim 1, wherein said

conductive filler comprises tungsten.

Claim 6 (original): The semiconductor substrate of claim 1, wherein each of said
plurality of through silicon vias is tapered at a bottom portion such that said conductive

ﬁll§r fills said bottom portion, pinching off said hollow center.

Claim 7 (original): The semiconductor substrate of claim 1, wherein a first group
of said plurality of through silicon vias are laid out in a width direction and a second

group of said plurality of through silicon vias are laid out in a length direction.

Claim 8 (original): The semiconductor substrate of claim 1; wherein each of said

plurality of through silicon vias has at least one chamfered corner.

Claim 9 (original): The semiconductor substrate of claim 1, further comprising a

pinched off region at a top of each of said plurality of through silicon vias;
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Attorncy Docket No.: 0150167

Claim 10 (original): The semiconductor substrate of claim 1, wherein each of
said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center.

" Claims 11-12 (canceled)

Claim 13 (original): A semiconductor substrate having a plurality of devices, said
semiconductor substrate comprising:

a plurality of through silicon vigs disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region at a

top portion to prevent contamination during processing of said semiconductor substrate.

Claim 14 (original): The semiconductor substrate of claim 13, further comprising
~ a dielectric layer disposed on said top surface of said substrate, wherein said dielectric
layer has a plurality of openings, each situated over one of said plurality of through

silicon vias, and having a width smaller than a width of said through silicon vias.
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Claim 15 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises a metallic filler.

Claim 16 (original): The semiconductor substrate of claim 13, wherein said

conductive filler comprises tungsten,

Claim 17 (original): The semiconductor substrate of claim 13, wherein a first
group of said plurality of through silicon vias are laid out in a width direction and a

second group of said plurality of through silicon vias are laid out in a length direction.

Claim 18 (original): The semiconductor substrate of claim 13, wherein each of

said plurality of through silicon vias has at least one chamfered corner.

Claim 19 (original): The semiconductor substrate of claim 13, further comprising

a pinched off region at a bottom of each of said plurality of through silicon vias.
Claim 20 (original): The semiconductor substrate of claim 13, wherein each of

said plurality of through silicon vias is tapered at a bottom portion such that said

conductive filler incompletely fills said bottom portion, narrowing said hollow center. -
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RECEIVED
CENTRAL FAX CENTER

FEB 1 9 2014 Attorney Docket No.: 0150167

REMARKS

Prior to the present amendment and response, claims 1-20 were pending in the
present application. It is noted that the present Office Action dated December 19, 2013
has a typographical error in that it has listed claims 11-20 as being “drawn to a method of
forming a semiconductor dévice.” However, only claims 11-12 are method claims, while
claims 13-20 are “drawn to a semiconductor device,” as are claims 1-10 that have been
correctly listed as device claims in the present Office Action.

By the present amendment and response, the present application has been
restricted to claims 1-10 and 13-20 for prosecution, while claims 11-12 have been
canceled. Thus, claims 1-10 and 13-20 are now pending in the present application.

Applicant requests an early examination and/or allowance of claims 1-10 and 13-

20 pending in the present application.
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Attorney Docket No.: 0150167
The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

Date: % {%( 22/
Michael Farjami, Esq.

‘ Reg. No. 38,135
FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

CERTIFICATE OF FACSIMILE TRANSMISSION

[ hereby certify that this correspondence is being filed by
facsimile transmission to United States Patent and

Trademark Office at facsimile number $71-273-8300 on the
date stated below.  The facsimile transmission report indicated
that the facsimile transmission was successful.

Datc of Facsimile: Z// 9'// 4

c.

Name of Person Performing Facsimile Transmission

L/l zhaty

Signature Date
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RECEIV|
CENTRAL FAX (E:ENTEFI

FEB 19 2014
FARIJAMI & FARJAMI LLp

AN INTELLECTUAL PROPERTY LaW FIRM

www.farjami.com

26522 La Alameda Avenue, Suite 360
Mission Viejo, California 92691

tel: (949) 282-1000

fax: (949) 282-1002

FACSIMILE TRANSMISSION COVER SHEET

Date: February 19, 2014

To: . United States Patent and Tfadem_ark Office
Examiner: Bachner, Robert G.; Art Unit: 2898

Fax: (571) 273-8300

Re: Application Serial No.: 13/415,744

. Filing Date: 03/08/2012; First-Named Inventor: Jebory
Attorney Docket No.: 0150167

From: Farjami & Farjami LLP
. Number of pages including the cover sheet: 11

~ Message:

Enclosed please find the Amendment and Response to Office Action dated December 19,
2013.

Payment for First Month Extension Fee in the amount of $200.00 is hereby enclosed on
Form PTO-2038.

Authorization is hereby given to the Commissioner to charge any fees associated with this
communication or credit any overpayment to Deposit Account 50-0731.

Thank you.

The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL infonmation intended only for use of the
individuat or entity named above. If you are not the intended recipient, disclosure, copying, distribution or usc of the contents of this
facsimile information is prohibited. If you have received this facsimile in error, please immediately notify us by telephone and retum
the original facsimile to us at the above address via U.S. Postal Service. We will reimburse you for all expenses incurred.
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RECEIVED

CENTRAL FAX CENTER

FEB 19 2014

AMENDMENT COVER SHEET

IN RE APPLICATION OF: Jebory et al.
SERIAL NO.:_13/415.744 FILED: 03/08/2012

0037011

Attorney Docket No.: 0150167

FOR: Through Silicon Via Structure, Method of Formation, and Integration in Semiconductor Substrate

HONORABLE COMMISSIONER FOR PATENTS
P.O. Box 1450, Alexandria, VA 22313-1450

Sir/Madam:

Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set for this paper

is hereby requested.

0 No additional fee is required.

The fee has been calculated as shown below:

EXTENSION FEE RATE RATE
Non-Small Entity Small-Entity FEE
FIRST MONTH AFTER TIME PERIOD SET 200.00 100.00 | $200.00
SECOND MONTH AFTER TIME PERIOD SET 600.00 300.00 | $
THIRD MONTH AFTER TIME PERIOD SET 1,400.00 70000 { $
FOURTH MONTH AFTER TIME PERIOD SET 2,200.00 1,100.00 | §°
TOTAL EXTENSION FEE $200.00
0O FEE FOR EXTRA CLAIMS added by Amendment in this response:
Column } Column 2 Column 3
Number of Number Number of RATE
Claims after Previously Extra Non-Small RATE FEE
Amendment Paid for Claims Entity Small Entity
TOTAL CLAIMS 18 MINUS *#20 *=0 x 80 x40 | $-
INDEPENDENT 2 MINUS *#*3 ¥=1 x 420 x 210
First presentation of multiple dependent claim + 780 +390
TOTAL FEE FOR EXTRA CLAIMS §
¥ If the entry in Column 1 is less than the entry of Column 2, write "0" in Column 3.
»e If the number of Total Claims previously paid for is less than 20, write "20" in this space.
**%  If the number of Independent Claims previously paid for is less than 3, write "3" in this space.
-1-
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B O &8 O

Attorney Docket No.: 0150167

Total fee for Terminal Disclaimer $
Enclosed is the total fee of $200.00 (Payment by Credit Card, Form PT0O-2038 Enclosed).
Please charge Deposit Account No. 50-0731 in the amount of § 0.00

The Commissioner is hereby authorized to charge payment of any additional fees associated with this

communication, or credit any overpayment to Deposit Account No. 50-0731.

Date: ? { ;[ ZorYy

Michael Farjami, Esq.

Farjami & Farjami LLP

26522 La Alameda Ave., Suite 360
Mission Viejo, CA 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

By:
Michael Farjami, Reg. No. 38,135

CERTIFICATE QF FACSIMILE TRANSMISSION

1 hereby certify that this correspondence is being filed by
facsimile transmission to United States Patent and
Trademark Office at facsimile number 571-273-8300 on the
date staied below. The facsimile transmission report
indicated that the facsimile transmission was successful.

Date Z_/n/{} 7
s o/
g 5 | o

Name of Person Performing Facsimile Transmission

ERTIFICAT MAILING
1 hereby certify that this correspondence is being deposited with
the United States Postal Service as first class mail in an envelope
addressed to: Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450, on:

Date

" Signature

Typed or Printed Name of Person Mailing Paper and/or Fee

2-
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Appiication or Docket Number | Filing Date
Substitute for Form PTO-875 13/415,744 03/08/2012 | [ 7o be Mailed
eNTITY: [X LARGE []smALL [] micro
APPLICATION AS FILED — PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
LI sasic Fee N/A N/A N/A
(37 CFR 1.16(a) (b). or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
D EXAMINATION FEE
37 CFR 1.16(0), pLora N/A N/A /A
TOTAL CLAIMS : N
(37 CFR 1.16(i)) minus 20 = X'$ =
INDEPENDENT CLAIMS . . .
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ASF;PCL;%US’: SIZE FEE for small entity) for each additional 50 sheets or
¢ 18(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
'_ 02/19/2014 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= Jotal (7 o - 18 Minus | =~ 20 -0 x $80 - 0
-4 = vinus | -3 -0 x $420- 2
5 I:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Total (37 cFrR ¥ i "
5 Lo @7 Minus - X $ -
Ind: dent . ; e
= B Minus - xs -
E I:l Application Size Fee (37 CFR 1.16(s))
=
< I:‘ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JLAJUAN HICKSON/
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

= — —
This collection of information is required by 37 CFR 1.16. 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, 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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Approved for use through 1/31/2014. 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 displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Appiication or Docket Number | Filing Date
Substitute for Form PTO-875 13/415,744 03/08/2012 | [ 7o be Mailed
eNTITY: [X LARGE []smALL [] micro
APPLICATION AS FILED — PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
LI sasic Fee N/A N/A N/A
(37 CFR 1.16(a) (b). or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
]
EXAMINATION FEE
37 CFR 1.16(0), pLora N/A N/A /A
TOTAL CLAIMS : N
(37 CFR 1.16(i)) minus 20 = X'$ =
INDEPENDENT CLAIMS . . .
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ASF;PCL;%US’: SIZE FEE for small entity) for each additional 50 sheets or
¢ 18(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
_
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
_—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
'_ 01/24/2014 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= Jotal (7 o - 20 Minus | =~ 20 -0 x $80 - 0
-4 = vinus | -3 -0 x $420- 2
= I:l Application Size Fee (37 CFR 1.16(s))
< f
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Total (37 cFrR ¥ i "
5 Lo @7 Minus - X $ -
Ind: dent " ; e
= B Vinus - xs -
——
E I:l Application Size Fee (37 CFR 1.16(s))
=
< I:‘ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JKIM WATSON/
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

= — —
This collection of information is required by 37 CFR 1.16. 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, 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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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.USP[O gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/415,744 03/08/2012 Hadi Jebory 0150167 9194
25700 7590 12/19/2013
EXAMINER
FARJAMI & FARJAMI LLP | |
26522 LA ALAMEDA AVENUE, SUITE 360 BACHNER, ROBERT G
MISSION VIEJO, CA 92691 | T | RS —— |
2898
| NOTIFICATION DATE | DELIVERY MODE |
12/19/2013 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):

docketing @farjami.com
farjamidocketing @yahoo.com
ffarjami @farjami.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/415,744 JEBORY ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
ROBERT BACHNER 2898 ’S\ltgtus

-- 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 1 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 3/8/12.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] 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)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1-20is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
8)[] Claim(s) _____is/are allowed.
7) Claim(s is/are rejected.

)
8)[] Claim(s) is/are objected to.
9)XI Claim(s) 1-20 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/Awww usplo.aov/patents/init_events/peh/index.jsp or send an inquiry to PPHieaedback@uspio.gov.

Application Papers
10)[J The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

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** c)[] 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.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b Paper No(s)/Mail Date. __
) ;a;;T,a\I;o(g) /I\;Isac”o[?:{ee atement(s) ( aandior ) 4) Other: Detailed Action.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20131211
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Application/Control Number: 13/415,744 Page 2
Art Unit: 2898

DETAILED ACTION
Election/Restrictions
Restriction to one of the following inventions is required under 35 U.S.C. 121:
l. Claims 1-10 drawn to a semiconductor device, classified in class 257, and
subclass 621.
Il. Claims 11-20 drawn to a method of forming a semiconductor device,
classified in class 438, and subclass 667.
The inventions are distinct, each from the other because of the following reasons:
Inventions | and Il are related as process of making and product made. The inventions
are distinct if either or both of the following can be shown: (1) that the process as
claimed can be used to make another and materially different product or (2) that the
product as claimed can be made by another and materially different process (MPEP §
806.05(f)).

In the instant case, the through silicon vias as recited in claim 1 could be formed
by a materially different than that recited in claim 11. For example, the through silicon
vias of claim 1 could be formed with a process of selectively depositing the materials as
opposed to the deposition and removal (etching) of material as recited in claim 11. That
is, apparatus of claim 1 could be formed using a materially different process than that
recited in claim 11 and restriction is proper. Thus, a serious burden exists because the
Examiner would be required to search in at least two different classes for the respective

inventions.
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Art Unit: 2898

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or
a single grouping of patentably indistinct species, for prosecution on the merits to which
the claims shall be restricted if no generic claim is finally held to be allowable.

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a species or a grouping of patentably indistinct species
to be examined even though the requirement may be traversed (37 CFR 1.143) and
(ii) identification of the claims encompassing the elected species or grouping of
patentably indistinct species, including any claims subsequently added. An argument
that a claim is allowable or that all claims are generic is considered nonresponsive
unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and
specifically point out supposed errors in the election of species requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of
patentably indistinct species from which election is required, are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing them

to be obvious variants or clearly admit on the record that this is the case. In either
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Application/Control Number: 13/415,744 Page 4
Art Unit: 2898

instance, if the examiner finds one of the species unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103(a) of the other
species.

Upon the allowance of a generic claim, applicant will be entitled to consideration
of claims to additional species which depend from or otherwise require all the limitations

of an allowable generic claim as provided by 37 CFR 1.141.

Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and/or examination burden if restriction were not
required because at least the following reason(s) apply:

The Examiner would be required to conduct a search in several classes and
subclasses.

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of an invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement
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will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable upon the
elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.

103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

The examiner has required restriction between product and process claims.
Where applicant elects claims directed to the product, and the product claims are
subsequently found allowable, withdrawn process claims that depend from or otherwise
require all the limitations of the allowable product claim will be considered for rejoinder.
All claims directed to a nonelected process invention must require all the limitations of

an allowable product claim for that process invention to be rejoined.
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In the event of rejoinder, the requirement for restriction between the product
claims and the rejoined process claims will be withdrawn, and the rejoined process
claims will be fully examined for patentability in accordance with 37 CFR 1.104. Thus, to
be allowable, the rejoined claims must meet all criteria for patentability including the
requirements of 35 U.S.C. 101, 102, 103 and 112. Until all claims to the elected product
are found allowable, an otherwise proper restriction requirement between product
claims and process claims may be maintained. Withdrawn process claims that are not
commensurate in scope with an allowable product claim will not be rejoined. See MPEP
§ 821.04(b). Additionally, in order to retain the right to rejoinder in accordance with the
above policy, applicant is advised that the process claims should be amended during
prosecution to require the limitations of the product claims. Failure to do so may result
in a loss of the right to rejoinder. Further, note that the prohibition against double
patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement

is withdrawn by the examiner before the patent issues. See MPEP § 804.01.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ROBERT BACHNER whose telephone number is
(571)270-3888. The examiner can normally be reached on Mon-Thurs 8:30-5 alternate
Fridays.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Julio J. Maldonado can be reached on 571-272-1864. The fax phone
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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.

/ROBERT G. BACHNER/
Examiner, Art Unit 2898
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/415,744 03/08/2012 Hadi Jebory 0150167
CONFIRMATION NO. 9194
25700 PUBLICATION NOTICE

FARJAMI & FARJAMI LLP

20555 LA ALAMEDA AVENUE, SUITE 360 T

MISSION VIEJO, CA 92691

Title:Through Silicon Via Structure, Method of Formation, and Integration in Semiconductor Substrate

Publication No.US-2013-0087893-A1
Publication Date:04/11/2013

NOTICE OF PUBLICATION OF APPLICATION

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

The publication may be accessed through the 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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Substitute for Form PTO-875 13/415,744
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S) FEE($)
BASIC FEE
(37 CFR 1.16(a), (8), or (9] N/A N/A N/A N/A 380
SEARCH FEE
(@7 CFR 1.16(K). i, o (m)) N/A N/A N/A N/A 620
EXAMINATION FEE
(37 CFR 116(0), (p), or (@) N/A N/A N/A N/A 250
(ng)gFAHLﬁ]g“A);MS 20 minus 20= | © OR [x 60 - 0.00
INDEPENDENT CLAIMS . *
(57 CFR 1.16() 3 minus 3 = x 250 = 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(})) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * Mi . =
S (37 CFR 1.16(7) e x = OR |«x =
a Independent * Minus | *** =
5 (37 GFR 1.16(h)) X = OR |x =
<§( Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = " -
= (37 CFR1.16() OR [|x =
% Independent * Minus | *** = X - 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 CGFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |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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UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/415,744 03/08/2012 2812 1250 0150167 20
CONFIRMATION NO. 9194
25700 FILING RECEIPT
FARJAMI & FARJAMI LLP
26522 LA ALAMEDA AVENUE, SUITE 360 AL A SO ALr M
000000053248005

MISSION VIEJO, CA 92691
Date Mailed: 03/30/2012

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

Applicant(s)

Hadi Jebory, Irvine, CA;

David J. Howard, Irvine, CA;
Assignment For Published Patent Application

NEWPORT FAB, LLC DBA JAZZ SEMICONDUCTOR, NEWPORT BEACH, CA
Power of Attorney: The patent practitioners associated with Customer Number 25700

Domestic Priority data as claimed by applicant
This appln claims benefit of 61/545,003 10/07/2011

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

If Required, Foreign Filing License Granted: 03/20/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/415,744

Projected Publication Date: 04/11/2013
Non-Publication Request: No

Early Publication Request: No
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

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

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 13/415,744
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S) FEE($)
BASIC FEE
(37 CFR 1.16(a), (8), or (9] N/A N/A N/A N/A 380
SEARCH FEE
(@7 CFR 1.16(K). i, o (m)) N/A N/A N/A N/A 620
EXAMINATION FEE
(37 CFR 116(0), (p), or (@) N/A N/A N/A N/A 250
(ng)gFAHLﬁ]g“A);MS 20 minus 20= | © OR [x 60 - 0.00
INDEPENDENT CLAIMS . *
(57 CFR 1.16() 3 minus 3 = x 250 = 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(})) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * Mi . =
S (37 CFR 1.16(7) e x = OR |«x =
a Independent * Minus | *** =
5 (37 GFR 1.16(h)) X = OR |x =
<§( Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = " -
= (37 CFR1.16() OR [|x =
% Independent * Minus | *** = X - 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 CGFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |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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UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450
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APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/415,744 03/08/2012 2812 1250 0150167 20
CONFIRMATION NO. 9194
25700 FILING RECEIPT
FARJAMI & FARJAMI LLP
26522 LA ALAMEDA AVENUE, SUITE 360 AL A SO ALr M
000000053248005

MISSION VIEJO, CA 92691
Date Mailed: 03/23/2012

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

Applicant(s)

Hadi Jebory, Irvine, CA;

David J. Howard, Irvine, CA;
Assignment For Published Patent Application

NEWPORT FAB, LLC DBA JAZZ SEMICONDUCTOR, NEWPORT BEACH, CA
Power of Attorney: The patent practitioners associated with Customer Number 25700

Domestic Priority data as claimed by applicant
This appln claims benefit of 61/545,003 10/07/2011

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

If Required, Foreign Filing License Granted: 03/20/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/415,744

Projected Publication Date: Perfected
Non-Publication Request: No

Early Publication Request: No
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

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

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Attorney Docket No.: 0150167

PATENT APPLICATION COVER SHEET
MAIL STOP PATENT APPLICATION
COMMISSIONER FOR PATENTS
P.0. BOX 1450; ALEXANDRIA, VA 22313-1450
Transmitted herewith is the patent application of:
ASSIGNEE: NEWPORT FAB, LLC DBA JAZZ SEMICONDUCTOR (NEWPORT BEACH, CA)
Inventor(s): Hadi Jebory and David J. Howard

For:  “Through Silicon Via Structure, Method of Formation, and Integration in Semiconductor Substrate”
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the first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose
information material to patentability, as defined in Section 1.56 of Title 37, Code of Federal Regulations,
which occurred between the filing date of the prior application and the national or PCT international filing
date of this application.

U.S. APPLICATION NUMBER DATE OF FILING STATUS

61/545,003 October 7, 2011 Pending

1 hereby appoint the attorneys associated with the Customer Number below to prosecute this application
and fo transact all business in the Patent and Trademark Office connected herewith:

Customer Number 25700

T hereby authorize them to act and rely on instructions from and communicate directly with the
person/assignee/firm/organization who/which first sends/sent this case fo them and by whom/Awhich I
hereby declare that I have consented after full disclosure to be represented uniess/until I instruct them to
the confrary.

Please direct all correspondence in this case to FARJAMI & FARJAMI LLP at the addiess associated
with the Customer Number below:

Customer Number 25700

I hereby declare that all statements made hercin of my own knowledge are true and that all statements
made on information and belicf are Lelieved to be true; and further that these statements were made svith
the knowledge that willful faise 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 statemenis may
Jjeopardize the validity of the application or any patent issued thereon.

FULL NAME OF INVENTOR: Hadi Jebory

MAILING/RESIDENCE ADDRESS: 36 Valente; Trvine, CA 92602

COUNTRY OF CITIZENSHIP: U.S.A.__

SIGNATURE OF INVE\'TOR/ ,<~, o774 7 DATE: 0“.?/ o // Q—@l 2

FULL NAME OF INVENTOR: David J. Howard

MAILING/RESIDENCE ADDRESS: 19 Springwatet; Irvine, CA 92604

COUNTRY OF CITIZENSHIP: U.S
Iof . 62, AL
SIGNATURE OF INVENTOR: /) / /7 / // / paTE: 2017021

Page 2 08JAZ0006

Samsung Exhibit 1003, Page 292 of 321



Attorney Docket No.: 0150167

§ 1.56 Duty to disclose information material to patentability.

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information matetial to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information known to that individual to be material to patentability as defined in this section. The duty to disclose information
exists with respect to each pending claim until the claim is cancelled or withdrawn from consideration, or the application
becomes abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from consideration
need not be submitted if the information is not material to the patentability of any claim remaining under consideration in the
application. There is no duty to submit information which is not material to the patentability of any existing claim. The duty to
disclose all information known to be material to patentability is deemed to be satisfied if all information known to be material
to patentabilify of any claiin issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by
§§ 1.97(b)-(d) and 1,98. However, no patent will be granted on an application in connection with which fraud on the Office
was practiced or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office
encowrages applicants to carefully examine:

(1) Prior avt cited in search reports of a foreign patent office in a counterpart application, and

(2) The closest information over which individuals associated with the filing or prosecution of a patent application believe any
pending claim patentably defines, to make swre that any material information contained therein is disclosed to the Office,

(b) Under this section, information is material to patentability when it is not cumulative to information already of vecord or
being made of record in the application, and

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; or
(2) 1t refutes, or is inconsistent with, a position the applicant takes in:

(i) Opposing an argument of unpatentability relied on by the Office, or

(i) Asserting an argument of patentability.

A prima fucie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable
under the preponderance of cvidence, burden-of-proof standard, giving each term in the claim its broadest reasonable
construction consistent with the speoification, and before any consideration is given to evidence which may be submitted in an
attempt to establish a contrary conclusion of patentability.

(¢) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are:
(1) Each inventor named in the application;
(2) Each attorney or agent who prepares or prosecutes the application; and

(3) Bvery other person who is substantively involved in the preparation or prosecution of the application and who is
associated with the inventor, with the assignee or with anyone to swhom there is an obligation to assign the application.

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the
attorney, agent, or inventor.

() In any continuation-in-part application, the duty under this section includes the duly to disclose to the Office all
information known to the person fo be material to patentability, as defined in paragraph (b) of this section, which became
available between the filing date of the prior application and the national or PCT international filing date of the continuation-
in-part application.
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BACKGROUND

The present application claims the benefit of and priority to a pending provisional
patent application entitled “Through Silicon Via with a Pinched Off Region and Related
Method,” Serial Number 61/545,003 filed on October 7, 2011. The disclosure in that
pending provisional application is hereby incorporated fully by reference into the present
application.

Semiconductor die density has continuously increased, and continues to increase.
Further miniaturization and increased density in semiconductor dies require an increasing
number of signal, ground and power electrical interconnects and connections. To make
efficient use of limited surface area on semiconductor dies, conventional methods have
included forming interconnects within the semiconductor dies using through wafer vias
(TWVs). Conventional TWVs may, for example, connect a ground plane on a bottom
surface of a semiconductor die with circuitry on a top surface of a semiconductor die.
However, such conventional TWVs are typically very wide, for example, 50 pm
(micrometers) in diameter. Such large widths result in undesirable characteristics in
semiconductor dies and their semiconductor substrates. For example, placement of
numerous conventional TWVs within a semiconductor substrate can result in a
significant reduction in mechanical stability of the semiconductor substrate. Thus, the
number and density of such conventional TWVs placed within a semiconductor substrate
must be limited. Such limitations result in large minimum distances between TWVs and
semiconductor devices, such as transistors, situated in a semiconductor die.

Moreover, utilizing a small number of conventional TWVs results in an uneven

2.
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thermal dissipation within the semiconductor substrate, especially during high power
operation. The uneven thermal dissipation can result in increased thermal stress in the
semiconductor substrate, thus reducing mechanical stability and reliability of the
semiconductor die.

Further, although it is desirable to completely fill TWVs with conductive material,
conventional fabrication methods result in incomplete filling of the TWVs, especially at
their top and bottom portions. The incomplete filling can result in unwanted gaps in the
top and bottom portions of the TWVs which can, for example, lead to contamination of

the TWVs during subsequent processes.
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SUMMARY
The present application is directed to through silicon via structure, method of
formation, and integration in semiconductor substrate, substantially as shown in and/or
described in connection with at least one of the figures, and as set forth more completely

5  in the claims.
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08JAZ0006

Samsung Exhibit 1003, Page 297 of 321



10

15

Attorney Docket No.: 0150167

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A illustrates an exemplary cross-sectional view of a portion of a
semiconductor substrate including a conventional through wafer via.

Figure 1B illustrates an exemplary top view of a portion of a semiconductor
substrate including a conventional through wafer via.

Figure 2 illustrates an exemplary perspective view of a portion of a semiconductor
substrate including through silicon vias in accordance with one implementation of the
present application.

Figure 3 illustrates an exemplary top view of a semiconductor substrate including
through silicon vias having chamfered corners in accordance with one implementation of’
the present application.

Figure 4 illustrates an exemplary cross-sectional view of a through silicon via
within a semiconductor substrate in accordance with one implementation of the present
application.

Figure 5 presents an exemplary flowchart illustrating a method of fabricating a

through silicon via in accordance with one implementation of the present application.

-5-
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DETAILED DESCRIPTION

The following description contains specific information pertaining to
implementations in the present disclosure. One skilled in the art will recognize that the
present disclosure may be implemented in a manner different from that specifically
discussed herein. The drawings in the present application and their accompanying
detailed description are directed to merely exemplary implementations. Unless noted
otherwise, like or corresponding elements among the figures may be indicated by like or
corresponding reference numerals. Moreover, the drawings and illustrations in the
present application are generally not to scale, and are not intended to correspond to actual
relative dimensions.

Figure 1A presents an exemplary cross-section of conventional semiconductor
structure 100 including exemplary through-wafer via 118 disposed in substrate 110,
exemplary semiconductor device 108 disposed on top surface 134 of substrate 110, and
ground plane 120 disposed on bottom surface 132 of substrate 110. Similarly, Figure 1B
presents an exemplary top view of conventional semiconductor structure 100. In
conventional semiconductor structure 100, through-wafer via 118 may extend from
bottom surface 132 of substrate 110 to top surface 134 of substrate 110 and may
generally have a uniform width w,. By way of one specific example, width w, may be
approximately 50 um, where through-wafer via 118 has a circular cross-section. Because
through-wafer via 118 extends the entire depth of substrate 110, both through-wafer via
118 and substrate 110 can generally have a depth of, for example, approximately 200 pm.

Through-wafer via 118 is also typically contacted at the bottom surface of substrate 110
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by ground plane 120. Semiconductor device 108, which may be a transistor for example,
is also shown in Figures 1A and 1B and may be connected to ground plane 120 by
through-wafer via 110. However, due to the very wide cross section of through-wafer via
118, semiconductor device 108 typically requires placement at a distance d; from
through-wafer via 118, which may be, for example, at least 15 pm to 20 pm.

In addition, the very large width of through-wafer via 118 typically limits the
number of through-wafer vias that may be formed in a substrate of a particular
dimension. For example, in a typical substrate it is common for multiple through-wafer
vias to be spaced hundreds of micrometers (um) apart. Such large spacing between
through-wafer vias results in uneven thermal dissipation within the substrate. Differences
in the thermal coefficients of substrate 110 and through-wafer via 118 may cause high
levels of mechanical stress in substrate 110 when heated, which can lead to cracking of
substrate 110. The very large width of exemplary through wafer via 118 can increase
such thermally induced mechanical stress in substrate 110.

Figure 2 presents an exemplary perspective view of semiconductor structure 200
including top surface 220 of substrate 212 and cross-section 230 of substrate 212, taken
at edge 224, for example. Substrate 212 may include narrow through-silicon vias (TSVs)
202, 204 and 206, for example. Substrate 212 may also include various semiconductor
devices such as exemplary semiconductor devices 208 and 210. Exemplary
semiconductor devices 208 and 210 may be any type of semiconductor device, such as
various transistors, for example, NPN bipolar transistors, or any other device without
limitation.

-
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Narrow TSVs 202, 204 and 206 may be arranged in arrays, such as array 240 for
example, disposed in substrate 212, to suit the needs of a particular application. For
example, each of narrow TSVs 202, 204 and 206 may provide a ground connection to
exemplary semiconductor devices 208 and 210, for example. In addition, all TSVsin a
particular array may be connected to one another by an overlying metal 1 or metal 2 layer
(not shown), for example. The novel features of narrow TSVs 202, 204 and 206, which
will be discussed in greater detail below, allow exemplary semiconductor devices 208
and 210 to be placed much closer to TSVs 202, 204 and 206 than conventional TWV
designs. Figure 2 shows such a reduced distance d,, which may be 5-10 pm, for
example. Thus, as one specific example, exemplary semiconductor devices 208 and 210
may be placed as much as 2 to 3 times closer, in one dimension, to TSVs 202, 204 and
206 as compared to conventional via designs. This allows the present implementation to
greatly reduce the amount of wasted substrate area.

In addition, because TSVs 202, 204 and 206 may be placed much closer to each
other than in conventional TWV designs, uniform thermal dissipation and heatsinking
through TSVs 202, 204 and 206 becomes more practical. Furthermore, the resistance and
ground path length of narrow TSVs 202, 204, and 206 are still improved relative to
conventional wire bonds, or even relative to through-wafer vias since a greater number of
TSVs can be used, which can also be placed closer to ground terminal connections of
semiconductor devices, such as semiconductor devices 208 and 210, of semiconductor
structure 200.

Turning to Figure 3, Figure 3 presents an exemplary top view 340 of a portion of

-8-
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TSV array 240 of Figure 2. TSVs 302, 304 and 306 may each correspond to TSVs 202,
204 and 206 of Figure 2, respectively. As shown in Figure 3, each of TSVs 302, 304 and
306 may have a rectangular shape and may, in one particular example, be oriented such
that TSVs 302 and 306 have a longer side oriented parallel to a Y-axis (also referred to as
being laid out in a “length direction” in the present application) and TSV 304, disposed
between TSVs 302 and 306, has a longer side oriented parallel to an X-axis (also referred
to as being laid out in a “width direction” in the present application). Thus, according to
the implementation presented by Figure 3, cach TSV in an array may be oriented at a 90°
angle relative to an adjacent TSV. Such orientation may reduce cracking in the substrate
by interrupting naturally forming cleavage planes 312 caused by thermal and mechanical
stresses in the substrate.

To further reduce thermal and mechanical stress in the substrate, at least one
corner of each of TSVs 302, 304 and 306 may be a chamfered corner 314. Preferably,
however, each corner of each TSV may be chamfered. Chamfering each corner of TSVs
302, 304 and 306 may also help to complete the narrow, deep etch required by the present
implementation. Each of TSVs 302, 304 and 306 may have the same dimensions. In one
spectic example, each of TSVs 302, 304 and 306 may have a short side width w, of 2-5
pm and a long side width ws of 6-10 pm, for example. Thus, TSVs 302, 304 and 306
allow for greater flexibility in their placement in the substrate due to their significantly
smaller size and cleavage plane impeding orientations. Each of TSVs 302, 304 and 306
may be etched into the substrate to a depth of, for example, 100 pm. The finished depth
of the TSVs and substrate may then be accurately controlled by polishing the bottom

9-
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surface of the substrate, as will be discussed in further detail below.

The fabrication of one or more TSVs in a semiconductor substrate will be further
described by reference to Figures 4 and 5. Figure 4 presents an exemplary magnified
view of TSV 402, which may correspond to TSV 202 of Figure 2, for example. Figure 5
presents an exemplary flowchart implementing a method of fabricating a through silicon
via having a pinched off region such as, for example, TSV 402.

Action 510 of flowchart 500 includes performing a first etch into substrate 412 to
first depth d; to form sidewalls 440 of through silicon via 402. The first etch to first
depth d; may be controlled by, for example, adjusting the time of first etch action 510.

Continuing with action 520 of flow chart 500, action 520 includes performing a
second etch in through silicon via 402 to second depth d, such that through silicon via
402 tapers from first depth d5 to second depth dy. Action 520 may be carried out by
varying the etchant power during action 520. As a specific example, etchant power may
be varied from S0 watts to 20 watts during etch action 520. Reducing the etchant power
allows the formation of a narrowing portion of TSV 402 from first depth d; to second
depth d,. Alternatively, or in addition, adding O, during action 520 may make the etch
more selective, effectively reducing the width of the etch during action 520. Though
specific etch techniques are disclosed, action 520 may be achieved by other appropriate
etching methods. Thus, action 520 may result in a contouring of the shape of TSV 402
such that a bottom portion (i.e. the portion generally below first depth d3) of TSV 402
tapers. In one specific example, TSV 402 may taper to a width of approximately 1 pm
and second depth d4 may be approximately 15 pm.

-10-
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Once TSV 402 has been etched to second depth d,, optional insulation layer 436
may be deposited on silicon sidewalls 440 of TSV 402. However, preferentially, such an
optional insulation layer 436 may not be included to ensure that conductive filler 430 is
in contact with silicon sidewalls 440 of TSV 402 and a ground plane on the bottom
surface of the substrate, for example.

Action 530 of Figure 5 includes depositing conductive filler 430 on sidewalls 440
of through silicon via 402 such that hollow center portion 432 and pinched off region 438
are formed in through silicon via 402. The tapered portion of TSV 402 (i.e. the portion
generally below depth d;), allows conductive filler 430 to completely fill the bottom
portion of TSV 402. In the alternative, conductive filler 430 may by deposited to
incompletely fill the bottom portion of TSV 402. In a preferred implementation,
conductive filler 430 is a metallic filler, for example, tungsten. Action 530 may be
accomplished using any appropriate deposition technique, such as chemical vapor
deposition (CVD) or atomic layer deposition (ALD), for example.

Hollow center portion 432 provides many beneficial features. For instance,
hollow center portion 432 may serve to reduce intrinsic inductance of TSV 402. Hollow
center portion 432 also reduces thermal and mechanical stress in substrate 412 by
providing space for conductive filler 430 to expand inward rather than outward in high
temperature conditions. Such reduction in thermal and mechanical stress reduces
cracking in substrate 412. In addition, hollow center portion 432 in TSV 402 can be
formed using present manufacturing tools and without increasing production costs.

In addition to pinched off region 438 at a bottom portion of TSV 402, the present
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implementation may include forming pinched off region 434 at a top portion of TSV 402.
A natural loading effect exists when depositing fillers, which causes an increased
deposition at the top of vias. However, to ensure that hollow center portion 432 does not
extend to the top of TSV 402, oxide layer 424 may be deposited over the top surface of
substrate 412. An opening 428 may be formed in oxide layer 424, over TSV 402, such
that sides 426 of opening 428 remain within sidewalls 440 of TSV 402, thus resulting in
the width of opening 428 to be smaller than the width of TSV 402. Depositing oxide
layer 424 and forming opening 428 ensures pinched off region 434 is formed in the top
region of TSV 402, and that hollow center portion 432 does not extend to the top of TSV
402.

Turning to action 540 of flow chart 500, action 540 includes polishing bottom
surface 460 of substrate 412 to expose conductive filler 430 from the bottom surface of
the substrate. Polish action 540 may be performed until polish line 450a is reached in
substrate 412 (i.e. until bottom surface 460 becomes the same as polish line 450a).
Polish line 450a may represent a bottom surface of processed substrate 412.
Alternatively, polish action 540 may be performed until polish line 450b is reached in
substrate 412 (i.e. until bottom surface 460 becomes the same as polish line 450b), which
may represent an alternative bottom surface of processed substrate 412 where an
incomplete filling of the bottom portion of TSV 402 is desired.

Carrying out prior action 530 and filling a bottom portion of TSV 402 with
conductive filler 430 may ensure that no contamination of TSV 402 occurs during polish
action 540, for example. In addition, due to the narrow width of the bottom of TSV 402,
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a subsequent rough polish will not cause damage to the via, unlike conventional TWV
fabrication methods. Consequently, only a rough polish is required at bottom surface 460
to achieve a good contact with a ground plane metal layer which may be subsequently
applied to bottom surface 460 of substrate 412. Thus, according to the present
implementation, a subsequent fine polish or dry etch at this point in fabrication is
avoided.

Thus, various implementations disclosed in the present application provide
through silicon vias with a pinched off region which reduce thermal and mechanical
stress in semiconductor substrates, as compared to conventional TWVs. Such through
silicon vias further reduce the amount of wasted semiconductor substrate area as well as
prevent contamination of the through silicon vias during semiconductor substrate
processing.

From the above description it is manifest that various techniques can be used for
implementing the concepts described in the present application without departing from
the scope of those concepts. Moreover, while the concepts have been described with
specific reference to certain implementations, a person of ordinary skill in the art would
recognize that changes can be made in form and detail without departing from the spirit
and the scope of those concepts. As such, the described implementations are to be
considered in all respects as illustrative and not restrictive. It should also be understood
that the present application is not limited to the particular implementations described
herein, but many rearrangements, modifications, and substitutions are possible without
departing from the scope of the present disclosure.

13-
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CLAIMS

L. A semiconductor substrate having a plurality of devices, said
semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region at a
bottom portion to prevent contamination during processing of said semiconductor

substrate.

2. The semiconductor substrate of claim 1, wherein said pinched off region is

formed by tapering a bottom portion of each of said plurality of through silicon vias.
3. The semiconductor substrate of claim 1, wherein said preventing
contamination during said processing is achieved by preventing contamination during

polishing said bottom surface of said substrate.

4, The semiconductor substrate of claim 1, wherein said conductive filler

comprises a metallic filler.

<14
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5. The semiconductor substrate of claim 1, wherein said conductive filler

comprises tungsten.

6. The semiconductor substrate of claim I, wherein each of said plurality of
through silicon vias is tapered at a bottom portion such that said conductive filler fills

said bottom portion, pinching off said hollow center.

7. The semiconductor substrate of claim I, wherein a first group of said
plurality of through silicon vias are laid out in a width direction and a second group of

said plurality of through silicon vias are laid out in a length direction.

8. The semiconductor substrate of claim 1, wherein each of said plurality of

through silicon vias has at least one chamfered corner.

9. The semiconductor substrate of claim 1, further comprising a pinched off

region at a top of each of said plurality of through silicon vias.

10.  The semiconductor substrate of claim 1, wherein each of said plurality of
through silicon vias is tapered at a bottom portion such that said conductive filler

incompletely fills said bottom portion, narrowing said hollow center.

11. A method of forming a through silicon via in a semiconductor substrate,

-{5-
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said method comprising:

performing a first etch into said substrate to a first depth to form sidewalls of said
through silicon via;

performing a second etch in said through silicon via to a second depth such that
said through silicon via tapers from said first depth to said second depth;

depositing a conductive filler on said sidewalls of said through silicon via such
that a hollow center and a pinched off region are formed in said through silicon via;

wherein said pinched off region prevents contamination during processing of said
semiconductor substrate, and said hollow center reduces thermal stress in said

semiconductor substrate.

[2. The method of claim 11, further comprising polishing a bottom surface of

said substrate to expose said conductive filler from said bottom surface of said substrate.

13. A semiconductor substrate having a plurality of devices, said
semiconductor substrate comprising:

a plurality of through silicon vias disposed in said substrate extending from a top
surface of said substrate to a bottom surface of said substrate;

a conductive filler disposed within each of said plurality of through silicon vias,
each of said plurality of through silicon vias having a hollow center to reduce thermal
stress in said semiconductor substrate;

wherein each of said plurality of through silicon vias has a pinched off region at a
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top portion to prevent contamination during processing of said semiconductor substrate.

14.  The semiconductor substrate of claim 13, further comprising a dielectric
layer disposed on said top surface of said substrate, wherein said dielectric layer has a
plurality of openings, each situated over one of said plurality of through silicon vias, and

having a width smaller than a width of said through silicon vias.

15.  The semiconductor substrate of claim 13, wherein said conductive filler

comprises a metallic filler.

16.  The semiconductor substrate of claim 13, wherein said conductive filler

COlllpl'iSCS tungsten.

17. The semiconductor substrate of claim 13, wherein a first group of said
plurality of through silicon vias are laid out in a width direction and a second group of

said plurality of through silicon vias are laid out in a length direction.

18.  The semiconductor substrate of claim 13, wherein each of said plurality of

through silicon vias has at least one chamfered corner..

19.  The semiconductor substrate of claim 13, further comprising a pinched off
region at a bottom of each of said plurality of through silicon vias.

-17-
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20.  The semiconductor substrate of claim 13, wherein each of said plurality of
through silicon vias is tapered at a bottom portion such that said conductive filler

incompletely fills said bottom portion, narrowing said hollow center.

-18-
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ABSTRACT

Various implementations of through silicon vias with pinched off regions are
disclosed. A semiconductor substrate includes a plurality of the through silicon vias
disposed in the substrate and extending from a top surface of the substrate to a bottom
surface of the substrate. A conductive filler is disposed within each of the plurality of
through silicon vias, each of the plurality of through silicon vias having a hollow center
which reduces thermal stress in the semiconductor substrate. The plurality of through
silicon vias also have pinched off regions at the bottom and/or the top portions of the
through silicon vias, which prevent contamination during processing of the

semiconductor substrate.
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500

Perform a first etch into the substrate to
a first depth to form sidewalls of the
through silicon via (TSV)

510

Perform a second etch in the through
silicon via to a second depth such that
the through silicon via tapers from the
first depth to the second depth

520

Deposit a conductive filler on the sidewalls
of the through silicon via such that a hollow
center portion and a pinched off region are
formed in the through silicon via

530

Polish the bottom surface of the
substrate to expose the conductive filler
from the bottom surface of the substrate

540
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