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.
14/872,844 06/28/2016 9379233 74735/258 1965
130036 7590 06/08/2016

1IPH2 [54361] c/o Stoel Rives LLP 130036
201 South Main Street, Suite 1100, One Utah Center
Salt Lake City, UT 84111

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 O 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):

Yoshihiro TAKAISHI, Tokyo, JAPAN;
PS4 Luxco S.a.r.l., Luxembourg, LUXEMBOURG;

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.
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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
Commlssmner for Patents
P.O.Box 1
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
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated 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

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

Certificate of Mailing or Transmission

130036 7590 , 03/03/2016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
IIPH2 [54361] c/o Stoel Rives LLP 130036 S(tiz(lites P(ZiStal Sﬂf;rvwe vlvnh sufficient postage (i(i)r first l():lass mallbln an anelo;{e
. . addressed to the Mail Stop ISSUE FEE address above, or being facsimile
201 South Maln Street, Suite 1100, One Utah Center transmitted to the USPTO (571) 273-2885, on the date indicated below.
Salt Lake City, UT 84111
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/872,844 10/01/2015 Yoshihiro TAKAISHI 747351258 1965
TITLE OF INVENTION: SEMICONDUCTOR DEVICE
| 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 06/03/2016

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
COLEMAN, WILLIAM D 2823 257-334000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

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

PS4 Luxco S.a.r.l. Luxembourg, LU

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)
& 1ssue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) ] Payment by credit card. Portm P 208X sathalnldX
(] Advance Order - # of Copies (A The director is hereby authorized to charge the re(ilired fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number _ 502 375 (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.

| 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.

| 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 /Joseph . Hawkins/ Date June 1, 2016

Typed or printed name Joseph J. Hawkins Registration No. 63 1 94
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Electronic Patent Application Fee Transmittal

Application Number:

14872844

Filing Date:

01-Oct-2015

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Yoshihiro TAKAISHI

Filer: Joseph Jackson Hawkins/Janet Wilson
Attorney Docket Number: 74735/258
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl Issue Fee 1501 1 960 960
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFS ID: 25935194
Application Number: 14872844
International Application Number:
Confirmation Number: 1965

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Yoshihiro TAKAISHI

Customer Number:

130036

Filer:

Joseph Jackson Hawkins/Janet Wilson

Filer Authorized By:

Joseph Jackson Hawkins

Attorney Docket Number: 74735/258
Receipt Date: 01-JUN-2016
Filing Date: 01-0CT-2015
Time Stamp: 14:19:14

Application Type:

Utility under 35 USC 111{(a)

Payment information:

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

RAM confirmation Number 677
Deposit Account 502375

Authorized User

HAWKINS, JOSEPH J.

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

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination procesyifgdeash Digital Exhibit 1002




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
360548
. . 2016_06_01_CommentsonRea
1 Miscellaneous Incoming Letter no 2
sonsforAllowance.pdf
dBe8bc666682060b03a2fd7e8469c6d83939
52a44
Warnings:
Information:
86694
2 Issue Fee Payment (PTO-85B) 2016_06_01_PartB.pdf no 1
5c998b0178530a8%e56e31694cedS5d3ef79)
39316
Warnings:
Information:
30698
3 Fee Worksheet (SB06) fee-info.pdf no 2
1015bfff6795a24720dbe3bdebb1a6a7c2bf|
3657
Warnings:
Information:
Total Files Size (in bytes): 477940

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First named inventor:

Yoshihiro TAKAISHI
Application No. 14/872,844

Filed: October 1, 2015

For: SEMICONDUCTOR DEVICE

Group Art Unit: 2823

Examiner: COLEMAN, William D.
Confirmation No. 1965

Docket No. 74735/258

Dated: June 1, 2016

COMMENTS ON REASONS FOR ALLOWANCE

The Applicant appreciates the allowance of the claims of the above-referenced
Application, and agrees that the claimed subject matter is patentable. The Applicant takes
no position regarding the Reasons for Allowance adopted by the Examiner (if any) other than
the positions the Applicant may have previously taken during prosecution of the Application.
Therefore, such Reasons for Allowance (if any) should not be attributed to the Applicant as
an indication of the basis for the Applicant’s belief that the claims are patentable.
Furthermore, the Applicant respectfully asserts that there may also be additional reasons for
patentability of the claimed subject matter not explicitly stated in this record, and the
Applicant does not waive their rights to make such arguments by not further addressing such
reasons herein. Moreover, the Applicant respectfully submits that there may be additional,
unclaimed subject matter disclosed in the Application and explicitly reserves the right to
pursue such subject matter in one or more continuation, divisional, and/or continuation-in-

part applications.

86707892.1 0074735-00258
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The Commissioner is hereby authorized to charge any additional fees which may be
required in connection with filing of this paper, or credit overpayment, to Deposit Account

No. 50-2375.

Respectfully submitted,

[Joseph J. Hawkins/
Joseph J. Hawkins
Registration No. 63,194

STOEL RIVES LLP

201 S Main Street, Suite 1100
Salt Lake City, UT 84111-4904
Telephone: (801)328-3131
Facsimile: (801) 578-6999

86707892.1 0074735-00258 2
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PTO/SB/08a (01-10)

Dog code: IDS A d f through 07/31/2012. OMB 0651-0031
. . . . pproved for use througl . -
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Number 14/872,844
Filing Date 2012-12-19
INFORMATION DISCLOSURE First Named Inventor | Yoshihiro TAKAISHI
STATEMENT BY APPLICANT At Uni
- nit 2523
( Not for submission under 37 CFR 1.99)
Examiner Name
Attorney Docket Number 8040-1178

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
o e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 7945272 2011-05-17 KIM Corresponds to 2006-081184
WoC/
2 6813714 2004-11-02 HARDJONO et al. English language
/WDC/
JWDC/ 3 6584566 2003-06-24 HARDJONO English language
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name cof Patentee or Applicant Pages,Columns Lines where
o e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
/wocs |1 20100011063 2010-01-14 BLAIOTTA et al. Corresponds to 2008-543137
2 20070071021 2007-03-29 GIRAO Corresponds to 2007-089156
/wnc/
3 20060063548 2006-03-23 KIM Corresponds to 2006-081184
WDC/

EFS Web 2.1.17

Western Digital Exhibit 1002




INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 14/872,844
Filing Date 2012-12-19
First Named Inventor | Yoshihiro TAKAISHI
Art Unit 2823
Examiner Name

Attorney Docket Number 8040-1178

WpC/ 4 20090024848 2009-01-22 TAKASUGI et al. Corresponds to WO2007/072814
rDC/ 5 20110072121 2011-03-24 TAKASUGI et al. Corresponds to W02007/072814
/wpc/ |6 20030044020 2003-03-06 ABOBA et al. English language
7 20030177267 2003-09-18 ORAVA et al. English language
/wnc/
If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number2 Code? | Code4| Date PP Passages or Relevant
Document ;
Figures Appear
/wnc/ 1 WQ02007/072814 WO 2007-06-28 English abstract ]
/WDC/ |2 2006-081184 JP 2006-03-23 English abstract ]
/woo/ |3 2007-089156 JP 2007-04-05 English abstract ]
JWDC/ 4 2008-257340 JP 2008-10-23 English abstract ]
/wpC/ |5 2008-543137 JP 2008-11-27 English abstract ]

EFS Web 2.1.17
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Application Number 14/872,844
Filing Date 2012-12-19

INFORMATION DISCLOSURE First Named Inventor | Yoshihiro TAKAISHI
STATEMENT BY APPLICANT At Uni
L rt Unit 2823
( Not for submission under 37 CFR 1.99)
Examiner Name
Attorney Docket Number 8040-1178
Cited in the
/RDC/ 6 2009-081389 JP 2009-04-16 specification, English |:|
abstract

If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove

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

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature | /William Coleman/ Date Considered 03/14/2016

*EXAMINER: Initial if reference considered, whether or not citation is in confoermance with MPEP 609. Draw line through a
citation if nct in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translaticn is attached.

EFS Web 2.1.17 Western Digital Exhibit 1002



Application Number

Filing Date 2012-12-19
INFORMATION DISCLOSURE First Named Inventor | Yoshihiro TAKAISHI
STATEMENT BY APPLICANT Art Unit

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Docket Number 8040-1178

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s}:

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communicaticn from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}2).

[ ] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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

Signature {Eric Jensen/ Date (YYYY-MM-DD) 2012-12-19

Name/Print Eric Jensen Registration Number 37855

This collection of information is required by 37 CFR 1.97 and 1.98. The informaticn is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17 Western Digital Exhibit 1002




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 sclicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process ahd/or examine your submission related to a patent application cor 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 submissionh, 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 te 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 the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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.5.C. 2904 and
2906. Such disclesure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

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

Western Digital Exhibit 1002
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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. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/872,844 10/01/2015 Yoshihiro TAKAISHI 74735/258 1965
130036 7590 03/17/2016
) EXAMINER
1IPH2 [54361] c/o Stoel Rives LLP 130036 | |
201 South Main Street, Suite 1100, One Utah Center COLEMAN, WILLIAM D
Salt Lake City, UT 84111
| ART UNIT | PAPER NUMBER |
2823
| NOTIFICATION DATE | DELIVERY MODE |
03/17/2016 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):
joe.hawkins @stoel.com

slepatent@stoel.com
janet.wilson @stoel.com

Western Digital Exhibit 1002
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Application No. Applicant(s)
Corrected 14/872,844 TAKAISHI, YOSHIHIRO
Notice Of Allowabilit Examiner Art Unit AlA (First Inventor to File)
y W DAVID COLEMAN 2823 Status
No

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

1. [0 This communication is responsive to
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-4. 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.govipatents/inil_events/pph/index.jsp or send an inquiry to PEHfeedback@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)[d Al b)[] 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. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

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

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

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

[ 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. X Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 10/01/2015

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

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date 20161314 .

/WILLIAM COLEMAN/
Primary Examiner
Art Unit: 2823

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

20160314
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Application No. Applicant(s)

. . . 14/872,844 TAKAISHI, YOSHIHIRO
Examiner-Initiated Interview Summary
Examiner Art Unit
W DAVID COLEMAN 2823

All participants (applicant, applicant's representative, PTO personnel):

(1) W DAVID COLEMAN. (3) .

(2) Joe Hawkins 63,194. 4)____.

Date of Interview: 11 March 2016.

Type: [X Telephonic [] Video Conference
[ Personal [copy given to:[] applicant  [X] applicant’s representative]

Exhibit shown or demonstration conducted: [ Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 [J102 []103 [XOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1-4.

Identification of prior art discussed: IDS dated 10/01/2015.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's representalive indicated that persuant to MPEP 609.02_Applicant(s) expected the Examiner to consider all

the references submitted in parent application 13/722.125.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the

substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the

general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

] Attachment

/W DAVID COLEMAN/
Primary Examiner, Art Unit 2823

U.S. Patent and Trademark Office

PTOL-413B (Rev. 8/11/2010) Interview Summary West PDapetr liloE 28_18,(%311
estern igital EXNIDI

4
002




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

| EXAMINER |
130036 7590 03/03/2016
IIPH2 [54361] c/o Stoel Rives LLP 130036 COLEMAN, WILLIAM D
201 South Main Street, Suite 1100, One Utah Center
Salt Lake City, UT 84111 | ART UNIT PAPER NUMBER |
2823
DATE MAILED: 03/03/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NoO.
14/872,844 10/01/2015 Yoshihiro TAKAISHI 74735/258 1965

TITLE OF INVENTION: SEMICONDUCTOR DEVICE

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 06/03/2016

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 Western Digital Exhibit 1002
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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

Commlssmner for Patents

P.O.Box 1

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

1cated unless corrected below or directed otherwise in Block 1, by
malntenance fee notifications.

(a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

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

130036 7590 03/03/2016
IIPH2 [54361] c/o Stoel Rives LLP 130036
201 South Main Street, Suite 1100, One Utah Center
Salt Lake City, UT 84111

ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/872,844 10/01/2015 Yoshihiro TAKAISHI 74735/258 1965
TITLE OF INVENTION: SEMICONDUCTOR DEVICE
| 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 06/03/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
COLEMAN, WILLIAM D 2823 257-334000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

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

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

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

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

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

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

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

NOTE: This form must be signed in accordance with 37 CEFR 1.31 and 1.

33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION No. |
14/872,844 10/01/2015 Yoshihiro TAKAISHI 74735/258 1965
130036 7590 03/03/2016 | EXAMINER |
IIPH2 [54361] c/o Stoel Rives LLP 130036 COLEMAN, WILLIAM D
201 South Main Street, Suite 1100, One Utah Center
Salt Lake City, UT 84111 | ART UNIT PAPER NUMBER |

2823

DATE MAILED: 03/03/2016

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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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 % é%%?ﬁ ﬁ%lﬁlgp Bhibit 1002



Application No. Applicant(s)
14/872,844 TAKAISHI, YOSHIHIRO
H HH i i AlA (First Inventor to File)
Notice of Allowability EJEQ{ZEVCOLEMAN 2;‘2;’"" Statuis
No

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

1. [ This communication is responsive to October 1, 2015.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-4. 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
hite:/vww. usnlo.gov/ipatents/inil_evenis/pph/index.jsp or send an inquiry to PPHfeedback@usplo.ooyv .

4. [X] 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. X Certified copies of the priority documents have been received in Application No. 13/722,125 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

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

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

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

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

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

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20160222

Western Digital Exhibit 1002



Application/Control Number: 14/872,844 Page 2
Art Unit: 2823

1. The present application is being examined under the pre-AlIA first to invent provisions.
DETAILED ACTION
Information Disclosure Statement
The information disclosure statement filed October 1, 2015 has been misplaced by the Office.

Please resubmit.

Specification
2. The title of the invention is not descriptive. A new title is required that is clearly
indicative of the invention to which the claims are directed.
Allowable Subject Matter
3. Claims 1-4 allowed.
4. The following is an examiner’s statement of reasons for allowance: the prior art does not
anticipate nor render obviousness with respect to a semiconductor device comprising amongst
other limitations: a plurality of semiconductor pillars provided on a semiconductor substrate each
having a upper diffusion layer and a lower diffusion layer with a side contact plug connected to
the lower diffusion layer.
Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Western Digital Exhibit 1002



Application/Control Number: 14/872,844 Page 3
Art Unit: 2823

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to W DAVID COLEMAN whose telephone number is (571)272-
1856. The examiner can normally be reached on Monday-Friday 9:00 AM - 5:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Olik Chaudhuri can be reached on 571-272-9820. 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 §66-217-9197 (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.

/W DAVID COLEMAN/
Primary Examiner, Art Unit 2823
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CPC Classification - Application Number: 14872844

Examiner: William Coleman

Family ID: 48653688

Date Created: Feb 22, 2016 1:47 PM

US App. No. (2) & Documents (3): 14/872844 (20160020316 A1), 13/722125 (20130161738 A1,
9178056 B2)

Foreign Documents (1): JP2013153133A

Allocations (6)

No. |CPC Type Endorsed By CPC Version IPC
1 |HO1L 29/7802 F us 2013-01-01 HO1L29/78
2 |HO1L 29/66666 | EP, US 2013-01-01 HO1L29/66
3 |HO1L 27/088 | EP, US 2013-01-01 HO1L27/088
4 |HO1L 29/7827 | EP, US 2013-01-01 HO1L29/78
5 |HO1L 29/7813 | us 2013-01-01 H01L29/78
6 |HO1L 21/823487 A EP, US 2013-01-01 HO1L21/8234
Combination Sets (0)
INo. |cPC |Type |Set |Rank |Endorsed By |cPc version liPc
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
14/872,844 10/01/2015 2811 1600 74735/258 4 1
CONFIRMATION NO. 1965
130036 FILING RECEIPT
IIPH2 [54361] ¢/o Stoel Rives LLP 130036
HiE 54361 ol Sl Pl L 10020 e Gonter O

Salt Lake City, UT 84111
Date Mailed: 10/16/2015

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

Inventor(s)

Yoshihiro TAKAISHI, Tokyo, JAPAN;
Applicant(s)

PS4 Luxco S.a.r.l., Luxembourg, LUXEMBOURG;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/722,125 12/20/2012 PAT 9178056

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2011-285544 12/27/2011

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

If Required, Foreign Filing License Granted: 10/15/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/872,844

Projected Publication Date: 01/21/2016
Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title
SEMICONDUCTOR DEVICE
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

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

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/872,844
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 4 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor: Yoshihiro TAKAISHI

Filed: October 1, 2015
Title: SEMICONDUCTOR DEVICE
Examiner: Not yet assigned
Serial No.: Not yet assigned
Art Unit: Not yet assigned
Conf. No.: Not yet assigned
Docket No:  74735/258 (12P00415US1)
Date: October 1, 2015

PRELIMINARY AMENDMENT

TO THE COMMISSIONER FOR PATENTS:

Prior to examination, please amend the above-identified Application as follows:
Amendments to the Specification begin on page 2; and

Remarks begin on page 3.

80199656.1 0074735-00258 1
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AMENDMENTS TO THE SPECIFICATION

Please amend the specification as follows. No new matter is entered.

Please replace the paragraph at line 4 of page 1 with the following amended paragraph:

This application is a continuation of, and claims priority to, United States Patent

Application No. 13/722,125 filed on December 20, 2012, which claims the benefit of priority

from Japanese Patent Application No. 2011-285544, filed on December 27, 2011, the disclosure

of each of which is incorporated herein in its entirety by reference.

80199656.1 0074735-00258 2
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REMARKS

The specification is amended to update the cross-references to related applications
section. Specifically, the specification is amended to clarify that this Application, “is a
continuation of, and claims priority to, United States Patent Application No. 13/722,125 filed on
December 20, 2012, which claims the benefit of priority from Japanese Patent Application No.
2011-285544, filed on December 27, 2011.” No new matter is entered.

The Applicant respectfully submits that the Application is in condition for allowance. If
the Examiner notes any further matters that may be resolved by a telephone interview or
Examiner's amendment, the Examiner is encouraged to contact Joseph Hawkins by telephone

at (801) 578-6971 or email at joe.hawkins@stoel.

Respectfully submitted,

By: /Joseph J. Hawkins/

Joseph J. Hawkins
Registration No. 63,194

STOEL RIVES LLp

One Utah Center Suite 1100
201 S Main Street

Salt Lake City, UT 84111-4904
Telephone: (801) 328-3131
Facsimile: (801) 578-6999
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SEMICONDUCTOR DEVICE

This application claims the benefit of priority from Japanese Patent
Application No. 2011-285544, filed on December 27, 2011, the disclosure of

which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION:
Field of the Invention

This invention relates to a semiconductor device.
Description of Related Art

In recent years, vertical transistors have been proposed as a technique
for transistor miniaturization.

The vertical transistor is a transistor which uses as a channel a
semiconductor pillar extending in a direction perpendicular to a main surface of
a semiconductor substrate.

Specifically, as disclosed in, for example, JP-A-2009-081389 (Patent
Document 1), in a vertical transistor, a semiconductor pillar (base pillar) is
provided to stand from a semiconductor substrate and a gate electrode is
provided around the semiconductor pillar with a gate insulating film interposed
therebetween. A drain region and a drain electrode are provided on the side of
a lower portion of the semiconductor pillar while a source region and a source
electrode are provided at an upper portion of the semiconductor pillar.

As compared with a conventional transistor in which a channel is
disposed parallel to the substrate plane, the area in the plane occupied by the
vertical transistor is smaller and, even if the channel length (gate length) is
increased, there is no increase in transistor occupation area in the plane.

Consequently, it is possible to suppress the short channel effect without
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increasing the transistor occupation area in the plane. Further, the vertical
transistor has an advantage that since the channel can be fully depleted, it is
possible to obtain a satisfactory S value (subthreshold swing value) and a large
drain current.

In addition, in the vertical transistor, since the gate electrode is formed
over the entire periphery of the channel, i.e. the gate electrode covers the entire
periphery of the channel, it is possible to effectively control the potential of the
channel by a voltage applied to the gate electrode without being affected by

external factors other than the source and the drain.

SUMMARY:

Herein, in order to obtain a high current drive capability while
maintaining the transistor characteristics, a vertical transistor type
semiconductor device may be provided with a plurality of semiconductor pillars,
wherein upper diffusion layers provided at upper portions of the semiconductor
pillars are connected in parallel to each other and lower diffusion layers
provided at lower portions of the semiconductor pillars are connected in parallel
to each other. In this event, variation in electrical resistance between upper
contact plugs, which are connected to the upper diffusion layers, and the
semiconductor pillars is in an allowable range because, in terms of the structure
in which the upper diffusion layers are provided at the upper ends of the
semiconductor pillars, connecting positions of the upper contact plugs are
limited. On the other hand, there has been a problem that electrical
resistances between a lower contact plug, which is connected to the lower
diffusion layers, and the semiconductor pillars largely differ depending on
connecting positions between the lower diffusion layers and the lower contact
plug and that if the maximum interval between the semiconductor pillar and the

lower contact plug becomes more than twice the minimum interval between the
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semiconductor pillar and the lower contact plug in plan view, there occurs
variation in characteristics of transistors provided to the semiconductor pillars.

Therefore, a semiconductor device has been desired which, even in a
structure where a plurality of vertical transistors are connected to each other,
can stabilize the characteristics of the transistors provided to individual
semiconductor pillars.

In one embodiment, there is provided a semiconductor device
comprising a plurality of vertical transistors provided to stand from a
semiconductor substrate and comprising a diffusion layer at their end portions
on the semiconductor substrate side; and a conductive plug provided to stand
from the semiconductor substrate and connected to the diffusion layer of the
plurality of vertical transistors, wherein the plurality of vertical transistors are
uniformly arranged near the conductive plug and share the diffusion layer and
the conductive plug.

In another embodiment, there is provided a semiconductor device
comprising a semiconductor pillar provided to stand from a semiconductor
substrate and forming a channel a gate insulating film and a gate electrode
provided over a side surface of the semiconductor pillar an upper diffusion layer
provided at an upper end of the semiconductor pillar and serving as one of a
source and a drain a lower diffusion layer provided at a lower end of the
semiconductor pillar and serving as the other of the source and the drain and a
lower diffusion layer side contact plug connected to the lower diffusion layer, the
plurality of semiconductor pillars share the lower diffusion layer and the lower
diffusion layer side contact plug, and the semiconductor pillars are uniformly
arranged near the lower diffusion layer side contact plug.

In still another embodiment, there is provided a semiconductor device
comprising a semiconductor substrate comprising an active region on its

surface, a plurality of vertical transistors provided in the active region so as to
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stand from the semiconductor substrate and comprising a lower diffusion layer
at their end portions on the semiconductor substrate side and upper diffusion
layers at their other end portions; and a conductive plug provided to stand from
the semiconductor substrate and connected to the lower diffusion layer of the
plurality of vertical transistors, wherein the plurality of vertical transistors are
uniformly arranged near the conductive plug and share the upper diffusion
layers and the lower diffusion layer so as to be connected in parallel to each
other.
(Effect of the Invention)

According to this invention, it is possible to provide a semiconductor
device which, even in a structure where a plurality of vertical transistors are
connected to each other, can stabilize the characteristics of the transistors

provided to individual semiconductor pillars.

BRIEF DESCRIPTION OF THE DRAWINGS:

The above features and advantages of the present invention will be
more apparent from the following description of certain preferred embodiments
taken in conjunction with the accompanying drawings, in which:

Fig. 1 is an exemplary diagram (plan view) showing the structure of a
semiconductor device 100 according to a first embodiment of this invention,
wherein, in order to clarify the arrangement of components, interconnections
located on an interlayer insulating film and on contact plugs are shown in a
see-through state with only their profiles given in dotted lines;

Fig. 2 is a cross-sectional view taken along line X1-X1' of Fig. 1;

Fig. 3 is a cross-sectional view taken along line Y1-Y1' of Fig. 1;

Fig. 4 is an exemplary diagram (plan view) showing the structure of a
semiconductor device 100a according to a second embodiment of this

invention;
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Fig. 5 is an exemplary diagram (plan view) showing the structure of a
semiconductor device 100b according to a third embodiment of this invention;

Fig. 6 is an exemplary diagram (plan view) showing the structure of a
semiconductor device 100c according to a fourth embodiment of this invention;

Fig. 7 is an exemplary diagram (plan view) showing the structure of a
semiconductor device 100d according to a fifth embodiment of this invention;

Fig. 8 is a diagram (plan view) for explaining a method of manufacturing
the semiconductor device 100 according to the first embodiment;

Fig. 9 is a cross-sectional view taken along line X1-X1' of Fig. 8;

Fig. 10 is a diagram (plan view) for explaining the method of
manufacturing the semiconductor device 100 according to the first embodiment;

Fig. 11 is a cross-sectional view taken along line X1-X1' of Fig. 10;

Fig. 12 is a cross-sectional view taken along line Y1-Y1' of Fig. 10;

Fig. 13 is a diagram (plan view) for explaining the method of
manufacturing the semiconductor device 100 according to the first embodiment;

Fig. 14 is a cross-sectional view taken along line X1-X1' of Fig. 13;

Fig. 15 is a cross-sectional view taken along line Y1-Y1' of Fig. 13;

Fig. 16 is a diagram (cross-sectional view) for explaining the method of
manufacturing the semiconductor device 100 according to the first embodiment;

Fig. 17 is a diagram (cross-sectional view) for explaining the method of
manufacturing the semiconductor device 100 according to the first embodiment;

Fig. 18 is a diagram (plan view) for explaining the method of
manufacturing the semiconductor device 100 according to the first embodiment,
wherein, in order to clarify the arrangement of components, those components
underlying an uppermost layer are shown in broken lines;

Fig. 19 is a cross-sectional view taken along line X1-X1' of Fig. 18; and

Fig. 20 is a cross-sectional view taken along line Y1-Y1' of Fig. 18.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS:

Hereinbelow, preferred embodiments of this invention will be described
in detail with reference to the drawings.

First, referring to Figs. 1, 2, and 3, a schematic structure of a
semiconductor device 100 according to a first embodiment of this invention will
be described.

As shown in a plan view of Fig. 1, the semiconductor device 100
according to the first embodiment has, on a semiconductor substrate of silicon
single crystal or the like, an STI (shallow trench isolation) 2 serving as an
element isolation region, and an active region 1A (broken-line region) which is
the semiconductor substrate surrounded by the STI1 2. In the active region 1A,
five vertical transistors, i.e. a first unit transistor 50A1, a second unit transistor
50A,, a third unit transistor 50As, a fourth unit transistor 50A4, and a fifth unit
transistor 50As, are arranged in a [ ]-shape and protrude from a semiconductor
substrate surface. An impurity diffusion layer is provided in a surface portion,
located around the unit transistors, of the active region 1A and forms a lower
diffusion layer shared by the vertical transistors. A metal contact plug 31
connected to the lower diffusion layer and shared by the vertical transistors is
disposed in a central region of the []-shape. Metal contact plugs 30 are
disposed above the vertical transistors and are connected to each other by a
metal interconnection 33 disposed in contact with upper surfaces of the metal
contact plugs 30. Accordingly, the five vertical transistors share the lower
diffusion layer and further share the metal interconnection 33 disposed above
them. That is, the semiconductor device 100 forms a single vertical transistor
in which the five vertical transistors are connected in parallel to each other. A
pillar groove forming region A is arranged as an expanded region defined by
moving one side surface of the active region 1A to the STl 2 side. As will be

described later, a dummy pillar (gate-lift pillar) 6 for applying a gate voltage to
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gate electrodes of the five vertical transistors is disposed at the boundary
between the active region 1A and the STI 2 in the pillar groove forming region A.
The dummy pillar 6 comprises a first dummy pillar (gate-lift silicon pillar) 6A
which is a silicon pillar disposed on the active region 1A side and a second
dummy pillar (gate-lift insulating film pillar) 6B which is an insulating film pillar
disposed on the STI 2 side. Facing side surfaces of the first and second
dummy pillars 6A and 6B are in contact with each other, thereby forming an
integral composite pillar.

Referring to Fig. 1, the structure of the semiconductor device 100 will be
described in further detail.

The unit transistors are uniformly arranged around the metal contact
plug 31. In the first embodiment, "uniformly arranged" represents an
arrangement in which, in plan view, the distance between the metal contact plug
31 and a closest portion of the unit transistor farthest from the metal contact
plug 31 is twice or less the distance between the metal contact plug 31 and a
closest portion of the unit transistor closest to the metal contact plug 31. Each
of silicon pillars 5 forming channels of the respective unit transistors has a
rectangular shape in plan view in which a width in an X-direction (first direction)
and a width in a Y-direction (second direction) perpendicular to the X-direction
are equal to each other. Herein, the width is set to 50nm. The shape of each
silicon pillar 5 in plan view is not limited to rectangular and may be circular. In
the case of the circular shape, the diameter is set to 50nm.

As described above, the silicon pillars respectively form the channels of
the unit transistors. That is, the five silicon pillars, i.e. the first silicon pillar 5A+,
the second silicon pillar 5A;, the third silicon pillar 5As, the fourth silicon pillar
5A4, and the fifth silicon pillar 5As, respectively correspond to the five unit
transistors, i.e. the first unit transistor 50A+, the second unit transistor 50A,, the

third unit transistor 50As, the fourth unit transistor 50A4, and the fifth unit
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transistor 50As.

The five unit transistors are arranged in the []-shape in plan view.

That is, the two unit transistors, i.e. the first unit transistor 50A; and the second
unit transistor 50A;,, are arranged at an interval therebetween so that their
centers are located on the same line in the X-direction. Herein, this interval is
set to 30nm. Further, the three unit transistors, i.e. the second unit transistor
50A,, the third unit transistor 50As, and the fourth unit transistor 50A,, are
arranged at an interval therebetween so that their centers are located on the
same line in the Y-direction. Herein, this interval is set to 30nm. Further, the
two unit transistors, i.e. the fourth unit transistor 50A4 and the fifth unit transistor
50As, are arranged at an interval therebetween so that their centers are located
on the same line in the X-direction. Herein, this interval is set to 30nm. The
first and second unit transistors 50A; and 50A; and the fifth and fourth unit
transistors 50As and 50A, are arranged at positions which are axisymmetric
with respect to a line extending in the X-direction through the center of the third
unit transistor 50A;. Consequently, the five unit transistors are arranged in the
[1-shape.

Right above the unit transistors, silicon plugs 19, the metal contact
plugs 30, and the metal interconnection 33 are disposed. Each unit transistor,
the corresponding silicon plug 19, and the corresponding metal contact plug 30
are arranged so as to overlap each other in plan view in the same region. The
metal interconnection 33 is arranged so as to extend in the XY-directions to
thereby form a []-shape along the arrangement of the five unit transistors. The
metal interconnection 33 is connected, through the silicon plugs 19 and the
metal contact plugs 30, to pillar upper diffusion layers provided at upper portions
of the silicon pillars to form the unit transistors and serves as power feed wiring
to the unit transistors. In this manner, the five unit transistors are connected in

parallel to each other by the metal interconnection 33, thereby forming a single
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parallel transistor.

On the other hand, the dummy pillar 6 of a rectangular shape in plan
view is adjacently disposed at an interval from the third silicon pillar 5As in the
X-direction and stands from the silicon substrate 1 and the STI 2. Herein, this
interval is set to 30nm. The dummy pillar 6 lies over the active region 1A and
the STI 2 and comprises the first dummy pillar 6A standing on the active region
1A side formed by the silicon substrate 1 and the second dummy pillar 6B
standing on the STI 2 side. One side surface of the first dummy pillar 6A is in
contact with one side surface of the second dummy pillar 6B so as to be
integrated together. Another side surface of the first dummy pillar 6A faces
one side surface, located at a position closest to the first dummy pillar 6A, of the
third silicon pillar 5A;. A metal contact plug 41 of a rectangular shape in plan
view is disposed right above the second dummy pillar 6B. The metal contact
plug 41 is arranged at a position partially overlapping the second dummy pillar
6B in plan view and slightly protrudes outward of the second dummy pillar 6B in
the X-direction. In Fig. 1, as described above, the metal contact plug 41 is
offset in the X-direction with respect to the second dummy pillar 6B, but the
configuration is not limited thereto. The metal contact plug 41 may be offset in
the Y-direction at an arbitrary position within a range that is free of contact with
the silicon pillars.

On side surfaces of each silicon pillar, a gate electrode 11a is provided
with a gate insulating film 10 interposed therebetween. The gate electrodes
11a are connected to each other by burying gaps (spaces) between the
adjacent silicon pillars, thereby forming a single gate electrode 11a shared by
the silicon pillars. On the other hand, a power feed gate electrode 11b is
provided on side surfaces of the dummy pillar 6. The power feed gate
electrode 11b and the gate electrode 11a are connected to each other by

burying a gap (space) between the dummy pillar 6 and the closest silicon pillar
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(5A; in Fig. 1).

The metal contact plug 41 is connected, at its above-mentioned
protruding portion, to the power feed gate electrode 11b provided on the side
surface of the second dummy pillar 6B. The thickness in plan view (the
thickness in the X-direction in Fig. 2) of each of the gate electrodes 11a and the
power feed gate electrode 11b is set to 20nm. Hereinbelow, the gate
electrodes 11a and the power feed gate electrode 11b will be collectively
referred to as gate electrodes 11.

Since the thickness of each gate electrode 11 is set to 20nm, the
interval between the silicon pillars and the interval between the silicon pillar and
the dummy pillar, each set to 30nm as described above, are each twice or less
the thickness of each gate electrode 11. Therefore, the gate electrodes 11
each having the thickness of 20nm, which are provided on the side surfaces of
the first to fifth silicon pillars 5A to 5As and the dummy pillar 6, are in contact
with each other in the portions where the interval between the pillars is set to
30nm, i.e. twice or less the thickness of each gate electrode 11, so that the gate
electrodes 11 function as a single gate electrode. Consequently, a gate
voltage supplied from the power feed gate electrode 11b of the dummy pillar 6 is
supplied through the gate electrode 11a of the third silicon pillar 5A; to the gate
electrodes 11a of the first silicon pillar 5A1, the second silicon pillar 5A,, the
fourth silicon pillar 5A4, and the fifth silicon pillar 5As.

In Fig. 1, the metal contact plug 31 is provided so as to be surrounded
by the five unit transistors arranged in the []-shape. As shown in Fig. 1, the
metal contact plug 31 has a circular shape in plan view having its center at an
intersection between a center line in the Y-direction passing through the centers
of the first and fifth unit transistors 50A1 and 50As and a center line in the
X-direction passing through the center of the third unit transistor 50As. In the

first embodiment, the diameter of the metal contact plug 31 is set to 40nm. As
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described before, the width of each silicon pillar in each of the XY-directions is
set to 50nm and the interval between the silicon pillars is set to 30nm.
Therefore, the closest interval between the outer periphery of the metal contact
plug 31 and each of the first silicon pillar 5A+, the third silicon pillar 5A3, and the
fifth silicon pillar 5As is 35nm, which is the minimum interval.

On the other hand, the second silicon pillar 5A, and the fourth silicon
pillar 5A4 are each located in a direction inclined by 45 degrees from the
X-direction with respect to the metal contact plug 31. Therefore, one corner of
the rectangular shape of each of the second silicon pillar 5A, and the fourth
silicon pillar 5A4 is closest to the outer periphery of the metal contact plug 31.
In this case, the closest interval therebetween is 57nm.

In the first embodiment, the interval between the outer periphery of the
metal contact plug 31 and each of the first silicon pillar 5A+, the third silicon
pillar 5As, and the fifth silicon pillar 5As, the center of which is located on the
same center line in the X- or Y-direction as the center of the metal contact plug
31, is 35nm, which is the minimum interval. On the other hand, the interval
between the outer periphery of the metal contact plug 31 and each of the
second silicon pillar 5A, and the fourth silicon pillar 5A4, each located in the
direction inclined by 45 degrees from the center line in the X-direction with
respect to the metal contact plug 31, is 57nm, which is the maximum interval.
In this case, since the maximum interval (57nm) is twice or less the minimum
interval (35nm), it is possible to avoid the prior art problem that the intervals
between the metal contact plug 31 and the respective silicon pillars become
non-uniform so that parasitic resistances of the lower diffusion layer from the
metal contact plug 31 to the respective silicon pillars differ from each other,
resulting in unstable characteristics of the entire semiconductor device. If each
silicon pillar has a circular shape in plan view having a diameter of 50nm, the

maximum interval becomes 67nm. Accordingly, even in this case, the
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maximum interval (67nm) is twice or less the minimum interval (35nm) so that it
is possible to avoid the above-mentioned problem.

A metal interconnection 34 is disposed on the metal contact plug 31.
The metal interconnection 34 is connected to the pillar lower diffusion layer 9,
forming the unit transistors, through the metal contact plug 31, thereby serving
as power feed wiring to the pillar lower diffusion layer 9.

While a description will be given later with reference to Fig. 16, a
pattern 40 shown in Fig. 1 represents a region, which is removed for providing
the silicon plugs 19, of a mask film 13 (not illustrated), wherein the inside of the
pattern 40 is an opening 14 (not illustrated).

Next, referring to Figs. 2 and 3, details of the structure of the individual
unit transistors 50 will be further described. The STI (shallow trench isolation;
element isolation region) 2 is provided on the silicon substrate 1. The five
silicon pillars 5, i.e. the first to fifth silicon pillars 5A+ to 5As, each being a
semiconductor base pillar, are provided to stand upright in the active region 1A
which is the silicon substrate 1 surrounded by the STI 2.

Each silicon pillar 5 is a columnar semiconductor forming a channel of
the corresponding unit transistor 50. Therefore, each unit transistor is a
vertical transistor. The five silicon pillars are arranged so as to have the same
height in the active region 1A defined by the ST12. The thickness of each
silicon pillar (the size of a cross section taken along a plane parallel to a surface
of the silicon substrate 1) is set so as to allow full depletion of the channel.

Each unit transistor has impurity diffusion layers at upper and lower end
portions of the silicon pillar 5. The pillar upper diffusion layer 16 located at the
upper end portion of the silicon pillar forms one of a source and a drain while
the pillar lower diffusion layer 9 located at the lower end portion of the silicon
pillar forms the other of the source and the drain. A middle portion, between

the pillar upper diffusion layer 16 and the pillar lower diffusion layer 9, of the
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silicon pillar forms the channel.

The dummy pillar 6 is disposed adjacent, in the X-direction, to the third
silicon pillar 5A3 located at the center of the five silicon pillars in the Y-direction.
The silicon pillars 5 and the first dummy pillar 6A are formed by etching a
surface of the silicon substrate 1 while the second dummy pillar 6B is formed by
etching a surface of the ST1 2. The first dummy pillar 6A is a columnar
semiconductor protruding from the etched surface of the silicon substrate 1
while the second dummy pillar 6B is a columnar semiconductor protruding from
the etched surface of the STI 2. The dummy pillar 6 serves as a protruding
layer that increases the height of the power feed gate electrode 11b to reduce
the distance between the power feed gate electrode 11b and a gate-lift
interconnection 42 disposed above the power feed gate electrode 11b. The
interval between the adjacent silicon pillars 5 and the interval between the
dummy pillar 6 and the silicon pillar 5A3 are each set to twice or less the
thickness of each gate electrode 11. Herein, this interval is set to 30nm. The
thickness of each gate electrode 11 in plan view is set to 20nm.

An insulating film 8 is provided on the etched surface of the active
region 1A (silicon substrate 1) located around the silicon pillars 5 and the first
dummy pillar 6A. The insulating film 8 covers the etched surface around the
silicon pillars 5 and the first dummy pillar 6A and reaches the STI 2. The pillar
lower diffusion layer 9 is disposed under the insulating film 8 so as to overlap
the insulating film 8 so that the pillar lower diffusion layer 9 is electrically
insulated from the gate electrodes 11 by the insulating film 8. The pillar lower
diffusion layer 9 electrically connecits the five silicon pillars to each other and
forms a lower diffusion layer common to the five unit transistors, i.e. the first to
fifth unit transistors 50A; to 50As. The STI 2 is provided deeper than the pillar
lower diffusion layer 9 so that pillar lower diffusion layers 9 in active regions 1A

adjacent to each other across the STI 2 do not conduct each other.
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The gate insulating films 10 are disposed on the side surfaces of the
silicon pillars 5 and the first dummy pillar 6A. Further, the gate electrodes 11a
and the power feed gate electrode 11b each having the thickness (the thickness
in the X-direction in Fig. 2) of 20nm are respectively disposed on the side
surfaces of the silicon pillars 5 and the first dummy pillar 6A with the gate
insulating films 10 interposed therebetween. On the other hand, only the
power feed gate electrode 11b is disposed on the side surfaces of the second
dummy pillar 6B. Although not illustrated herein, gate electrodes 11 are also
provided on portions of inner wall surfaces of the STl 2 and on portions of inner
wall surfaces of an insulating film 3 and a mask film 4 stacked on the upper
surface of the STI 2. The gate insulating films 10 cover the outer peripheral
surfaces of the silicon pillars 5 and are connected to the insulating film 8. The
silicon pillars 5 (channels), the pillar upper diffusion layers 16, and the pillar
lower diffusion layer 9 disposed under the insulating film 8 are electrically
insulated from the gate electrodes 11 by the gate insulating films 10 and the
insulating film 8.

As shown in Fig. 2, for example, the unit transistor 50As is formed by
the lower diffusion layer 9, the upper diffusion layer 16, the gate insulating film
10, and the gate electrode 11a.

Insulating films 3 are disposed on the upper surfaces of the STI 2 and
the dummy pillar 6. Mask films 4 are disposed over the upper surfaces of the
STl 2 and the dummy pillar 6 so as to cover the insulating films 3 and, further, a
first interlayer insulating film 12 is provided to cover the gate electrodes 11 and
the insulating film 8. The first interlayer insulating film 12 is provided by
burying a recess in the pillar groove forming region A. That is, the first
interlayer insulating film 12 is provided in a region surrounded by the inner wall
surfaces of the STI 2, the insulating film 3 stacked thereon, and the mask film 4

stacked thereon. A second interlayer insulating film 20 is provided on upper
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surfaces of the mask films 4 and the first interlayer insulating film 12. A
stopper film 21 is provided to cover the second interlayer insulating film 20 and,
further, a third interlayer insulating film 24 is provided to cover the stopper film
21.

The gate-lift interconnection 42 is disposed on an upper surface of the
third interlayer insulating film 24. The gate-lift interconnection 42 is connected
to the power feed gate electrode 11b through the metal contact plug 41 passing
through the third interlayer insulating film 24, the stopper film 21, the second
interlayer insulating film 20, and the first interlayer insulating film 12.

Jointly with the dummy pillar 6, the mask film 4 disposed over the
dummy pillar 6 serves as a protruding layer that increases the height of the
power feed gate electrode 11b to reduce the distance between the power feed
gate electrode 11b and the gate-lift interconnection 42.

Metal interconnections 33 and 34 are disposed on the upper surface of
the third interlayer insulating film 24.

The metal interconnection 33 is connected to the pillar upper diffusion

layers 16 of the silicon pillars through the metal contact plugs 30 passing
through the third interlayer insulating film 24, the stopper film 21, the second
interlayer insulating film 20, and the silicon plugs 19 surrounded by the first
interlayer insulating film 12 and the gate electrodes 11a. The silicon plugs 19
are formed by injecting (diffusing) impurities such as arsenic into silicon.
Jointly with the pillar upper diffusion layer 16, each silicon plug 19 forms one of
the source and the drain of the unit transistor 50. A sidewall film 18 and an
insulating film 17 are disposed on side surfaces of each silicon plug 19.
Consequently, the silicon plugs 19 are each electrically insulated from the gate
electrode 11a by the sidewall film 18 and the insulating film 17.

The metal interconnection 34 is connected to the pillar lower diffusion

layer 9 through the metal contact plug (conductive plug) 31 passing through the
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third interlayer insulating film 24, the stopper film 21, the second interlayer
insulating film 20, the first interlayer insulating film 12, and the insulating film 8.

As described above, the semiconductor device 100 according to the
first embodiment has the first and second unit transistors (50A+, 50A,) which are
arranged at an interval therebetween so that their centers are located on the
same line in the first direction (X-direction), the second, third, and fourth unit
transistors (50A,, 50A3, 50A,4) which are arranged at an interval therebetween
so that their centers are located on the same line in the second direction
(Y-direction) perpendicular to the first direction, and the fourth and fifth unit
transistor (50A4, 50As) which are arranged at an interval therebetween so that
their centers are located on the same line in the first direction, the first to fifth
unit transistors standing upright and sharing the pillar lower diffusion layer 9 in
the single active region 1A, and further has the metal contact plug 31 electrically
connected to the pillar lower diffusion layer 9, wherein the metal contact plug 31
has a circular shape in plan view having its center at the intersection between
the center line in the second direction passing through the centers of the first
and fifth unit transistors 50A; and 50As and the center line in the first direction
passing through the center of the third unit transistor 50As.

With this configuration, as shown in Fig. 1, in the semiconductor device
100, the closest interval W1 between the outer periphery of the metal contact
plug 31 and the second silicon pillar 5A, can be set to twice or less the closest
interval W2 between the outer periphery of the metal contact plug 31 and the
third silicon pillar 5As, i.e. the uniform arrangement can be achieved. In this
case, W1 represents the maximum interval while W2 represents the minimum
interval. That is, the maximum interval can be set to twice or less the minimum
interval.

Consequently, it is possible to avoid the prior art problem that the

intervals between the metal contact plug 31 and the respective silicon pillars
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become non-uniform so that parasitic resistances of the lower diffusion layer 9
from the metal contact plug 31 to the respective silicon pillars differ from each
other, resulting in unstable characteristics of the entire semiconductor device
100.

Next, a semiconductor device 100a according to a second embodiment
of this invention will be described with reference to Fig. 4.

In the second embodiment, unit transistors are additionally arranged at
open ends of both side portions of the []-shape in the first embodiment.

In the second embodiment, the same reference symbols are assigned
to components having the same functions as in the first embodiment, thereby
mainly describing those portions which are different from the first embodiment.

As shown in Fig. 4, the semiconductor device 100a according to the
second embodiment is configured such that a sixth unit transistor 50As and a
seventh unit transistor 50A7, which are new unit transistors, are respectively
arranged at open ends of both side portions of the []-shape in the first
embodiment. That is, three unit transistors, i.e. the seventh unit transistor
50A7, a first unit transistor 50A+, and a second unit transistor 50A,, are arranged
at an interval therebetween so that their centers are located on the same line in
the X-direction. Further, three unit transistors, i.e. the second unit transistor
50A., a third unit transistor 50As, and a fourth unit transistor 50A4, are arranged
at an interval therebetween so that their centers are located on the same line in
the Y-direction. Further, three unit transistors, i.e. the fourth unit transistor
50A4, a fifth unit transistor 50As, and the sixth unit transistor 50A¢, are arranged
at an interval therebetween so that their centers are located on the same line in
the X-direction. The seventh, first, and second unit transistors (50A7, 50A,
50A;) and the sixth, fifth, and fourth unit transistors (50Ae, 50As, 50A,) are
arranged at positions which are axisymmetric with respect to a line extending in

the X-direction through the center of the third unit transistor 50As.
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Consequently, the seven unit transistors are arranged in a []-shape. Each unit
transistor is a vertical transistor. As in the first embodiment, the seven unit
transistors share a pillar lower diffusion layer and are connected in parallel to
each other by a metal interconnection 33, thereby forming a single parallel
transistor.

As in the first embodiment, a metal contact plug 31 of a circular shape
in plan view is disposed so as to be surrounded by seven silicon pillars 5 at a
central portion of a region sandwiched between the first silicon pillar 5A; and
the fifth silicon pillar 5As in the []-shape.

With this configuration, the maximum interval given by the closest
interval between the metal contact plug 31 and each of the second silicon pillar
5A,, the fourth silicon pillar 5A4, the sixth silicon pillar 5Ae, and the seventh
silicon pillar 5A7 in plan view can be set to twice or less the minimum interval
given by the closest interval between the metal contact plug 31 and each of the
first silicon pillar 5A+, the third silicon pillar 5As, and the fifth silicon pillar 5As in
plan view, i.e. the uniform arrangement can be achieved.

Consequently, the semiconductor device 100a according to the second
embodiment can deal with a current greater than that in the first embodiment
while avoiding unstable characteristics of the parallel transistor formed by the
vertical transistors.

Next, a semiconductor device 100b according to a third embodiment of
this invention will be described with reference to Fig. 5.

In the third embodiment, unit transistors are arranged in a shape in
which, using the transistor arrangement of the first embodiment as a basic
structure, a plurality of basic structures are combined in the Y-direction.

In the third embodiment, the same reference symbols are assigned to
components having the same functions as in the first embodiment, thereby

mainly describing those portions which are different from the first embodiment.
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As shown in Fig. 5, the semiconductor device 100b according to the
third embodiment has an active region 1A surrounded by an STI 2, wherein
eight silicon pillars 5 (5A+ to 5As and 5As to 5A+o) each having a rectangular
shape in plan view are provided in the active region 1A. The eight silicon
pillars 5 are arranged in a shape combining a plurality of []-shapes in plan view,
herein, in a "double []-shape" combining two []-shapes. More specifically, part
(5A, 1o 5A4, 5As, 5A,) of the eight silicon pillars 5 are arranged at regular
intervals in the Y-direction and the first silicon pillar 5A¢ is arranged on the left
side of the second silicon pillar 5A; at an interval therebetween in the
X-direction which is the same as the interval between the adjacent silicon pillars
5in the Y-direction. Like the first silicon pillar 5A+, the fifth silicon pillar 5As is
arranged on the left side of the fourth silicon pillar 5A4 and the tenth silicon pillar
5A+o is arranged on the left side of the ninth silicon pillar 5Aq.

In the double []-shape defined by the eight silicon pillars 5, two metal
contact plugs 31 (31A, 31B) each having a circular shape in plan view are
respectively disposed at central portions of regions respectively sandwiched
between the first silicon pillar 5A; and the fifth silicon pillar 5As and between the
fifth silicon pillar 5As and the tenth silicon pillar 5A+o, S0 as to be respectively
surrounded by the silicon pillars 5 arranged in []-shapes. With this
configuration, the maximum interval given by the closest interval between the
metal contact plug 31 (31A, 31B) and each of the second silicon pillar 5A,, the
fourth silicon pillar 5A4, and the ninth silicon pillar 5Aq in plan view can be set to
twice or less the minimum interval given by the closest interval between the
metal contact plug 31 (31A, 31B) and each of the first silicon pillar 5A+, the third
silicon pillar 5As, the fifth silicon pillar 5As, the eighth silicon pillar 5Ag, and the
tenth silicon pillar 5A1o in plan view, i.e. the uniform arrangement can be
achieved.

Consequently, the semiconductor device 100b according to the third
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embodiment can deal with a current greater than that in the first embodiment
while avoiding unstable characteristics of the parallel transistor formed by the
vertical transistors.

Next, a semiconductor device 100c according to a fourth embodiment of
this invention will be described with reference to Fig. 6.

In the fourth embodiment, unit transistors are additionally arranged at
open ends of side portions of the double []-shape in the third embodiment.

In the fourth embodiment, the same reference symbols are assigned to
components having the same functions as in the third embodiment, thereby
mainly describing those portions which are different from the third embodiment.

As shown in Fig. 6, the semiconductor device 100c according to the
fourth embodiment has an active region 1A surrounded by an STI 2, wherein
eleven silicon pillars 5 (5A1 to 5A+) each having a rectangular shape in plan
view are provided in the active region 1A. The eleven silicon pillars 5 are
arranged in a double []-shape in plan view. More specifically, part (5A2 t0 5A4,
5As, 5Ag) of the eleven silicon pillars 5 are arranged at regular intervals in the
Y-direction and, further, the first silicon pillar 5A1 and the seventh silicon pillar
5A; are arranged so as to be aligned with the second silicon pillar 5A; in the
X-direction. Like the first silicon pillar 5A; and the seventh silicon pillar 5A7, the
fifth silicon pillar 5As and the sixth silicon pillar 5A¢ are arranged so as to be
aligned with the fourth silicon pillar 5A4 in the X-direction. Further, the tenth
silicon pillar 5A1o and the eleventh silicon pillar 5A+ are arranged so as to be
aligned with the ninth silicon pillar 5Ag in the X-direction. The interval between
the silicon pillars aligned in the X-direction is the same as the interval between
the silicon pillars aligned in the Y-direction.

In the double []-shape defined by the eleven silicon pillars 5, two metal
contact plugs 31 (31A, 31B) each having a circular shape in plan view are

respectively disposed at central portions of regions respectively sandwiched
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between the first silicon pillar 5A; and the fifth silicon pillar 5As; and between the
fifth silicon pillar 5As and the tenth silicon pillar 5A,. With this configuration,
the maximum interval given by the closest interval between the metal contact
plug 31 (31A, 31B) and each of the second silicon pillar 5A,, the fourth silicon
pillar 5A4, the sixth silicon pillar 5Ae, the seventh silicon pillar 5A;, the ninth
silicon pillar 5A¢, and the eleventh silicon pillar 5A+; in plan view can be set to
twice or less the minimum interval given by the closest interval between the
metal contact plug 31 (31A, 31B) and each of the first silicon pillar 5A+, the third
silicon pillar 5As, the fifth silicon pillar 5As, the eighth silicon pillar 5Ag, and the
tenth silicon pillar 5A1o in plan view, i.e. the uniform arrangement can be
achieved.

Consequently, the semiconductor device 100c according to the fourth
embodiment can deal with a current greater than that in the third embodiment
while avoiding unstable characteristics of the parallel transistor formed by the
vertical transistors.

Next, a semiconductor device 100d according to a fifth embodiment of
this invention will be described with reference to Fig. 7.

The fifth embodiment is configured such that, as different from the first
to fourth embodiments, silicon pillars are uniformly arranged near metal contact
plugs in a structure in which the silicon pillars are aligned in one row.

In the fifth embodiment, the same reference symbols are assigned to
components having the same functions as in the first to fourth embodiments,
thereby mainly describing those portions which are different from the first
embodiment.

As shown in Fig. 7, the semiconductor device 100d according to the fifth
embodiment has seven silicon pillars 5 (5A+ to 5A7) arranged at regular intervals
in the Y-direction and three metal contact plugs 31 (31A, 31B, 31C) arranged at

regular intervals in the Y-direction.
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More specifically, the metal contact plug 31B is disposed so that its
center is aligned in the X-direction with the center of the fourth silicon pillar 5A,4
located in the middle of the seven silicon pillars 5 arranged in the Y-direction in
a single active region 1A, and the metal contact plugs 31A and 31C are further
disposed so that their centers are respectively aligned in the X-direction with the
centers of the second silicon pillar 5A, and the sixth silicon pillar 5As. The
interval between each silicon pillar 5 and the corresponding metal contact plug
31 is set to twice or less the minimum interval. In this case, the interval
between each metal contact plug 31 and the corresponding silicon pillar 5
facing it in the X-direction is the minimum interval.

In this manner, the silicon pillars 5 do not necessarily surround the
contact plug 31 in a []-shape and it is satisfactory if the silicon pillars 5 are
uniformly arranged with respect to the metal contact plug 31, i.e. the maximum
interval between the metal contact plug 31 and the silicon pillar 5 is twice or less
the minimum interval between the metal contact plug 31 and the silicon pillar 5.

Next, a method of manufacturing the semiconductor device 100
according to the first embodiment will be described in detail with reference to
Figs. 8 to 20.

Since methods of manufacturing the semiconductor devices 100a to
100d according to the second to fifth embodiments are the same as the method
of manufacturing the semiconductor device 100 according to the first
embodiment, explanation thereof is omitted.

First, as shown in Figs. 8 and 9, a trench 2a is formed in a silicon
substrate 1 using photolithography and dry etching. The depth of the trench 2a
is set to, for example, 250nm. Then, an insulating film 2b in the form of a
silicon nitride film or a silicon oxide film is deposited over the entire surface of
the silicon substrate 1 by CVD (chemical vapor deposition), thereby burying the

trench 2a. Thereafter, the unnecessary insulating film 2b formed on the silicon
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substrate 1 is removed by CMP (chemical mechanical polishing) so that the
insulating film 2b remains only in the trench 2a, thereby forming an STI 2 which
will serve as an element isolation region. In this manner, an active region 1A
surrounded by the STI 2 is formed.

Then, as shown in Figs. 10 to 12, an insulating film 3 in the form of a
silicon oxide film is deposited to a thickness of 2nm on the silicon substrate 1
and the STI 2 by CVD and then a mask film 4 in the form of a silicon nitride film
is deposited to a thickness of 120nm on the insulating film 3 by CVD. Then, a
non-illustrated photoresist mask having a pattern which will be a pillar groove
forming region A defined by moving in parallel the position of one side surface of
the active region 1A to the STI 2 side is formed by photolithography. The
photoresist mask may be a hard mask such as an amorphous carbon film. In
this event, patterns corresponding to the arrangement of five silicon pillars 5A+
to 5As arranged in a []-shape and a pattern corresponding to the arrangement
of a dummy pillar 6 lying over the boundary between the active region 1A and
the STI 2 are simultaneously formed. Each of the patterns corresponding to
the silicon pillars 5A¢ to 5As is formed to have a rectangular shape having a
width of 50nm in each of the XY-directions. Each pattern is not limited to the
rectangular shape and may have a circular shape with a diameter of 50nm.
Further, the interval between the silicon pillars 5 is set to twice or less the
thickness of each of gate electrodes which will be formed later.  Specifically, in
Fig. 10, the interval between the first silicon pillar 5A; and the second silicon
pillar 5A, which are arranged so that their centers are located on the same line
in the X-direction is set to 30nm. Likewise, the interval between the fifth silicon
pillar 5As and the fourth silicon pillar 5A4 which are arranged so that their
centers are located on the same line in the X-direction is also set to 30nm.
Further, the intervals between the second silicon pillar 5A, and the third silicon

pillar 5A; and between the third silicon pillar 5A; and the fourth silicon pillar 5A4,
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whose centers are located on the same line in the Y-direction, are also each set
to 30nm.

The center of the inside of the []-shape is a position 31' where a metal
contact plug 31 will be disposed later and, in other words, the silicon pillars 5
are uniformly arranged around the position 31' (in Fig. 10, the silicon pillars 5
are arranged in the []-shape so as to surround the position 31").

Likewise, the dummy pillar 6 is arranged adjacent to the third silicon
pillar 5A3 in the X-direction at an interval twice or less the thickness of each
gate electrode. Herein, the interval between the third silicon pillar 5A; and the
dummy pillar 6 is also set to 30nm. The thickness of each silicon pillar 5 (the
size of a cross section taken along a plane parallel to the silicon substrate 1),
which forms a channel, is set so as to allow full depletion of the channel. The
width, in the Y-direction, of the dummy pillar 6 for lifting the gate electrode is set
equal to the width of the silicon pillar 5 in the Y-direction while the width of the
dummy pillar 6 in the X-direction may be different from that of the silicon pillar 5.

Then, by anisotropic dry etching using the photoresist mask, the
patterns are transferred to the mask film 4 and the insulating film 3. As a result,
an upper surface of the silicon substrate 1 and an upper surface of the STI 2
are exposed in a patterned opening portion (pillar groove forming region A).
Thereafter, the photoresist mask is removed.

Then, using the patterned mask films 4 as a mask, the exposed silicon
substrate 1 and STI 2 are dug down to a depth of 150nm by anisotropic dry
etching, thereby forming the five silicon pillars 5 (5A+ to 5As), which will serve as
channels of unit transistors, and the dummy pillar 6 for connecting the power
feed gate electrode to an upper interconnection. The pillars are formed so as
to protrude upward from the dug-down upper surfaces of the silicon substrate 1
and the ST1 2. The silicon pillars 5 are each formed into the rectangular shape

having the width of 50nm in each of the XY-directions. As shown in Fig. 11, the
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dummy pillar 6 is formed as a composite pillar in which one side surface of a
first dummy pillar 6A standing on the active region 1A side and one side surface
of a second dummy pillar 6B standing on the STI 2 side are in contact with each
other so as to be integrated together.

Then, as shown in Figs. 13 to 15, side surfaces of the silicon pillars 5
and the dummy pillar 6 are oxidized to a thickness of 5nm by thermal oxidation
(not illustrated) and, then, after depositing a silicon nitride film to a thickness of
20nm by CVD, the entire surface is etched back to form sidewall films on the
side surfaces of the silicon pillars 5, the dummy pillar 6, the insulating films 3,
and the mask films 4. Then, an insulating film 8 is formed to a thickness of
30nm by thermal oxidation at a portion, around the pillars, of the active region
1A, where the dug-down upper surface of the silicon substrate 1 is exposed.

In this event, the side surfaces of the silicon pillars 5 and the dummy pillar 6 are
not oxidized because the silicon nitride films are coated thereon.

Then, a pillar lower diffusion layer 9 is formed under the insulating film 8
by ion implantation. Herein, the pillar lower diffusion layer 9 is shared by the
five silicon pillars 5 (5A1 to 5As).  As impurities for the ion implantation, it is
possible to use, for example, arsenic in the case of an n-type transistor. Then,
the sidewall films and the thermal oxide films formed on the side surfaces of the
silicon pillars 5 and the dummy pillar 6 are removed by dry etching or wet
etching.

Then, gate insulating films 10 each in the form of a silicon oxide film
having a thickness of 3nm are formed on the side surfaces of the silicon pillars
5 and the first dummy pillar 6A by thermal oxidation. Then, a polysilicon film
(polycrystalline silicon film) having a thickness of 20nm, which will be gate
electrodes, is deposited over the entire surface by CVD and then the entire
surface is etched back, thereby forming gate electrodes 11a on the side

surfaces of the silicon pillars 5 and a power feed gate electrode 11b on the side
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surfaces of the dummy pillar 6. When the gate electrodes 11 are formed on
the side surfaces of the silicon pillars 5 and the dummy pillar 6, gate electrodes
11 (not illustrated) are also formed on the side surfaces of the STI 2. As
shown in Figs. 14 and 15, since, as described before, the interval between the
adjacent silicon pillars 5 and the interval between the third silicon pillar 5A; and
the dummy pillar 6 are each set to 30nm, i.e. twice or less the thickness of each
gate electrode 11, gaps between the adjacent silicon pillars 5 and a gap
between the third silicon pillar 5A; and the dummy pillar 6 are completely buried
by the gate electrodes 11a and the power feed gate electrode 11b.
Consequently, the gate electrodes 11a on the side surfaces of the first to fifth
silicon pillars 5A¢ to 5As are integrally connected to each other and, further, the
power feed gate electrode 11b on the side surfaces of the dummy pillar 6 is
integrally connected to the gate electrode 11a on the side surfaces of the third
silicon pillar 5As.

Then, as shown in Fig. 16, a first interlayer insulating film 12 in the form
of a silicon oxide film is deposited by CVD so as to bury the silicon pillars 5 and
the dummy pillar 6. Then, the first interlayer insulating film 12 is flattened by
CMP so as to expose the mask films 4. Subsequently, a mask film 13 in the
form of a silicon oxide film is deposited to a thickness of 50nm by CVD.

Then, the mask film 13 is partially removed by photolithography and
etching. A pattern 40, to be removed, of the mask film 13 is, as shown in Fig. 1,
only a region where the silicon pillars 5 are arranged. At an opening 14 with
the mask film 13 removed, the mask films 4 above the silicon pillars 5 are
exposed. Then, the exposed mask films 4 are selectively removed by wet
etching and further the insulating films 3 are removed, thereby forming openings
15 above the silicon pillars 5.  Upper surfaces of the silicon pillars 5 are
exposed at the bottom of the openings 15 and the gate electrodes 11a are

partially exposed at side surfaces of the openings 15.
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Then, as shown in Fig. 17, an insulating film 17 in the form of a silicon
oxide film is formed on inner walls of each opening 15 by thermal oxidation.
Then, impurities (e.g. phosphorus or arsenic in the case of an n-type transistor)
are implanted into upper end portions of the silicon pillars 5 through the
openings 15, thereby forming pillar upper diffusion layers 16. Then, a silicon
nitride film is deposited to a thickness of about 10nm by CVD and then etching
back is carried out, thereby forming sidewall films 18 over the inner walls of the
openings 15. In the formation of the sidewall films 18, the insulating films 17
formed on the upper surfaces of the silicon pillars 5 are removed to expose the
upper surfaces of the silicon pillars. In this event, the insulating films 17
remain under the sidewall films 18 and on the exposed surfaces of the gate
electrodes 11a in the openings 15. The sidewall films 18 serve to ensure
insulation between the gate electrodes 11a and silicon plugs which will be
formed subsequently.

Then, using a selective epitaxial growth method, silicon plugs 19 are
grown on the upper surfaces of the silicon pillars 5 so as to fill the openings 15.
Thereafter, in the case of an n-type transistor, impurities such as arsenic are
implanted to make the silicon plugs 19 serve as an n-type conductor, thereby
allowing the silicon plugs 19 to elecitrically contact the pillar upper diffusion
layers 16 formed at the upper end portions of the silicon pillars 5.

Then, as shown in Figs. 18 to 20, a second interlayer insulating film 20
in the form of a silicon oxide film is deposited by CVD so as to bury the opening
14. Then, a stopper film 21 in the form of a silicon nitride film is deposited to a
thickness of 20nm by CVD. Then, a third interlayer insulating film 24 in the
form of a silicon oxide film is deposited to a thickness of 150nm by CVD.

Then, contact holes 27, 28, and 29 are formed by photolithography and
dry etching. As shown in Fig. 18, the contact hole 29 has a circular shape in

plan view having its center at an intersection between a center line in the
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Y-direction passing through the centers of the first and fifth silicon pillars 5A;
and 5As and a center line in the X-direction passing through the center of the
third silicon pillar 5A;. Herein, the diameter of the contact hole 29 is set to
40nm. Therefore, the closest interval between the outer periphery of the
contact hole 29 and each of the first silicon pillar 5A+, the third silicon pillar 5As,
and the fifth silicon pillar 5As is 35nm, which is the minimum interval. In the
formation of the contact hole 27, dry etching is once stopped by the stopper film
21 to thereby control the depth to the gate electrode 11 while an upper surface
of the dummy pillar 6 is not etched because it is protected by the remaining
mask film 4. Since the contact hole 27 is formed at a position offset from the
center of the second dummy pillar 6B, the mask film 4 formed above the second
dummy pillar 6B and the power feed gate electrode 11b formed on the side
surfaces of the second dummy pillar 6B are partially exposed at the bottom of
the contact hole 27. The silicon plug 19 is exposed at least partially at the
bottom of each contact hole 28 while the pillar lower diffusion layer 9 is partially
exposed at the bottom of the contact hole 29. These contact holes 27 to 29
may be formed simultaneously or separately.

Then, a metal film made of tungsten (W), titanium nitride (TiN), and
titanium (Ti) is deposited by CVD to cover the third interlayer insulating film 24,
thereby burying the contact holes 27 t0 29. Then, the metal film on the third
interlayer insulating film 24 is removed by CMP, thereby forming metal contact
plugs 30 for the silicon plugs 19, a metal contact plug 31 for the pillar lower
diffusion layer 9, and a metal contact plug 41 for the power feed gate electrode
11b.

As described before, the diameter of the metal contact plug 31 formed
in the contact hole 29 having the diameter of 40nm becomes 40nm. Therefore,
as shown in Fig. 18, the closest interval between the outer periphery of the

metal contact plug 31 and each of the first silicon pillar 5A+, the third silicon
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pillar 5As, and the fifth silicon pillar 5As is 35nm, which is the minimum interval.
On the other hand, the second silicon pillar 5A, and the fourth silicon pillar 5A4
are each located in a direction inclined by 45 degrees from the X-direction with
respect to the metal contact plug 31. Therefore, one corner of the rectangular
shape of each of the second silicon pillar 5A, and the fourth silicon pillar 5A4 is
closest to the outer periphery of the metal contact plug 31. In this case, the
closest interval therebetween is 57nm. Herein, the interval between the outer
periphery of the metal contact plug 31 and each of the first silicon pillar 5A4, the
third silicon pillar 5As, and the fifth silicon pillar 5As, the center of which is
located on the same center line in the X- or Y-direction as the center of the
metal contact plug 31, is 35nm, which is the minimum interval. On the other
hand, the interval between the outer periphery of the metal contact plug 31 and
each of the second silicon pillar 5A, and the fourth silicon pillar 5A4, each
located in the direction inclined by 45 degrees from the center line in the
X-direction with respect to the metal contact plug 31, is 57nm, which is the
maximum interval. In this case, since the maximum interval (57nm) is twice or
less the minimum interval (35nm), it is possible to avoid the prior art problem
that the intervals between the metal contact plug 31 and the respective silicon
pillars become non-uniform so that parasitic resistances of the lower diffusion
layer 9 from the metal contact plug 31 to the respective silicon pillars differ from
each other, resulting in unstable characteristics of the entire semiconductor
device. If each silicon pillar has a circular shape in plan view having a
diameter of 50nm, the maximum interval becomes 67nm. Accordingly, even in
this case, the maximum interval (67nm) is twice or less the minimum interval
(35nm) so that it is possible to avoid the above-mentioned problem.

Then, as shown in Fig. 1, metal interconnections 33 and 34 and a
gate-lift interconnection 42 made of tungsten (W) and tungsten nitride (WN) are

formed by sputtering. In this event, the metal contact plug 41 is connected to
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the gate-lift interconnection 42. Further, the single metal contact plug 31A
connected to the pillar lower diffusion layer 9 is connected to the metal
interconnection 34. Further, the five metal contact plugs 30 connected to the
pillar upper diffusion layers 16 formed in the five silicon pillars 5 are connected
to the metal interconnection 33.

The above is the description of the semiconductor device manufacturing
method.

According to the semiconductor devices of the first to fifth embodiments
described above, the silicon pillars 5 are uniformly arranged around or near the
metal contact plug 31 in plan view. With this configuration, the maximum
interval between the metal contact plug 31 and the silicon pillar 5 is twice or less
the minimum interval between the metal contact plug 31 and the silicon pillar 5
so that variation in electrical resistance between the metal contact plug 31 and
the respective silicon pillars 5 can be set within an allowable value range.
Further, it is possible to prevent degradation of characteristics of the vertical
transistors and thus to stabilize the operation of the semiconductor device.

Although the inventions has been described above in connection with
several preferred embodiments thereof, it will be appreciated by those skilled in
the art that those embodiments are provided solely for illustrating the invention,
and should not be relied upon to construe the appended claims in a limiting

sense.
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CLAIMS

1. A semiconductor device comprising:
a plurality of semiconductor pillars provided to stand from a semiconductor
substrate,
each of the semiconductor pillars comprising a channel region;
a gate insulating film and a gate electrode provided over a side surface of each
of the
semiconductor pillars;
an upper diffusion layer provided at an upper end of each of the semiconductor
pillars to
serve as one of a source and a drain;
a lower diffusion layer operatively coupled to a lower end of each of the
semiconductor
pillars to serve as the other of the source and the drain; and
a lower diffusion layer side contact plug connected to the lower diffusion layer,
wherein
the semiconductor pillars share the lower diffusion layer and the lower diffusion
layer side contact plug, and
the semiconductor pillars are uniformly arranged near the lower diffusion layer

side contact plug.

2. The semiconductor device according to claim 1, wherein the gate insulating
film and
the gate electrode are provided to surround the side surface of each of the

semiconductor pillars.

3. The semiconductor device according to claim 1, wherein the semiconductor
pillars are
uniformly arranged on at least two opposite sides of the lower diffusion layer side

contact plug.

80196902.1 0074735-00258
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4. The semiconductor device according to claim 1, wherein the semiconductor
pillars are uniformly arranged so as to surround the lower diffusion layer side contact
35  plug.

80196902.1 0074735-00258
Western Digital Exhibit 1002



33

ABSTRACT

A semiconductor device 100 includes a plurality of vertical transistors 50
provided to stand from a silicon substrate 1 and having a pillar lower diffusion
layer 9 at their end portions on the silicon substrate 1 side, a metal contact plug
31 provided to stand from the silicon substrate 1 and connected to the pillar
lower diffusion layer 9 of the plurality of vertical transistors 50, the plurality of
vertical transistors 50 are uniformly arranged around the metal contact plug 31

and share the pillar lower diffusion layer 9 and the metal contact plug 31.
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Y&T Form B (includes equivalent to form PTO/AIA/01)
Attorney Docket No.

ASSIGNMENT AND INVENTOR'S DECLARATION

‘WHEREAS I/we, the undersigned inventor(s), hereafter also referred to as "assignor(s)”, have invented certain
new and useful improvements described in the application identified below; and

WHEREAS, Elpida Memory, Inc., hereinafter referred to as "assignee(s)”, whose address is 2-1, Yaesu
2-chome, Chuo-ku, Tokvo, Japan, is desirous of acquiring the entire right, title and interest in and to the
application and invention, and to any United States patents to be obtained therefor;

NOW, THEREFORE, for valuable consideration, the receipt and sufficiency of which is hereby acknowledged,
I/iwe, the above-named assignor(s), hereby sell, assign and transfer to the above named assignee(s), its
successors and assighs, the entire right, title and interest in the application and the invention disclosed therein
for the United States of America, including all divisions, and continuations thereof, and all Letters Patent of the
United States that may be granted thereon, and all reissues thereof, including any right to bring or maintain an
action for infringement under the provisional rights granted pursuant to Title 35, Section 154 of the United States
Code or any other cause of action for acts which would constitute infringement occurring prior to this assignment,
and including the right to claim priority under the International Convention of Paris (1883), as amended, of or in
any corresponding foreign patent application, and l/we request the Director of the U.S. Patent and Trademark
Office to issue any Letters Patent granted upon the invention set forth in the application to the assignee(s), its

successors and assigns.

As a below named inventor, | hereby declare that:

This assignment and declaration k] The attached application, or

is directed to:
[ United States Application or PCT International Application Number

filed on (Confirmation No. )

The application is entitled: SEMICONDUCTOR DEVICE
The above-identified application was made or was authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this assignment with declaration is punishable
under 18 USC 1001 by fine or imprisocnment of not more than five (5) years, or both.

Given Name(s) Yoshjhirg 4 ] Family Name/Surname TAKAISHI
Inventor’s I/ MMW 7 M - .
signature I ' < nA- Date December 10, 2012
Given Name(s) l Family Name/Surname
Inventor’s
signature Date
Given Name(s) I Family Name/Surname
Inventor's
| signature Date
Given Name(s) ] ' Family Name/Surname
| Inventor’s
| signature Date
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PTO/AIA/96 (08-12)

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

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

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
PS4 Luxco S.a.r.l.

Applicant/Patent Owner:

Application No./Patent No.: Filed/Issue Date: October 1, 2015

Titleg: SEMICONDUCTOR DEVICE

PS4 Luxco S.a.r.l. _a Corporation

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

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

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

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

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

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

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

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

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

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

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

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

1. From: Yoshihiro TAKAISHI To: Elpida Memory, Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 029515 , Frame 0618 , or for which a copy thereof is attached.
2. From: Elpida Memory, Inc. To: PS4 Luxco S.a.r.l.

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

Reel 032901 , Frame 0196 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe 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 tothe 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 selectWetisotléIZh Digital Exhibit 1002



PTO/AIA/96 (08-12)

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

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

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

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

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

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

4. From: To:

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

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

5. From: To:

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

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

6. From: To:

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

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

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

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

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

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

/Joseph J. Hawkins/ October 1, 2015
Signhature Date

Joseph J. Hawkins 63,194

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

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

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

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

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

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

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin 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 InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

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

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

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord 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 thissystem 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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In re application of:
Yoshihiro TAKAISHI

Application No.
Filed: October 1, 2015

For: SEMICONDUCTOR DEVICE

Group Art Unit:

Examiner:

Confirmation No.
Docket No. 74735/258

TRANSMITTAL LETTER

I hereby certify that the following papers are being submitted for the above-referenced

application (“Application”) to the United States Patent and Trademark Office via EFS-Web

electronic filing system on October 1, 2015.

6.

7.

. An Application Data Sheet;

A Continuation Patent Application;

. Drawings;

A Declaration;
A Statement Under 37 CFR 3.73(c);
An Information Disclosure Statement; and

A Preliminary Amendment.

The Commissioner is authorized to charge any additional fees required in connection

with the filing of these papers, or credit overpayment, to Deposit Account No. 502375.

Signature:_/Joseph J. HawKins/

Joseph J. Hawkins
joe.hawkins@stoel.com
(801) 578-6971
Registration No. 63,194
Dated October 1, 2015

STOEL RIVES LLP

201 S Main Street, Suite 1100
Salt Lake City, UT 84111-4904
Telephone: (801) 328-3131
Facsimile: (801) 578-6999

80199680.1 0074735-00258 1
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| hereby certify that this paper (along with any paper referred to as being attached
or enclosed) is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1.6(a)(4).

Dated: October 1, 2015 Docket No.: 74735/258

Electronic Signature for Joseph J. Hawkins: /Joseph J. Hawkins/
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Yoshihiro TAKAISHI

Application No.: Confirmation No.:
Filed: October 1, 2015 Art Unit:

Title: SEMICONDUCTOR DEVICE Examiner:

INFORMATION DISCLOSURE STATEMENT (IDS)

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

Dear Madam:

Pursuant to MPEP 609.02, Applicant(s) expect the Examiner to consider all the
references submitted, cited, or otherwise considered during the prosecution of all the ancestor
applications listed on the application data sheet of the present application. The Applicant(s) do

not plan to resubmit a listing of those references unless the Examiner explicitly requests.

Dated: October 1, 2015 Respectfully submitted,

Electronic signature: /Joseph J. HawkKins/
Joseph J. Hawkins
Registration No.: 63,194
Stoel Rives LLP
201 South Main Street, Suite 1100
One Utah Center
Salt Lake City, UT 84111
(801) 328-3131

80199756.1 0074735-00258
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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.

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 14/872,844 10/01/2015 x To be Mailed
eNTITY: [X] LARGE []smALL [ ] MicRO

AMENDMENT

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic 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), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
’(ASF;PC';;%U?(’:))S'ZE FEE for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 10/01/2015 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
s ;I'?gaa)l) (37 CFR 4 Minus | = 20 -0 x $80 = 0
3 .
Independ .
= IEESh T Minus | -3 -0 x 5420 - 0
<§t [] Application Size Fee (37 GFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1.16(i)) Minus = X $ =
Independent . ;
(272€§r11.1ee?(h)) Minus = X $ =

] Application Size Fee (37 GFR 1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** 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.

TOTAL ADD’L FEE

SLIE

/NICHELE PETERSON/

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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