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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/337,583 03/08/2016 9281405 0756-10540 7546
31780 7590 02/17/2016
Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive
Suite 20 North

Fairfax, VA 22033

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):

Shinya SASAGAWA, Chigasaki, JAPAN;
Semiconductor Energy Laboratory Co., Ltd., Atsugi-shi, JAPAN;
Hideomi SUZAWA, Atsugi, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.

14337583 22-Jul-2014 Shinya SASAGAWA 0756-10540 7546

TITLE OF INVENTION :

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Entity Status Application Type Art Unit [Class - Subclass EXAMINER
Regular Undiscounted Utility under 35 USC111(a) |[2813 043000 DAVID BLUM
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$960 $0 $960 27-Jan-2016 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address: Current Indicated Fee Address :

31780
Robinson Intellectual Property Law Office, P.C.

3975 Fair Ridge Drive
Suite 20 North
Fairfax VA 22033
UNITED STATES
571-434-6789

nrnhincnn@ripln com

[ Change of correspondence address requested, system [ Fee Address indication requested, system generated SB/47-EFS
generated AIA/122-EFS form attached form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.

Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis

(37 CFR1.29(d)), and make the applicable certification online.

Applicant asserting small entity status. See 37 CFR 1.27.

O 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.
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

[ | authorize USPTO to apply my previously paid issue fee to the

Issue Fee
IZ current fees due

The Director is hereby authorized to apply my previously paid
[ ] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any def%egfg or credit any
overpayment, to Deposit Account Number

X The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

X] Advance Order - # of copies

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

1. ROBINSON INTELLECTUAL PROPERTY LAW OFFICE

2. ERICJ. ROBINSON

5.Assignee Name(s) and Residence Data To Be Printed

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.

Name City State Country Category

Kanagawa-

ken japan corporation

Semiconductor Energy Laboratory Co., Ltd.

6.Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /Eric J. Robinson/ Date 01-27-2016

Name Eric J. Robinson Registration Number | 38285

BLUEHOUSE EXHIBIT 1002
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Electronic Patent Application Fee Transmittal

Application Number:

14337583

Filing Date:

22-Jul-2014

Title of Invention:

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

First Named Inventor/Applicant Name:

Shinya SASAGAWA

Filer: Eric J. Robinson/Sue Ann Carr
Attorney Docket Number: 0756-10540
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:
Utility Appl Issue Fee 1501 1 960 960
Publ. Fee- Early, Voluntary, or Normal 1504 1 0 0
Printed Copy of Patent - No Color 8001 2 3 6

Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

BLUEHOUSE EXHIBIT 1002
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 966
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Electronic Acknowledgement Receipt

EFS ID: 24721062
Application Number: 14337583
International Application Number:
Confirmation Number: 7546
Title of Invention: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME
First Named Inventor/Applicant Name: Shinya SASAGAWA
Customer Number: 31780
Filer: Eric J. Robinson/Sue Ann Carr
Filer Authorized By: Eric J. Robinson
Attorney Docket Number: 0756-10540
Receipt Date: 27-JAN-2016
Filing Date: 22-JUL-2014
Time Stamp: 08:30:20
Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Electronic Funds Transfer
Payment was successfully received in RAM $966
RAM confirmation Number 6659,6660
Deposit Account
Authorized User

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

BLUEHOUSE EXHIBIT 1002
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
46339
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
37ee72e5a71bda709138c75b3b0c44063d
5b3a
Warnings:
Information:
35686
2 Fee Worksheet (SB06) fee-info.pdf no 2
4f8e635aa61fc408b658562adfbad325a673
1507
Warnings:
Information:
Total Files Size (in bytes): 82025

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.

BLUEHOUSE EXHIBIT 1002
Page 8 of 266




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 |
31780 7590 10/27/2015
Robinson Intellectual Property Law Office, P.C. BLUM, DAVID §
3975 Fair Ridge Drive
Suite 20 North | ART UNIT PAPERNUMBER |
Fairfax, VA 22033 2813
DATE MAILED: 10/27/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
14/337,583 07/22/2014 Shinya SASAGAWA 0756-10540 7546

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

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 01/27/2016

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

malntenance fee notifications.

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

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

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

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

3 1_780 7590 1072712015 . I hereby certify that this Fee(s) Transmittal is being deposited with the United
Robinson Intellectual Property Law Office, P.C. States Postal Service with sufficient postage for first class mail in an envelope
3975 Fair Ridee Dri addressed to the Mail Stop ISSUE FEE address above, or being facsimile

! air kidge Drive transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 20 North
Fairfax, VA 22033 Oepositors name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/337,583 07/22/2014 Shinya SASAGAWA 0756-10540 7546
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME
| 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 01/27/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BLUM, DAVID S 2813 257-043000

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ 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 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3 BLUEHOUSE 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 DOCKETNO. |  CONFIRMATION NO. |
14/337,583 07/22/2014 Shinya SASAGAWA 0756-10540 7546
| EXAMINER |
31780 7590 10/27/2015
Robinson Intellectual Property Law Office, P.C. BLUM, DAVID §
3975 Fair Ridge Drive
Suite 20 North | ART UNIT PAPERNUMBER |
Fairfax, VA 22033 2813

DATE MAILED: 10/27/2015

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

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

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

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

Page 3 of 3 BLUEHOUSE EXHIBIT 1002
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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 Violatigﬂﬁ:ﬁ_}awéér EW?E}OZ
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Application No. Applicant(s)
14/337,583 SASAGAWA ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability E’R?IT[;";’_VBLUM g; ;’"" File) 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. X This communication is responsive to 9/21/15.

Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-16 and 18-23. 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 hifp:/fwww, usplc.govipatents/inil_events/gph/index.jsp or send an inquiry to PPHisedback@usplo.goy .

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

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

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

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

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

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

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

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

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

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

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

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

/DAVID S BLUM/
Primary Examiner, Art Unit 2813

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20151019
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Application/Control Number: 14/337,583 Page 2
Art Unit; 2813

This action is in response to the amendment filed 9/21/15.

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

EXAMINER’S AMENDMENT
2. An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

The application has been amended as follows:

In the Specification, on page 1, after the title and before Technical Field, please

insert the following.

CROSS-REFERENCE TO RELATED APPLICATIONS
This is a divisional application and claims the benefit of an Application Serial
No. 13/716891, now U. s. Patent No. 8,790,961, filed December 17, 2012, which is
based upon and claims priority from Japanese Patent Application Nos. 2011-282438
and 2011-282511, filed 12/23/2011 and 12/23/2011, the entire contents of which are

incorporated herein by reference.
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Reasons for Allowance

3. Claims 1-16 and 18-23 are allowed.

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

Claims 1 and 9 were allowed by the examiner in the action of 6/23/15. The reasoning is

repeated below.

Claim 1 recites "A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer on one surface of the gate electrode layer;
a semiconductor layer on one surface of the gate insulating layer;
a first conductive layer over the semiconductor layer;

a second conductive layer over the first conductive layer;

a first insulating layer over the second conductive layer; and

a hard mask layer over the first insulating layer,

wherein the hard mask layer comprises an opening which overlaps with a

channel formation region of the semiconductor layer.

This is not taught or suggested by the prior art of record. Yamazaki (US 2011/0114943)
does not form all the layers required. Yamazaki does not form an insulating layer

between the electrode and the first conductive layer. Also, there is no teaching of the

BLUEHOUSE EXHIBIT 1002
Page 15 of 266



Application/Control Number: 14/337,583 Page 4
Art Unit; 2813

formation of a hard mask and a resist. Layer 108 can be referred to as either the hard
mask or the protective layer, but it cannot be both. Similarly, Yoshimoto ((US

2008/0062344) does not form all the required layers.

Claims 2-8 and 21 are allowed as being properly dependent upon allowed claim 1.

Claim 9 recites, "A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer over the gate electrode layer;

a semiconductor layer over the gate insulating layer;

a first conductive layer and a second conductive layer over the semiconductor

layer;

a third conductive layer over the first conductive layer;

a fourth conductive layer over the second conductive layer; and

a first insulating layer over the third conductive layer and the fourth conductive layer,
wherein a distance between the first conductive layer and the second conductive
layer is shorter than a distance between the third conductive layer and the fourth
conductive layer, and

wherein the first conductive layer and the third conductive layer serve as a source

BLUEHOUSE EXHIBIT 1002
Page 16 of 266



Application/Control Number: 14/337,583 Page 5
Art Unit; 2813

electrode and the second conductive layer and the fourth conductive layer serve as a

drain electrode.

This is not taught or suggested by the prior art of record. Yamazaki (US 2011/0114943)
does not form all the layers required. Yamazaki does not form an insulating layer
between the electrode and the first conductive layer. Also, there is no teaching of the
formation of a hard mask and a resist. Layer 108 can be referred to as either a hard
mask or a protective layer, but it cannot be both. Similarly, Yoshimoto ((US

2008/0062344) does not form all the required layers.

Claims 10-14 and 22 are allowed as being properly dependent upon allowed claim 9.

Claim 15 is allowed for reasons set forth by the applicant in the paper filed 9/21/15. In
particular, “With respect to independent claim 15, the prior art to Yamazaki has not been
shown to necessarily teach or suggest all the features of the independent claim, as
amended. Specifically, the Patent Office alleges that FIG. 1 of Yamazaki teaches a
transistor structure as recited in claim 15, except for exact dimensions. However, claim
15 as amended now recites a hard mask layer over the first conductive layer and the
second conductive layer, wherein an entire upper surface of the hard mask layer is flat.
These features are supported, for example, by at least Applicant's FIG. 1B (e.g.,
element 495). Claim 17 has been accordingly canceled. Applicant's paragraph [0091]

provides the following advantage for the flatness: "The surface of the hard mask layer
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495 is flat. Therefore, even a resist as thin as about 30 nm can be uniformly applied on
the surface where the resist is to be applied.”
Claims 16, 18-20, and 23 are allowed as being properly dependent upon allowed claim

15.

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

Statement of Reasons for Allowance.”

Conclusion

5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to David S. Blum whose telephone number is (571)-272-

1687) and e-mail address is Ravid.blum@USPTO.gov .

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, William Kraig, can be reached at (571)-272-8660. Our facsimile number all

patent correspondence to be entered into an application is (571) 273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

/David S Blum/
Primary Examiner, Art Unit 2813
October 26, 2015
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Attorney Docket No. 0756-10540

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Confirmation No. 7546
Group Art Unit: 2813

Examiner; David S. Blum

In re Patent Application of: )
Shinya SASAGAWA et al. )
Serial No. 14/337,583 )
Filed: July 22, 2014 )
For: SEMICONDUCTOR DEVICE AND )

METHOD FOR MANUFACTURING )

THE SAME )

AMENDMENT

Honorable Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Official Action dated June 23, 2015, please consider the

following amendments and remarks in connection with the above-identified application.

Amendments to the Claims are reflected in the listing of claims, which begins

on page 2 of this paper.

Remarks begin on page 7 of this paper.
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The listing of claims will replace all prior versions, and listings, of claims in the

application:

Listing of Claims:

1. (Currently Amended) A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer en-one-surface-of over the gate electrode layer;
a semiconductor layer en-ene-suiface-of over the gate insulating layer;
a first conductive layer over the semiconductor layer;

a second conductive layer over the first conductive layer;

a protective first insulating layer over the second conductive layer; and

a hard mask layer over the protective first insulating layer,

wherein the hard mask layer comprises an opening which overlaps with a

channel formation region of the semiconductor layer.

2. (Original) The semiconductor device according to claim 1,

wherein the semiconductor layer includes an oxide including In, an element M,
and Zn, and

wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

3. (Original) The semiconductor device according to claim 1, wherein the hard

mask layer comprises amorphous silicon.

4. (Original) The semiconductor device according to claim 1, wherein a
thickness of the semiconductor layer is greater than or equal to 5 nm and less than or

equal to 30 nm.
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5. (Original) The semiconductor device according to claim 1, wherein a channel
length of a transistor including the semiconductor layer is greater than or equal to 20 nm

and less than or equal to 100 nm.

6. (Original) The semiconductor device according to claim 1, wherein a length of
the semiconductor layer in a channel length direction is larger than a length of the gate

electrode layer in the channel length direction.

7. (Original) The semiconductor device according to claim 1, wherein a width of
the opening is substantially the same as a length of the semiconductor layer in a

channel length direction.

8. (Original) The semiconductor device according to claim 1, wherein the

semiconductor layer is located over the gate electrode layer.

9. (Currently Amended) A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer en-one-surface-of over the gate electrode layer;

a semiconductor layer en-one-surface-of over the gate insulating layer;

a first conductive layer and a second conductive layer over the semiconductor
layer;

a third conductive layer over the first conductive layer;

a fourth conductive layer over the second conductive layer; and

a protective first insulating layer over the third conductive layer and the fourth

conductive layer,
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wherein a distance between the first conductive layer and the second conductive
layer is shorter than a distance between the third conductive layer and the fourth
conductive layer, and

wherein the first conductive layer and the third conductive layer serve as a
source electrode and the second conductive layer and the fourth conductive layer serve

as a drain electrode.

10. (Original) The semiconductor device according to claim 9,

wherein the semiconductor layer includes an oxide including In, an element M,
and Zn, and

wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

11. (Original) The semiconductor device according to claim 9, wherein a
thickness of the semiconductor layer is greater than or equal to 5 nm and less than or

equal to 30 nm.

12. (Original) - The semiconductor device according to claim 9, wherein a
channel length of a transistor including the semiconductor layer is greater than or equal

to 20 nm and less than or equal to 100 nm.

13. (Original) The semiconductor device according to claim 9, wherein a length
of the semiconductor layer in a channel length direction is larger than a length of the

gate electrode layer in the channel length direction.

14. (Original) The semiconductor device according to claim 9, wherein the

semiconductor layer is located over the gate electrode layer.
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15. (Currently Amended) A semiconductor device comprising:

a gate electrode layer adjacent to an oxide semiconductor layer;

the oxide semiconductor layer comprising a channel formation region;

a first conductive layer over and in contact with a first portion of the oxide
semiconductor layer;

a second conductive layer over and in contact with a second portion of the oxide
semiconductor layer; [[and]]

a hard mask layer over the first conductive layer and the second conductive

laver, wherein an entire upper surface of the hard mask layer is flat; and

a silicon oxynitride film over the hard mask layer first-conduetive—tayer-and-the
second-conductive-layer,

wherein the silicon oxynitride film is in contact with a third portion of the oxide

semiconductor layer between the first portion and the second portion, and

wherein the third portion includes the channel formation region|[, and]]

16. (Original) The semiconductor device according to claim 15,

wherein the oxide semiconductor layer includes In, an element M, and Zn, and

wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

17. (Canceled)

18. (Currently Amended) The semiconductor device according to claim 15 [[17]],

wherein the hard mask layer comprises amorphous silicon.
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19. (Original) The semiconductor device according to claim 15, wherein a
thickness of the oxide semiconductor layer is greater than or equal to 5 nm and less

than or equal to 30 nm.

20. (Original) The semiconductor device according to claim 15, wherein the

oxide semiconductor layer is formed over the gate electrode layer.

21. (New) The semiconductor device according to claim 1, wherein the first

insulating layer is a protective layer.

22. (New) The semiconductor device according to claim 9, wherein the first

insulating layer is a protective layer.

23. (New) The semiconductor device according to claim 15, whérein a channel
length of a transistor including the oxide semiconductor layer is less than or equal to 30

nm.
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REMARKS

The Official Action mailed June 23, 2015, has been received and its contents
carefully noted. This response is filed within three months of the mailing date of the
Official Action and therefore is believed to be timely without extension of time.
Accordingly, the Applicant respectfully submits that this response is being timely filed.

The Applicant notes with appreciation the consideration of the Information
Disclosure Statement filed on August 18, 2014,

Claims 1-20 were pending in the present application prior to the above
amendment. The Applicant notes with appreciation the indication of the allowability of
claims 18 and 20, and the allowance of claims 1-14. Claim 17 has been canceled
without prejudice or disclaimer, claims 1, 9, 15 and 18 have been amended to better
recite the features of the present invention and new claims 21-23 have been added to
recite additional protection to which the Applicant is entitled. Accordingly, claims 1-16
and 18-23 are now pending in the present application, of which claims 1, 9 and 15 are
independent. For the reasons set forth in detail below, all claims are believed to be in
condition for allowance. Favorable reconsideration is requested.

Allowed independent claims 1 and 9 have been revised to clarify “over”
relationships and to rephrase “protective layer” as a “first insulating layer.” Claims 1-14
are believed to remain allowable for reasons already of record.

Paragraph 4 of the Official Action rejects claims 15-17 and 19 as obvious based
on U.S. Publication No. 2011/0114943 to Yamazaki. The Applicant respectfully
traverses the rejection because a prima facie case of obviousness cannot be
maintained against independent claim 15 of the present application, as amended.

As stated in MPEP §§ 2142-2144.04, to establish a prima facie case of
obviousness, three basic criteria must be met. First, there must be some reason, either
in the references themselves or in the knowledge generally available to one of ordinary
skill in the art, to modify the reference or to combine reference teachings. Second,

there must be a reasonable expectation of success. Finally, the prior art reference (or
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references when combined) must teach or suggest all the claim limitations.
Obviousness can only be established by combining or modifying the teachings of the
prior art to produce the claimed invention where there is some reason to do so found
either explicitly or implicitly in the references themselves or in the knowledge generally
available to one of ordinary skill in the art. “The test for an implicit showing is what the
combined teachings, knowledge of one of ordinary skill in the art, and the nature of the
problem to be solved as a whole would have suggested to those of ordinary skill in the
art” In re Kotzab, 217 F.3d 1365, 1370, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). See
also In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re Jones, 958 F.2d
347,21 USPQ2d 1941 (Fed. Cir. 1992).

With respect to independent claim 15, the prior art to Yamazaki has not been

shown to necessarily teach or suggest all the features of the independent claim, as
amended. Specifically, the Patent Office alleges that FIG. 1 of Yamazaki teaches a
transistor structure as recited in claim 15, except for exact dimensions. However, claim
15 as amended now recites a hard mask layer over the first conductive layer and the
second conductive layer, wherein an entire upper surface of the hard mask layer is flat.
These features are supported, for example, by at least Applicant's FIG. 1B (e.g.,
element 495). Claim 17 has been accordingly canceled. Applicant’s paragraph [0091]
provides the following advantage for the flatness: “The surface of the hard mask layer
495 js flat. Therefore, even a resist as thin as about 30 nm can be uniformly applied on
the surface where the resist is to be applied.”

In rejecting dependent claim 17, which recited a hard mask layer generally, the
Patent Office asserted insulating layers 108ab of Yamazaki as the corresponding hard
mask layer. However, when viewed in light of FIG. 1 of Yamazaki (below), one skilled in
the art would understand that the alleged insulating layers 108ab of Yamazaki are
formed over a level difference caused by an island-shaped oxide semiconductor layer
104a. Thus, the prior art appears to be silent with respect to the clarified “flat” hard

mask layer claim feature.
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Because Yamazaki has not been shown fo teach or suggest all the claim
limitations, a prima facie case of obviousness cannot be maintained with respect to
independent claim 15. Therefore, Applicant believes the rejection of claim 15 and
claims dependent therefrom is not proper. Accordingly, reconsideration and withdrawal
of the rejection under 35 U.S.C. § 103(a) are in order and respectfully requested.

New claims 21-23 have been added to recite additional protection to which the
Applicant is entitled. The features of claims 21-22 are supported by previous claims 1
and 9. The features of claim 23 relate to a feature redacted from pending claim 15. For
the reasons stated above, the Applicant respectfully submits that new claims 21-23 are
in condition for allowance.

Should the Examiner believe that anything further would be desirable to place
this application in better condition for allowance, the Examiner is invited to contact the

undersigned at the telephone number listed below.
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The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§ 1.16,
1.17, 1.20(a), 1.20(b), 1.20(c), and 1.20(d) (except the issue Fee) which may be

required now or hereafter, or credit any overpayment to Deposit Account No. 50-2280.

Respectfully submitted,

P
Eric J. Robinson
Reg. No. 38,285

Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive

Suite 20 North

Fairfax, Virginia 22033

(571) 434-6789
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This action is in response to the application filed 7/22/14.

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

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

for all obviousness rejections set forth in this Office action:

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

4. Claims 15-17 and 19 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Yamazaki (US 2011/0114943).
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Yamazaki teaches the device of claims 15-17 and 19 except for exact dimensions.

Regarding claim 15, Yamazaki teaches

A semiconductor device comprising:

a gate electrode layer (114) adjacent to an oxide semiconductor layer (104);

the oxide semiconductor layer comprising a channel formation region (paragraph 0142

indicates the oxide semiconductor is the channel, see figure 1);

a first conductive layer (106a) over and in contact with a first portion of the oxide

semiconductor layer;

a second conductive layer (106b) over and in contact with a second portion of the oxide

semiconductor layer; and

a silicon oxynitride film (112) over the first conductive layer and the second conductive

layer,

wherein the silicon oxynitride film is in contact with a third portion of the oxide

semiconductor layer between the first portion and the second portion (figure 1),

wherein the third portion includes the channel formation region (figure 1), and

wherein a channel length of a transistor including the oxide semiconductor layer
is less than or equal to 30 nm with use of a photolithography process using an electron

beam.
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The limitation, “with use of a photolithography process using an electron
beam” refers to a process method for making the device (product by process) and is

given patentable weight only as to how it reads on the structure.

Even though product-by-process claims are limited by and defined by the process,
determination of Patentability is based upon the product itself. The patentability of a

product does not depend on its method of production.” MPEP 2113

Yamazaki does not teach the dimensions as claimed, teaching larger channel lengths.
However, Yamazaki also teaches the channel length is based upon the threshold
voltage, therefore one making transistors meant for lower voltages would know to and
know how to determine an appropriate channel length. This is easily determined by one

skilled in the art by usage of equations or routine experimentation.

These ranges are considered to involve routine optimization while it has been held to be
within the level of ordinary skill in the art. As noted in In re Aller (105 USPQ233), the
selection of reaction parameters such as temperature and concentration would have
been obvious:

"Normally, it is to be expected that a change in temperature, or in concentration,
or in both, would be an unpatentable modification. Under some circumstances,
however, changes such as these may impart patentability to a process if the particular
ranges claimed produce a new and unexpected result which is different in kind and not
merely degree from the results of the prior art. Such ranges are termed "critical ranges
and the applicant has the burden of proving such criticality.... More particularly, where
the general conditions of a claim are disclosed in the prior art, it is not inventive to
discover the optimum or workable ranges by routine experimentation.”

In re Aller 105 USPQ233, 255 (CCPA 1955). See also In re Waite 77 USPQ
586 (CCPA 1948); In re Scherl 70 USPQ 204 (CCPA 1946); In re Irmscher 66 USPQ
314 (CCPA 1945); Inre Norman 66 USPQ 308 (CCPA 1945); In re Swenson 56 USPQ
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372 (CCPA 1942); In re Sola 25 USPQ 433 (CCPA 1935); In re Dreyfus 24 USPQ 52
(CCPA 1934).

One skilled in the requisite art at the time of the invention would have used any ranges
or exact figures suitable to the transistor device regarding dimensions using prior
knowledge, experimentation, and observation with the apparatus used in order to
optimize the process and produce the transistor structure desired to the parameters

desired.

Regarding clam 16, the oxide semiconductor layer includes In, an element M, and Zn,
and wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu

(paragraph 0069).

Regarding claim 17, a hard mask layer over the first conductive layer and the second
conductive layer (108, paragraph 0109 refers to layer 108 as a mask as it prevents
oxidation of conductive layers 106a and 106b. The function of the layers reads toward

the structure as for location).

Regarding claim 19, wherein a thickness of the oxide semiconductor layer is greater

than or equal to 5 nm and less than or equal to 30 nm (paragraph 0075, 2-200 nm).
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5. Claim 18 is objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.

Claim 18 recites “The semiconductor device according to claim 17, wherein the hard
mask layer comprises amorphous silicon.” This is not taught or suggested by the prior
art of record. Yamazaki (US 2011/0114943) teaches the mask layer to be silicon oxide,
silicon nitride, silicon oxynitride, aluminum oxide, hafnium oxide, tantalum oxide or the

like, but does not teach or suggest the layer may be amorphous silicon.

6. Claim 20 is objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.

Claim 20 recites, “The semiconductor device according to claim 15, wherein the oxide
semiconductor layer is formed over the gate electrode layer.” This is not taught or
suggested by the prior art of record. Yamazaki (US 2011/0114943) does not form all the
layers required. Yamazaki does not form an insulating layer between the electrode and
the first conductive layer. Also, there is no teaching of the formation of a hard mask and
aresist. Layer 108 can be referred to as either a hard mask or a protective layer, but it
cannot be both. Similarly, Yoshimoto ((US 2008/0062344) does not form all the required

layers.
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7. Claims 1-14 are allowed.

Claim 1 recites “A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer on one surface of the gate electrode layer;
a semiconductor layer on one surface of the gate insulating layer;
a first conductive layer over the semiconductor layer;

a second conductive layer over the first conductive layer;

a protective layer over the second conductive layer; and

a hard mask layer over the protective layer,

wherein the hard mask layer comprises an opening which overlaps with a

channel formation region of the semiconductor layer.

This is not taught or suggested by the prior art of record. Yamazaki (US 2011/0114943)
does not form all the layers required. Yamazaki does not form an insulating layer
between the electrode and the first conductive layer. Also, there is no teaching of the
formation of a hard mask and a resist. Layer 108 can be referred to as either a hard
mask or a protective layer, but it cannot be both. Similarly, Yoshimoto ((US

2008/0062344) does not form all the required layers.

Claims 2-8 are allowed as being properly dependent upon allowed claim 1.
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Claim 9 recites, “A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer on one surface of the gate electrode layer;

a semiconductor layer on one surface of the gate insulating layer;

a first conductive layer and a second conductive layer over the semiconductor
layer;

a third conductive layer over the first conductive layer;

a fourth conductive layer over the second conductive layer; and

a protective layer over the third conductive layer and the fourth conductive layer,
wherein a distance between the first conductive layer and the second conductive
layer is shorter than a distance between the third conductive layer and the fourth
conductive layer, and

wherein the first conductive layer and the third conductive layer serve as a source
electrode and the second conductive layer and the fourth conductive layer serve as a

drain electrode.

This is not taught or suggested by the prior art of record. Yamazaki (US 2011/0114943)
does not form all the layers required. Yamazaki does not form an insulating layer
between the electrode and the first conductive layer. Also, there is no teaching of the
formation of a hard mask and a resist. Layer 108 can be referred to as either a hard
mask or a protective layer, but it cannot be both. Similarly, Yoshimoto ((US

2008/0062344) does not form all the required layers.
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Claims 10-14 are allowed as being properly dependent upon allowed claim 9.

8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to David S. Blum whose telephone number is (571)-272-

1687) and e-mail address is David blum@USPTCO.qov .

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, William Kraig, can be reached at (571)-272-8660. Our facsimile number all

patent correspondence to be entered into an application is (571) 273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

/David S Blum/
Primary Examiner, Art Unit 2813
June 19, 2015
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Recelved
3/18/14 PTO/SBIOSA (07-06)
! N Approved for use through 03/31/2007. 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 contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
INFORMATION DISCLOSURE peee=en e Jlfy/fgggf .
STATEMENT BY APPLICANT oot Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name ©T, 1M
Sheet [ 1 l of | 15 Aftorney Docket Number 0756-10540
U. S. PATENT DOCUMENTS
) ! Document Number - Pages, Columns, Lines, Where
Braminer | Ot — MDD | Appleane Giea Dooument | "IVantPasseges o Reouan
US-2011/0156022 06-30-2011  |YAMAZAKILS et al.
US-2011/0180796 07-28-2011  |YAMAZAKL.S et al. o
US-2011/0193080 08-11-2011  |YAMAZAKIS et al.
US-5,648,662 07-15-1997  |ZHANG.Het al.
US-2010/0159639 06-24-2010  |SAKATA.J
US-2011/0114943 05-19-2011  |YAMAZAKLS et al. o
US-5,811,328 09-22-1998  |ZHANG.H et al.
US-6,124,155 09-26-2000 |ZHANG.H et al.
US-6,166,399 12-26-2000  |ZHANG.H et al. ’
US-6,335,213 01-01-2002  |ZHANG.H et al.
US-6,756,258 06-29-2004  |ZHANG.H et al.
i US-6,797,548 09-28-2004  |ZHANG.H et al.
US-6,847,064 01-25-2005  |ZHANG.H et al.
US-7,507,991 03-24-2009  |ZHANG.H et al.
{Us-7,923,311 04-12-2011  |ZHANG.H et al.
US-2011/0101362 05-05-2011  |ZHANG.Het al.
US-8,183,099 05222012 |SAKATAJ
US-2012/0223307 09-06-2012  |SAKATA.J
US-2013/0140554 06-06-2013  |YAMAZAKI.S et al.
FOREIGN PATENT DOCUMENTS
Exarminer Cite Foreign Patent Document Publicatian Date Name of Patentee or g:i?/sa’n?g:ggz;":;xg:t -
Initials* No.! Couniry Code® -Nurmber* -Kind Code® (if known) MM-DD-YYYY Applicant of Cited Document Figures Appsar
JP-2011-238333A 11-24-2011 Abst.
JP-06-045354A | 02-18-1994 Abst.
JP-2010-166030A 07-29-2010 Abst.
i JP-2011-124556A 06-23-2011 Abst.
WO-2010/071034 06-24-2010 Eng.
CN-102257621A 11-23-2011 Abst.
Exami . . ' D
Siganﬁlﬂfé /David S. Biurn/ Cz;esidered 08/11/2015

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw {ine through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unigue citation designation number (opticnal). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.govor MPEP 901.04, 3 Enter Office that issued the document, by the two-letter code (WIPO Standard S7.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicantis to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is reguired to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: C¢ ioner for P P.0. Box 1450, Alexandria, VA 22313-1450,

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./

If you need assistance in completing the form, call 1-800-PTQ-9199 (1-800-786-9199) and select option 2.
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Approved for use through 03/31/2007. OMB 0661-0031
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a caollection of information uniess it contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
cation Numb

INFORMATION DISCLOSURE [ttt Jlf;/3227§§134

STATEMENT BY APPLICANT First Named Inventor Shinya SASAGAWA
Art Unit 2813

(Use as many sheets as necessary)
Examiner Name T[TV
Sheet | 2 [ of l 15 Attorney Docket Number 0756-10540

U. 8. PATENT DOCUMENTS

Examiner Cite Document Number Publicatian Date Name of Patentee or szigeizn?gl:g;;];irxzxg:t
Initials* No.! Number-Kind Code? (fknewn MM-DD-YYYY Appticant of Cited Document Figures Appear
US-2008/0062344 03-13-2008  |YOSHIMOTO.Y
US-2011/0092017 04-21-2011  |AKIMOTO K et al.
US-2002/0056838 05-16-2002  |OGAWA.K
US-2003/0189401 10-09-2003  |KIDO.J et al.
US-6,727,522 04-27-2004 |KAWASAKIM et al.
US-2006/0169973 08-03-2006  |ISA.T et al.
US-2006/0208977 09-21-2006  |KIMURA.H
US-2006/0238135 10-26-2006  |KIMURAH
US-7,064,346 06-20-2006  |KAWASAKIM et al.
US-2007/0108446 05-17-2007  |AKIMOTO.K
US-2006/0170111 08-03-2006  |ISA.Tetal.
US-2007/0054507 03-08-2007  |KAJI.N et al.
US-2007/0272922 11-29-2007  |KIM.C et al.
US-2004/0127038 07-01-2004  |CARCIA.P et al.
US-2004/0038446 02-26-2004  |TAKEDAK et al,
US-2006/0108636 "~ | 05-25-2006 |SANO.Metal.
US-2006/0108529 05-25-2006  |SAITOK et al.
US-2006/0110867 05-25-2006  |YABUTA.H et al.
US-2006/0113536 06-01-2006  |KUMOMI.H et al.
FOREIGN PATENT DOCUMENTS
. R Foreign Patent Document o Pages, Columns, Lines, Whera
oo | Mot oo e Tscma o] MWD | Apsicamol Crea ooament | FelevntPassages rRaeant | 1
KR-2011-0104057A 09-21-2011 Abst,
TW-201041049 11-16-2010 ' Abst.
WO0-2011/058866 05-19-2011 Eng.
KR-2012-0084783A 07-30-2012 Abst.
TW-201138105 11-01-2011 Abst,
JP-2000-150900A " 05-30-2000 Abst.
Ef;anngiﬁfé /David S. Blum/ giaesidered 08/11/2015

*EXAMINER; Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through citation If not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unigue citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.gov or MPEP 901.04. 3 Enter Office that issuad the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPQ Standard ST.16 if possible. & Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1,97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office, P.C. 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.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B/

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Received
8/18/14
PTO/SBIOBA (07-06)
Approved for use through 03/31/2007. OMB 0851-0031
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 contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
INFORMATION DISCLOSURE e Jll“y’ o
STATEMENT BY APPLICANT oo Shinya SASAGAWA

Art Unit 2813
(Use as many sheets as necessary)
Examiner Name =T .I1M
Sheet | 3 I of | 15 Attorney Docket Number 0756-10540

U. S. PATENT DOCUMENTS

. " Document Number - Pages, Columns, Lines, Where

Eariver | Ot PSP MDD | Appican o Giea Docuen | ROVANLPasseges Reeian
US-2006/0113565 06-01-2006 ABE K et al.
US-2006/0113539 06-01-2006 SANO.M et al.
US-2006/0113549 06-01-2006 DEN.T et al.
US-7,323,356 01-29-2008 HOSONO.H et al.
US-6,294,274 09-25-2001 KAWAZOE.H et al.
US-7,061,014 06-13-2006 HOSONO.H et al.
US-2008/0296568 12-04-2008 RYU.M et al.
US-7,282,782 10-16-2007 HOFFMAN.R et al.
Us-7,297,977 11-20-2007 HOFFMANR et al.
US-7,462,862 | 12-09-2008 |HOFFMAN.R et al.
US-2008/0254569 10-16-2008 HOFFMAN.R et al.
US-2009/0073325 03-19-2009 KUWABARA.H et al,
US-2005/0199959 09-15-2005 CHIANG.H et al.
US-7,049,190 05-23-2006 | TAKEDAK et al.
US-2007/0194379 08-23-2007 HOSONO.H et al. -
US-2009/0134399 05-28-2009 |SAKAKURA M et al.
US-2006/0231882 10-19-2006 KiM.I et al.
US-2006/0284171 12-21-2006 LEVY.D et al.
US-2006/0284172 12-21-2006 ISHILH

FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or :zaiznfgl:gg;i";;x;ﬁ o
Initials* No.! Gountry Code’ -Number* -Kind Code® (f known) MM-DD-YYYY Applicant of Cited Document Figures Appear
JP-60-198861A 10-08-1985 Full
JP-2004-103957A 04-02-2004 Abst.
JP-11-505377 05-18-1999 Abst.
JP-08-264794A 10-11-1996 ’ Full
JP-2000-044236A 02-15-2000 . Full
JP-2002-289859A 10-04-2002 ‘ Full
Examiner ! 1 O D/ Da
Signature /David S. Blum/ Co;esidered 0671172015

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unigue citation designation number (optional). 2 See Kinds Cades of USPTO Patent Documents at
www.uspio.govor MPEP 801.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPQ Standard ST.16 if possible. 6 Applicantis to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required ta obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/er suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313~
1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

ALL REFERENCEb CONSIDERED EXCEPT WHERE LINED THROUGH

if you need assistance in campletlng the form, call 1-800-PTO-9199 ( 800-786-91 99) and select option 2.
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Received

3/18/14

PTO/SB/OBA (07-06)
Approved for use through 03/31/2007. 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 contains a valid OMB control number.

Substitute for form 1449/PTO

Complete if Known

INFORMATION DISCLOSURE [ iuree Jlfy’ 32327§§f .
STATEMENT BY APPLICANT First Named Inventor Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name 2T T
Sheet 4 I of [ 15 Attorney Docket Number 0756-10540
U. S. PATENT DOCUMENTS
. . Document Number o Pages, Columns, Lines, Where
aminer | ot S T TMIDVAY | Asplcanio Gied Dooument | ROOVANtPasseges o R
US-2006/0292777 12-28-2006 DUNBAR.T
US-2007/0024187 02-01-2007 SHIN.H et al.
US-2007/0046191 03-01-2007 SAITO.K
US-2007/0052025 03-08-2007 YABUTA.H
US-2007/0090365 04-26-2007 HAYASHI.R et al.
US-2007/0172591 07-26-2007 SEQ.O et al.
US-2007/0187678 08-16-2007 HIRAO.T et al.
US-2007/0187760 08-16-2007 FURUTA M et al.
lUS-2007/0252928 11-01-2007 ITOM et al.
US-2007/0287296 12-13-2007 CHANG.C
US-2008/0038882 02-14-2008 TAKECHI K et al.
US-2008/0038929 02-14-2008 CHANG.C
US-2008/0060595 02-28-2008 NAKAGAWARA.O et al.
US-2008/0073653 03-27-2008 IWASAKIT
US-2008/0083950 04-10-2008 PAN.A et al.
1S-2008/0106191 05-08-2008 KAWASE.T
US-2008/0128689 06-05-2008 LEE.J et al.
US-2008/0129195 06-05-2008 ISHIZAKI.M et al.
US-2008/0166834 07-10-2008 KIM.Y et al.
FOREIGN PATENT DOCUMENTS
Exgminer Cite Foreign Patent Document Publication Date Name of Eatentee or ::lg;l:.nfgl:sn;g; I;ir;?sR, (;\Qir:: TE
Initiais* No.! Country God® -Number* -Kind Code® (i known) MM-DD-YYYY Appticant of Cited Dacument Figures Appear
JP-05-251705A 09-28-1993 Full
JP-2002-076356A 03-15-2002 Full
JP-2004-273732A 09-30-2004 Full
~ |JP-2004-273614A 09-30-2004 Full
WQO-2004/114391 12-29-2004 Abst.
JP-2003-086000A 03-20-2003 Full
Examiner e ) Date
Signature /David S. Blum/ Considered 06/11/2015

*EXAMINER; Initial if reference considered, whether or not citation is in conformance with MPEP 609, Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.govor MPEP 901.04. 3 Enter Cffice that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. & Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation s attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 36 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complets, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./

if you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Raceived
8 / l 8 ,/ _L 4 PTO/SB/O8A (07-06)
Approved for use through 03/31/2007. OMB 0651-0031
.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.

Substitute for form 1449/PTO Complete if Known
lication N

INFORMATION DISCLOSURE {eeentms Jll“y’f‘z?jgf -

STATEMENT BY APPLICANT [ mreror Shinya SASAGAWA
Art Unit 2813

(Use as many sheets as necessary)
Examiner Name RI.TIM
Sheet | 5 | of | 15  |atiomey Docket Number ‘ 0756-10540

U. 8. PATENT DOCUMENTS

Exgminer Cite Document Number Publication Date Name of Eatentee or ::iizsg:ggz;t‘:;m?:t
Initials* No.! Number-Kind Codag? i krewn MM-DD-YYYY Applicant of Cited Document Figures Appear
US-2008/0182358 07-31-2008 |COWDERY-CORVAN.P et al.
US-2008/0224133 09-18-2008  |PARK.J et al.
US-2008/0258139 10-23-2008  [ITO.M et at.
US-2008/0258140 10-23-2008  |LEE.E et al.
US-2008/0258141 10-23-2008  |PARK.J et al.
US-2008/0258143 10-23-2008  |KIM.S et al.
US-2009/0114910 05-07-2009 |CHANG.C
US-7,105,868 09-12-2006  |NAUSE.J et al.
US-7,402,506 07-22-2008  [LEVY.Detal.
US-7,411,209 08-12-2008  |ENDO.A et al.
US-7,453,065 11-18-2008  |SAITOK et al.
|Us-7,453,087 11-18-2008  [IWASAKI.T
US-7,468,304 12-23-2008  |KAJIN et al.
US-2006/0197092 ‘ 09-07-2006  |HOFFMAN.R et al.
US-2008/0006877 01-10-2008  |MARDILOVICH.P et al.
US-2006/0228974 10-12-2006  |THELSS.S et al,
US-2002/0132454 09-19-2002 [OHTSU.S et al.
US-2009/0152541 06-18-2009  |MAEKAWA.S et al.
US-2006/0091793 05-04-2006 |BAUDE.P et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Publication Date Name of Patentee or Reles:g?;"ag:laugrzg?)'rLFieneTes;/aWn?g:ures -
Initials* No.! Country Code® -Number* -Kind Code® (if known) MM-OD-YYYY Applicant of Cited Document Appear
JP-2003-086808A 03-20-2003 Abst.
JP-63-210022A 08-31-1988 | Full
JP-63-210023A ) 08-31-1988 Full
JP-63-210024A 08-31-1988 " Full
JP-63-215519A 09-08-1988 Full
JP-63-239117A 10-05-1988 Full
Examiner Date
Signature /David S. Blum/ Considered 06/11/2015

*EXAMINER: [nitial if reference considered, whether or not citation is in conformance with MPEP 609, Draw fine through citatian if not in conformance and not cansidered. Include copy of this
form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents atwww.uspto.gov or MPEP

901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperar
must precede the serial number of the patent document. 5 Kind of document by the appropriate symbels as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant
is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the
completed application form to the USPTO, Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO; Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-8199) and select opfion 2.
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Received PTO/SBIOBA (07-06)
8/18/14 Approved for use through 03/31/2007. OMB 0851-0031
) 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 contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
INFORMATION DISCLOSURE peeeenirs Jlf'y’fgggf .
STATEMENT BY APPLICANT |rirsimenr Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name BT TN
Sheet | B8 | of l 15 Attorney Docket Number ) T TT0756-10540
U. S. PATENT DOCUMENTS
. B Document Number - Pages, Columns, Lines, Where
Examiner | i T —— TVMBOTY | ApolcaniofGied Documen | RNt Paseeges o Revan
US-2001/0046027 11-29-2001 TALY et al.
US-2006/0035452 i 02-16-2006 CARCIAP et al.
US-7,501,293 03-10-2009 ITO.Y et al.
US-2006/0244107 11-02-2006 SUGIHARA.T et al.
Us-7,211,825 05-01-2007 SHIH.Y et al. ]
US-2005/0017302 01-27-2005 HOFFMAN.R
US-5,731,856 03-24-1998 KIM.D et al.
US-5,744,864 04-28-1998 CILLESSEN.J et al.
US-2003/0218222 11-27-2003 WAGER II.J et al. -
US-7,674,650 03-09-2010 AKIMOTO.K et al.
US-6,563,174 05-13-2003 KAWASAKI.M et al.
B US-7,385,224 06-10-2008  [ISHIL.H et al.
US-2007/0152217 07-05-2007 LALC et al.
US-2009/0068773 03-12-2009 LAI.C et al.
Us-7,732,819 06-08-2010 AKIMOTO.K et al.
US-2006/0043377 k 03-02-2006 HOFFMAN.R et al. n
US-2009/0278122 11-12-2009 HOSONO.H et al.
US-2009/0280600 11-12-2009 HOSONO.H et al.
US-2008/0152506 " 06-18-2009 UMEDA K et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Publication Date Name of Patentee or ::I%?/Zn?g:gz;gg?;;geaﬁ 0
Initials* No.! Country Code® -Number* -Kind Cade® (if known) MM-DD-YYYY Applicant of Cited Document Figuras Appear
JP-63-265818A 11-02-1988 Full
EP-1737044A 12-27-2006 Eng.
EP-2226847A 09-08-2010 | Eng.
g?;ann;m?é {David S. Bit gzt\esidered 06/11/2015

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
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www.uspto.govor MPEP 901.04, 3 Enter Office that issued the document, by the two-letter code (WIPO Standard S7.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicantis to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is reguired to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: C¢ issioner for P P.0. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PTQ-9199 (1-800-786-9199) and select option 2.
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U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a caollection of information uniess it contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
cation Numb

INFORMATION DISCLOSURE [ttt Jlf;/3227§§134

STATEMENT BY APPLICANT First Named Inventor Shinya SASAGAWA
Art Unit 2813

(Use as many sheets as necessary)
Examiner Name
Sheet | 2 [ of l 15 Attorney Docket Number 0756-10540

U. 8. PATENT DOCUMENTS

Examiner Cite Document Number Publicatian Date Name of Patentee or szigeizn?gl:g;;];irxzxg:t
Initials* No.! Number-Kind Code? (fknewn MM-DD-YYYY Appticant of Cited Document Figures Appear
US-2008/0062344 03-13-2008  |YOSHIMOTO.Y
US-2011/0092017 04-21-2011  |AKIMOTO K et al.
US-2002/0056838 05-16-2002  |OGAWAK
US-2003/0189401 10-09-2003  |KIDO.J et al.
US-6,727,522 04-27-2004 |KAWASAKI.M et al.
1US-2006/0169973 08-03-2006  |ISA.T et al.
US-2006/0208977 09-21-2006  |KIMURA.H
US-2006/0238135 10-26-2006  |KIMURAH
US-7,064,346 06-20-2006  |KAWASAKIM et al.
US-2007/0108446 05-17-2007  |AKIMOTO.K
US-2006/0170111 08-03-2006  |ISA.Tetal.
US-2007/0054507 03-08-2007  |KAJI.N et al.
US-2007/0272922 11-29-2007  |KIM.C et al.
US-2004/0127038 07-01-2004  |CARCIA.P et al.
US-2004/0038446 02-26-2004  |TAKEDAK et al,
US-2008/0108636 "~ | 05-25-2006 |SANO.Metal.
US-2008/0108529 05-25-2006  |SAITOK et al.
US-2006/0110867 05-25-2006  |YABUTA.H etal.
US-2006/0113536 06-01-2006  |KUMOMI.H et al.
FOREIGN PATENT DOCUMENTS
. R Foreign Patent Document o Pages, Columns, Lines, Whera
oo | Mot oo e Tscma o] MWD | Apsicamol Crea ooament | FelevntPassages rRaeant | 1

KR-2011-0104057A 09-21-2011 Abst,
TW-201041049 11-16-2010 ' Abst.
WO0-2011/058866 05-19-2011 Eng.
KR-2012-0084783A 07-30-2012 Abst.
TW-201138105 11-01-2011 Abst,
JP-2000-150900A " 05-30-2000 Abst.

Examiner Date

Signhature Considered

*EXAMINER; Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through citation If not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unigue citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.gov or MPEP 901.04. 3 Enter Office that issuad the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPQ Standard ST.16 if possible. & Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1,97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office, P.C. 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 (1-800-786-9199) and select option 2.
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Approved for use through 03/31/2007. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Substitute for form 1449/PTO

Complete if Known

INFORMATION DISCLOSURE pre=enime Jlfy’fz”’jgf :
STATEMENT BY APPLICANT oo Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name
Sheet | 3 | o [ 15 ]atomey Docket Number 0756-10540
U. 8. PATENT DOCUMENTS
. . Document Number i Pages, Columns, Lines, Where
Eariver | Ot PSP MDD | Appican o Giea Docuen | ROVANLPasseges Reeian
US-2006/0113565 06-01-2006 ABE.K et al.
US-2006/0113539 06-01-2006 SANO.M et al.
US-2006/0113549 06-01-2006 DEN.T et al.
US-7,323,356 01-29-2008 HOSONO.H et al.
US-6,294,274 09-25-2001 KAWAZOE H et al.
US-7,061,014 06-13-2006 HOSONO.H et al.
US-2008/0296568 12-04-2008 RYU.M et al.
US-7,282,782 10-16-2007 HOFFMAN.R et al.
Us-7,297,977 11-20-2007 HOFFMAN.R et al.
US-7,462,862 12-09-2008 HOFFMAN.R et al.
US-2008/0254569 10-16-2008 HOFFMAN.R et al.
US-2009/0073325 03-19-2009 KUWABARA.H et al,
US-2005/0199959 09-15-2005 CHIANG.H et al.
US-7,049,190 05-23-2006 |TAKEDAK et al.
US-2007/0194379 08-23-2007 HOSONO.H et al. o
US-2009/0134399 05-28-2009 |SAKAKURA.M et al.
US-2006/0231882 10-19-2006 KiM.I et al,
US-2006/0284171 12-21-2006 LEVY.D et al.
US-2006/0284172 12-21-2006 ISHILH
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or :zaiznfgl:gg;i";;x;ﬁ o

Initials* No.! Gountry Code’ -Number* -Kind Code® (f known) MM-DD-YYYY Applicant of Cited Document Figures Appear
JP-60-198861A 10-08-1985 Full
JP-2004-103957A 04-02-2004 Abst.
JP-11-505377 05-18-1999 Abst.
JP-08-264794A 10-11-1996 Full
JP-2000-044236A 02-15-2000 Full
JP-2002-289859A 10-04-2002 Full

Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unigue citation designation number (optional). 2 See Kinds Cades of USPTO Patent Documents at
www.uspio.govor MPEP 801.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPQ Standard ST.16 if possible. 6 Applicantis to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required ta obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/er suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313~
1450, DO NOT 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-PTQ-9199 (1-800-786-9199) and select option 2.
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PTO/SB/O8A (07-06)

Approved for use through 03/31/2007. 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 contains a valid OMB control number.

Substitute for form 1449/PTO

Complete if Known

INFORMATION DISCLOSURE [ iuree Jlfy’ 32327§§f .
STATEMENT BY APPLICANT First Named Inventor Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name
Sheet 4 I of [ 15 Attorney Docket Number 0756-10540
U. 8. PATENT DOCUMENTS
X . Document Number o Pages, Columns, Lines, Where
aminer | ot S T TMIDVAY | Asplcanio Gied Dooument | ROOVANtPasseges o R
US-2006/0292777 12-28-2006 DUNBAR.T
US-2007/0024187 02-01-2007 SHIN.H et al.
US-2007/0046191 03-01-2007 SAITO.K
US-2007/0052025 03-08-2007 YABUTA.H
US-2007/0090365 04-26-2007 HAYASHI.R et al.
US-2007/0172591 07-26-2007 SEQ.O et al.
US-2007/0187678 08-16-2007 HIRAO.T et al.
US-2007/0187760 08-16-2007 FURUTA M et al.
lUS-2007/0252928 11-01-2007 ITOM et al.
US-2007/0287296 12-13-2007 CHANG.C
US-2008/0038882 02-14-2008 TAKECHI K et al.
US-2008/0038929 02-14-2008 CHANG.C
US-2008/0060595 02-28-2008 NAKAGAWARA.O et al.
US-2008/0073653 03-27-2008 IWASAKIT
US-2008/0083950 04-10-2008 PAN.A et al.
1S-2008/0106191 05-08-2008 KAWASE.T
US-2008/0128689 06-05-2008 LEE.J et al.
US-2008/0129195 06-05-2008 ISHIZAKI.M et al.
US-2008/0166834 07-10-2008 KIM.Y et al.
FOREIGN PATENT DOCUMENTS
Exgminer Cite Foreign Patent Document Publication Date Name of Eatentee or ::lg;l:.nfgl:sn;g; I;ir;?sR, (;\Qir:: TE
Initiais* No.! Country God® -Number* -Kind Code® (i known) MM-DD-YYYY Appticant of Cited Dacument Figures Appear
JP-05-251705A 09-28-1993 Full
JP-2002-076356A 03-15-2002 Full
JP-2004-273732A 09-30-2004 Full
~ |JP-2004-273614A 09-30-2004 Full
WQO-2004/114391 12-29-2004 Abst.
JP-2003-086000A 03-20-2003 Full
Examiner Date
Signature Considered

*EXAMINER; Initial if reference considered, whether or not citation is in conformance with MPEP 609, Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.govor MPEP 901.04. 3 Enter Cffice that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. & Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation s attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 36 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complets, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT 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 (1-800-786-9199) and select option 2.

BLUEHOUSE EXHIBIT 1002
Page 78 of 266



PTO/SB/OBA (07-06)

Approved for use through 03/31/2007. OMB 0651-0031
.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.

Substitute for form 1448/PTO

Complete if Known

INFORMATION DISCLOSURE {eeentms Jll“y’f’z?jgf -
STATEMENT BY APPLICANT [ mreror Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name
Sheet | 5 | of | 15  |atiomey Docket Number 0756-10540
U. S. PATENT DOCUMENTS

Exgminer Cite Document Number Publication Date Name of Eatentee or ::iizsg:ggz;t‘:;m?:t

Initials* No.! Number-Kind Codag? i krewn MM-DD-YYYY Applicant of Cited Document Figures Appear
US-2008/0182358 07-31-2008 |COWDERY-CORVAN.P et al.
US-2008/0224133 09-18-2008  |PARK.J et al.
US-2008/0258139 10-23-2008  [ITO.M et at.
US-2008/0258140 10-23-2008  |LEE.E et al.
US-2008/0258141 10-23-2008  |PARK.J et al.
US-2008/0258143 10-23-2008  |KIM.S et al.
US-2009/0114910 05-07-2009 |CHANG.C
US-7,105,868 09-12-2006  |NAUSE.J et al.
US-7,402,506 07-22-2008  [LEVY.Detal.
US-7,411,209 08-12-2008  |ENDO.A et al.
US-7,453,065 11-18-2008  |SAITOK et al.

|Us-7,453,087 11-18-2008  [IWASAKI.T

US-7,468,304 12-23-2008  |KAJIN et al.
US-2006/0197092 09-07-2006  |HOFFMAN.R et al.
US-2008/0006877 01-10-2008  |MARDILOVICH.P et al.
US-2006/0228974 10-12-2006  |THELSS.S et al,
US-2002/0132454 09-19-2002 [OHTSU.S et al.
US-2009/0152541 06-18-2009  |MAEKAWA.S et al.
US-2006/0091793 05-04-2006 |BAUDE.P et al.

FOREIGN PATENT DOCUMENTS

Examiner Cite Foreign Patent Document Publication Date Name of Patentee or Reles:g?;"ag:laugrzg?)'rLFieneTes;/aWn?g:ures -
Initials* No.! Country Code® -Number* -Kind Code® (if known) MM-OD-YYYY Applicant of Cited Document Appear

JP-2003-086808A 03-20-2003 Abst.
JP-63-210022A 08-31-1988 | Full
JP-63-210023A 08-31-1988 Full
JP-63-210024A 08-31-1988 » Full
JP-63-215519A 09-08-1988 Full
JP-63-239117A 10-05-1988 Full

Examiner Date

Signature Considered

*EXAMINER: [nitial if reference considered, whether or not citation is in conformance with MPEP 609, Draw fine through citatian if not in conformance and not cansidered. Include copy of this
form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents atwww.uspto.gov or MPEP

901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperar
must precede the serial number of the patent document. 5 Kind of document by the appropriate symbels as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant
is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the
completed application form to the USPTO, Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT 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 (1-800-786-8199) and select opfion 2.
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PTO/SBIOBA (07-06)

Approved for use through 03/31/2007. OMB 0851-0031
) 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 contains a valid OMB control number.

Substitute for form 1449/PTO

Complete if Known

INFORMATION DISCLOSURE peeeenirs Jlf'y’fgggf .
STATEMENT BY APPLICANT |rirsimenr Shinya SASAGAWA
Art Unit 2813
(Use as many sheets as necessary)
Examiner Name
Sheet | 6 | of l 15 Attorney Docket Number 0756-10540
U.S. PATENT DOCUMENTS
. B Document Number - Pages, Columns, Lines, Where
Examiner | i T —— TVMBOTY | ApolcaniofGied Documen | RNt Paseeges o Revan
US-2001/0046027 11-29-2001 TALY et al.
US-2006/0035452 i 02-16-2006 CARCIAP et al.
Us-7,501,293 03-10-2009 ITO.Y et al.
US-2006/0244107 11-02-2006 SUGIHARA.T et al.
US-7,211,825 05-01-2007  |SHIH.Y et al. -
US-2005/0017302 01-27-2005 HOFFMAN.R
US-5,731,856 03-24-1998 KIM.D et al.
US-5,744,864 04-28-1998 CILLESSEN.J et al.
US-2003/0218222 11-27-2003  |WAGER II.J et al. -
US-7,674,650 03-09-2010 AKIMOTO.K et al. )
US-6,563,174 05-13-2003 KAWASAKI.M et al.
B US-7,385,224 06-10-2008  [ISHILH et al.
US-2007/0152217 07-05-2007 LAI.C et al.
US-2009/0068773 03-12-2009 LAI.C et al.
Us-7,732,819 06-08-2010 AKIMOTO.K et al.
US-2006/0043377 03-02-2006 HOFFMAN.R et al. ]
US-2009/0278122 11-12-2009 HOSONO.H et al.
US-2009/0280600 11-12-2009 HOSONO.H et al.
US-2008/0152506 © 06-18-2009 UMEDA K et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Publication Date Name of Patentee or ::I%?/Zn?g:gz;gg?;;geaﬁ 0
Initials* No.! Country Code® -Number* -Kind Cade® (if known) MM-DD-YYYY Applicant of Cited Document Figuras Appear
JP-63-265818A 11-02-1988 Full
EP-1737044A 12-27-2006 Eng.
EP-2226847A 09-08-2010 Eng.
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard 8T.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. § Kind of document by the appropriate symbols as indicated on the document under
WIPQ Standard ST.18 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTC to
process) an apglication. Confidentiality is governed by 36 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complets, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upan the individual case. Any comments on the amount of time you require to compiete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.Q. Box 1450, Alexandria, VA 22313-
1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1460, Alexandria, VA 22313-1460.

If you need assistance in compieting the form, call 1-800-PT0-8199 (1-800-786-9199) and select opfion 2.
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PTO/SB/O8A (07-06)
Approved for use through 03/31/2007. OMB 0661-0031
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 contains a valid OMB control number.

Substitute for form 1448/PTO Complete if Known
INFORMATION DISCLOSURE receenme Jll“y’eg g’g‘f :
STATEMENT BY APPLICANT First Named Inventor Shinya SASAGAWA

Art Unit 2813
(Use as many sheets as necessary)
Examiner Name
Sheet | 7 I of ‘ 15 Attorney Docket Number 0756-10540

U. 8. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Date Name of Patentae or szlg;zn?g:sn;;‘egg?zx?;
Initials* No.! Number-Kind Codg? & krewn) MM-DD-YYYY Applicant of Cited Document Figures Appear
US-2010/0092800 04-15-2010 ITAGAKI.N et al.
US-2010/0108002 05-06-2010  |ITAGAKLN et al.
US-2010/0065844 03-18-2010 TOKUNAGA.K

FOREIGN PATENT DOCUMENTS

Examiner | Cite Foreign Patent Dacument Publication Date Name of Patentee or Pages, Golumns, Lines, Whers
nials | No.' MM-DD-YYYY |  Applicantof Cited Document | Felevant Passages or Relevant ™
. Country Code® -Number® -Kind Code® (if known) PP Figures Appear
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. include
.copy of this form with next communication to applicant. 1 Applicant's unique citation designation number {optional). 2 See Kinds Codes of USPTQO Patent Documents at
www.uspto.govor MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must preceds the serial number of the patent document. & Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT 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 (1-800-786-9199) and select option 2.
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PTO/SB/OBA (07-06)
Approved for use through 03/31/2007. OMB 0851-0031
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 contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
INFORMATION DISCLOSURE et Jlfy’fjjgf .
STATEMENT BY APPLICANT First Named Inventor Shinya SASAGAWA

Art Unit 2813
(Use as many sheets as necessary)
Examiner Name
Sheet | 8 I of I 15 Attorney Docket Number 0756-10540

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/337,583
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 OFR 1.16(a), (5), or (6)) 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)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) 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 =
w (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.

BLUEHOUSE EXHIBIT 1002

Page 169 of 266




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
14/337,583 07/22/2014 2811 1600 0756-10540 20 3
CONFIRMATION NO. 7546
31780 FILING RECEIPT
Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive R MR M
0000000699349

Suite 20 North
Fairfax, VA 22033

Date Mailed: 08/01/2014

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)
Shinya SASAGAWA, Chigasaki, JAPAN;
Hideomi SUZAWA, Atsugi, JAPAN;
Applicant(s)
Semiconductor Energy Laboratory Co., Ltd., Atsugi-shi, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 31780

Domestic Priority data as claimed by applicant
This application is a DIV of 13/716,891 12/17/2012 PAT 8790961

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 2011-282438 12/23/2011

JAPAN 2011-282511 12/23/2011

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

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: 07/31/2014
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/337,583

Projected Publication Date: 11/13/2014
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME
Preliminary Class

257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 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.
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PTQ/AIA/15 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

UTILITY Attorney Docket No. 0756-10540

PATENT APPLICATION First Named Inventor Sh|nya SASAGAWA et al.
TR A N S M l TT A L Title SEMICONDUGTOR DEVIGE AND METHOD FOR MANUFACTURING THE SAME;

\' (Only for new nonprovisianal applications under 37 CFR 1.53(b)) Express Mail Label No.
APPLICATION ELEMENTS Commissioner for Patents
See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO: P.O. Box 1450
Alexandria, VA 22313-1450
1.[] Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS

(PTO/SB/17 or equivalent)

2. D Applicant asserts small entity status. : 10. D Assignment Papers
See 37 CFR 1.27 {cover sheet & document(s))

Name of Assignee

3. D Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4.' Specification [Total Pages 54 1 11. 37 CFR 3.73(c) Statement Power of Attorney
Both the claims and abstract must start on a new page. (when there is an assignee)
(See MPEP § 608.01(a) for information on the preferred arrangement) 12. I:' English Translation Document
5. Drawing(s) (35 U.S.C. 113) [Total Sheets 17 (if applicable)
6. Inventor’s Oath or Declaration [Total Pages 4 13. I:I Information Disclosure Statement
(including substitute statements under 37 CFR 1.64 and assignments (PTO/SB/08 or P_TO-1449)
serving as an oath or declaration under 37 CFR 1.6_3{e)) [:I Copies of citations attached
a. D Newly executed (original or copy) 14, D Preliminary Amendment
b. A copy from a prior application (37 CFR 1.63{d)} 15, D Return Receipt Postcard
7.[ ] Application Data Sheet  * see note below. . {MPEP § 503) (Should be specifically itemized)
See 37 CFR 1.76 (PTO/AIA/14 or equivalent) 16. D Certified Copy of Priority Document(s)
8. CD-ROM or CD-R {if foreign priority is claimed)
in duplicate, large table, or Computer Program (Appendix) 17. D Nonpublication Request

I:I Landscape Table on CD Under 35-U.5.C. 122(b}{2){B}{i). Applicant must attach form PTO/SB/35
or equivalent.

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required) 18. D Other:

a. D Computer Readable Form (CRF) ‘
b.D Specification Sequence Listing on:

i. D CD-ROM or CD-R (2 copies); or

i.[ ] paper

c. D Statements verifying identity of above copies

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet {ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b)}.

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 31780 OR I:l Correspondence address below

Name Robinson Intellectual Property Law Office, P.C.

Address | 3975 Fair Ridge Drive, Suite 20 North

City Fairfax State [VA Zip Code |22033

Country |US Telephone | 571-434-6789 Email | erobinson@riplo.com

S

(" Signature P A— | pate July 22, 2014

Name . . Registration No.
\_(Print/Type) Eric J. ROblnSO.n (Attorney/Agent) 38,285 ).

This collection of information is required by 37 CFR 1.53(b}. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Privacy Act Statement

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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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 callection of information unless it displays a valid OMB contral number.

STATEMENT UNDER 37 CFR 3.73(c)
Semiconductor Energy Laboratory Co., Ltd.

Applicant/Patent Owner:

Application No./Patent No.: Filed/Issue Date: July 22, 2014

Titled: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Semiconductor Energy Laboratory Co., Ltd. _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):

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

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

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

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

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

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 029484 , Frame 0026 , or for which a copy
thereof is attached.

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

1. From: To:

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

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

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

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PTO/AIA/96 (08-12)

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

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

Under the Paperwork Reduction Act of 1985, 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.

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

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

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

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

2 - July 22, 2014

Signature Date
Eric J. Robinson Reg. No. 38,285
Printed or Typed Name v Title or Registration Number

[Page 2 of 2]

BLUEHOUSE EXHIBIT 1002
Page 176 of 266




Privacy Act Statement

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

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

1.

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

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

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

A record in this system of records may be disclosed, as a routine use, to a coniractor of the Agency -
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under

-authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA

regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/80 (D7-12)

Approved for use through 11/30/2014. OMB 0651-0035

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

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attomey given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:
. Practitioners assaciated with Customer Number:
M 31780
OR
I____—I Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):
Name Registration Name Registration
Number Number

As attomey(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications a ssigned only to the undersigned according to the USPTO assignment records or assignments docu ments
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the aftached statement under 37 CFR 3.73(c) to:

The address associated with Customer Number: 31780
OR

Firm or
Individual Name

Address

City
Country

Telephone Email

Assignee Name and Address: SEMICONDUCTOR ENERGY LABORATORY CO., LTD.
398, HASE, ATSUGI-SH!
KANAGAWA-KEN 243-0036
JAPAN

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/SB/96 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee

Signature W LM. pate 7/ 2/ /20/2
Name | Dr. Shunpel Yamézaki // Telephone 81-46-270-1170
Title President

e
This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is govemned by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to compiete, 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 CR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissloner for Patents, P.O. Box 1450, Alsxandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PTO-3199 and select option 2.
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Privacy Act Statement

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

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

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

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

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

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

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disciosed, as a routine use, to the international Bureau of the World Intellectual Property
QOrganization, 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 histher 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. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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PTO/AIA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

) ) Attorney Docket Number | 0756-10540
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SEMICONDUCTOR DEVICE AND METHCD FOR MANUFACTURING THE SAME

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Shinya SASAGAWA
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City  |Chigasaki Country of Residence i Jp

Mailing Address of Inventor:

Address 1 c/o Semiconductor Energy Laboratory Co., Ltd.

Address 2 398, Hase

City Atsugi-shi, Kanagawa-ken | State/Province |
Postal Code 243-0036 | Country i | P

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Hideomi SUZAWA
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service

City | Atsugi Country of Residence i Jp

Mailing Address of Inventor:

Address 1 c/o Semicenductor Energy Laboratory Co., Ltd.

Address 2 398, Hase

City Atsugi-shi, Kanagawa-ken | State/Province |
Postal Code | 243-0036 | Country i JP

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:
BLUEHOUSE EXHIBIT 1002
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 0756-10540

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 31780

Email Address erobinson@riplo.com | AddEmail | [Remove Email

Application Information:

Title of the Invention SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME
Attorney Docket Number| 0756-10540 Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 17 Suggested Figure for Publication {if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b}, the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. Inereby request that the attached application not be published under

[] 35U.8.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: () Customer Number (© US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 31780 BLUEHOUSE EXHIBIT 1002
Page 18T of Zbb
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 0756-10540

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(g), 120, 121, or 365(c) or indicate National Stage

entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Division of 13716891 2012-12-17
Additiona_l Demestic Benefit/National Stage Data may be generated within this form v
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) Ithe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and {2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

[ Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Access Code (if applicable)
2011-282438 JP 2011-12-23
| Remove I
Application Number Country i Filing Date (YYYY-MM-DD) Access Code (if applicable)
2011-282511 JP 2011-12-23
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 0756-10540

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority tc or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 cr 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Autherization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Froperty Office {(KIPQO), the World Intellectual Froperty Office {WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPQO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.8.C. 119(a)-{d) if a copy of the foreign application that satisfies the cettified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c}, access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 0756-10540

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignhee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(&) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventaor :

If the Applicant is an Organization check here.

Organization Name

Semiconductor Energy Laboratory Co., Lid.

Mailing Address Information:

Address 1 398, Hase

Address 2

City Atsugi-shi, Kanagawa-ken State/Province

Country il Jp Postal Code 243-0036
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assighee is an Organization check here. ]
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 0756-10540

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

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

Signature |/Eric J. Robinson/ Date (YYYY-MM-DD)| 2014-07-22
First Name | Eric J. Last Name | Robinson Registration Number | 38285
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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.5.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 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.S5.C. 552)
and the Privacy Act (& 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 records.

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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PTQ/AIA/OT (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

BT —42—M37 CFR 1.76) 4>~ AUEE 2R HEEE# (37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76)

REOEF
Title of SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME
Invention

TRREHEECTHARIL, DFOEMNEBTELEY,
As the below named inventor, | hereby declare that:

Faged IZj BHERTLG, HBLIE
is directed to: The attached application, or
D REHE. H5HNMT [THBESh - PCTHERRESE ELTHEZhTWS1OICHTOAT
[AY:3- 2
United States application or PCT international application number filed on

LROHBEIHBE. HAVERAEREFESLELOICE->TITFLA L0 T,
The above-identified application was made or authorized to be made by me.

REFHEEPHOONILELLORBAE. HOHMILLLLORRARAB T,

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

AEEFICHEVCHECREAOBRLITEToHBEIX 18U.S.C. 1001 i2&Y, SIEHAVIBRERG)IEOEEH., HALMITOHAICLLHAOH
REGDIEETBHET,

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

B
WARNING:

HREMREEE 1D SHENTILSLBEANSE FHUEEEPICETALELS, FEMBECTT. HERNER . SITOEES. $30EILSuk
A—FESOLIEBABROREI (ZRWEENELE MIFHIVEIL S FEHBEEHTHD PTO-2038 ~OEALHSNELT)
USPTOCKEIFAEM) L. HESH BV EHEREOSX TL osnERLTUER A, COLIAEAERS USPTO ICRITAREICEEhAILN
BUES, REREHEE L, USPTO ICHRERH T 2RI LCERL. tLH IR HITEL. i thiStYE A, SEEHEEIE. SHHEDR
BRI, HEAOXR. HHULITREFE ST, (37 CFR 1.213(a) OBGIZABL-FLMBAMPEZOUNCHSN TV BIBEERE) . —BAA
AFTECHOLEHIEEH > TH{SEAHYFE T, TS, MBS RBSNRERTH>TH, TOHEALMEN L. HINIHHH T HEhi-HE
BPICBELLTERENTUAEER. —BADAFHTERLUIBSHNBYET IMIFBLUIL Sy A—FRERETHY . TRV ERDHIZ
Riishi- PTO-2038 BAIHBEI7ANIERFBEA T LiboT—RANAFTILLETEEHA,

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

REZOFEAESR

LEGAL NAME OF INVENTOR
REE: B EE): .
Inventor: Shinya SASAGAWA Date (Optional) - I l / 27 / 20 | A
Sinature Shinya SASAGAWA

s HETF—2—HPTOAIN14 HHVETDRESERM) (. BEAOBETHIHLEOGEEEH. EREISERTIL AEBRRORAFI LS
PTO/SB/AIACT AR%FERIT 5.

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.

Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to fite (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individuat 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:
Comimissloner for Patents, P.O, Box 1450, Alexandrla, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT(-9199 and sefect option 2. BLUEHOUSE EXHIBIT 1002
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TS5AN—FRELEFRE

1974 75103 —F% (PL. 93-579)F . ¥ HEH ISR HICET A FATEEORHIZEELT.
REFBIHELICEZLNALIBVELTVET, LI=AT. FEROBEICLEHALY, FEROZEALE
BEL TZEL, (1) FBERONEFET HEHIE 35 US.C. 2(b)(2)TT . (2) ROLhI-IEHRDIZHIT,
FAOREETT . ESoITF. () KEHFHEFTHCOERLERTITEMNEL. B HEH-IIHSD
RHEELEL, HOIVWEBEETLHLHTT . ROSWIEREFRHBLON--58E . RESTFEEFIZESN
SNFLOENE, BEETEGLIEENHYETOT. FOHRBLLT. RBOITLEYY . HAWLITHED
HEE. HONIFFERDIRHIEAHYET,

FRAMBICEHSN BRI, TEDAEFEHABMICRLET,

1. FAKICEHSOTOHFRIL. FRABE (5 U.S.C.552) BLUTSA/L—F#:E (5U.8.C
552a) M AT HHEEICHEVTERIRLEAUET . KBFEVATLADREIL. ZRESORTNAE
BAREATERIATLEINELIFHE T 20, SEEEICHFRSWIES A HYET,

2. FEKVATLORFIIBAFRFEHENELT. REXSFFEITBHIRHAAELT~OBRRESH.
SN RTRELTEE. THEHUE. HOWNVITRENFRIZEFEhIEENHYET,

3. FEFRATLTORKILFEEREMNEL T, BRICHETHIEAHLZYTI0FICELC. kES
BRI EBAEETLIES. AAOHEE2EF I IXESES ICHATRSNIEENHYET,

4. FEFRATLPORRITEEFRENLLT. BRENITIIOICETOBRELELT D AFF
DEHEFBICHATINDIGEENHYE T, FHROZEEIL 5 U.S.C. 552a(m) [ZETE 1974 TS5
AN —ZDREBEHSEFIBFLETRIERYEREA.

5. B AENOLLETCHESW-EREBICET2REHATFLARNDOEE . BEERAMEL
T.HHRAEHNICE DS HRAMNMAEESBICEARINDBENHYET,

6. FEFVATLORFTERFEHEMLLT. BRELHERE (35U.S.C. 181) IZLIBEEE &
URFHZE (42U.S.C.218(c) ICHETI<EEBOBEMIZE LT, O EMBAFEBICEREINS
BEbhYET,

7. FEEVATLOREIIBEFERABMAELT.44U.S.C. 2904 BRI 2906 IZH I PHESEIET
BRUTATILOBRELFHRTH-HIZ. k—BHAZREE (GSA)ZLY, HEBEOFEN—EHEL
TAOLNLEEOBRERBE DRI, GSA ( FXTOHEBAHREShIBELNHYEST., LRD
FRIE. ZEMO-OOREFREFRET S GSA . RUBE (GSA HHLITHHE) 05
FIZFEBL TIThIFET., D SERIZ. BAZBETIENOILLIFRSATIIRYER A,

8. FEHATLORRIIBEFHEMELT. 35 U.S.C. 122(b) IcESHEBELABEEHILIL 35
U.S.C. 151 ICE S RTRIC. —RICBETINIBELHYET . SRR BEFHENE
LT.37CFR 1.14 OHEOLEHN T, HEALGIA TEIRESA., F-EFF0NEBHIKRLTEY. &
EMOEFNAHAHBETERIA TV, B HEA—BEBEOLHICARSh TO A, =038
HONRITENTVWSGEIE., —BIZAShIERBYET,

9. FREHEVATLORFIZ. BEFERENELT KEESEIERS., Z8OEROERELE. HH 0
TERAENICERAHLEHEFLGE X, EB. M. F-1XhFEAKROEREIZHTINIBESA
HyU%Ed,
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PTO/AIA/OT (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it contains a valid OMB control number.

BT —2—M37 CFR 1.76) 2~ - RARUVEESSHEEE # (37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76)

EHADEH
Tite of | SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

Invention

TRERHBTHOIFIZ. 2FOTELHEBELET.
As the below named inventor, | hereby declare that:

=g
ﬁi ;cgaraﬁon m BTN, E.é L?k’t
is directed to: The attached application, or
D REHE. HHLE IcHEeh - PCTEHRERS ELTHRBREhTWAR0ICRTOAT
WET,
United States application or PCT international applicationnumber _~~~~ filed on

LROEEITHB S, HOWIEFEBEFRELELOIZL>TITOIELD T,
The above-identified application was made or authorized to be made by me.

FEFERRRICHODNHLELLORES, HIVFLLLEOXFARBE T,

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

FEZRI-BVTHEBICRBOBRLITET>IBEI1E 18U.S.C. 1001 (T&Y. AIZHINIBELE)EQOZEN. HAVVTFORAI-ESHH O
FELDHIELERBOET.

I hereby acknowledge that any wiliful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

gL
WARNING:

HEBMLERE 1D EREMITALILEARRE, HAEREFEDIISFLVES. FEMDETY . HAEESES . SFORES HIL0 LT
I FEBOLSTBARBORH T GEIVEEKELE MIFEHAVRIL 9 —FERBRERTHS PTO-2038 ~DRALZHALLT)
USPTOCKERFEEMIL. HEHIVVIHERBEOIZ TL 20 ERLTUWER A, COLIGHEAR#RH USPTO CBHTAEEI-SThal M
GOES, HEEMERE L. USPTO ICHERZRIBT AR LCGEEL., LS IBSIEETEL. il thIdhvEt 4. BES/LES L. §HHEOR
BREL. HEOAHK. HALERHEM#IE. (37 CFR1.213(a) ORHICAHL-EAHBH N BFROLMTHERTVSBEERE). —BAA
AFAREGLOERDIEEFH->THELDHEMNBYET . SOIC. HEMBREIW 2R TH-o T, FOHEN 2 BEh, HAMIEHAZFEnHE
FHRICBELELTERSATLIBEE., " BRADAFENRARH LGRS RABYVET ., MNIFELUIL Db A—FRBRKCHY . IO BO-HI
BiEhiz PTO-2038 BRITHET 7T BRHEEAT Lo T—BANAFTTHI LRI TEEEA,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available ta the
public after publication of the appfication {unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent {see 37 CFR 1.14). Checks and credit card authorization forms PT0O-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

REZFOERRSE
LEGAL NAME OF INVENTOR

smE: Bt (E8): {/ '
Inventor: Hideomi SUZAWA Date {Optional) : ! 29 / 2o/ >

FE4:
Signature: @(M Lp %{J/‘ﬁ)
#E: HET—2>—~FPTO/AIA14 HIVZTORSERAN) . RHOBTRILSEORRESH. FAPITHEMHTIL, EBRAOREE DL

PTO/SB/AIAD1 FIt#EMAT 5.
Note: An application data sheet (FTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application, Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 1 minute 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, Alexandsia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND TO:
Commissloner for Patents, B.O. Box 1450, Alexandria, VA 22313-1450.

i you need assistance in completing the form, call 1-800-PT0-9199 and select option 2Z2BLUEHOUSE EXHIBIT 1002
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TS5ANO—REEZEFRE

1974 F£TS5AN—RHEE (PL. 93-579) L. HHFHEHIVXHFIZETIFAEFEOERBIZEELT.
REBRLSHUEIZEZONDIIBELTVET, LE=A->T, BEEROBREICLELSL., FROZENSHE
BEERLTZE0L, (1) FFROIELETHERIEL 35 US.C. 20)(2)TT . (2) ROLh-1EROIBEIL.
AADEETY, SHIZE. ) XERHFEEFIFCOEREFERTIIENL. HHHET-EEED
REFWNEL, HAINEIEETI-HTT . ROSNI-EREZIRELANS-5HE . RESHFEIEFIZIRH
Shi-HOFNE BEETELRGIEANHYETOT. FOHRELLT. REDOITLEYIY . HALVIEED
WE. HHNIFHF LR DIENHYFET,

FRAMRICEH S -FRT. TROBEEREMNICHEOET,

1.

FAMICERHE SN TV DERIL. HHRAME (5 US.C.552) BLUTSM/U—REE (5U.S.C
552a) M AT HHEICHELTEBIRLEHVET, KRBBATLDERIT. XERFOMTIE
BARETERIN TV AMEHFHEHTH-0IZ, BEAICRTINABELHUET,
AEFRVATLOEZGIIEEFRAENELT, RAXSFIEIETIRAAFEBEL~OBRTESD.
MO RELTER. TEHE. HAWLMIITHREHRICHRENA2E81HYET,
AEFGFVRATLPORGITEEEABNELT. BRICEHTIEANZNTIEEICELT, kKBS
BEICEEEEFT 58 BEAOESL2EHETIKEARBRICRATENSBARHYET.,
AEFATLIOREFIEEFEABNELT. BHERITTEI-DIZZEOBRELELT D EF
DEVEBICRRENSEELHYET . FHOZEHE (L5 U.S.C. 552a(m) [ETE 1974 75
AN —EZOREERFBFLETRIERYERA,

BB AFHOLECHESN -EREEICET35R8HE ATLAORRE EEFEHEMNEL
T.HHFBHENICEOE HANMAEIEBBICATINESABYETS,
FREF|VATLOBFIEEFHEMNELT. ERRLEKRE B5U.5.C.181) [TLZEEE . b&
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DESCRIPTION

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE
SAME

TECHNICAL FIELD
[0001]
The present invention relates to a semiconductor device typitied by a transistor

and a method for manufacturing the semiconductor device.

BACKGROUND ART
[0002]

Transistors in which a semiconductor material is deposited over a substrate
having an insulating surface to be used as an active layer (hereinafter referred to as
deposited-film transistors) have been researched. A silicon-based semiconductor
material such as amorphous silicon has been conventionally used as an active layer;
however, attention is focused in recent years on research on transistors in which an
oxide semiconductor material is used as an active layer. This is because a transistor in
which an oxide semiconductor material is used as an active layer (hereinafter referred to
as an oxide semiconductor transistor) has higher on-state current and lower off-state
current than a transistor in which amorphous silicon is used as an active layer.

[0003]

Further, there have been attempts to develop a semiconductor device which
functions as a memory or the like by forming an oxide semiconductor transistor having
the above features in a layer different from a transistor including single crystal silicon,
and the like (Patent Document 1 and Non-Patent Document 1). In the structure of such
a semiconductor device, the transistor in the upper layer is preferably a bottom-gate
transistor. This is because a wiring which electrically connects the transistor in the
lower layer can serve also as a gate electrode of the transistor in the upper layer.
[References]

[Patent Document]
[0004]
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[Patent Document 1] Japanese Published Patent Application No. 2011-238333
[Non-Patent Document]

[0005]

[Non-Patent Document 1] K. Kaneko et al., "Highly Reliable BEOL-Transistor with
Oxygen-controlled InGaZnO and Gate/Drain Offset Design for High/Low Voltage
Bridging I/0O Operations", [EDM 2011, pp.155-158.

DISCLOSURE OF INVENTION
[0006]

In the above semiconductor device, which includes a plurality of transistors in
a plurality of layers, the bottom-gate transistor formed in the upper layer is preferably a
deposited-film transistor. This is because an active layer can be easily formed by
deposition, which facilitates manufacture of the semiconductor device.
[0007]

Conventional semiconductor devices which include a plurality of transistors in
a plurality of layers and in which a bottom-gate transistor is formed in the upper layer
are ecasy to manufacture, but do not have sufficient performance capabilities as
semiconductor devices. This is because the bottom-gate transistor in the upper layer
does not have sufficient electric characteristics. For example, in a memory using a
semiconductor device which includes a plurality of transistors in a plurality of layers, a
transistor which performs writing to the memory does not have sufficient writing
capability or the like when the transistor is a deposited-film transistor. This is because
the bottom-gate transistor in the upper layer does not have sufficient electric
characteristics, particularly because the on-state current is lower than that of a transistor
in which bulk silicon is used as an active layer. Therefore, it is necessary to increase
the on-state current of the deposited-film transistor. One method for achieving this is
to use the bottom-gate transistor whose channel length is reduced (for example, to about
30 nm). Note that a photolithography process using an electron beam is necessary for
reducing the channel length to less than 30 nm.
[0008]

In order to reduce the channel length of a bottom-gate transistor whose source

electrode and drain electrode are formed by separating one conductive layer using a
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photolithography process, the thickness of a resist needs to be less than or equal to the
desired channel length. Meanwhile, the thickness of the resist is reduced during the
etching step of the conductive layer. Therefore, the thickness of the conductive layer
needs to be set such that the conductive layer can be separated before the resist is
removed in the etching step.

[0009]

On the other hand, there is a limitation on reduction in the thickness of the
conductive layer because the source electrode and the drain electrode of the transistor
preferably have low electric resistance.

[0010]

As described above, it is difficult to reduce the channel length of the
bottom-gate transistor while suppressing the electric resistance between the source
electrode and the drain electrode.

[0011]

An object of one embodiment of the present invention is to provide a
bottom-gate transistor with a short channel length. Another object is to provide a
method for manufacturing a bottom-gate transistor with a short channel length.

[0012]

The inventors have focused on the structure of the source electrode and the
drain electrode of the bottom-gate transistor. Thus, the inventors have devised a
structure in which portions of the source electrode and the drain electrode which are
proximate to a channel formation region are thinner than other portions thereof.

[0013]

The inventors have also devised a method in which the portions of the source
electrode and the drain electrode which are proximate to the channel formation region
are formed in a later step than the other portions thereof.

[0014]

Further, the inventors focused on the following phenomenon: steps which are
caused between a portion proximate to the channel formation region and the other
portions by the formation of the other portions (i.e., portions other than the portions
proximate to the channel formation region) of the source electrode and the drain

electrode cannot be covered with a resist at the time of the formation of the portions of
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the source electrode and the drain electrode which are proximate to the channel
formation region. Thus, the inventors have devised a method for manufacturing a
bottom-gate transistor with a short channel length, which includes the steps of: covering
the steps with an insulating layer, planarizing the insulating layer, forming a hard mask
layer over the planarized insulating layer, and separating the portion proximate to the
channel formation region with the hard mask layer.

[0015]

Specifically, one embodiment of the present invention is a method for
manufacturing a semiconductor device, including the steps of: forming a gate electrode
layer over an insulating surface; forming a gate insulating layer on and in contact with
the gate electrode layer; forming an oxide semiconductor layer overlapping with the
gate electrode layer on and in contact with the gate insulating layer; forming a
conductive layer covering the oxide semiconductor layer on and in contact with the
oxide semiconductor layer; forming, on and in contact with the conductive layer, a first
low-resistance material layer and a second low-resistance material layer apart from each
other with the gate electrode layer provided therebetween; forming a first protective
layer on and in contact with the first low-resistance material layer, the second
low-resistance material layer, and the conductive layer; planarizing the first protective
layer; forming a hard mask layer on and in contact with the planarized first protective
layer; forming, on a surface of the hard mask layer, a resist pattern including an opening
pattern portion in a region that is between the first low-resistance material layer and the
second low-resistance material layer and overlaps with the oxide semiconductor layer;
etching the hard mask layer using the resist pattern to form an opening pattern; etching
the first protective layer using the hard mask layer including the opening pattern as a
mask until the conductive layer is exposed; etching the conductive layer using the hard
mask layer and the first protective layer including the opening pattern as masks to
separate the conductive layer into a first conductive layer and a second conductive
layer; and filling an opening in the first protective layer with a second protective layer.
[0016]

The steps between the portion proximate to the channel formation region and
the other portions are planarized with an insulating layer, and then, a hard mask layer is

formed and a resist for forming an opening is applied on the hard mask layer. Since
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the surface on which the resist is to be applied is flat, the resist can be uniformly formed,
which prevents a region which cannot be covered with the resist from being formed and
enables the resist to be thinly and uniformly formed. Thus, an opening pattern with a
small line width can be formed with the resist over the hard mask layer.

[0017]

As described above, a transistor with a short channel length can be formed by
processing a conductive layer with the use of a hard mask layer. Even when the resist
is removed during the processing, a problem in that processing cannot be performed
after the removal is prevented owing to the hard mask layer. This is because the hard
mask layer serves as a mask for the processing of the first protective layer and the
conductive layer. Note that the hard mask layer can be formed using a film which is
not easily etched under conditions for etching the first protective layer and the
conductive layer.

[0018]

Through the above steps, the conductive layer for forming the source electrode
and the drain electrode can be provided with an opening with a minute pattern. Thus, a
bottom-gate transistor with a short channel length can be manufactured.

[0019]

Another embodiment of the present invention is a method for manufacturing a
semiconductor device, including the steps of: forming a gate electrode layer over an
insulating surface; forming a gate insulating layer on and in contact with the gate
electrode layer; forming an oxide semiconductor layer overlapping with the gate
electrode layer on and in contact with the gate insulating layer; forming a conductive
layer covering the oxide semiconductor layer on and in contact with the oxide
semiconductor layer; forming a low-resistance material layer on and in contact with the
conductive layer; forming a wiring protective layer on and in contact with the
low-resistance material layer; forming a first wiring protective layer and a second
wiring protective layer apart from each other with the gate electrode layer provided
therebetween by processing the wiring protective layer; forming a first low-resistance
material layer and a second low-resistance material layer apart from each other with the
gate electrode layer provided therebetween by processing the low-resistance material

layer, the first low-resistance material layer being in contact with the first wiring
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protective layer and the second low-resistance material layer being in contact with the
second wiring protective layer; forming a resist pattern including an opening pattern
portion in a region that is between the first low-resistance material layer and the second
low-resistance material layer and overlaps with the oxide semiconductor layer; etching
the conductive layer using the resist pattern to separate the conductive layer into a first
conductive layer and a second conductive layer; and filling an opening in the conductive
layer with a protective layer.

[0020]

Through the above steps, the conductive layer for forming the source electrode
and the drain electrode can be provided with an opening with a minute pattern without
the low-resistance material layer being removed during the processing of the conductive
layer. Thus, a bottom-gate transistor with a short channel length can be manufactured.
[0021]

In the method for manufacturing a semiconductor device according to one
embodiment of the present invention, the thickness of the low-resistance material layer
is not reduced and the surface of the low-resistance material layer is not damaged during
the processing of the conductive layer for forming the source electrode and the drain
electrode. Therefore, the wiring resistance of the low-resistance material layer is not
increased. The low-resistance material layer can be used as a wiring for electrically
connecting the transistor to another semiconductor element. Thus, an integrated circuit
which includes a semiconductor device manufactured by the method can operate at high
speed because wiring delay due to high wiring resistance hardly occurs.

[0022]

Another embodiment of the present invention is a semiconductor device
including a gate electrode layer; a gate insulating layer on and in contact with the gate
electrode layer; an oxide semiconductor layer being on and in contact with the gate
insulating layer and overlapping with the gate electrode layer; a first conductive layer
and a second conductive layer provided on and in contact with the oxide semiconductor
layer apart from each other with the gate electrode layer provided therebetween; a first
low-resistance material layer on and in contact with the first conductive layer; a second
low-resistance material layer on and in contact with the second conductive layer; a first

protective layer on and in contact with the first conductive layer, the first low-resistance
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material layer, the second conductive layer, and the second low-resistance material
layer; and a second protective layer in contact with a part of the oxide semiconductor
layer. In the semiconductor device, a distance between the first conductive layer and
the second conductive layer is shorter than a distance between the first low-resistance
material layer and the second low-resistance material layer. The first conductive layer
and the first low-resistance material layer serve as a source electrode and the second
conductive layer and the second low-resistance material layer serve as a drain electrode.
[0023]

When the above structure is applied to a bottom-gate transistor including an
oxide semiconductor layer, the transistor can have a short channel length and thus can
have high on-state current. Further, since an oxide semiconductor has higher electron
mobility than amorphous silicon, a semiconductor device with high on-state current can
be provided.

[0024]

Another embodiment of the present invention is a semiconductor device
including a gate electrode layer; a gate insulating layer on and in contact with the gate
electrode layer; an oxide semiconductor layer being on and in contact with the gate
insulating layer and overlapping with the gate electrode layer; a first conductive layer
and a second conductive layer provided on and in contact with the oxide semiconductor
layer apart from each other with the gate electrode layer provided therebetween; a first
low-resistance material layer on and in contact with the first conductive layer; a second
low-resistance material layer on and in contact with the second conductive layer; a first
wiring protective layer on and in contact with the first low-resistance material layer; a
second wiring protective layer on and in contact with the second low-resistance material
layer; and a protective layer on and in contact with the first conductive layer, the first
wiring protective layer, the second conductive layer, and the second wiring protective
layer and in contact with a part of the oxide semiconductor layer. In the semiconductor
device, a distance between the first conductive layer and the second conductive layer is
shorter than a distance between the first low-resistance material layer and the second
low-resistance material layer. The first conductive layer and the first low-resistance
material layer serve as a source electrode and the second conductive layer and the

second low-resistance material layer serve as a drain electrode.
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[0025]

When the above structure is applied to a bottom-gate transistor including an
oxide semiconductor layer, the transistor can have a short channel length and thus can
have high on-state current. Further, since an oxide semiconductor has higher electron
mobility than amorphous silicon, a semiconductor device with high on-state current can
be provided.

[0026]

The ends of the wiring protective layers on the channel side might be rounded
through the processing for forming the conductive layers. In that case, the coverage
with the protective layer can be favorable as compared with the case where the ends are
not rounded. The protective layer functions as a passivation film; thus, better coverage
with the protective layer enables moisture or the like to be further prevented from
entering from the outside. This is particularly eftective in a transistor using an oxide
semiconductor, whose electric characteristics are easily affected by moisture or the like
which enters from the outside.

[0027]

In any of the above semiconductor devices, the gate insulating layer is
preferably flat.
[0028]

Planarization of a base insulating layer and the gate electrode layer can prevent
non-coverage of the oxide semiconductor layer due to a step caused by the gate
electrode layer. The planarization is particularly effective when the thickness of the
oxide semiconductor layer is greater than or equal to 5 nm and less than or equal to 30
nm.

[0029]

In any of the above semiconductor devices, a width of the oxide semiconductor
layer in a channel length direction is preferably larger than a width of the gate electrode
layer in the channel length direction.

[0030]

In that case, the oxide semiconductor layer overlaps with the gate electrode

layer in a large area, which enables the oxide semiconductor layer to be supplied with

oxygen more easily from an insulating layer below the oxide semiconductor layer. As
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a result, the initial electric characteristics (e.g., threshold voltage) and reliability in
electric characteristics (e.g., threshold voltage) of the transistor can be improved.
[0031]

Moreover, oxygen vacancies are likely to be formed in the end of an
island-shaped oxide semiconductor layer, and therefore carriers are more likely to be
generated than in other regions thereof. Local generation of carriers in the oxide
semiconductor layer, which is an active layer, causes degradation of electric
characteristics (e.g., threshold voltage) of the transistor.

[0032]

Suppose that the width of the oxide semiconductor layer in the channel length
direction is smaller than the width of the gate electrode layer in the channel length
direction, that is, the end of the island-shaped oxide semiconductor layer is on the inner
side than the end of the gate electrode layer, an electric field is concentrated on the end
of the island-shaped oxide semiconductor layer upon application of a voltage between
the gate electrode layer and the source electrode. Concentration of an electric field on
the end of the island-shaped oxide semiconductor layer, where carriers are likely to be
generated, leads to degradation of electric characteristics (e.g., threshold voltage) of the
transistor.  On the other hand, when the width of the oxide semiconductor layer in the
channel length direction is larger than the width of the gate electrode layer in the
channel length direction as in one embodiment of the present invention, the end of the
island-shaped oxide semiconductor layer is on the outer side than the end of the gate
electrode layer; thus, an electric field is not concentrated on the end of the island-shaped
oxide semiconductor layer upon application of a voltage between the gate electrode
layer and the source electrode.  This can suppress degradation of electric
characteristics (e.g., threshold voltage) of the transistor.

[0033]

According to one embodiment of the present invention, a bottom-gate transistor
whose channel length is short (e.g., 30 nm) and in which an oxide semiconductor layer
is used as an active layer can be manufactured. Further, a semiconductor device

including the transistor as a component can be provided.

BRIEF DESCRIPTION OF DRAWINGS
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[0034]

FIGS. 1A to 1C are a plan view and cross-sectional views illustrating one
embodiment of the present invention.

FIGS. 2A-1 to 2A-3, 2B-1 to 2B-3, and 2C-1 to 2C-3 are plan views and
cross-sectional views illustrating one embodiment of the present invention.

FIGS. 3A-1 to 3A-3, 3B-1 to 3B-3, and 3C-1 to 3C-3 are plan views and
cross-sectional views illustrating one embodiment of the present invention.

FIGS. 4A-1 to 4A-3, 4B-1 to 4B-3, and 4C-1 to 4C-3 are plan views and
cross-sectional views illustrating one embodiment of the present invention.

FIGS. 5A-1 to 5A-3, 5B-1 to 5B-3, and 5C-1 to 5C-3 are plan views and
cross-sectional views illustrating one embodiment of the present invention.

FIGS. 6A-1 to 6A-3, 6B-1 to 6B-3, and 6C-1 to 6C-3 are plan views and
cross-sectional views illustrating one embodiment of the present invention.

FIGS. 7A and 7B are a plan view and a cross-sectional view illustrating one
embodiment of the present invention.

FIG. 8 is a circuit diagram illustrating one embodiment of the present invention.

FIGS. 9A to 9C are a plan view and cross-sectional views illustrating one
embodiment of the present invention.

FIGS. 10A-1 to 10A-3, 10B-1 to 10B-3, and 10C-1 to 10C-3 are plan views
and cross-sectional views illustrating one embodiment of the present invention.

FIGS. 11A-1 to 11A-3, 11B-1 to 11B-3, and 11C-1 to 11C-3 are plan views and
cross-sectional views illustrating one embodiment of the present invention.

FIGS. 12A-1 to 12A-3 and 12B-1 to 12B-3 are plan views and cross-sectional
views illustrating one embodiment of the present invention.

FIGS. 13A and 13B are a plan view and a cross-sectional view illustrating one
embodiment of the present invention.

FIGS. 14A and 14B illustrate an example of a memory device.

FIG. 15 illustrates an example of a memory device.

FIG. 16 illustrates an example of a memory device.

FIGS. 17A to 17C illustrate an example of an electronic device.

BEST MODE FOR CARRYING OUT THE INVENTION
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[0035]

Hereinafter, embodiments of the present invention will be described in detail
with reference to the accompanying drawings. However, the present invention is not
limited to the description below, and it is easily understood by those skilled in the art
that modes and details disclosed herein can be modified in various ways without
departing from the spirit and the scope of the present invention. Therefore, the present
invention is not construed as being limited to description of the embodiments.

[0036]
(Embodiment 1)

In this embodiment, one embodiment of a semiconductor device which can be
manufactured according to the present invention will be described with reference to
FIGS. 1Ato 1C. FIG 1A is a plan view of a transistor 440, FIG. 1B is a cross-sectional
view taken along line A-A'in FIG. 1A, and FIG 1C is a cross-sectional view taken
along line B-B' in FIG. 1A. A channel length L of the transistor 440 is greater than or
equal to 20 nm and less than or equal to 100 nm, preferably greater than or equal to 20
nm and less than or equal to 50 nm, more preferably greater than or equal to 20 nm and
less than or equal to 30 nm. In this embodiment, the channel length L is about 30 nm.
[0037]

The transistor 440 in FIGS. 1A to 1C is a bottom-gate transistor. The
transistor 440 illustrated in FIGS. 1A to 1C includes, over a base insulating layer 436
formed over a surface of a substrate 400, a gate electrode layer 401 provided so as to be
buried in an insulating layer 432, a gate insulating layer 402 over the gate electrode
layer 401, an oxide semiconductor layer 403 over the gate insulating layer 402, a first
conductive layer 454a and a second conductive layer 454b over the oxide
semiconductor layer 403, a first low-resistance material layer 405a on and in contact
with the first conductive layer 454a, a second low-resistance material layer 405b on and
in contact with the second conductive layer 454b, a first protective layer 406 in contact
with the first low-resistance material layer 405a, the second low-resistance material
layer 405b, the first conductive layer 454a, and the second conductive layer 454b, a
hard mask layer 495 in contact with the first protective layer 406, and a second
protective layer 407 over the hard mask layer 495.

[0038]
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First, components will be described below.
[0039]
<Components of the Semiconductor Device>
(Substrate and base insulating layer)

As the substrate 400, a substrate having an insulating surface can be used; a
substrate having at least heat resistance high enough to withstand heat treatment in a
later step is preferable. For example, a glass substrate, a ceramic substrate, a quartz
substrate, a sapphire substrate, or the like can be used as the substrate 400. A single
crystal semiconductor substrate or a polycrystalline semiconductor substrate made of
silicon, silicon carbide, or the like; a compound semiconductor substrate made of silicon
germanium or the like; an SOI substrate; or the like can be used as the substrate 400, or
the substrate provided with a semiconductor element can be used as the substrate 400.
Note that the concentration of impurities such as hydrogen or water in the substrate 400
is preferably low. This is for preventing diffusion of hydrogen or water into the oxide
semiconductor layer 403 so as to prevent degradation of the electric characteristics of
the semiconductor device.

[0040]

As the base insulating layer 436, an oxide insulating layer of silicon oxide,
silicon oxynitride, aluminum oxide, aluminum oxynitride, or the like or a nitride
insulating layer of silicon nitride, silicon nitride oxide, aluminum nitride, aluminum
nitride oxide, or the like can be used, for example.

[0041]
(Gate electrode layer)

The gate electrode layer 401 can be formed using a metal material such as
molybdenum, titanium, tungsten, aluminum, or copper, for example. Alternatively, a
semiconductor layer typified by a polycrystalline silicon layer doped with an impurity
element such as phosphorus, or a silicide layer such as a nickel silicide layer may be
used as the gate electrode layer 401. The gate electrode layer 401 may have either a
single-layer structure or a stacked-layer structure.

[0042]
(Gate insulating layer)

The gate insulating layer 402 can be formed using silicon oxide, silicon
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oxynitride, silicon nitride, or the like. The gate insulating layer 402 is preferably a
silicon oxide layer containing oxygen in a proportion higher than that in the
stoichiometric composition. The gate insulating layer 402 may be a single layer or a
stack of two layers formed using any of the above materials. For example, silicon
nitride and silicon oxynitride, or silicon nitride and silicon oxide can be used.

[0043]

(Source electrode layer and drain electrode layer)

One of the source electrode layer and the drain electrode layer includes the first
conductive layer 454a and the first low-resistance material layer 405a, and the other of
the source electrode layer and the drain electrode layer includes the second conductive
layer 454b and the second low-resistance material layer 405b. The first conductive
layer 454a and the second conductive layer 454b can be formed using a metal such as
tungsten or molybdenum. Tungsten is especially preferred because the ratio of the
etching rate of the first conductive layer 454a and the second conductive layer 454b to
that of the first protective layer 406 can be increased. A stack of aluminum and
titanium, copper, or the like can be used for the first low-resistance material layer 405a
and the second low-resistance material layer 405b. The stack of aluminum and
titanium may be titanium, aluminum, and titanium stacked in this order. In the case of
using copper for the first low-resistance material layer 405a and the second
low-resistance material layer 405b, titanium nitride or the like is preferably provided to
prevent diffusion of copper into an adjacent layer.

[0044]
(Semiconductor layer)

A semiconductor that has a band gap wider than at least that of silicon, 1.1 eV,
can be used for a semiconductor layer of a transistor according to one embodiment of
the present invention; an oxide semiconductor is preferably used. In this embodiment,
the case where the oxide semiconductor layer 403 is used as the semiconductor layer is
described.

[0045]

The thickness of the oxide semiconductor layer 403 is greater than or equal to 5

nm and less than or equal to 100 nm, preferably greater than or equal to 5 nm and less

than or equal to 30 nm. The thickness is set such that the channel length of the
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transistor is reduced while short-channel effect is suppressed.
[0046]

A material that can be used as the oxide semiconductor contains at least indium
(In). In particular, In and zinc (Zn) are preferably contained. As a stabilizer for
reducing variation in electric characteristics of a transistor using the oxide
semiconductor, gallium (Ga) is preferably additionally contained. Tin (Sn) is
preferably contained as a stabilizer. Hafnium (Hf) is preferably contained as a
stabilizer. Aluminum (Al) is preferably contained as a stabilizer. Zirconium (Zr) is
preferably contained as a stabilizer.

[0047]

As another stabilizer, one or plural kinds of lanthanoid such as lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), ytterbium (YD), or lutetium (Lu) may be contained.

[0048]

As the oxide semiconductor, any of the following can be used: indium oxide,
tin oxide, zinc oxide, an In-Zn-based oxide, an In-Mg-based oxide, an In-Ga-based
oxide, an In-Ga-Zn-based oxide (also referred to as IGZ0), an In-Al-Zn-based oxide, an
In-Sn-Zn-based oxide, an In-Hf-Zn-based oxide, an In-La-Zn-based oxide, an
In-Ce-Zn-based oxide, an In-Pr-Zn-based oxide, an In-Nd-Zn-based oxide, an
In-Sm-Zn-based oxide, an In-Eu-Zn-based oxide, an In-Gd-Zn-based oxide, an
In-Tb-Zn-based oxide, an In-Dy-Zn-based oxide, an In-Ho-Zn-based oxide, an
In-Er-Zn-based oxide, an In-Tm-Zn-based oxide, an In-Yb-Zn-based oxide, an
In-Lu-Zn-based oxide, an In-Sn-Ga-Zn-based oxide, an In-Hf-Ga-Zn-based oxide, an
In-Al-Ga-Zn-based oxide, an In-Sn-Al-Zn-based oxide, an In-Sn-Hf-Zn-based oxide, or
an In-Hf-Al-Zn-based oxide.

[0049]

Note that here, for example, an "In-Ga-Zn-based oxide" means an oxide
containing In, Ga, and Zn as its main component and there is no particular limitation on
the ratio of In: Ga: Zn. The In-Ga-Zn-based oxide may contain a metal element other
than the In, Ga, and Zn.

[0050]

BLUEHOUSE EXHIBIT 1002
Page 204 of 266



10

15

20

25

30

15

A material represented by InMO3(Zn0O),, (m > 0, where m is not an integer)
may be used as the oxide semiconductor. Note that M represents one or more metal
clements selected from Ga, Fe, Mn, and Co. Alternatively, a material represented by
In,SnOs(Zn0O), (n > 0, where n is an integer) may be used as the oxide semiconductor.
[0051]

As the oxide semiconductor, an In-Ga-Zn-based oxide with an atomic ratio of
In: Ga: Zn = 1:1:1 (= 1/3:1/3:1/3), In: Ga: Zn = 2:2:1 (= 2/5:2/5:1/5), or In: Ga: Zn =
3:1:2 (= 1/2:1/6:1/3), or an oxide with an atomic ratio close to the above atomic ratios
can be used. Alternatively, an In-Sn-Zn-based oxide with an atomic ratio of In: Sn: Zn
= 1:1:1 (= 1/3:1/3:1/3), In: Sn: Zn = 2:1:3 (= 1/3:1/6:1/2), or In: Sn: Zn = 2:1:5 (=
1/4:1/8:5/8), or an oxide with an atomic ratio close to the above atomic ratios may be
used.

[0052]

However, without limitation to the materials given above, a material with an
appropriate composition may be used as the oxide semiconductor containing indium
depending on needed semiconductor characteristics (e.g., electric characteristics such as
mobility and threshold voltage, and variation in the electric characteristics). In order
to obtain the needed semiconductor characteristics, it is preferable that the carrier
concentration, the impurity concentration, the defect density, the atomic ratio between a
metal element and oxygen, the interatomic distance, the density, and the like be set to
appropriate values.

[0053]

For example, high mobility can be obtained relatively easily in the case of
using an In-Sn-Zn-based oxide. However, mobility can be increased by reducing the
defect density in a bulk also in the case of using an In-Ga-Zn-based oxide.

[0054]

The oxide semiconductor layer 403 is in a single crystal state, a polycrystalline

(also referred to as polycrystal) state, an amorphous state, or the like.
[0055]
It is preferable that the oxide semiconductor layer 403 be highly purified so as

to hardly contain impurities such as copper, aluminum, or chlorine. In the process for
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manufacturing the transistor, steps in which these impurities are not mixed or attached
to the surface of the oxide semiconductor layer 403 are preferably seclected as
appropriate. In the case where the impurities are attached to the surface of the oxide
semiconductor layer 403, the impurities on the surface of the oxide semiconductor layer
403 are preferably removed by exposure to oxalic acid, dilute hydrofluoric acid, or the
like or by plasma treatment (such as N,O plasma treatment). Specifically, the copper
concentration in the oxide semiconductor is lower than or equal to 1 x 10'® atoms/cm’,
preferably lower than or equal to 1 x 10'7 atoms/cm®. In addition, the aluminum
concentration in the oxide semiconductor is lower than or equal to 1 x 10 atoms/cm’.
Further, the chlorine concentration in the oxide semiconductor is lower than or equal to
2 x 10" atoms/cm’.

[0056]

The oxide semiconductor immediately after being deposited is preferably in a
supersaturated state in which the proportion of oxygen is higher than that in the
stoichiometric composition. For example, in the case where the oxide semiconductor
is deposited using a sputtering method, the deposition is preferably performed under the
condition where the proportion of oxygen in a deposition gas is high, in particular, in an
oxygen atmosphere (oxygen gas: 100 %). When the deposition is performed under the
condition where the proportion of oxygen in the deposition gas is high, particularly in a
100 % oxygen gas atmosphere, release of Zn from the film can be suppressed even at a
deposition temperature higher than or equal to 300 °C, for example.

[0057]

The oxide semiconductor is preferably supersaturated with oxygen by
sufficient removal of impurities such as hydrogen followed by sufficient supply with
oxygen. Specifically, the hydrogen concentration in the oxide semiconductor is lower
than or equal to 5 x 10" atoms/cm’, preferably lower than or equal to 5 x 10
atoms/cm’, further preferably lower than or equal to 5 x 10'” atoms/cm®.  Note that the
above hydrogen concentration in the oxide semiconductor is measured by secondary ion
mass spectrometry (SIMS).

[0058]

(Protective layer)
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The first protective layer 406 has a function of protecting the oxide
semiconductor layer 403 from entry of moisture or the like from the outside. The first
protective layer 406 can be formed using a silicon oxide film, a silicon oxynitride film,
or an aluminum oxide film. The first protective layer 406 is preferably formed using a
silicon oxide film, a silicon oxynitride film, or an aluminum oxide film containing much
oxygen. In order to make the first protective layer contain much excess oxygen,
oxygen may be added as appropriate to the first protective layer by an ion implantation
method, an ion doping method, or plasma treatment.

[0059]

The second protective layer 407 has a function of protecting the oxide
semiconductor layer 403 from entry of moisture or the like from the outside. The
second protective layer 407 can be formed using a silicon oxide film, a silicon
oxynitride film, or an aluminum oxide film. The second protective layer 407 is
preferably formed using a silicon oxide film, a silicon oxynitride film, or an aluminum
oxide film containing much oxygen. Alternatively, the second protective layer 407
may include two layers: a third protective layer 407a and a fourth protective layer 407b.
The third protective layer 407a is formed in contact with the oxide semiconductor.
The third protective layer 407a can be formed using an oxide semiconductor film
containing gallium (Ga), a silicon oxide film, a silicon oxynitride film, or an aluminum
oxide film which is deposited with conditions set as appropriate so as to contain much
oxygen. The fourth protective layer 407b is formed in contact with the third protective
layer 407a. The fourth protective layer 407b can be formed using a silicon oxide film,
a silicon oxynitride film, or an aluminum oxide film containing much oxygen. In
order to make the second protective layer contain much excess oxygen, oxygen may be
added as appropriate to the second protective layer by an ion implantation method, an
ion doping method, or plasma treatment.

[0060]
(Hard mask layer)

The hard mask layer 495 is preferably a film that is not easily etched under
conditions for etching the first protective layer 406. This is because the hard mask
layer 495 is used as a mask in the etching of the first protective layer 406. The hard

mask layer 495 is preferably formed using amorphous silicon, which can be deposited
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by a PCVD method or a sputtering method.
[0061]
<Method for Manufacturing Semiconductor Device>

A method for manufacturing the semiconductor device according to one
embodiment of the present invention is described with reference to FIGS. 2A-1 to 2A-3,
2B-1 to 2B-3, and 2C-1 to 2C-3; FIGS. 3A-1 to 3A-3, 3B-1 to 3B-3, and 3C-1 to 3C-3;
FIGS. 4A-1 to 4A-3, 4B-1 to 4B-3, and 4C-1 to 4C-3; FIGS. 5A-1 to 5A-3, 5B-1 to
5B-3, and 5C-1 to 5C-3; and FIGS. 6A-1 to 6A-3, 6B-1 to 6B-3, and 6C-1 to 6C-3.
[0062]

FIGS. 2A-1 to 2A-3, 2B-1 to 2B-3, and 2C-1 to 2C-3 illustrate the steps from
formation of the gate electrode layer 401 to oxygen doping of the oxide semiconductor
layer 403.

[0063]

First, the substrate 400 is prepared, the base insulating layer 436 is formed over
the substrate 400, and the gate electrode layer 401 is formed over the base insulating
layer 436 (see FIGS. 2A-1 to 2A-3).

[0064]

The gate electrode layer 401 is formed by depositing a material that can be
used as a gate electrode using sputtering, for example, and then selectively etching part
of the material. Note that the etching may be dry etching, wet etching, or both dry
etching and wet etching. The substrate 400 and the gate electrode layer 401 may be
subjected to heat treatment after the formation of the gate electrode layer 401.

[0065]

Next, the insulating layer 432 is formed over the base insulating layer 436 and
the gate electrode layer 401. The insulating layer 432 is preferably planarized so that
the gate electrode layer 401 is exposed and the insulating layer 432 and the gate
electrode layer 401 are planarized (see FIGS. 2B-1 to 2B-3). As the planarization
treatment, chemical mechanical polishing (CMP) treatment or the like may be
performed.

[0066]
The insulating layer 432 and the gate electrode layer 401 are preferably

planarized so that non-coverage of the oxide semiconductor layer 403, which is
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described later, due to a step caused by the gate electrode layer 401 can be prevented.
[0067]

Next, the gate insulating layer 402 is formed over the gate electrode layer 401,
and the oxide semiconductor layer 403 is formed over the gate insulating layer 402 (see
FIGS. 2C-1 to 2C-3).

[0068]

For example, for the gate insulating layer 402, a film of a material which can
be used for the gate insulating layer 402 can be formed by a PCVD method.
[0069]

Note that before the oxide semiconductor layer 403 is formed, heat treatment
may be performed for dehydration or dehydrogenation of the gate insulating layer 402.
For example, heat treatment may be performed at a temperature higher than or equal to
350 °C and lower than or equal to 450 °C.

[0070]

In addition, oxygen may be supplied to the gate insulating layer 402 which has
been dehydrated or dehydrogenated. Oxygen may be contained in the gate insulating
layer 402, or in the gate insulating layer 402 and in the vicinity of an interface of the
gate insulating layer 402. By the supply of oxygen to the gate insulating layer 402
after dehydration or dehydrogenation, the release of oxygen can be suppressed and the
concentration of oxygen in the gate insulating layer 402 can be increased. Oxygen can
be supplied by oxygen doping treatment or the like.

[0071]

Note that in the case of performing heat treatment for supplying oxygen from
the gate insulating layer 402 to the oxide semiconductor, the heat treatment is preferably
performed before the oxide semiconductor is processed into an island shape, in which
case oxygen contained in the gate insulating layer 402 can be prevented from being
released by the heat treatment.

[0072]
For example, the heat treatment is performed at a temperature higher than or

equal to 350 °C and lower than the strain point of the substrate, preferably higher than

or equal to 350 °C and lower than or equal to 450 °C. Heat treatment may be further
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performed in a later step. As a heat treatment apparatus for the heat treatment, for
example, an electric furnace or an apparatus for heating an object by heat conduction or
heat radiation from a heater such as a resistance heater can be used; for example, a rapid
thermal annealing (RTA) apparatus such as a gas rapid thermal annealing (GRTA)
apparatus or a lamp rapid thermal annealing (LRTA) apparatus can be used.

[0073]

Further, after the heat treatment is performed and while the heating temperature
is being maintained or being decreased, a high-purity oxygen gas, a high-purity N,O gas,
or ultra-dry air (having a dew point of —40 °C or lower, preferably —60 °C or lower)
may be introduced into the furnace where the heat treatment has been performed. It is
preferable that the oxygen gas or the N,O gas do not contain water, hydrogen, and the
like. The purity of the oxygen gas or the N,O gas which is introduced into the heat
treatment apparatus is preferably 6N or higher, further preferably 7N or higher; that is,
the impurity concentration in the oxygen gas or the N,O gas is preferably 1 ppm or
lower, further preferably 0.1 ppm or lower. By the action of the oxygen gas or the N,O
gas, oxygen is supplied to the oxide semiconductor, and defects due to oxygen
vacancies in the oxide semiconductor can be reduced. Note that the high-purity
oxygen gas, high-purity N,O gas, or ultra-dry air may be introduced during the heat
treatment.

[0074]

Further, oxygen doping 451 is performed on the oxide semiconductor (see
FIGS. 2C-1 to 2C-3). This is for supplying oxygen to the oxide semiconductor to fill
oxygen vacancies in the oxide semiconductor. Filling the oxygen vacancies makes the
semiconductor device less likely to exhibit abnormal initial electric characteristics (e.g.,
threshold voltage) and improves its reliability in electric characteristics (e.g., threshold
voltage).

[0075]

The oxygen doping 451 can be performed by an ion implantation method, an
ion doping method, a plasma immersion ion implantation method, plasma treatment, or
the like. By use of such methods, the oxide semiconductor can be doped with oxygen
(an oxygen radical, an oxygen atom, an oxygen molecule, ozone, an oxygen ion (an

oxygen molecular ion), and/or an oxygen cluster ion).
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[0076]

FIGS. 3A-1 to 3A-3, 3B-1 to 3B-3, and 3C-1 to 3C-3 illustrate the steps from
processing of the oxide semiconductor layer 403 into an island shape to formation of a
resist 453 for forming the first low-resistance material layer 405a and the second
low-resistance material layer 405b.

[0077]

The oxide semiconductor layer 403 is processed into an island-shaped oxide
semiconductor layer 403 by a photolithography step (see FIGS. 3A-1 to 3A-3).
[0078]

The etching of the oxide semiconductor layer 403 may be dry etching, wet
etching, or both dry etching and wet etching.
[0079]

Note that the width of the oxide semiconductor layer in the channel length
direction is preferably larger than the width of the gate electrode layer in the channel
length direction. In that case, the oxide semiconductor layer overlaps with the gate
electrode layer in a large area, which enables the oxide semiconductor layer to be
supplied with oxygen more easily from an insulating layer below the oxide
semiconductor layer. As a result, the initial electric characteristics (e.g., threshold
voltage) and reliability in electric characteristics (e.g., threshold voltage) of the
transistor can be improved.

[0080]

Next, a conductive layer 454 is formed in contact with the oxide semiconductor
layer 403. The conductive layer 454 may be formed by a sputtering method or the like
(see FIGS. 3B-1 to 3B-3).

[0081]

Then, a low-resistance material layer 405 is formed in contact with the
conductive layer 454. The low-resistance material layer 405 may be formed by a
sputtering method or the like.

[0082]

Next, the resist 453 is formed by a photolithography step (see FIGS. 3C-1 to
3C-3).
[0083]
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FIGS. 4A-1 to 4A-3, 4B-1 to 4B-3, and 4C-1 to 4C-3 illustrate the steps from
processing of the low-resistance material layer 405 to planarization of the first
protective layer 406.

[0084]

The low-resistance material layer 405 is selectively etched using the resist 453
as a mask; thus, the low-resistance material layer 405a and the low-resistance material
layer 405b are formed (see FIGS. 4A-1 to 4A-3). The conditions for etching the
low-resistance material layer 405 are set such that the conductive layer 454 is not easily
etched. This is because an opening is formed in the conductive layer 454 in a later step
with the use of the hard mask layer 495 as a mask.

[0085]

Next, a region of the conductive layer 454 which is not in contact with the
oxide semiconductor layer 403 is etched (see FIGS. 4B-1 to 4B-3).
[0086]

Then, the first protective layer 406 is formed and planarized by CMP (see FIGS.
4C-1 to 4C-3). The surface of the first protective layer 406 is planarized so that, even
when a resist as thin as about 30 nm is applied thereon, no region is formed which
cannot be covered with the resist owing to a step on the surface where the resist is to be
applied.

[0087]

FIGS. 5A-1 to 5A-3, 5B-1 to 5B-3, and 5C-1 to 5C-3 illustrate the steps for
forming the hard mask layer 495.
[0088]

The hard mask layer 495 is formed over the planarized first protective layer
406 (see FIGS. 5A-1to 5A-3). The hard mask layer 495 is preferably a film that is not
ecasily etched under conditions for etching the first protective layer 406. This is
because the hard mask layer 495 is used as a mask in the etching of the first protective
layer 406.

[0089]

Next, a resist is formed over the hard mask layer 495 and subjected to exposure
to an electron beam; thus, a resist 455 is formed (see FIGS. 5B-1 to 5B-3).
[0090]
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Here, the thickness of the resist is preferably set such that the ratio of the
thickness of the resist to the width of the manufactured pattern becomes 1:1 to 1:2.
For example, in the case where the width of the pattern is 30 nm, the thickness of the
resist is set within 30 nm to 60 nm.

[0091]

The surface of the hard mask layer 495 is flat. Therefore, even a resist as thin
as about 30 nm can be uniformly applied on the surface where the resist is to be applied.
[0092]

Next, the hard mask layer 495 is etched (see FIGS. 5C-1 to 5C-3). The
etching method is preferably dry etching. The resist may be removed after the hard
mask layer 495 is etched. In this embodiment, the hard mask layer 495 includes an
opening which overlaps with a channel formation region of the oxide semiconductor
layer 403.

[0093]

FIGS. 6A-1 to 6A-3, 6B-1 to 6B-3, and 6C-1 to 6C-3 illustrate the steps from
formation of an opening in the first protective layer 406 to formation of an opening in
the conductive layer 454,

[0094]

The first protective layer 406 is etched (see FIGS. 6A-1 to 6A-3). The
conditions for etching the first protective layer 406 are preferably set such that the ratio
of the etching rate of the first protective layer 406 to that of the hard mask layer 495 is
high. This is for forming an opening with a width (width in the channel length
direction) of about 30 nm in the first protective layer 406 with the use of the hard mask
layer 495 as a mask.

[0095]

Next, the conductive layer 454 is etched, so that the first conductive layer 454a
and the second conductive layer 454b are formed. A channel is to be formed between
the first conductive layer 454a and the second conductive layer 454b (see FIGS. 6B-1 to
6B-3). The conditions for etching the conductive layer 454 are preferably set such that
the ratio of the etching rate of the conductive layer 454 to that of the oxide
semiconductor layer 403 is high. This is for preventing the surface of the oxide

semiconductor layer 403 from being damaged by the etching.

BLUEHOUSE EXHIBIT 1002
Page 213 of 266



10

15

20

25

30

24

[0096]

In the case of forming an opening with a width (width in the channel length
direction) of about 30 nm, the resist 455 is as thin as 30 nm to 60 nm. Therefore, the
resist 455 is removed during the etching of the first protective layer 406 and the
conductive layer 454. However, since the hard mask layer 495 serves as a mask, an
opening with a width of about 30 nm can be formed in the conductive layer 454 even
though the resist 455 is removed.

[0097]

Next, the opening formed in the conductive layer 454 in the above step is
covered with the second protective layer 407 (see FIGS. 6C-1 to 6C-3). A film which
can prevent entry of moisture, hydrogen, or the like into the oxide semiconductor layer
403 is preferably used as the second protective layer 407. For example, a silicon oxide
film, a silicon oxynitride film, a silicon nitride film, an aluminum oxide film, or the like
can be used.

[0098]

The second protective layer 407 preferably contains excess oxygen. The
as-deposited second protective layer 407 may contain excess oxygen, or the second
protective layer 407 may be subjected to oxygen doping. For example, the doping
with oxygen (an oxygen radical, an oxygen atom, an oxygen molecule, ozone, an
oxygen ion (an oxygen molecular ion), and/or an oxygen cluster ion) can be performed
by an ion implantation method, an ion doping method, a plasma immersion ion
implantation method, plasma treatment, or the like. For the ion implantation method, a
gas cluster ion beam may be used.

[0099]

After the second protective layer 407 is formed, heat treatment may be
performed. For example, heat treatment is performed at 250 °C for one hour in a
nitrogen atmosphere.

[0100]

Through the above steps, the transistor 440 can be manufactured. The
channel length L of the transistor 440 manufactured at that time is about 30 nm.
Therefore, the transistor 440 can have high on-state current.

[0101]
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The above is the method for manufacturing the semiconductor device
according to one embodiment of the present invention.
[0102]

Through the above method for manufacturing a semiconductor device, a
bottom-gate transistor in which the oxide semiconductor layer 403 is used as an active
layer and whose channel length is about 30 nm can be manufactured.

[0103]
(Embodiment 2)

In this embodiment, one embodiment of a semiconductor device will be
described with reference to FIGS. 7A and 7B. FIG. 7A is a plan view of a transistor
420, and FIG. 7B is a cross-sectional view taken along line X-Y in FIG. 7A. Note that
in FIG. 7A, some components of the transistor 420 (e.g., the gate insulating layer 402)
are not illustrated for simplicity. A channel length L of the transistor 420 is greater
than or equal to 20 nm and less than or equal to 100 nm, preferably greater than or equal
to 20 nm and less than or equal to 50 nm, more preferably greater than or equal to 20
nm and less than or equal to 30 nm. In this embodiment, the channel length L is about
30 nm.

[0104]

The transistor 420 illustrated in FIGS. 7A and 7B includes, over the base
insulating layer 436 formed over a surface of the substrate 400, the gate electrode layer
401 provided so as to be buried in the insulating layer 432, the gate insulating layer 402
over the gate electrode layer 401, the oxide semiconductor layer 403 over the gate
insulating layer 402, the first conductive layer 454a and the second conductive layer
454b over the oxide semiconductor layer 403, the first low-resistance material layer
405a on and in contact with the first conductive layer 454a, the second low-resistance
material layer 405b on and in contact with the second conductive layer 454b, the first
protective layer 406 in contact with the first low-resistance material layer 405a, the
second low-resistance material layer 405b, the first conductive layer 454a, and the
second conductive layer 454b, the hard mask layer 495 in contact with the first
protective layer 406, and the second protective layer 407 over the hard mask layer 495.
[0105]

Embodiment 1 can be referred to for the structure and manufacturing method of
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the semiconductor device described in this embodiment.
[0106]
(Circuit which can be provided over the substrate 400)

The substrate 400 is provided with a semiconductor element, which is not
illustrated here for simplicity. Wiring layers 474a and 474b and the base insulating
layer 436 covering the wiring layers 474a and 474b are provided over the substrate 400,
part of which is a component of a memory illustrated in FIG. 8. FIG. 8 illustrates an
example of an equivalent circuit, showing a connection between the transistor 420 and a
transistor 431 formed using the substrate 400.

[0107]

A capacitor 430 is a capacitor in which the source electrode layer or the drain
electrode layer, which includes stacked layers, and the wiring layer 474a serve as a pair
of electrodes and the base insulating layer 436 and the gate insulating layer 402, which
includes stacked layers, serve as a diclectric.

[0108]

In the memory configuration illustrated in FIG. 8, writing to the memory is
performed by injection of charge into the capacitor 430. The transistor described in
this embodiment has a channel length about 30 nm, and thus has high on-state current.
Therefore, writing to the memory can be performed at high speed.

[0109]

The memory configuration illustrated in FIG. 8 has the advantages of being
capable of holding stored data even when not powered and having an unlimited number
of write cycles. This is because, since the transistor described in this embodiment has
low off-state current, the charge stored in the capacitor 430 is not easily released.

[0110]
(Embodiment 3)

In this embodiment, one embodiment of a semiconductor device which can be
manufactured according to the present invention will be described with reference to
FIGS. 9A to 9C. FIG 9A is a plan view of a transistor 441, FIG. 9B is a cross-sectional
view taken along line A-A'in FIG. 9A, and FIG. 9C is a cross-sectional view taken
along line B-B' in FIG. 9A. Note that in FIG. 9A, some components of the transistor
441 (e.g., the gate insulating layer 402) are not illustrated for simplicity. A channel
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length L of the transistor 441 is greater than or equal to 20 nm and less than or equal to
100 nm, preferably greater than or equal to 20 nm and less than or equal to 50 nm, more
preferably greater than or equal to 20 nm and less than or equal to 30 nm. In this
embodiment, the channel length L is about 30 nm.

[0111]

The transistor 441 in FIGS. 9A to 9C is a bottom-gate transistor. The
transistor 441 illustrated in FIGS. 9A to 9C includes the substrate 400, the base
insulating layer 436, the insulating layer 432, the gate electrode layer 401, the gate
insulating layer 402, the oxide semiconductor layer 403, the first conductive layer 454a,
the second conductive layer 454b, the first low-resistance material layer 405a, the
second low-resistance material layer 405b, a first wiring protective layer 485a, a second
wiring protective layer 485b, and the first protective layer 406.

[0112]

The base insulating layer 436 is provided in contact with a surface of the
substrate 400. The insulating layer 432 is in contact with the base insulating layer 436.
The gate electrode layer 401 is buried in the insulating layer 432. The gate insulating
layer 402 is provided on and in contact with the gate electrode layer 401. The oxide
semiconductor layer 403 is provided on and in contact with the gate insulating layer 402.
The first conductive layer 454a and the second conductive layer 454b are provided on
and in contact with the oxide semiconductor layer 403. The first low-resistance
material layer 405a is provided on and in contact with the first conductive layer 454a.
The second low-resistance material layer 405b is provided on and in contact with the
second conductive layer 454b. The first wiring protective layer 485a is provided on
and in contact with the first low-resistance material layer 405a. The second wiring
protective layer 485b is provided on and in contact with the second low-resistance
material layer 405b. The first protective layer 406 is provided in contact with the first
conductive layer 454a, the second conductive layer 454b, the first wiring protective
layer 485a, the second wiring protective layer 485b, and the oxide semiconductor layer
403.

[0113]

First, components will be described below.

[0114]
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<Components of the Semiconductor Device>

Embodiment 1 can be referred to for details of the substrate, the base insulating
layer, the gate electrode layer, the gate insulating layer, the source electrode layer, the
drain electrode layer, the oxide semiconductor layer, and the protective layer.

[0115]
(Wiring protective layer)

A wiring protective layer 485 is preferably a film that is not easily etched under
conditions for etching the conductive layer 454. The first low-resistance material layer
405a and the second low-resistance material layer 405b are used as lead wirings for
connecting transistors; therefore, the low-resistance material layer 405 has a thickness
greater than or equal to 100 nm. This means that the difference in height between the
surface of the low-resistance material layer 405 and the surface of the conductive layer
454 is at least greater than or equal to 100 nm.  Without the wiring protective layer 485,
the end of the low-resistance material layer 405 is not covered with a resist, or covered
with a thin resist even if covered; thus, the low-resistance material layer 405 is damaged
by the etching for processing the conductive layer 454. In order to prevent that
damage, the wiring protective layer 485 which is not easily etched under conditions for
etching the conductive layer 454 is provided over the low-resistance material layer 405
to prevent the low-resistance material layer 405 from being etched. The wiring
protective layer 485 is preferably formed using silicon oxide, silicon nitride, silicon
oxynitride, or aluminum oxide. Silicon oxide, silicon nitride, and silicon oxynitride
can be deposited by a PCVD method or a sputtering method. Aluminum oxide can be
deposited by a sputtering method.

[0116]
<Method for Manufacturing Semiconductor Device>

A method for manufacturing the semiconductor device according to one
embodiment of the present invention is described with reference to FIGS. 2A-1 to 2A-3,
2B-1 to 2B-3, and 2C-1 to 2C-3; FIGS. 10A-1 to 10A-3, 10B-1 to 10B-3, and 10C-1 to
10C-3; FIGS. 11A-1 to 11A-3, 11B-1 to 11B-3, and 11C-1 to 11C-3; and FIGS. 12A-1
to 12A-3 and 12B-1 to 12B-3.

[0117]
FIGS. 2A-1 to 2A-3, 2B-1 to 2B-3, and 2C-1 to 2C-3 illustrate the steps from
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formation of the gate electrode layer 401 to oxygen doping of the oxide semiconductor
layer 403. Embodiment 1 can be referred to for these steps.
[0118]

FIGS. 10A-1 to 10A-3, 10B-1 to 10B-3, and 10C-1 to 10C-3 illustrate the steps
from processing of the oxide semiconductor layer 403 into an island shape to formation
of the resist 453 for forming the low-resistance material layer 405 and the wiring
protective layer 485.

[0119]

The oxide semiconductor layer 403 is processed into an island-shaped oxide
semiconductor layer 403 by a photolithography step (see FIGS. 10A-1 to 10A-3).
Refer to Embodiment 1 for details.

[0120]

Next, the conductive layer 454 is formed in contact with the oxide
semiconductor layer 403. The conductive layer 454 may be formed by a sputtering
method or the like. Then, the low-resistance material layer 405 is formed in contact
with the conductive layer 454, The low-resistance material layer 405 may be formed
by a sputtering method or the like. Then, the wiring protective layer 485 is formed in
contact with the low-resistance material layer 405. The wiring protective layer 485
may be formed by a sputtering method or the like (see FIGS. 10B-1 to 10B-3).

[0121]

Next, the resist 453 is formed by a photolithography step (see FIGS. 10C-1 to
10C-3).
[0122]

FIGS. 11A-1 to 11A-3, 11B-1 to 11B-3, and 11C-1 to 11C-3 illustrate the steps
from processing of the wiring protective layer 485 and the low-resistance material layer
405 to formation of the resist 455 for forming the first conductive layer 454a and the
second conductive layer 454b.

[0123]

The wiring protective layer 485 and the low-resistance material layer 405 are
selectively etched using the resist 453 as a mask; thus, the first wiring protective layer
485a, the second wiring protective layer 485b, the first low-resistance material layer

405a, and the second low-resistance material layer 405b are formed (see FIGS. 11A-1 to
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11A-3). The wiring protective layer 485 and the low-resistance material layer 405
may be processed using the same resist pattern, or may be processed by forming their
respective resist patterns. The wiring protective layer 485 and the low-resistance
material layer 405 are preferably etched under conditions such that the conductive layer
454 is not easily etched.

[0124]

Next, a region of the conductive layer 454 which is not in contact with the
oxide semiconductor layer 403 is etched (see FIGS. 11B-1 to 11B-3).
[0125]

Next, a resist is formed over the conductive layer 454, the first wiring
protective layer 485a, and the second wiring protective layer 485b. Here, the thickness
of the resist is preferably set such that the ratio of the thickness of the resist to the width
of the manufactured pattern becomes 1:1 to 1:2. For example, in the case where the
width of the pattern is 30 nm, the thickness of the resist is set within 30 nm to 60 nm.
The resist is subjected to exposure to an electron beam, so that the resist 455 is formed
(see FIGS. 11C-1 to 11C-3).

[0126]

The first low-resistance material layer 405a and the second low-resistance
material layer 405b can be used as lead wirings for connecting transistors. High
wiring resistance of a lead wiring causes a problem of wiring delay in an integrated
circuit; thus, the wiring resistance needs to be lowered. Therefore, the low-resistance
material layer 405 needs a thickness greater than or equal to 100 nm in general. This
means that the difference in height between the surface of the low-resistance material
layer 405 and the surface of the conductive layer 454 is at least greater than or equal to
100 nm. Without the wiring protective layer 485 over the low-resistance material layer
405, the ends of the first low-resistance material layer 405a and the second
low-resistance material layer 405b are not covered with a resist, or covered with a thin
resist even if covered; thus, the first low-resistance material layer 405a and the second
low-resistance material layer 405b are etched at the time of processing the conductive
layer 454. However, in the manufacturing method according to one embodiment of the
present invention, the wiring protective layer 485 which is not easily etched under

conditions for etching the conductive layer 454 is provided on and in contact with the
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low-resistance material layer 405, so that the first low-resistance material layer 405a
and the second low-resistance material layer 405b are not reduced in thickness and the
surfaces thereof are not damaged in the processing of the conductive layer 454; thus, an
increase in wiring resistance is prevented. Therefore, wiring delay is less likely to
occur in an integrated circuit which includes a semiconductor device manufactured by
the manufacturing method.

[0127]

FIGS. 12A-1 to 12A-3 and 12B-1 to 12B-3 illustrate the steps from processing
of the conductive layer 454 to formation of the first protective layer 406.

[0128]

The conductive layer 454 is etched using the resist 455 as a mask, so that the
first conductive layer 454a and the second conductive layer 454b are formed. A
channel is to be formed between the first conductive layer 454a and the second
conductive layer 454b (see FIGS. 12A-1 to 12A-3).

[0129]

The conditions for etching the conductive layer 454 are preferably set such that
the ratio of the etching rate of the conductive layer 454 to that of the oxide
semiconductor layer 403 is high. This is for preventing the surface of the oxide
semiconductor layer 403 from being damaged by the etching.

[0130]

In the case of forming an opening with a width of about 30 nm, the resist 455 is
as thin as 30 nm to 60 nm; thus, a region which cannot be covered with a resist may be
formed at the ends of the first wiring protective layer 485a and the second wiring
protective layer 485b, for example. Accordingly, there may be a region where the
resist 455 is removed during the etching of the conductive layer 454 or a region which
is etched without being covered with a resist. However, in a region which is less likely
to be covered with a resist, for example, at the ends of the first wiring protective layer
485a and the second wiring protective layer 485b, the first low-resistance material layer
405a and the second low-resistance material layer 405b are not etched even when the
resist 455 is removed because the first wiring protective layer 485a and the second
wiring protective layer 485b protect the low-resistance material layers.

[0131]
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Next, the opening formed in the conductive layer 454 in the above step is
covered with the first protective layer 406 (see FIGS. 12B-1 to 12B-3). A film which
can prevent entry of moisture, hydrogen, or the like into the oxide semiconductor layer
403 is preferably used as the first protective layer 406. For example, a silicon oxide
film, a silicon oxynitride film, a silicon nitride film, an aluminum oxide film, or the like
can be used.

[0132]

The first protective layer 406 preferably contains excess oxygen. For example,
the first protective layer 406 is preferably formed using a silicon oxide film, a silicon
oxynitride film, or an aluminum oxide film containing much oxygen. Alternatively,
the first protective layer 406 may include two layers. The first layer provided in
contact with the oxide semiconductor can be formed using an oxide semiconductor film
containing gallium (Ga), a silicon oxide film, a silicon oxynitride film, or an aluminum
oxide film which is deposited with conditions set as appropriate so as to contain much
oxygen. The second layer can be formed using a silicon oxide film, a silicon
oxynitride film, or an aluminum oxide film containing much oxygen. In order to make
the first protective layer 406 contain much excess oxygen, oxygen may be added as
appropriate to the first protective layer 406 by an ion implantation method, an ion
doping method, or plasma treatment.

[0133]

After the first protective layer 406 is formed, heat treatment may be performed.
For example, heat treatment is performed at 250 °C for one hour in a nitrogen
atmosphere.

[0134]

Through the above steps, the transistor 441 can be manufactured. The
channel length L of the transistor 441 manufactured at that time is about 30 nm.
Therefore, the transistor 441 can have high on-state current.

[0135]

The above is the method for manufacturing the semiconductor device
according to one embodiment of the present invention.
[0136]

The structures, methods, and the like described in this embodiment can be
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combined as appropriate with any of the structures, methods, and the like described in
the other embodiments.

[0137]

(Embodiment 4)

In this embodiment, one embodiment of a semiconductor device will be
described with reference to FIGS. 13A and 13B. FIG 13A is a plan view of a
transistor 421, and FIG. 13B is a cross-sectional view taken along line X-Y in FIG. 13A.
Note that in FIG. 13A, some components of the transistor 421 (e.g., the gate insulating
layer 402) are not illustrated for simplicity. A channel length L of the transistor 421 is
greater than or equal to 20 nm and less than or equal to 100 nm, preferably greater than
or equal to 20 nm and less than or equal to 50 nm, more preferably greater than or equal
to 20 nm and less than or equal to 30 nm. In this embodiment, the channel length L is
about 30 nm.

[0138]

The transistor 421 illustrated in FIGS. 13A and 13B includes the substrate 400,
the base insulating layer 436, the insulating layer 432, the gate electrode layer 401, the
gate insulating layer 402, the oxide semiconductor layer 403, the first conductive layer
454a, the second conductive layer 454b, the first low-resistance material layer 405a, the
second low-resistance material layer 405b, the first wiring protective layer 485a, the
second wiring protective layer 485b, and the first protective layer 406.

[0139]

The base insulating layer 436 is provided in contact with a surface of the
substrate 400. The insulating layer 432 is in contact with the base insulating layer 436.
The gate electrode layer 401 is buried in the insulating layer 432. The gate insulating
layer 402 is provided on and in contact with the gate electrode layer 401. The oxide
semiconductor layer 403 is provided on and in contact with the gate insulating layer 402.
The first conductive layer 454a and the second conductive layer 454b are provided on
and in contact with the oxide semiconductor layer 403. The first low-resistance
material layer 405a is provided on and in contact with the first conductive layer 454a.
The second low-resistance material layer 405b is provided on and in contact with the
second conductive layer 454b. The first wiring protective layer 485a is provided on

and in contact with the first low-resistance material layer 405a. The second wiring
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protective layer 485b is provided on and in contact with the second low-resistance
material layer 405b. The first protective layer 406 is provided in contact with the first
conductive layer 454a, the second conductive layer 454b, the first wiring protective
layer 485a, the second wiring protective layer 485b, and the oxide semiconductor layer
403.

[0140]

Embodiment 3 can be referred to for the structure and manufacturing method of
the semiconductor device described in this embodiment.
[0141]

(Embodiment 5)

In this embodiment, a c-axis aligned crystalline oxide semiconductor
(CAAC-0S) film, which can be used as the oxide semiconductor layer 403 exemplified
in Embodiments 1 and 3, will be described.

[0142]

The CAAC-OS film is not completely single crystal nor completely amorphous.
The CAAC-OS film is an oxide semiconductor film with a crystal-amorphous mixed
phase structure where crystal parts are included in an amorphous phase. Note that in
most cases, the crystal part fits inside a cube whose one side is less than 100 nm.
From an observation image obtained with a transmission electron microscope (TEM), a
boundary between an amorphous part and a crystal part in the CAAC-OS film is not
clear. Further, with the TEM, a grain boundary in the CAAC-OS film is not found.
Thus, in the CAAC-OS film, a reduction in electron mobility due to the grain boundary
is suppressed.

[0143]

In each of the crystal parts included in the CAAC-OS film, the c-axis is aligned
in a direction perpendicular to a surface where the CAAC-OS film is formed or a
surface of the CAAC-OS film, triangular or hexagonal atomic arrangement which is
seen from the direction perpendicular to the a-b plane is formed, and metal atoms are
arranged in a layered manner or metal atoms and oxygen atoms are arranged in a
layered manner when seen from the direction perpendicular to the c-axis. Note that,
among crystal parts, the directions of the a-axis and the b-axis of one crystal part may

be different from those of another crystal part. In this specification and the like, a
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simple term "perpendicular” includes a range from 85° to 95°.
[0144]

In the CAAC-OS film, distribution of crystal parts is not necessarily uniform.
For example, in the formation process of the CAAC-OS film, in the case where crystal
growth occurs from a surface side of the oxide semiconductor film, the proportion of
crystal parts in the vicinity of the surface of the oxide semiconductor film is higher than
that in the vicinity of the surface where the oxide semiconductor film is formed in some
cases.

[0145]

Since the c-axes of the crystal parts included in the CAAC-OS film are aligned
in the direction perpendicular to the surface where the CAAC-OS film is formed or a
surface of the CAAC-OS film, the directions of the c-axes may be different from each
other depending on the shape of the CAAC-OS film (the cross-sectional shape of the
surface where the CAAC-OS film is formed or the cross-sectional shape of the surface
of the CAAC-OS film). Note that when the CAAC-OS film is formed, the direction of
the c-axis of the crystal part is the direction perpendicular to the surface where the
CAAC-OS film is formed or the surface of the CAAC-OS film. The crystal part is
formed by deposition or by performing treatment for crystallization such as heat
treatment after deposition.

[0146]

In an oxide semiconductor having a crystal part such as the CAAC-OS, defects
in the bulk can be further reduced and when the surface flatness of the oxide
semiconductor is improved, mobility higher than that of an oxide semiconductor in an
amorphous state can be obtained. In order to improve the surface flatness, the oxide
semiconductor is preferably formed over a flat surface. Specifically, the oxide
semiconductor may be formed over a surface with an average surface roughness (R,) of
less than or equal to 1 nm, preferably less than or equal to 0.3 nm, further preferably
less than or equal to 0.1 nm. Since the transistor 440 is a bottom-gate transistor, it is
possible to improve the planarity of the surface where the oxide semiconductor layer
403 is to be formed by performing planarization treatment such as CMP treatment after
the formation of the gate electrode layer 401 and the base insulating layer 436 to obtain

the above flat surface.
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[0147]

When the CAAC-OS film is used as the oxide semiconductor layer 403 in a
transistor, change in electric characteristics (e.g., threshold voltage) of the transistor due
to irradiation with visible light or ultraviolet light can be reduced. Thus, the transistor
has high reliability.

[0148]
(Embodiment 6)

In this embodiment, an example of a semiconductor device (memory device)
which includes the transistor described in this specification, which can hold stored data
even when not powered, and which has an unlimited number of write cycles will be
described with reference to drawings.

[0149]

FIGS. 14A and 14B illustrate an example of a structure of the semiconductor
device. FIG. 14A is a cross-sectional view of the semiconductor device, and FIG. 14B
is a circuit diagram of the semiconductor device.

[0150]

The semiconductor device illustrated in FIGS. 14A and 14B includes a
transistor 3200 including a first semiconductor material in a lower portion, and a
transistor 3202 including a second semiconductor material in an upper portion. The
structure of the transistor 440 described in Embodiment 1 is applied to the transistor
3202.

[0151]

Here, the first semiconductor material and the second semiconductor material
are preferably materials having different band gaps. For example, the first
semiconductor material can be a semiconductor material (such as silicon) other than a
wide band gap semiconductor, and the second semiconductor material can be a wide
band gap semiconductor. A transistor including a material other than a wide band gap
semiconductor can operate at high speed easily. On the other hand, a transistor
including a wide band gap semiconductor enables charge to be held for a long time
owing to its characteristics.

[0152]

Although both of the above transistors are n-channel transistors in the
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following description, it is needless to say that p-channel transistors can be used. The
specific structure of the semiconductor device, such as the material used for the
semiconductor device and the structure of the semiconductor device, is not necessarily
limited to those described here except for the use of the transistor described in any of
Embodiments 1 to 4, which is formed using a wide band gap semiconductor for holding
data.

[0153]

The transistor 3200 in FIG. 14A includes a channel formation region provided
in a substrate 3000 including a semiconductor material (such as silicon), impurity
regions provided such that the channel formation region is sandwiched therebetween,
intermetallic compound regions provided in contact with the impurity regions, a gate
insulating layer provided over the channel formation region, and a gate electrode layer
provided over the gate insulating layer. Note that a transistor whose source electrode
layer and drain electrode layer are not illustrated in a drawing may be referred to as a
transistor for the sake of convenience. Further, in such a case, in description of a
connection of a transistor, a source region and a source electrode layer may be
collectively referred to as a source electrode layer, and a drain region and a drain
electrode layer may be collectively referred to as a drain electrode layer. That is, in
this specification, the term "source electrode layer" may include a source region.

[0154]

Further, an element isolation insulating layer 3106 is formed on the substrate
3000 so as to surround the transistor 3200, and an insulating layer 3220 is formed so as
to cover the transistor 3200.

[0155]

The transistor 3200 formed using a single crystal semiconductor substrate can
operate at high speed. Thus, when the transistor is used as a reading transistor, data
can be read at a high speed. As treatment prior to formation of the transistor 3202 and
a capacitor 3204, CMP treatment is performed on the insulating layer 3220 covering the
transistor 3200, whereby the insulating layer 3220 is planarized and, at the same time,
an upper surface of the gate electrode layer of the transistor 3200 is exposed.

[0156]

The transistor 3202 shown in FIG. 14A is a bottom-gate transistor including a
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wide band gap semiconductor in the channel formation region. Here, an oxide
semiconductor layer included in the transistor 3202 is preferably highly purified. By
using a highly purified oxide semiconductor layer, the transistor 3202 which has
extremely favorable off-state characteristics can be obtained.

[0157]

FIG. 14B shows an example of a semiconductor memory device which includes
the transistor 3202. When a transistor with low off-state current is used as the
transistor 3202, stored data can be held for a long time in the semiconductor memory
device. In other words, refresh operation becomes unnecessary or the frequency of the
refresh operation can be extremely lowered, which leads to a sufficient reduction in
power consumption.

[0158]

One of source and drain electrode layers of the transistor 3202 is electrically
connected to an electrode 3208 through an opening provided in a gate insulating layer
and is electrically connected to the gate electrode layer of the transistor 3200 via the
electrode 3208. The electrode 3208 can be formed through a process similar to that for
a gate electrode layer of the transistor 3202.

[0159]

Insulating layers 3222, 3223, and 3223a are provided over the transistor 3202.
In addition, a conductive layer 3210a is provided in a region overlapping with the one
of the source and drain electrode layers of the transistor 3202 with the insulating layers
3222, 3223, and 3223a provided therebetween, and the one of the source and drain
electrode layers of the transistor 3202, the insulating layer 3222, and the conductive
layer 3210a form the capacitor 3204. That is, the one of the source and drain electrode
layers of the transistor 3202 functions as one electrode of the capacitor 3204, and the
conductive layer 3210a functions as the other electrode of the capacitor 3204. Note
that in the case where no capacitor is needed, a structure in which the capacitor 3204 is
not provided is also possible. Alternatively, the capacitor 3204 may be separately
provided above the transistor 3202,

[0160]
An insulating layer 3224 is provided over the capacitor 3204. In addition, a

wiring 3216 for connecting the transistor 3202 to another transistor is provided over the
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insulating layer 3224. The wiring 3216 is electrically connected to the other of the
source and drain electrode layers of the transistor 3202 through an electrode 3214
provided in an opening formed in the insulating layer 3224, a conductive layer 3210b
formed using the same layer as the conductive layer 3210a, and an electrode 3212
provided in an opening formed in the insulating layer 3222.

[0161]

In FIGS. 14A and 14B, the transistors 3200 and 3202 are provided so as to at
least partly overlap each other, and the source region or the drain region of the transistor
3200 is preferably provided to partly overlap with the oxide semiconductor layer
included in the transistor 3202. In addition, the transistor 3202 and the capacitor 3204
are provided so as to overlap with at least part of the transistor 3200. For example, the
conductive layer 3210a of the capacitor 3204 is provided so as to at least partly overlap
with the gate electrode layer of the transistor 3200. When such a planar layout is
employed, the area occupied by the semiconductor device can be reduced; thus, the
degree of integration can be increased.

[0162]

Next, an example of a circuit configuration corresponding to FIG. 14A is
illustrated in FIG. 14B.
[0163]

In FIG. 14B, a first wiring (lst Line) is electrically connected to a source
electrode layer of the transistor 3200. A second wiring (2nd Line) is electrically
connected to a drain electrode layer of the transistor 3200. A third wiring (3rd Line) is
electrically connected to one of the source and drain electrode layers of the transistor
3202, and a fourth wiring (4th Line) is electrically connected to the gate electrode layer
of the transistor 3202. The gate electrode layer of the transistor 3200 and the other of
the source and drain electrode layers of the transistor 3202 are electrically connected to
one electrode of the capacitor 3204. A fifth wiring (5th Line) is electrically connected
to the other electrode of the capacitor 3204.

[0164]

The semiconductor device in FIG. 14B utilizes a characteristic in which the

potential of the gate electrode layer of the transistor 3200 can be held, and thus enables

data writing, holding, and reading as follows.
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[0165]

Writing and holding of data will be described. First, the potential of the
fourth wiring is set to a potential at which the transistor 3202 is turned on, so that the
transistor 3202 is turned on. Accordingly, the potential of the third wiring is supplied
to the gate electrode layer of the transistor 3200 and to the capacitor 3204. That is,
predetermined charge is supplied to the gate electrode layer of the transistor 3200
(writing). Here, one of two kinds of charges providing different potential levels
(hereinafter referred to as a low-level charge and a high-level charge) is supplied.
After that, the potential of the fourth wiring is set to a potential at which the transistor
3202 is turned off, so that the transistor 3202 is turned off. Thus, the charge supplied
to the gate electrode layer of the transistor 3200 is held (holding).

[0166]

Since the off-state current of the transistor 3202 is significantly small, the
charge of the gate electrode layer of the transistor 3200 is held for a long time.
[0167]

Next, reading of data will be described. By supplying an appropriate potential
(a reading potential) to the fifth wiring while supplying a predetermined potential (a
constant potential) to the first wiring, the potential of the second wiring varies
depending on the amount of charge held at the gate electrode layer of the transistor 3200.
This is because in general, when the transistor 3200 is an n-channel transistor, an
apparent threshold voltage Vy, i in the case where the high-level charge is given to the
gate electrode layer of the transistor 3200 is lower than an apparent threshold voltage
Vi 1 in the case where the low-level charge is given to the gate electrode layer of the
transistor 3200. Here, an apparent threshold voltage refers to the potential of the fifth
wiring which is needed to turn on the transistor 3200. Thus, the potential of the fifth
wiring is set to a potential Vo, which is between Vy p and Vi, 1, whereby charge
supplied to the gate electrode layer of the transistor 3200 can be determined. For
example, in the case where the high-level charge is supplied in writing, when the
potential of the fifth wiring is Vo (> Vi ), the transistor 3200 is turned on. In the case
where the low-level charge is supplied in writing, even when the potential of the fifth

wiring is Vo (< Vi 1), the transistor 3200 remains off. Therefore, the data held can be
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read by measuring the potential of the second wiring.
[0168]

Note that in the case where memory cells are arrayed, it is necessary that data
of only a desired memory cell can be read. In that case, the fifth wirings of memory
cells from which data is not read may be supplied with a potential at which the
transistor 3200 is turned off regardless of the state of the gate electrode layer, that is, a
potential lower than Vy, . Alternatively, the fifth wirings may be supplied with a
potential at which the transistor 3200 is turned on regardless of the state of the gate
electrode layer, that is, a potential higher than Vi, 1.

[0169]

When including a transistor having a channel formation region formed using a
wide band gap semiconductor and having extremely low off-state current, the
semiconductor device described in this embodiment can store data for an extremely long
period. In other words, refresh operation becomes unnecessary or the frequency of the
refresh operation can be extremely lowered, which leads to a sufficient reduction in
power consumption. Moreover, stored data can be held for a long period even when
power is not supplied (note that a potential is preferably fixed).

[0170]

Further, in the semiconductor device described in this embodiment, high
voltage is not needed for writing data and there is no problem of deterioration of
elements. For example, unlike a conventional nonvolatile memory, it is not necessary
to inject and extract electrons into and from a floating gate, and thus a problem such as
deterioration of a gate insulating layer does not arise at all. That is, the semiconductor
device according to the disclosed invention does not have a limitation on the number of
times data can be rewritten, which is a problem of a conventional nonvolatile memory,
and the reliability thereof is drastically improved. Furthermore, since data are written
by turning on or off the transistors, high-speed operation can be easily achieved.

[0171]

As described above, a miniaturized and highly integrated semiconductor device

having favorable electric characteristics and a method for manufacturing the

semiconductor device can be provided.
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[0172]

The structures, methods, and the like described in this embodiment can be
combined as appropriate with any of the structures, methods, and the like described in
the other embodiments.

[0173]
(Embodiment 7)

In this embodiment, one embodiment of a structure of a memory device which
is different from that in Embodiment 6 will be described.
[0174]

FIG. 15 is a perspective view of a memory device. The memory device
illustrated in FIG. 15 includes a plurality of layers of memory cell arrays (memory cell
arrays 3400(1) to 3400(n) (n is an integer greater than or equal to 2)) each including a
plurality of memory cells as memory circuits in the upper portion, and a logic circuit
3004 in the lower portion which is necessary for operating the memory cell arrays
3400(1) to 3400(n).

[0175]

FIG. 16 is a partial enlarged view of the memory device illustrated in FIG. 15.
FIG. 16 illustrates the logic circuit 3004, the memory cell array 3400(1), and the
memory cell array 3400(2), and illustrates a memory cell 3170a and a memory cell
3170b as typical examples among the plurality of memory cells included in the memory
cell array 3400(1) and the memory cell array 3400(2). The memory cell 3170a and the
memory cell 3170b can have a configuration similar to the circuit configuration
described in the above embodiment, for example.

[0176]

Note that a transistor 3171a included in the memory cell 3170a is illustrated as
a typical example. A transistor 3171b included in the memory cell 3170b is illustrated
as a typical example. Each of the transistors 3171a and 3171b includes a channel
formation region in an oxide semiconductor layer. The structure of the transistor in
which the channel formation region is formed in the oxide semiconductor layer is the
same as the structure described in any of the other embodiments, and thus the
description of the structure is omitted.

[0177]
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A conductive layer 3501a which is formed using the same layer as a gate
electrode layer of the transistor 3171a is electrically connected to an electrode 3003a via
an electrode 3502a. A conductive layer 3501¢ which is formed using the same layer as
a gate electrode layer of the transistor 3171b is electrically connected to an electrode
3003c via an electrode 3502c.

[0178]

The logic circuit 3004 includes a transistor 3001 in which a semiconductor
material other than a wide band gap semiconductor is used for a channel formation
region. The transistor 3001 can be a transistor obtained in such a manner that an
element isolation insulating layer 3106 is provided on a substrate 3000 including a
semiconductor material (e.g., silicon) and a region serving as the channel formation
region is formed in a region surrounded by the element isolation insulating layer 3106.
Note that the transistor 3001 may be a transistor obtained in such a manner that the
channel formation region is formed in a semiconductor film such as a silicon film
formed on an insulating surface or in a silicon film of an SOI substrate. A known
structure can be used as the structure of the transistor 3001 and thus the description is
omitted.

[0179]

A wiring 3100a and a wiring 3100b are formed between layers in which the
transistor 3171a is formed and layers in which the transistor 3001 is formed. An
insulating film 3140a is provided between the wiring 3100a and the layers in which the
transistor 3001 is formed. An insulating film 3141a is provided between the wiring
3100a and the wiring 3100b.  An insulating film 3142a is provided between the wiring
3100b and the layers in which the transistor 3171a is formed.

[0180]

Similarly, a wiring 3100c and a wiring 3100d are formed between the layers in
which the transistor 3171b is formed and the layers in which the transistor 3171a is
formed. An insulating film 3140b is provided between the wiring 3100c and the layers
in which the transistor 3171a is formed. An insulating film 3141b is provided between
the wiring 3100¢ and the wiring 3100d.  An insulating film 3142b is provided between
the wiring 3100d and the layers in which the transistor 3171b is formed.

[0181]
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The insulating films 3140a, 3141a, 3142a, 3140b, 3141b, and 3142b ecach
function as an interlayer insulating film whose surface can be planarized.
[0182]

The wirings 3100a, 3100b, 3100c, and 3100d enable clectrical connection
between the memory cells, electrical connection between the logic circuit 3004 and the
memory cells, and the like.

[0183]

An electrode 3303 included in the logic circuit 3004 can be electrically
connected to a circuit provided in the upper portion.
[0184]

For example, as illustrated in FIG. 16, the clectrode 3303 can be electrically
connected to the wiring 3100a via an electrode 3505. The wiring 3100a can be
electrically connected to a conductive layer 3501b which is formed using the same layer
as the gate electrode layer of the transistor 3171a via an electrode 3503a. In this
manner, the wiring 3100a and the electrode 3303 can be electrically connected to the
source or the drain of the transistor 3171a. The conductive layer 3501b can be
electrically connected to an electrode 3003b via the source or the drain of the transistor
3171a and an electrode 3502b. The electrode 3003b can be electrically connected to
the wiring 3100c via an electrode 3503b.

[0185]

FIG. 16 illustrates an example in which the electrode 3303 and the transistor
3171a are electrically connected to each other via the wiring 3100a; however, one
embodiment of the disclosed invention is not limited thereto. The electrode 3303 may
be electrically connected to the transistor 3171a via the wiring 3100b, via both the
wiring 3100a and the wiring 3100b, or via another electrode without using the wiring
3100a nor the wiring 3100b.

[0186]

FIG. 16 illustrates the structure where two wiring layers, i.e., a wiring layer in
which the wiring 3100a is formed and a wiring layer in which the wiring 3100b is
formed are provided between the layers in which the transistor 3171a is formed and the
layers in which the transistor 3001 is formed; however, the number of wiring layers

provided therebetween is not limited to two. One wiring layer or three or more wiring
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layers may be provided between the layers in which the transistor 3171a is formed and
the layers in which the transistor 3001 is formed.
[0187]

FIG. 16 illustrates the structure where two wiring layers, i.e., a wiring layer in
which the wiring 3100c is formed and a wiring layer in which the wiring 3100d is
formed are provided between the layers in which the transistor 3171b is formed and the
layers in which the transistor 3171a is formed; however, the number of wiring layers
provided therebetween is not limited to two. One wiring layer or three or more wiring
layers may be provided between the layers in which the transistor 3171b is formed and
the layers in which the transistor 3171a is formed.

[0188]

The structures, methods, and the like described in this embodiment can be
combined as appropriate with any of the structures, methods, and the like described in
the other embodiments.

[0189]
(Embodiment 8)

A semiconductor device disclosed in this specification can be applied to a
variety of electronic devices (including game machines). Examples of electronic
devices include a television device (also referred to as a television or a television
receiver), a monitor of a computer or the like, a camera such as a digital camera or a
digital video camera, a digital photo frame, a mobile phone, a portable game machine, a
portable information terminal, an audio reproducing device, a game machine (such as a
pachinko machine or a slot machine), a game console, and the like. FIGS. 17A to 17C
illustrate a specific example of an electronic device.
[0190]

FIGS. 17A and 17B illustrate a tablet terminal that can be folded. In FIG 17A,

the tablet terminal is opened, and includes a housing 9630, a display portion 9631a, a
display portion 9631b, a display-mode switching button 9034, a power button 9035, a
power-saving-mode switching button 9036, a clip 9033, and an operation button 9038.
[0191]

The semiconductor device described in any of Embodiments 1 to 3 can be used

for the display portion 963 1a and the display portion 9631b, whereby the tablet terminal
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can be provided with high reliability.
[0192]

Part of the display portion 9631a can be a touch panel region 9632a and data
can be input when a displayed operation key 9638 is touched. Although a structure in
which a half region in the display portion 9631a has only a display function and the
other half region has a touch panel function is shown as an example, the display portion
9631a is not limited to the structure. The whole region in the display portion 9631a
may have a touch panel function. For example, the display portion 9631a can display
a keyboard in the whole region to be used as a touch panel, and the display portion
9631b can be used as a display screen.

[0193]

Like the display portion 9631a, a touch panel region 9632b can be formed in
part of the display portion 9631b. When a keyboard display switching button 9639
displayed on the touch panel is touched with a finger, a stylus, or the like, a keyboard
can be displayed on the display portion 9631b.

[0194]

Touch input can be performed concurrently on the touch panel regions 9632a
and 9632b.
[0195]

The display-mode switching button 9034 allows switching between a landscape
mode and a portrait mode, color display and black-and-white display, and the like.
With the power-saving-mode switching button 9036, the luminance of display can be
optimized in accordance with the amount of external light at the time when the tablet is
in use, which is detected with an optical sensor incorporated in the tablet. The tablet
terminal may include another detection device such as a sensor for detecting inclination
(e.g., a gyroscope or an acceleration sensor) in addition to the optical sensor.

[0196]

Although the display portion 9631a and the display portion 9631b have the
same display area in FIG. 17A, one embodiment of the present invention is not limited
to this structure. The display portion 963 1a and the display portion 9631b may have
different areas or different display quality. For example, one of them may be a display

panel that can display higher-definition images than the other.
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[0197]

In FIG. 17B, the tablet terminal is folded, and includes the housing 9630, a
solar battery 9633, a charge and discharge control circuit 9634, a battery 9635, and a
DCDC converter 9636. FIG. 17B illustrates an example in which the charge and
discharge control circuit 9634 includes the battery 9635 and the DCDC converter 9636.
[0198]

Since the tablet terminal can be folded, the housing 9630 can be closed when
the tablet terminal is not used. Thus, the display portions 9631a and 9631b can be
protected, thereby providing the tablet terminal with high endurance and high reliability
for long-term use.

[0199]

In addition, the tablet terminal illustrated in FIGS. 17A and 17B can have a
function of displaying a variety of kinds of data (e.g., a still image, a moving image, and
a text image), a function of displaying a calendar, a date, the time, or the like on the
display portion, a touch-input function of operating or editing the data displayed on the
display portion by touch input, a function of controlling processing by a variety of kinds
of software (programs), and the like.

[0200]

The solar battery 9633, which is attached on the surface of the tablet terminal,
supplies electric power to a touch panel, a display portion, an image signal processor,
and the like. Note that the solar battery 9633 can be provided on one or both surfaces
of the housing 9630, so that the battery 9635 can be charged efficiently. The use of a
lithium ion battery as the battery 9635 is advantageous in downsizing or the like.

[0201]

The structure and operation of the charge and discharge control circuit 9634
illustrated in FIG. 17B are described with reference to a block diagram of FIG. 17C.
FIG. 17C illustrates the solar battery 9633, the battery 9635, the DCDC converter 9636,
a converter 9637, switches SW1 to SW3, and the display portion 9631. The battery
9635, the DCDC converter 9636, the converter 9637, and the switches SW1 to SW3
correspond to the charge and discharge control circuit 9634 in FIG. 17B.

[0202]

First, an example of operation in the case where power is generated by the solar
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battery 9633 using external light is described. The voltage of power generated by the
solar battery 9633 is raised or lowered by the DCDC converter 9636 so that the power
has a voltage for charging the battery 9635.  When the display portion 9631 is operated
with the power from the solar battery 9633, the switch SW1 is turned on and the voltage
of the power is raised or lowered by the converter 9637 to a voltage needed for
operating the display portion 9631. In addition, when display on the display portion
9631 is not performed, the switch SW1 is turned off and a switch SW2 is turned on so
that charge of the battery 9635 may be performed.
[0203]

Here, the solar battery 9633 is shown as an example of a power generation
means; however, there is no particular limitation on a way of charging the battery 9635,
and the battery 9635 may be charged with another power generation means such as a
piezoelectric element or a thermoelectric conversion element (Peltier element). For
example, the battery 9635 may be charged with a non-contact power transmission
module that transmits and receives power wirelessly (without contact) to charge the
battery or with a combination of other charging means.
[0204]

The structures, methods, and the like described in this embodiment can be
combined as appropriate with any of the structures, methods, and the like described in

the other embodiments.

EXPLANATION OF REFERENCE

[0205]

400: substrate, 401: gate eclectrode layer, 402: gate insulating layer, 403: oxide
semiconductor layer, 405: low-resistance material layer, 405a: low-resistance material
layer, 405b: low-resistance material layer, 406: first protective layer, 407: second
protective layer, 407a: third protective layer, 407b: fourth protective layer, 420:
transistor, 421: transistor, 430: capacitor, 43 1: transistor, 432: insulating layer, 436: base
insulating layer, 440: transistor, 441: transistor, 451: oxygen doping, 453: resist, 454:
conductive layer, 454a: first conductive layer, 454b: second conductive layer, 455: resist,
474a: wiring layer, 474b: wiring layer, 485: wiring protective layer, 485a: first wiring

protective layer, 485b: second wiring protective layer, 495: hard mask layer, 3000:
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substrate, 3001: transistor, 3003a: electrode, 3003b: electrode, 3003¢: electrode, 3004:
logic circuit, 3100a: wiring, 3100b: wiring, 3100c¢: wiring, 3100d: wiring, 3106:
element isolation insulating layer, 3140a: insulating film, 3140b: insulating film, 3141a:
insulating film, 3141b: insulating film, 3142a: insulating film, 3142b: insulating film,
3170a: memory cell, 3170b: memory cell, 3171a: transistor, 3171b: transistor, 3200:
transistor, 3202: transistor, 3204: capacitor, 3208: clectrode, 3210a: conductive layer,
3210b: conductive layer, 3212: electrode, 3214: electrode, 3216: wiring, 3220:
insulating layer, 3222: insulating layer, 3223: insulating layer, 3223a: insulating layer,
3224: insulating layer, 3303: electrode, 3400(1): memory cell array, 3400(2): memory
cell array, 3400(n): memory cell array, 3501a: conductive layer, 3501b: conductive layer,
3501c¢: conductive layer, 3502a: electrode, 3502b: electrode, 3502¢: electrode, 3503a:
electrode, 3503b: electrode, 3505: electrode, 9033: clip, 9034: button, 9035: power
button, 9036: button, 9038: operation button, 9630: housing, 9631: display portion,
9631a: display portion, 9631b: display portion, 9632a: region, 9632b: region, 9633:
solar battery, 9634: charge and discharge control circuit, 9635: battery, 9636: DCDC
converter, 9637: converter, 9638: operation key, 9639: button.

This application is based on Japanese Patent Application serial no.
2011-282438 filed with Japan Patent Office on December 23, 2011 and Japanese Patent
Application serial no. 2011-282511 filed with Japan Patent Office on December 23,

2011, the entire contents of which are hereby incorporated by reference.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer on one surface of the gate electrode layer;

a semiconductor layer on one surface of the gate insulating layer;

a first conductive layer over the semiconductor layer;

a second conductive layer over the first conductive layer;

a protective layer over the second conductive layer; and

a hard mask layer over the protective layer,

wherein the hard mask layer comprises an opening which overlaps with a

channel formation region of the semiconductor layer.

2. The semiconductor device according to claim 1,

wherein the semiconductor layer includes an oxide including In, an element M,
and Zn, and

wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

3. The semiconductor device according to claim 1, wherein the hard mask layer

comprises amorphous silicon.

4. The semiconductor device according to claim 1, wherein a thickness of the
semiconductor layer is greater than or equal to 5 nm and less than or equal to 30 nm.

5. The semiconductor device according to claim 1, wherein a channel length of a
transistor including the semiconductor layer is greater than or equal to 20 nm and less
than or equal to 100 nm.
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6. The semiconductor device according to claim 1, wherein a length of the
semiconductor layer in a channel length direction is larger than a length of the gate
electrode layer in the channel length direction.

7. The semiconductor device according to claim 1, wherein a width of the
opening is substantially the same as a length of the semiconductor layer in a channel
length direction.

8. The semiconductor device according to claim 1, wherein the semiconductor

layer is located over the gate electrode layer.

9. A semiconductor device comprising:

a gate electrode layer;

a gate insulating layer on one surface of the gate electrode layer;

a semiconductor layer on one surface of the gate insulating layer;

a first conductive layer and a second conductive layer over the semiconductor
layer;

a third conductive layer over the first conductive layer;

a fourth conductive layer over the second conductive layer; and

a protective layer over the third conductive layer and the fourth conductive layer,

wherein a distance between the first conductive layer and the second conductive
layer is shorter than a distance between the third conductive layer and the fourth
conductive layer, and

wherein the first conductive layer and the third conductive layer serve as a
source electrode and the second conductive layer and the fourth conductive layer serve
as a drain electrode.

10. The semiconductor device according to claim 9,
wherein the semiconductor layer includes an oxide including In, an element M,

and Zn, and
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wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

11. The semiconductor device according to claim 9, wherein a thickness of the
semiconductor layer is greater than or equal to 5 nm and less than or equal to 30 nm.

12. The semiconductor device according to claim 9, wherein a channel length of
a transistor including the semiconductor layer is greater than or equal to 20 nm and less
than or equal to 100 nm.

13. The semiconductor device according to claim 9, wherein a length of the
semiconductor layer in a channel length direction is larger than a length of the gate
electrode layer in the channel length direction.

14. The semiconductor device according to claim 9, wherein the semiconductor
layer is located over the gate electrode layer.

15. A semiconductor device comprising:

a gate electrode layer adjacent to an oxide semiconductor layer;

the oxide semiconductor layer comprising a channel formation region;

a first conductive layer over and in contact with a first portion of the oxide
semiconductor layer;

a second conductive layer over and in contact with a second portion of the oxide
semiconductor layer; and

a silicon oxynitride film over the first conductive layer and the second conductive
layer,

wherein the silicon oxynitride film is in contact with a third portion of the oxide
semiconductor layer between the first portion and the second portion,

wherein the third portion includes the channel formation region, and
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wherein a channel length of a transistor including the oxide semiconductor layer
is less than or equal to 30 nm with use of a photolithography process using an electron

beam.

16. The semiconductor device according to claim 15,

wherein the oxide semiconductor layer includes In, an element M, and Zn, and

wherein the element M is at least one element selected from the group consisting
of Ga, Sn, Hf, Al, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

17. The semiconductor device according to claim 15, further comprising a hard
mask layer over the first conductive layer and the second conductive layer.

18. The semiconductor device according to claim 17, wherein the hard mask

layer comprises amorphous silicon.

19. The semiconductor device according to claim 15, wherein a thickness of the
oxide semiconductor layer is greater than or equal to 5 nm and less than or equal to 30

nm.

20. The semiconductor device according to claim 15, wherein the oxide

semiconductor layer is formed over the gate electrode layer.
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ABSTRACT

A bottom-gate transistor with a short channel length and a method for
manufacturing the transistor are provided. A bottom-gate transistor with a short
channel length in which portions of a source electrode and a drain electrode which are
proximate to a channel formation region are thinner than other portions therecof was
devised. In addition, the portions of the source electrode and the drain electrode
which are proximate to the channel formation region are formed in a later step than the
other portions thercof, whereby a bottom-gate transistor with a short channel length can

be manufactured.
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