gamins  UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381
139982 7% 09/10/2024 | EXAMINER |
Wissing Miller LLP
Industrious at Hudson Yards RODELA, EDUARDO A
31 Hudson Yards, 11th Floor
New York. NY 10001 | ART UNIT | PAPER NUMBER |
s
2893
| NOTIFICATION DATE | DELIVERY MODE |
09/10/2024 ELECTRONIC

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

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

WDMDocket@wissingmiller.com

PTOL-90A (Rev. 04/07)
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APPLICATION NO. ISSUE DATE PATENT NO.

12087871

18/385,213 10-Sep-2024

Wissing Miller LLP
Industrious at Hudson Yards
New York, NY 10001

EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://
patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit
https://www.uspto.gov/electronicgrants

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
18/385,213 09/10/2024 12087871 309-0015USCIP 7381
139982 7590 08/21/2024
Wissing Miller LLP

Industrious at Hudson Yards
31 Hudson Yards, 11th Floor
New York, NY 10001

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

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

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

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

Applicant will be able to obtain more detailed information by accessing the Patent Center (https://
patentcenter.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 Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

IR103 (Rev. 10/09)
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INVENTORC(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional inventors):

Shih-Yuan WANG, Palo Alto, CA;
Shih-Ping WANG, Los Altos, CA;

APPLICANT(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional applicants):

W&W Sens Devices, Inc., Los Altos, CA;

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

IR103 (Rev. 10/09)
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UNITED STATES PO Box 1450
PATENT AND TRADEMARK OFFICE Alexandle, Y ooy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/385,213 08/12/2024 05:17:01 PM Z ET 309-0015USCIP

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 7381 FILED BY  Mary Ellen Finnegan
PATENT CENTER # 66753538 FILING DATE  10/30/2023
CUSTOMER # 139982 FIRST NAMED  Shih-Yuan WANG
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  lvan Kavrukov
ADDRESS

Documents TOTAL DOCUMENTS: 2
SIZE

DOCUMENT PAGES DESCRIPTION (KB)

309-0015USCIP_lIssue_Fee-

LtrWithStatementOfAllowanc 2 Miscellaneous Incoming Letter 501 KB
e-Final.pdf

309-

0015USCIP_lssueFeeTrans 1 Issue Fee Payment (PTO-85B) 470 KB

mittal-Final.pdf

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

309-0015USCIP_lssue_Fee- 973A64759280F5CFC0252D1D8643DAADEBIDEDE4A496E50D
LtrwWithStatementOfAllowance- E9E84945DD7DD00D821CE23C35239306C1EC9B4EGOBF7D6F
Final.pdf 1490A84EE6DI9D26E205B4894603E5895
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309- 8DFD335B822D519527741806FFD11DDE1114BB54A4D20EBO
0015USCIP_lIssueFeeTransmitt  C72BAF8C1E8B242A7CB1FF67CF182953495F2C65C63F2D472
al-Final.pdf 371C2584FC92EF09CESBSEAG848E 101

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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UNITED STATES v 2, Box 1450
PATENT AND TRADEMARK OFFICE A, e o oo
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/385,213 08/12/2024 05:17:01 PM Z ET 309-0015USCIP
Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES
Application Information
APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)
CONFIRMATION # 7381 FILED BY  Mary Ellen Finnegan
PATENT CENTER # 66753538 AUTHORIZED BY lvan Kavrukov
CUSTOMER # 139982 FILING DATE  10/30/2023
CORRESPONDENCE - FIRST NAMED  Shih-Yuan WANG
ADDRESS INVENTOR
Payment Information
PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 2892 E20248BH18179907 Mary Ellen Finnegan
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY
600125 37 CFR 1.21 (Miscellaneous fees and charges)
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
2501 UTILITY ISSUE FEE 480.00 1 480.00
TOTAL
AMOUNT: $480.00

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

New International Application Filed with the USPTO as a Receiving Office

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

First Named Inventor: Shih-Yuan WANG

Serial No.: 18/385,213

Filing Date: January 11, 2021

Art Unit: 2893

Confirmation No.: 7381

Examiner: EDUARDO A RODELA

For: MICROSTRUCTURE ENHANCED ABSORPTION

PHOTOSENSITIVE DEVICES

31 Hudson Yards, 11" Floor
New York, New York 10001

CERTIFICATE OF ELECTRONIC FILING

Date of Transmission: __August 12, 2024

I hereby certify that this correspondence is being transmitted via
Electronic Filing Services on the date indicated above.

Mary Ellen Finnegan
(Typed or printed name of person signing transmittal)

/Mary Ellen Finnegan/
(Signature of person signing transmittal)

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

TRANSMITTAL LETTER ACCOMPANYING ISSUE FEE PAYMENT

Submitted herewith for filing in the U.S. Patent and Trademark Office are the following:

Part B — Issue Fee Transmittal;
Payment by credit card and Authorization to charge Deposit Account 600125 in
payment of any fee deficiencies;
Applicant Comments to Examiner’s Statement of Reasons for Allowance
The applicant recognizes that in accordance with M.P.E.P. § 1302.14, the Examiner’s reasons
for allowance need not set forth all of the details as to why the claims are allowed. In the above
identified application, the applicant does not concede that the examiner’s stated reasons for allowance

are the only reasons for which the claims are allowable. In particular, the applicant does not concede

Samsung Exhibit 1003, Page 9 of 654



that all of the recited limitations are necessary to distinguish the prior art of record or to satisfy the
requirements of 35 U.S.C. § 112. In addition, the dependent claims are allowable on their own merits,
and are allowable on the basis of a sub-combination of the recited features of the dependent claims and
their respective base claims.

If there are any questions regarding this submission, the Examiner is encouraged to contact the
undersigned via telephone at (917) 945-0121. I hereby authorize the USPTO to communicate any
subject matter of this application by electronic mail at [wmdocket@wissingmiller.com]. I understand

that a copy of these communications will be made of record in the application file.

By: /Ivan S. Kavrukov/
Ivan S. Kavrukov
Reg. No. 25,161
Tel. (917) 945-0121

Date: August 12, 2024

Address: (associated with Customer Number: 139982)
31 Hudson Yards, 11" Floor

New York, New York 10001

Attorney’s Telephone No.: (917) 945-0121
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: ~ Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

By fax, send to:  (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 appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.

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

139982 7590 05/16/2024
Wissing Miller LLP
Industrious at Hudson Yards
31 Hudson Yards, 11th Floor
New York, NY 10001

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

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

|V|ary I:”en l_lnnegan (Typed or printed name
Mary Ellen Finnegan/ (Signature
August 12, 2024 (Date
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381

TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0.00 $0.00 $480 08/16/2024
| EXAMINER | ART UNIT I CLASS-SUBCLASS |
RODELA, EDUARDO A 2893 136-256000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys WiSSing Miller LLP
or agents OR, alternatively, 1

d Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

2 registered patent attorneys or agents. If no name is
[ "Fee Address” indication (or "Fee Address" Indication form PTO/ 1iste%, o narrr)\e will be priited. ¢

5%}

. 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 must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
W&W Sens Devices, Inc. Los Altos, CA

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

4a. Fees submiitted: Rissue Fee [JPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 6001 25

i

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

d 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 /lvan S Kavrukov/
Typed or printed name V8N S. Kavrukov

paee _August 12, 2024
Registration No. 25.161

Page 2 of 3
PTOL-85 Part B (11/23) Approved for use through 03/31/2026 OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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A pp/icalion Number Application/Control No. Applicant(s)/Patent under

% 1 8/385,21 3 * Reexamination

18/385,213 WANG et al.
Examiner Art Unit
RODELA, EDUARDO A 2893
Document Code - DISQ Internal Document - DO NOT MAIL
TERMINAL
DISCLAIMER APPROVED O DISAPPROVED
This patent is subject
Date Filed: 18 July 2024 to a Terminal
Disclaimer
Approved/Disapproved by:
IJEAN PROCTOR/
Technology Center: OPLC
Telephone: (571)272-1040
16 TD'S
_Ll_J.SSS._rFa\}\?m and Trademark Office Terminal Disclaimer Part of Paper No. 20240723
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 10,468,543 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant

application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

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

Samsung Exhibit 1003, Page 14 of 654



PTO/AIA/25 (04-13)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING | Docket Number (Optional)
REJECTION OVER A PENDING “REFERENCE” APPLICATION 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , ownerof _ 100 _ percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend
beyond the expiration date of the full statutory term of any patent granted on pending reference Application Number 17/434,382

filed, September 21, 2020 , as the term of any patent granted on said reference application may be shortened by any terminal disclaimer
filed prior to the grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of any patent granted on the instant application that would
extend to the expiration date of the full statutory term of any patent granted on said reference application, “as the term of any patent granted on
said reference application may be shortened by any terminal disclaimer filed prior to the grant of any patent on the pending reference
application,” in the event that: any such patent granted on the pending reference application expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37
CFR 1.321, has all claims canceled by a reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full
statutory term as shortened by any terminal disclaimer filed prior to its grant.

Check either box 1 or 2 below, if appropriate.

1. El The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than
five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No. 25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan S. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) is included.

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 11,830,954 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 11,791,432 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 9,530,905 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. _10,446.700 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 10,622,498 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 9,525,084 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. _11,309.444 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/25 (04-13)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING | Docket Number (Optional)
REJECTION OVER A PENDING “REFERENCE” APPLICATION 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , ownerof _ 100 _ percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend
beyond the expiration date of the full statutory term of any patent granted on pending reference Application Number 18/113,474

filed, February 23, 2023 , as the term of any patent granted on said reference application may be shortened by any terminal disclaimer
filed prior to the grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of any patent granted on the instant application that would
extend to the expiration date of the full statutory term of any patent granted on said reference application, “as the term of any patent granted on
said reference application may be shortened by any terminal disclaimer filed prior to the grant of any patent on the pending reference
application,” in the event that: any such patent granted on the pending reference application expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37
CFR 1.321, has all claims canceled by a reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full
statutory term as shortened by any terminal disclaimer filed prior to its grant.

Check either box 1 or 2 below, if appropriate.

1. El The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than
five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No. 25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan S. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) is included.

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Page 2 of 2

National Stage of an international Application under 35 US.C. 3T

i a tmely submission 1o entar the nationad stage of an international application is compliant with the conditions of 35 1.8.C.
371 and other applicable requirements a Form POT/DOEDONS indicaling acceptancs of the application as a national stage
subrnisaion under 38 U.8.C. 371 will he lssued in addition io the Fiiing Recelpt, in dus couwrss.

New International Application Filed with the USPTQ as a Receiving Office

i a new nternational appioation is being fled and the internalional application includas the necessary components for an
international filing date (see POT Article 11 and MBPEP 1810}, a Notification of the International Application Number and of the
international Filing Dade (Form POT/RGANS) will be issuad in due course, subject to prascriptions concarning national security,
and tha date shown on this Acknowlsdgemaent Recaipt will establish the international filing dats of the application.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 11,121,271 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 11,621,360 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 9,818,893 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 9,496.435 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 10,700,225 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant

application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan 8. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. 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 c omplete,
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 th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIA/25 (04-13)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING | Docket Number (Optional)
REJECTION OVER A PENDING “REFERENCE” APPLICATION 309-0015USCIP

In re Application of: Shih-Yuan WANG
Application No.: 18/385,213

Filed: October 30, 2023
For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The applicant, W&WSENS DEVICES, INC. , ownerof _ 100 _ percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend
beyond the expiration date of the full statutory term of any patent granted on pending reference Application Number 18/385,213

filed, October 30, 2023 , as the term of any patent granted on said reference application may be shortened by any terminal disclaimer
filed prior to the grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of any patent granted on the instant application that would
extend to the expiration date of the full statutory term of any patent granted on said reference application, “as the term of any patent granted on
said reference application may be shortened by any terminal disclaimer filed prior to the grant of any patent on the pending reference
application,” in the event that: any such patent granted on the pending reference application expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37
CFR 1.321, has all claims canceled by a reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full
statutory term as shortened by any terminal disclaimer filed prior to its grant.

Check either box 1 or 2 below, if appropriate.

1. El The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than
five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No. 25,161

/lvan S. Kavrukov/ July 18, 2024
Signature Date

Ivan S. Kavrukov
Typed or printed hame

Attorney of Record 917-945-0121
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) is included.

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381
139982 7% 06/10/2024 | EXAMINER |
Wissing Miller LLP
Industrious at Hudson Yards RODELA, EDUARDO A
31 Hudson Yards, 11th Floor
New York. NY 10001 | ART UNIT | PAPER NUMBER |
s
2893
| NOTIFICATION DATE | DELIVERY MODE |
06/10/2024 ELECTRONIC

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

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

WDMDocket@wissingmiller.com

PTOL-90A (Rev. 04/07)
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U.S. Patent and Trademark Office

Application No. Applicant(s)
; . 18/385,213 WANG et al.
Notice of Allowability Examiner Art Unit AIA (FITF) Status
Eduardo A Rodela 2893 Yes

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

1.4} This communication is responsive to printer rush 5/21/2024.
[J A 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. The allowed claim(s) is/are 13-30 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

47 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* ¢) [J None of the:

1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.

3. (O Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(30 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.L] 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)

2.( Information Disclosure Statements (PTO/SB/08),

Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. Other .
of Biological Material

4.0 Interview Summary (PTO-413),

Paper No./Mail Date. .

5. (] Examiner's Amendment/Comment
6. (J Examiner's Statement of Reasons for Allowance

/EDUARDO A RODELA/
Primary Examiner, Art Unit 2893

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240605
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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.USpLO.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
139982 7590 05/16/2024
Wissing Miller LLP RODELA, EDUARDO A
Industrious at Hudson Yards
31 Hudson Yards, 11th Floor | ART UNIT | PAPER NUMBER |
New York, NY 10001 2893
DATE MAILED: 05/16/2024
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381

TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

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

nonprovisional SMALL $480 $0.00 $0.00 $480 08/16/2024

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 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted 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. 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: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

139982 7590 05/16/2024 Certificate of Mailing or Transmission
Wissing Miller LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
Ind . Hud Yard States Postal Service with sufficient postage for first class mail in an envelope
ndustrious at Hudson Yards addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
31 Hudson Yards, 11th Floor USPTO via the USPTO patent electronic filing system or by facsimile to (571)

273-2885, on the date below.

New York, NY 10001

(Typed or printed name

(Signature’
(Date’
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381
TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0.00 $0.00 $480 08/16/2024
| EXAMINER | ART UNIT I CLASS-SUBCLASS |
RODELA, EDUARDO A 2893 136-256000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

2 registered patent attorneys or agents. If no name is
[ "Fee Address” indication (or "Fee Address" Indication form PTO/ 1iste%, o narrr)\e will be priited. ¢

AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a 3
Customer Number is required.

. 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 must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

d Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

5%}

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

4a. Fees submiitted: [(Dissue Fee [JPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

() The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
a Applicant certifying micro entity status. See 37 CER 1.2 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

. Applicant asserting small entity status. See 37 CFR 1.27 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

| Applicant changing to regular undiscounted fee status. 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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381
| EXAMINER |
139982 7590 05/16/2024
Wissing Miller LLP RODELA, EDUARDO A
Industrious at Hudson Yards
31 Hudson Yards, 11th Floor | ART UNIT PAPER NUMBER |
New York, NY 10001 2893

DATE MAILED: 05/16/2024

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
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. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

hupsfwww.govindo.govicontont/pk g/ FR-2G13-02-29/pdt 201 3-0734 1 pdf

Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) afederal, state, local, or international agency, in response to its request;
3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires
disclosure of the record;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record;

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals;

8) 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(¢));

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10)the Office of Management and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.
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U.S. Patent and Trademark Office

Application No. Applicant(s)
; . 18/385,213 WANG et al.
Notice of Allowability Examiner Art Unit AIA (FITF) Status
Eduardo A Rodela 2893 Yes

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

1.4} This communication is responsive to 4/10/2024.
[J A 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. The allowed claim(s) is/are 13-30 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

47 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* ¢) [J None of the:

1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.

3. (O Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

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

Attachment(s)
1. Notice of References Cited (PTO-892)

2. Information Disclosure Statements (PTO/SB/08),

Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. Other .
of Biological Material

4. Interview Summary (PTO-413),

Paper No./Mail Date. .

5. [} Examiner's Amendment/Comment
6. Examiner's Statement of Reasons for Allowance

/EDUARDO A RODELA/
Primary Examiner, Art Unit 2893

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240408
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Application/Control Number: 18/385,213 Page 2
Art Unit: 2893

DETAILED ACTION
This correspondence is in response to the communications received April 10, 2023.
Claims 13-30 are pending. This application has been granted expedited examination status on

December 8, 2023.

Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Priority
It is acknowledged that this application is a continuation of several US applications
including 14/947,718 (now US 10,622,498) which has priority benefit of at least Provisional
applications 61/905,109 (with date November 15, 2013) and 61/843,021 (with date July 4, 2013).
The effective filing date is the earliest of the supported parent applications which appears to be

the provisional application 61/843,021, dated July 4, 2013.

Information Disclosure Statement
The IDS document dated March 13, 2024 has been annotated by Examiner to include the

publication date for the #3 Non-Patent Literature Documents (on page 8) as June 2019.
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Applicant’s Representative provided the following two citations for the Jonghoon Park et
al. “Pixel Technology for improving IR Quantum Efficiency of Backside-illuminated CMOS
Image Sensor” document. The citation dates were found via Google Search in the citation

section.

First citation:
Park, Jonghoon, Yunki Lee, Bumsuk Kim, Bomi Kim, Junsung Park, Eunju Yeom, Yunji
Jung et al. "Pixel technology for improving IR quantum efficiency of backside-illuminated

CMOS image sensor." In Proc. Int. Image Sensor Workshop, vol. 4, pp. 1-4. 2019.

Second citation:
Park, J., Lee, Y., Kim, B., Kim, B., Park, J., Yeom, E., ... & Park, Y. (2019, June). Pixel
technology for improving IR quantum efficiency of backside-illuminated CMOS image sensor.

In Proc. Int. Image Sensor Workshop (Vol. 4, pp. 1-4).

Claim Objections
The claim objections have been withdrawn in light of Applicant’s newly presented

amendment, which does not contain the language that previously warranted the objection.
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Art Unit: 2893

Relevant Prior Art

Kuriyama et al. (US 2004/0157354) Figs. 2A, 2B, shown below. This reference shows

plural light sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling.

FIG. 2A

Hong et al. (US 2010/0193022) Fig. 12, shown below. “The light-converting layer 130 is
formed in plurality spaced apart from each other. Each of the light-converting layers 130

includes a plurality of semiconductor layers. For example, each of the light-converting layers
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130 includes a stack of a p-type amorphous silicon layer 131, an i-type amorphous silicon layer
132, and an n-type amorphous silicon layer 133. Herein, the p-type amorphous silicon layer 131
is a layer that is doped with p-type impurities, the i-type amorphous silicon layer 132 is a layer
that is not doped with impurities, and the n-type amorphous silicon layer 133 is a layer that is
doped with n-type impurities.”, § 0039. This reference shows plural light sensitive pillars, but

are lacking the holes formed in the pillars with dielectric filling.

Hsu et al. (US 2008/0083963) Fig. 3G shown below. This reference shows plural light

sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling.
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Han et al. (US 2013/0014814) Fig. 8, shown below, which depicts lattice constant on

efficiency and Absorption, shown below.

10—

Absorptivity in c-Si

AR Q.8 .8

lattice constant (nm)

FIG. 9

Bandyopahyay et al. (US 8,207,064) Fig. 10G, shown below. This reference
shows plural light sensitive pillars, but are lacking the holes formed in the pillars with dielectric

filling.
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Applicant’s Claim to Figure Comparison
It is noted that this comparison is merely for the benefit of reviewers of this office action
during prosecution, to allow for an understanding of the examiner’s interpretation of the
Applicant’s independent claims as compared to disclosed embodiments in Applicant’s Figures.

No response or comments are necessary from Applicant.
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FIG. 49

Regarding claim 13, the Applicant discloses in Figs. 5B and 49, provided above, an

integrated structure comprising:

an array of pillars comprising Si, Ge, and/or SiGe alloy semiconductor material wherein
at least some of the pillars are configured as photodetectors that have respective light-receiving
surfaces and have sides (from J 0132, “Fig. 5B shows a microstructured pillar and or hole PD
520 in silicon with the starting material 500 consisting of a P-I-N Si layer grown on an Si

substrate 502...7);

wherein at least some of the photodetectors comprise P-doped and N- doped regions and
regions therebetween (P-I-N structure shown in Fig. 5B) and are configured to respond to
illumination with light in selected visible and infrared wavelength ranges by generating electrical

charge carriers (from q 0132, “the optical signal wavelengths range from 750-1100 nm”);

one or more holes that are deliberately formed into the light-receiving surfaces (noted

“holes” are understood to be further holes that are within surfaces of the pillars, and are in
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addition to the “holes” or discontinuities in material that allow for the creation of the pillars),
have elongated and/or other shapes at said light- receiving surfaces (see Fig. 49), extend into the
photodetectors to a depth of 100 to10000 nm (] 0154), and are filled at least partly with solid
dielectric material (f 0095, “when structures such as ... holes (which can be filled with low

index material ...”):

side-isolation comprising solid material at said sides of at least some of the

photodetectors (passivation 522 in Fig. 5B, which isolates each pillar from a neighboring pillar);

a solid dielectric material forming a base dielectric region for said array (‘BOX/SOT’

layer shown in Fig. 5B); and

electrical contacts (528 and 530 as shown in Fig. 5B) configured to provide electrical
pathways to at least some of the photodetectors, including for selected reverse-biasing thereof

(discussed in at least  0023);
wherein the presence of said one or more holes increases by a factor of at least 1.1 the

absorption of the light by at least some of the photodetectors relative to an otherwise like

photodetectors lacking said holes (discussed in J 0114).
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EXAMINER'S AMENDMENT
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.

Authorization for this examiner’s amendment was given in an interview with Ivan S.

Kavrukov on May 8, 2024.

The application has been amended as follows:

In the Claims:

Please amend claim 13 as follows. On the second to last line of the recitation of
“photodetectors relative to an otherwise like photodetectors lacking said holes”, please delete the

term “an”.

REASONS FOR ALLOWANCE

Claims 13-30 are allowed.

The following is an Examiner's statement of reasons for allowance: The integrated
structure as recited in the claims of the instant invention fail to be taught by the prior art cited of

interest.

Samsung Exhibit 1003, Page 67 of 654



Application/Control Number: 18/385,213 Page 11
Art Unit: 2893

FIG. 3G

Regarding claim 13, the prior art of Hsu et al. (US 2008/0083963) discloses in Fig. 3G,
a light converting pillar diode array, but fails to disclose the specific characteristic recited in the
claims of the instant invention e.g. the combination of claimed limitations of an array of pillars
and their particular semiconductor material that are configured as photodetectors, the
photodetectors comprise P-I-N doping arrangement, holes are formed in the light receiving
surfaces of the pillars, the holes are of a dimension as claimed, side-isolation, solid dielectric
material, electrical contacts, the holes improve absorption by a particular amount. The prior art
fails to disclose the particulars of the holes formed in the light receiving surfaces of the pillars.
The Hsu reference (above) shows plural light sensitive pillars, but are lacking the particulars of

the holes formed in the pillars, which are then filled with dielectric filling.
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Contact Information
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Eduardo A Rodela Primary Examiner Telephonic
Ivan S. Kavrukov Attorney of Record

Date of Interview: 08 May 2024

Issues Discussed:
Other

Examiner sought to have Applicant, resubmit the document #3 on page 8 of the IDS (dated March 13,
2024), to include the date of publication, which is not currently present in the document. Applicant's
Representative then supplied the date as June 2019 for said citation of the IDS document. Next,
Examiner sought clarification on the support for claim 13 limitation of "side isolation". Applicant's
Representative then supplied an explanation that the features were captured in para 0144 and in Fig. 9D
as "filler 916". This is analogous to Fig. 5B's fillers identified as elements 522.

JEDUARDO A RODELA/
Primary Examiner, Art Unit 2893

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

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

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office

PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20240408
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PCT/US14/39208 has PRO of 61905109 11/15/2013
PCT/US14/39208 has PRO of 61843021 07/04/2013
PCT/US14/39208 has PRO of 61834873 06/13/2013
PCT/US14/39208 has PRO of 61826446 05/22/2013
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PE2E SEARCH - Search History (Prior Art)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

L72

70

((US-10622498-B2 OR
US-11621360-B2 OR
US-7525170-B2 OR
US-9257583-B2 OR
US-9841510-B2 OR
US-6538299-B1 OR
US-6177289-B1 OR
US-6111305-A OR US-
9496435-B2 OR US-
11536914-B2 OR US-
11757072-B2 OR US-
8357960-B1 OR US-
11855239-B2 OR US-
11728457-B2 OR US-
10854656-B2 OR US-
9184202-B2 OR US-
7183127-B2 OR US-
7396696-B2 OR US-
11502219-B2 OR US-
9362448-B2 OR US-
8946675-B2 OR US-
8664636-B2 OR US-
8659037-B2 OR US-
8476637-B2 OR US-
8431817-B2 OR US-
7132677-B2 OR US-
8129710-B2 OR US-
9559231-B2 OR US-
8330173-B2 OR US-
7161220-B2 OR US-
7022544-B2 OR US-
6879014-B2 OR US-
11550099-B2 OR US-
11101304-B2 OR US-
6027956-A OR US-
5757057-A OR US-
5625636-A OR US-
4571559-A OR US-
8829460-B2 OR US-
11764248-B2 OR US-
10651225-B2 OR US-
11211419-B2 OR US-
11152408-B2 OR US-
11088189-B2).did. AND
USPT.dbnm.) OR ((US-
20230215962-A1 OR
US-20180182806-A1
OR US-20180012918-
A1 OR US-
20120153127-A1 OR
US-20120012741-A1
OR US-20160225631-

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

ON

ON

2024/05/06
09:24 AM

05/07/2024 06:37:30 PM
Workspace: 18385213

Page 1 of 13

ER
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A1 OR US-
20150054997-A1 OR
US-20140263975-A1
OR US-20140001528-
A1 OR US-
20040144985-A1 OR
US-20040048092-A1
OR US-20110000545-
A1 OR US-
20100313941-A1 OR
US-20100288341-A1
OR US-20100221866-
A1 OR US-
20100193768-A1 OR
US-20090225804-A1
OR US-20090008735-
A1 OR US-
20080218740-A1 OR
US-20070134840-A1
OR US-20050184354-
A1).did. AND
PGPB.dbnm.) OR ((CN-
103348486-A).did. AND
FTDB.dbnm.) OR
((WO-2012160662-A1
OR US-20120168613-
A1 OR US-11094846-
B1 OR US-

20150008554-A1).did.
AND DWPI.dbnm.)
L73 14 "20180182806" (US-PGPUB; USPAT; |OR ON ON 2024/05/06
USOCR; FIT (AU, AP, 11:29 AM
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN): FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L74 13 ("4827114" | "5055894" |(US-PGPUB; USPAT; |OR ON ON 2024/05/06
| "6111305" | "6177289" |USOCR) 04:12 PM
| "6300648" | "6451702"
| "6538299" |
"6707126").pn. OR
("7525170").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L75 35 (@rlpd<="20130704" |(US-PGPUB; USPAT; |OR ON ON 2024/05/06
OR USOCR; FIT (AP, AT, 04:12 PM
@rlad<="20130704"  |AU, BE, BG, BR, BY,
05/07/2024 06:37:30 PM Page 2 of 13
Workspace: 18385213 ER
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OR @pd<="20130704" |CA, CH, CN, CS, CU,

OR @ad<="20130704") [CZ, DD, DE, DK, EA,

AND L74 EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L76 15 ("6515315" | "6841807" [(US-PGPUB; USPAT; |OR ON ON 2024/05/06
| "6897471" | "7233051" [USOCR) 04:13 PM
| "7259444" | "7525170"
| "20040108516" |
"20040157354" |
"20050173712" |
"20060060933" |
"20060076589" |
"20080265357" |
"20110180894" |
"20110309240").pn. OR
("9166091").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L77 38 (Artificial Intelligence) (US-PGPUB; USPAT; [OR ON ON 2024/05/06
More like doc: USOCR; FIT (AU, AP, 04:47 PM
US-20040157354-A1 AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(US-7183127-B2 OR CZ, DD, DE, DK, EA,
JP-2004193527-A OR |EE, EP, ES, FI, FR, GB,
JP-4235440-B2 OR JP- |HR, HU, ID, IE, IL, IS,
2005353828-A OR WO-|IT, JP, KR, LT, LU, LV,
2011156266-A2 OR MA, OA, RU, SU, WO,
EP-2580791-A2 OR MC, MD, MY, NL, NO,
KR-101786765-B1 OR |NZ, PH, PL, PT, RO,
KR-20140010921-A OR |RS, SE, SG, SlI, SK,
CN-103069585-B OR |TH, TN, TR, TW, UA,
CN-103069585-A OR |[VN); FPRS; EPO;
EP-2580791-B1 OR JPO; DERWENT,
EP-3116036-A1 OR IBM_TDB)
WO-2017005792-A1

OR EP-3320567-A1 OR

US-20180199409-A1

OR WO0-2011156266-

A3 OR US-10201054-

B2 OR EP-3320567-B1

OR JP-2020181937-A

OR WO0-2023064157-

A1).did.

L78 26099 (P-I-N OR "P-I-N") (US-PGPUB; USPAT; [OR ON ON 2024/05/06
WITH (apd OR USOCR; FIT (AU, AP, 05:37 PM
(avalanche NEAR photo (AT, BE, BG, BR, BY,

NEAR diode) OR CA, CH,CN, CS, CU,

junction OR diode) CZ, DD, DE, DK, EA,
05/07/2024 06:37:30 PM Page 3 of 13
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EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
L79 507 (P-I-N OR "P-I-N") (US-PGPUB; USPAT; [OR ON ON 2024/05/06
WITH (apd OR USOCR; FIT (AU, AP, 05:37 PM
(avalanche NEAR photo (AT, BE, BG, BR, BY,
NEAR diode) OR CA, CH,CN, CS, CU,
junction OR diode) CZ, DD, DE, DK, EA,
WITH (column OR EE, EP, ES, FI, FR, GB,
pillar) HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
L80 444 (@rlpd<="20130704" (US-PGPUB; USPAT; [OR ON ON 2024/05/06
OR USOCR; FIT (AP, AT, 05:37 PM
@rlad<="20130704" AU, BE, BG, BR, BY,
OR @pd<="20130704" |CA, CH, CN, CS, CU,
OR @ad<="20130704") [CZ, DD, DE, DK, EA,
AND L79 EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
L81 9 ("7435996" | "7453097" [(US-PGPUB; USPAT; |OR ON ON 2024/05/07
| "20060207647" | USOCR) 09:11 AM
"20080083963" |
"20090165844" |
"20090194160" |
"20100078055" |
"20100193022" |
"20110240099").pn. OR
("9966486").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L82 41 (Artificial Intelligence) (US-PGPUB; USPAT; [OR ON ON 2024/05/07
More like doc: USOCR; FIT (AU, AP, 09:21 AM
05/07/2024 06:37:30 PM Page 4 of 13
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L83

L84

L85

3581639

21358

11

US-20080083963-A1
Text:

(US-7525170-B2 OR
CN-101159277-A OR
CN-100568516-C OR
CN-115295660-A OR
EP-2747154-B1 OR
WO-2012054436-A1
OR CN-103415929-B
OR KR-20100138391-A
OR CN-103415929-A
OR KR-101033028-B1
OR EP-2717322-A1 OR
US-20140166100-A1
OR WO0-2013009615-
A1 OR US-
20130009265-A1 OR
US-8368159-B2 OR
WO-2012160662-A1
OR JP-
W02012160662-A1 OR
WO-2022138050-A1
OR US-9257583-B2 OR
TW-1466307-B).did.

(face OR surface)
NEAR (textur$2 OR
pattern OR shapes OR
pyramids OR divots OR
dimples OR holes)

H01L31/0236,02363.cp
C.

(@rlpd<="20130704"

AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2024/05/07
09:29 AM

2024/05/07
10:03 AM

2024/05/07

05/07/2024 06:37:30 PM
Workspace: 18385213
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L86

L87

L88

4780

26100

194

OR
@rlad<="20130704"
OR @pd<="20130704"
OR @ad<="20130704")
AND L79 AND L84

(@rlpd<="20130704"
OR
@rlad<="20130704"
OR @pd<="20130704"
OR @ad<="20130704")
AND L83 AND L84

(P-I-N OR "P-I-N")
WITH (apd OR
(avalanche NEAR photo
NEAR diode) OR
junction OR diode)

(@rlpd<="20130704"
OR
@rlad<="20130704"
OR @pd<="20130704"
OR @ad<="20130704")
AND L83 AND L84
AND L87

USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,

OR

OR

OR

ON

ON

ON

ON

ON

ON

10:04 AM

2024/05/07
10:27 AM

2024/05/07
10:27 AM

2024/05/07
10:28 AM

05/07/2024 06:37:30 PM
Workspace: 18385213

Page 6 of 13
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PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L89 4 ("20080006319" | (US-PGPUB; USPAT; |OR ON ON 2024/05/07
"20080185036" | USOCR) 12:48 PM
"20090194160" |
"20100001359").pn. OR
("9331220").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L90 35 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
More like doc: USOCR; FIT (AU, AP, 01:08 PM
US-20120255603-A1 _|AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CU,
(WO-2023221714-A1  |CZ, DD, DE, DK, EA,
OR US-10658529-B2  |EE, EP, ES, FI, FR, GB,
OR US-10230010-B2  [HR, HU, ID, IE, IL, IS,
OR US-20160204286- |IT, JP, KR, LT, LU, LV,
A1 OR DE- MA, OA, RU, SU, WO,
102012210875-A1 OR [MC, MD, MY, NL, NO,
US-20150255641-A1  [NZ, PH, PL, PT, RO,
OR US-20130000704- |RS, SE, SG, SI, SK,
A1 OR US-9741880-B2 |TH, TN, TR, TW, UA,
OR US-20170288071- |VN); FPRS; EPO;
A1 OR DE- JPO; DERWENT;
102012210875-B4 OR |IBM_TDB)
US-10347779-B2 OR
US-11011655-B2 OR
US-20190237597-A1
OR WO0-2013186945-
A1 OR KR-
20150104431-A OR
WO-2013125036-A1
OR JP-
WO02013125036-A1 OR
CN-115117198-A OR
KR-20120086593-A OR
AT-411409-B).did.
L91 38 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
More like doc: USOCR; FIT (AU, AP, 02:15 PM
US-20130014814-A1 _|AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CU,
(WO-2011085297-A1 |CZz, DD, DE, DK, EA,
OR W0-2013028510- |EE, EP, ES, FI, FR, GB,
A2 OR US- HR, HU, ID, IE, IL, IS,
20140209154-A1 OR  [IT, JP, KR, LT, LU, LV,
US-20230231066-A1  |MA, OA, RU, SU, WO,
OR CH-633631-A5 OR |MC, MD, MY, NL, NO,
US-20120060913-A1  [NZ, PH, PL, PT, RO,
OR US-8314327-B2 OR|RS, SE, SG, SI, SK,
KR-101575854-B1 OR |TH, TN, TR, TW, UA,
WO-2019194911-A1  |VN); FPRS; EPO;
OR US-10935702-B2 |JPO; DERWENT;
OR US-20070204901- |IBM_TDB)
05/07/2024 06:37:30 PM Page 7 of 13
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A1 OR WO-
2013171286-A1 OR
US-20090293931-A1
OR JP-2023123575-A
OR JP-7381486-B2 OR
US-20190302325-A1
OR TW-201001729-A
OR EP-3776666-A1 OR
US-8829337-B1 OR
CN-103237745-B).did.

L92 25 ("4514748" | "5604136" |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
| "6714772" | "6452218" [USOCR) 03:14 PM
| "7008813").pn. OR
("7186611").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L93 2 (("W&amp;W") near3 |(US-PGPUB; USPAT) |OR ON ON 2024/05/07
("Sens") near3 04:45 PM
("Devices") near3
("Inc"))).AS,AANM.

L94 859 (("WANG") near3 (US-PGPUB; USPAT; |OR ON ON 2024/05/07
("Shih-Yuan")) OR USOCR; EPO; JPO; 04:45 PM
(("WANG") near3 DERWENT)

("Shih-Ping™))).INV.

L95 0 (L93 OR L94) AND (US-PGPUB; USPAT; |AND ON ON 2024/05/07
((array)(pillar$1)("Si" USOCR; FIT (AU, AP, 05:05 PM
OR "Ge" OR "SiGe" OR | AT, BE, BG, BR, BY,
silicon OR germanium |CA, CH, CN, CS, CU,

OR (silicon NEAR CZ, DD, DE, DK, EA,
germainum))(photo EE, EP, ES, FI, FR, GB,
NEAR detect$3)(light HR, HU, ID, IE, IL, IS,
NEAR recciving NEAR [IT, JP, KR, LT, LU, LV,
surface$1)((p-dop$1 MA, OA, RU, SU, WO,
OR p-type OR "P") MC, MD, MY, NL, NO,
NEAR region)((n-dop$1 [NZ, PH, PL, PT, RO,
OR n-type OR "N") RS, SE, SG, SI, SK,
NEAR region)((undop$3|TH, TN, TR, TW, UA,
OR intrinsic) NEAR VN); FPRS; EPO;
(region))(holes OR JPO; DERWENT,
divots OR textur$2 OR |IBM_TDB)

(inverted NEAR

(pyramid OR

cylinder)))(contacts)(ab

sorption OR

abosorb$3))

L96 1 single WITH micro-hole |(US-PGPUB; USPAT; |OR ON ON 2024/05/07

WITH per WITH pixel USOCR; FIT (AU, AP, 06:04 PM

AT, BE, BG, BR, BY,

CA, CH, CN, CS, CU,

CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,

IT, JP, KR, LT, LU, LV,

MA, OA, RU, SU, WO,

MC, MD, MY, NL, NO,

NZ, PH, PL, PT, RO,
05/07/2024 06:37:30 PM Page 8 of 13
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RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L97 15 (single WITH (micro (US-PGPUB; USPAT; [OR ON ON 2024/05/07
NEAR hole) WITH USOCR; FIT (AU, AP, 06:05 PM
pixel) AND cmos AT, BE, BG, BR, BY,

CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L98 11 (@rlpd<="20130704" (US-PGPUB; USPAT; [OR ON ON 2024/05/07
OR USOCR; FIT (AP, AT, 06:05 PM
@rlad<="20130704" AU, BE, BG, BR, BY,

OR @pd<="20130704" |CA, CH,CN, CS, CU,

OR @ad<="20130704") |CZ, DD, DE, DK, EA,

AND L97 EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L99 36 (Artificial Intelligence) [(US-PGPUB; USPAT; |OR ON ON 2024/05/07
More like doc: USOCR; FIT (AU, AP, 06:06 PM
WO-2005072370-A2 AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,

(EP-1712087-A2 OR CZ, DD, DE, DK, EA,

US-20050225654-A1 EE, EP, ES, FI, FR, GB,

OR EP-2315448-A1 OR|HR, HU, ID, IE, IL, IS,

JP-2007520166-A OR |IT, JP, KR, LT, LU, LV,

KR-20070019979-A OR [MA, OA, RU, SU, WO,

EP-2315448-B1 OR MC, MD, MY, NL, NO,

US-7773143-B2 OR JP-[NZ, PH, PL, PT, RO,

4797151-B2 OR KR- RS, SE, 8G, SI, 8K,

101227544-B1 ORJP- [TH, TN, TR, TW, UA,

2011072039-A OR EP- |VN); FPRS; EPO;

1712087-B1 OR JP- JPO; DERWENT;

5646445-B2 OR JP- IBM_TDB)

2012070431-A OR CN-

1934872-A OR CN-

1934872-B OR CN-

105141933-A OR CN-
05/07/2024 06:37:30 PM Page 9 of 13
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105141933-B OR WO-
2005072370-A3 OR
US-20050073603-A1
OR US-7405761-
B2).did.
L100 44 ("4479143" | "4804249" |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
| "5355222" | "5568197" |USOCR) 06:06 PM
| "5671073" | "5748371"
| "5757423" | "5760832"
| "6069738" | "6108036"
| "6137535" | "6346969"
| "6366319" | "6414296"
| "6417950" | "6541284"
| "6611289" | "6632701"
| "6882364" | "7003177"
| "7009652" | "7034866"
| "20020089596" |
"20020122124" |
"20020163582" |
"20020181123" |
"20020181126" |
"20050073603" |
"20050104991" |
"20050128335" |
"20050242410" |
"20050248680" |
"20050258350" |
"20060044450").pn. OR
("7773143").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L101 2 (single WITH (micro  |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
NEAR hole) WITH USOCR; FIT (AP, AT, 06:08 PM
(pillar OR column)) AU, BE, BG, BR, BY,
AND pixel AND cmos ~ |CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)
L102 7 (single WITH (micro  |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
NEAR hole) WITH USOCR; FIT (AP, AT, 06:08 PM
(pillar OR column)) AU, BE, BG, BR, BY,
AND pixel CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
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PT, RO, RS, RU, SE,

SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L103 8 "20160307939" (US-PGPUB; USPAT; |OR ON ON 2024/05/07
USOCR; FIT (AU, AP, 06:09 PM
AT, BE, BG, BR, BY,

CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L104 31 ("11211419"|"11728457 | (US-PGPUB; USPAT; |OR ON ON 2024/05/07
""20180182806"["6879 |USOCR; FIT (AU, AP, 06:18 PM
014"['7396696"|"75251 |AT, BE, BG, BR, BY,
70""8129710"|"835796 |CA, CH, CN, CS, CU,

0""8946675"["9184202" |CZ, DD, DE, DK, EA,

).PN. EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L105 61 (US-10411053-$ | US- |(US-PGPUB; USPAT; |OR ON ON 2024/05/07
10522582-$ | US- USOCR; FIT (AU, AP, 06:27 PM
11309444-$ | US- AT, BE, BG, BR, BY,
6879014-$ | US- CA, CH, CN, CS, CU,
7396696-$ | US- Cz, DD, DE, DK, EA,
7525170-$ | US- EE, EP, ES, FI, FR, GB,
8558336-$ | US- HR, HU, ID, IE, IL, IS,
9000492-$).DID. OR [T, JP, KR, LT, LU, LV,

(US-11211419-$ | US- |MA, OA, RU, SU, WO,

11728457-$ | US- MC, MD, MY, NL, NO,

20100320444-$ | US-  [NZ, PH, PL, PT, RO,

20110309331-$ | US- [RS, SE, SG, SI, SK,

20180182806-$ | US-  [TH, TN, TR, TW, UA,

8129710-$ | US- VN); FPRS; EPO;

8357960-$ | US- JPO; DERWENT;

8946675-$ | US- IBM_TDB)

9184202-$).DID. OR

(US-20110156195-$ |

US-20120012741-$ |
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L106

US-20120153127-$ |
US-20160240579-$ |
US-20170141153-$ |
US-20180012918-$ |
US-20180102442-$ |
US-20190166317-$ |
US-20200006407-
$).DID. OR (US-
20200006407-$ | US-
20200006416-8).DID.
OR (US-20050145779-
$ | US-20120153416-
$).DID. OR (US-
0103255-$ | US-
09040854-$ | US-
20080101301-8).DID.

("6147732" | "8711263"
| "20050040440" |
"20110222145" |
"20120153416" |
"20130075849" |
"20140184810" |
"20150268394").pn.
AND (PGPB | USPT |
USOC).dbnm.

(US-PGPUB; USPAT;
USOCR)

OR

ON

ON

2024/05/07
06:36 PM

PE2E SEARCH - Search History (Interference)

Ref #

Hits

[search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1

(((HO1L31/02019 OR
HO01L31/022408 OR
HO01L31/02327 OR
HO01L31/02363 OR
HO01L31/028 OR
HO01L31/035281 OR
HO01L31/105 OR
HO01L31/107).cpc.) OR
L84 ) AND
((array)(pillar$1)("Si"
OR "Ge" OR "SiGe" OR
silicon OR germanium
OR (silicon NEAR
germainum))(photo
NEAR detect$3)(light
NEAR recciving NEAR
surface$1)((p-dop$1
OR p-type OR "P")
NEAR region)((n-dop$1
OR n-type OR "N")
NEAR region)((undop$3
OR intrinsic) NEAR
(region))(holes OR
divots OR textur$2 OR
(inverted NEAR
(pyramid OR
cylinder)))(contacts)(ab

(US-PGPUB; USPAT)

AND

ON

ON

2024/05/07
05:15 PM
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sorption OR
abosorb$3)).cim.
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18/385,213 WANG etal.
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Applicant-Initiated Inferview Summary Eduardo A Rodela | Unit | toFile) Status
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Eduardo A Rodela Primary Examiner Telephonic
Ivan Kavrukov Attorney of Record

Date of Interview: 09 April 2024

Issues Discussed:

Proposed Amendment(s)

Examiner stated that Applicant needs to file the claims, since the claims are not in condition for
allowance. Examiner further stated that in order to preclude 112 rejections, the claims need to include
both 1. the material system of either of silicon, germanium or SiGe, and 2. the most basic of device
structure of the P-I-N diode arrangement. The claimed pillars and holes should be tied to the device
structure.

Attachment

JEDUARDO A RODELA/
Primary Examiner, Art Unit 2893

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20240409
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13. An integrated structure comprising:

an array of pillars of semiconductor material at least some of which are
configured as photodetectors that have respective light-receiving
surfaces and have sides;

wherein said photodetectors are configured to respond to illumination with
light in selected visible and infrared wavelength ranges by
generating electrical charge carriers;

one or more holes that are deliberately formed into the light-receiving
surface of each of at least some of said photodetectors, have
elongated and/or other shapes at said light-receiving surfaces,
extend into the photodetectors to a depth of 100 to10000 nm, and
are filled at least partly with solid dielectric material,

side-isolation comprising solid material at said sides of at least some of
the photodetectors;

a solid dielectric material forming a base dielectric region for said array;
and

electrical contacts configured to provide electrical pathways to said
photodetectors, including for selected reverse-biasing of the
photodetectors;

wherein the presence of said one or more holes in each of the
photodetectors increases by a factor of at least 1.1 the absorption
of the light by at least some of the photodetectors relative to an

otherwise like photodetectors lacking said holes.

14.The integrated structure of claim 13, wherein said array of photodetectors is

monolithically integrated with Sl electronic devices.
15. The integrated structure of claim 14, wherein each of at least some of said

photodetectors includes a least one of said holes with elongated shapes at the

light-receiving surface thereof.
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16. The integrated structure of claim 14, wherein each of at least some of said
photodetectors includes a plurality of said holes with elongated shapes at the

light receiving surface thereof.

17.The integrated structure of claim 14, wherein in each of at least some of said
photodetectors at least some of said holes with elongated shapes have closed
contours at the light receiving surface thereof and said closed contours are

spaced inwardly from an outline of the light receiving surface.

18. The integrated structure of claim 14, in which each of at least some of the
photodetectors includes a P-doped portion, and N-doped portion, and a portion
that is between the P-doped and N-doped portions and is less doped therefrom

or is undoped.

19. The integrated structure of claim 13, wherein each of at least some of said
photodetectors includes at least one of said holes with elongated shapes at the

light receiving surface thereof.

20. The integrated structure of claim 13, wherein each of at least some of said
photodetectors includes a plurality of said holes with elongated shapes at the

light receiving surface thereof.

21.The integrated structure of claim 13, wherein in each of at least some of said
photodetectors at least some of said holes with elongated shapes have closed
contours at the light receiving surface thereof and said closed contours are

spaced inwardly from an outline of the light receiving surface.

22.The integrated structure of claim 13, in which each of said photodetectors

includes a first doped portion and an undoped or less doped portion.

23.The integrated structure of claim 22, in which each of at least some of the

photodetectors includes a second doped portion, wherein the undoped or less

Samsung Exhibit 1003, Page 112 of 654



309-0015US Ser. No.18/385,213  Filed 10/30/2023 DRAFT 03/12/2024

doped portion is between the first and second doped portions and the first doped

portion is P-doped and the second doped portion is N-doped.

24.The integrated structure of claim 13, in which said electrical contacts are
configured to provide electrical fields across at least some of said

photodetectors.

25. The integrated structure of claim 1, in which two or more of said photodetectors

share at least some of said electrical contacts.

26. The integrated structure of claim 13, wherein said array of photodetectors is
monolithically integrated with Sl electronic devices that include devices for signal

processing and transmission.

27. The integrated structure of claim 13, wherein at least some of said holes are

configured as elongated trenches at said light-receiving surfaces.

28. The integrated structure of claim 27, in which at least some of said elongated
trenches have widths at said light-receiving surfaces no greater than a

wavelength of visible and/or infrared light illuminating said photodetectors.

29. The integrated structure of claim 27, in which at least some of said elongated

trenches crisscross.

30. The integrates structure of claim 27, in which said array of photodetectors is

monolithically integrated with Si electronic devices that include CMOS devices.
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PTO/AIA22 (11-23)

Approved for use through 05/31/2024. OMB 0651-0031

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

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

Docket Number (Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | 309-0015USCIP

Application Number Filed

18/385,213 October 30, 2023
"' MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

ArtUnit2893 ExaminerEDUARDO A RODELA

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

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

Fee Small Entity Fee Micro Entity Fee
One month (37 CFR 1.17(a)(1)) $220 $88 $44 s 88.00
[] Two months (37 CFR 1.17(a)(2)) $640 $256 $128 $
[] Three months (37 CFR 1.17(a)(3)) $1,480 $592 $296 $
[[] Fourmonths (37 CFR 1.17(a)(4)) $2,320 $928 $464 $
[] Five months (37 CFR 1.17(a)(5)) $3,160 $1,264 $632 $

[<]

Applicant asserts small entity status. See 37 CFR 1.27.

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

A check in the amount of the fee is enclosed.

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

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

OO O O

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 600125

Payment made via USPTO patent electronic filing system.

[<]

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

| am the
|:| applicant.
attorney or agent of record. Registration number 25’ 161
D attorney or agent acting under 37 CFR 1.34. Registration number
/lvan S. Kavrukov/ April 10, 2024
Signature Date
Ivan S. Kavrukov (917) 945-0121
Typed or printed name Telephone Number

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

D * Total of forms are submitted.

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0031. Public burden for this form is estimated to average 6 minutes per response,
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the
information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this
burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email
InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. [f filing this completed form by mail, 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. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of records
is used to manage all applicant and owner information including name, citizenship, residence, post office address, and
other information with respect to inventors and their legal representatives pertaining to the applicant's/owner’s activities
in connection with the invention for which a patent is sought or has been granted. The applicable Privacy Act System
of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent Application Files,
available in the Federal Register at 78 FR 19243 (March 29, 2013). https://www.govinfo.gov/content/pkg/
FR-2013-03-29/pdf/2013-07341. pdf

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. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO'’s system of records
is used to manage all applicant and owner information including name, citizenship, residence, post office address, and
other information with respect to inventors and their legal representatives pertaining to the applicant's/owner’s
activities in connection with the invention for which a patent is sought or has been granted. The applicable Privacy Act
System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent Application Files,
available in the Federal Register at 78 FR 19243 (March 29, 2013). https://www.govinfo.gov/content/pkg/
FR-2013-03-29/pdf/2013-07341. pdf

Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) a federal, state, local, or international agency, in response to its request;

3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires disclosure of
the record,;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the individual
has requested the Member’s assistance with respect to the subject matter of the record,

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and any other
relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make determinations about
individuals;

8) 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)),

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10) the Office of Management and Budget (OMB) for legislative coordination and clearance.
If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine

your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration of
the patent.
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National Stage of an international Application under 35 US.C. 3T

i a tmely submission 1o entar the nationad stage of an international application is compliant with the conditions of 35 1.8.C.
371 and other applicable requirements a Form POT/DOEDONS indicaling acceptancs of the application as a national stage
subrnisaion under 38 U.8.C. 371 will he lssued in addition io the Fiiing Recelpt, in dus couwrss.

New International Application Filed with the USPTQ as a Receiving Office

i a new nternational appioation is being fled and the internalional application includas the necessary components for an
international filing date (see POT Article 11 and MBPEP 1810}, a Notification of the International Application Number and of the
international Filing Dade (Form POT/RGANS) will be issuad in due course, subject to prascriptions concarning national security,
and tha date shown on this Acknowlsdgemaent Recaipt will establish the international filing dats of the application.

Samsung Exhibit 1003, Page 119 of 654



PATENT
309-0015USCIP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Shih-Yuan WANG et al.

Serial No.: 18/385,213

Examiner: EDUARDO A RODELA

Group Art Unit: 2893

Filing Date: October 30, 2023

Conf. No.: 7381

For: MICROSTRUCTURE ENHANCED ABSORPTION

PHOTOSENSITIVE DEVICES

Industrious at Hudson Yards
31 Hudson Yards, 11% Floor

New York, New York 10001
CERTIFICATE OF ELECTRONIC FILING

Date of Transmission: __April 10, 2024

{ hereby certify that this correspondence is being transmitted via
Electronic Filing Services on the date indicated above.

Mary Ellen Finnegan
(Typed or printed name of person signing transmittal)

/Mary Elten Finnegan/
(Signature of person signing transmittal)

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

In response to the Office Action dated January 5, 2024, please amend the
above-identified application as follows:
Amendments to the Claims begin on page 2.

Remarks begin on page 5.
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Amendment to Claims:
This listing of claims will replace all prior versions and listings of the claims in the
application.

Claims 1-12 (canceled)
13. (new) An integrated structure comprising:

an array of pillars comprising Si, Ge, and/or SiGe alloy semiconductor
material wherein at least some of the pillars are configured as
photodetectors that have respective light-receiving surfaces and
have sides;

wherein at least some of the photodetectors comprise P-doped and N-
doped regions and regions therebetween and are configured to
respond to illumination with light in selected visible and infrared
wavelength ranges by generating electrical charge carriers;

one or more holes that are deliberately formed into the light-receiving
surfaces, have elongated and/or other shapes at said light-
receiving surfaces, extend into the photodetectors to a depth of 100
1010000 nm, and are filled at least partly with solid dielectric
material;

side-isolation comprising solid material at said sides of at least some of
the photodetectors;

a solid dielectric material forming a base dielectric region for said array;
and

electrical contacts configured to provide electrical pathways to at least
some of the photodetectors, including for selected reverse-biasing
thereof;

wherein the presence of said one or more holes increases by a factor of at
least 1.1 the absorption of the light by at least some of the
photodetectors relative to an otherwise like photodetectors lacking

said holes.

Samsung Exhibit 1003, Page 121 of 654



PATENT
309-0015USCIP

14.(new) The integrated structure of claim 13, wherein said array of photodetectors

is monolithically integrated with Sl electronic devices.

15.(new) The integrated structure of claim 14, wherein each of at least some of said
photodetectors includes a least one of said holes with elongated shapes at the

light-receiving surface thereof.

16.(new) The integrated structure of claim 14, wherein each of at least some of said
photodetectors includes a plurality of said holes with elongated shapes at the

light receiving surface thereof.

17.(new) The integrated structure of claim 14, wherein in each of at least some of
said photodetectors at least some of said holes with elongated shapes have
closed contours at the light receiving surface thereof and said closed contours

are spaced inwardly from an outline of the light receiving surface.

18.(new) The integrated structure of claim 14, in which said regions that are
between the P-doped and N-doped regions are less doped than at least one of

the P-doped and the N-doped regions or are undoped.

19.(new) The integrated structure of claim 13, wherein each of at least some of said
photodetectors includes at least one of said holes with elongated shapes at the

light receiving surface thereof.

20.(new) The integrated structure of claim 13, wherein each of at least some of said
photodetectors includes a plurality of said holes with elongated shapes at the

light receiving surface thereof.

21.(new) The integrated structure of claim 13, wherein said holes with elongated
shapes have closed contours at said light receiving surfaces and said closed

contours are spaced inwardly from outlines of the light receiving surfaces.

-3-
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22.(new) The integrated structure of claim 13, in which said regions between the P-
doped and N-doped regions are undoped or less doped than at least one of the

P-doped and N-doped regions.

23.(new) The integrated structure of claim 22, in which the P-doped regions and N-
doped regions are configured such that either the P-doped regions intercept said
light before the N-doped regions or the N-regions intercept the light before the P-

regions.

24 (new) The integrated structure of claim 13, in which said electrical contacts are
configured to provide electrical fields across at least some of said

photodetectors.

25. (new) The integrated structure of claim 13, in which two or more of said

photodetectors share at least some of said electrical contacts.

26. (new) The integrated structure of claim 13, wherein said Sl electronic devices

include devices for signal processing and transmission.

27.(new) The integrated structure of claim 13, wherein at least some of said holes

are configured as elongated trenches at said light-receiving surfaces.

28.(new) The integrated structure of claim 27, in which at least some of said
elongated trenches have widths at said light-receiving surfaces no greater than a

wavelength of the visible and/or infrared light illuminating said photodetectors.

29.(new) The integrated structure of claim 27, in which at least some of said

elongated trenches crisscross.

30.{new) The integrates structure of claim 27, in which said array of photodetectors

is monolithically integrated with Si electronic devices that include CMOS devices.
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REMARKS

This paper follows brief telephone interviews with Examiner Eduardo A Rodela
on March 15 and April 9, 2024. The substance of the first interview is recorded in the
Examiner interview Summary Record dated March 20, 2024 and included the

Examiner’s suggestion to refer in the independent claim to Si, Ge, and/or SiGe alloys.

In the first interview, Applicant’s representative pointed to the following figures as
examples of support for claim elements: FIGs. 5A-B, 49, 46, 9D, 4B-3B, and 57A-B. For
the Examiner’s convenience, a copy of these FIGs. is attached to this paper. Proposed
claims were briefly discussed as well as priority for claims 13-26 to ultimate parent
patent 10,622 498 that in turn claims priority to PCT/US14/39208 filed 05/22/2014 with
provisionals including 61/834,873 filed 06/13/2013. Support for claim 2 further includes
the sentence bridging pages 1 and 2 of said provisional. Dependent claims 27-30 claim
later priority -- to an indirect parent patent 11,121,271 filed 08/01/2019 (paragraph 270

and FIGs. 57A-B in the subject application are carried from this indirect parent).

The second Interview briefly recounted the first interview and further included a
suggestion by the Examiner to add in the sole independent claim 13 not only a
reference to the nature of the semiconductor material but also a reference to P-doping

and N-doping of regions.

Claim 13 submitted herewith is the claim briefly discussed in the first interview
except that per the Examiner's suggestion the claim now refers to (1) “Si, Ge, and/or
SiGe alloys,” and (2) “P-doped and N-doped regions and regions therebetween.” The
claim also includes some clarifying edits, Dependent claims 18, 22, and 23 are edited fo

conform to the language added to claim 13.

Applicant invites the Examiner to call the undersigned if it appears that a call

might help advance prosecution.
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Please charge any shortfall and credit any overpayments to our Deposit Account

number 600125.

Respectfully Submitted,

WISSING MILLER LLP
Attorney for Applicants

By: _ /lvan S. Kavrukov/
lvan S. Kavrukov
Reg. No. 41,943
Tel. (917) 945-0121

Address: (associated with Customer Number: 139982)

Attachment: Copy of FIGs. 5A-B, 49, 46, 9D, 4B-3B, and 57A-B.
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Under the Paperwork Reduction Act of 1995, no persons are req
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Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ired to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Arelication or Docket Number Filing Date )
Substitute for Form PTO-875 18/385,213 10/30/2023 (7o be Mailed
ENTITY: (JLARGE sMALL (JMICRO
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
() sEARCH FEE
(37 CFR 1.16(K), (i), or (m)) NIA N/A N/A
(_J EXAMINATION FEE
(37 CFR 1.16(0). (p), or (q)) N/A N/A N/A
TOTAL CLAIMS ) .
(37 GFR 1.16(i)) minus 20 = x 340 -
INDEPENDENT CLAIMS ) .
(37 CFR 1.16(h)) minus 3 = x $192 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dg?RUf?gON SIZE FEE (37 for small entity) for each additional 50 sheets or
186(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
() MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
- 04/10/2024 QEQAEAF'{N'NG Egg\ﬁgisw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total B ‘ P _ _
E (Sg(ﬁ:m 160 18 Minus 20 =0 x $40 = 0
&i | Independent |+ 1 Minus | =3 =0 x $192 - 0
5 (] Application Size Fee (37 CFR 1.16(s))
[_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.163))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
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RERAF'?EL{NG PRNEL\J/’\]A(‘DSLIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total * ; o - -
= (390112 1.16(i)) Minus — X $ 0 -
[a] .
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= | U Application Size Fee (37 CFR 1.16(s))
< [_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
11600
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. SLIE
=~ If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /APRIL L. WALKER/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450
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| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/385,213 10/30/2023 Shih-Yuan WANG 309-0015USCIP 7381
139982 7% 03/20/2024 | EXAMINER |
Wissing Miller LLP
Industrious at Hudson Yards RODELA, EDUARDO A
31 Hudson Yards, 11th Floor
New York. NY 10001 | ART UNIT | PAPER NUMBER |
s
2893
| NOTIFICATION DATE | DELIVERY MODE |
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Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

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

WDMDocket@wissingmiller.com
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Application No. Applicant(s)

18/385,213 WANG etal.
; Y - Examiner Art AIA (First Inventor Page
Applicant-Initiated Inferview Summary Eduardo A Rodela | Unit | toFile) Status
2893 Yes 1o0f1

Eduardo A Rodela Primary Examiner Telephonic
Ivan Kavrukov Attorney of Record

Date of Interview: 15 March 2024

Issues Discussed:

Proposed Amendment(s)

Applicant, in response to the office action dated January 5, 2024, proposes to amend the claim set, by
canceling claims 1-12, and submitting new claims 13-30. It was noted by Applicant's Representative that
the content of claims 27-30 are supported by a later disclosure of an earlier Application which is now US
11,121,171. As the claims are newly presented to overcome the 112 issues raised in the last office
action and other clarifying considerations, Examiner stated the need for further search and consideration
to determine the next course of action. Examiner stated that the material systems of including silicon,
germanium or SiGe limitation into the independent claim would prevent a 112(a) scope of enablement
rejection in future filings.

JEDUARDO A RODELA/
Primary Examiner, Art Unit 2893

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20240315
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 18385213
Filing Date 2023-10-20
First Named Inventor | Shih-Yuan WANG

Art Unit | 2803

Examiner Name | EDUARDO A RODELA

Attorney Docket Number ‘309-0015USC!P

U.S.PATENTS

Pages,Columns,Lines where

E{(gm*mer Cite Patent Number Kind Issue Date Na“.”e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear

1 11309444 2022-04-19 Wang et al.

2 8558336 2013-10-15 Su

3 10411053 2019-09-10 Yokogawa

4 10522582 2019-12-31 Maruyama et al.

5 9000492 2015-04-07 Suzuki et al.

6 6879014 2005-04-12 Wagner

7 7396696 2008-07-08 Kim

8 7525170 2009-04-28 Hsu
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

18385213

Filing Date

2023-10-20

First Named Inventor | Shih-Yuan WANG

Art Unit

‘2893

Examiner Name

| EDUARDO A RODELA

Attorney Docket Number

‘ 309-0015USCIP

9 8129710 2012-03-06 Cho
10 8357960 2013-01-22 Dutta
1" 8946675 2015-02-03 Yu
12 9184202 2015-11-10 Dutta
13 11211419 2021-12-28 Wu
14 11728457 2023-08-15 Sung

If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
1 20100320444 2010-12-23 Dutta
2 20110309331 2011-12-22 Yuetal.
3 20180182806 2018-06-28 din et al.
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Filing Date
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First Named Inventor | Shih-Yuan WANG

Art Unit
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Examiner Name
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Attorney Docket Number ‘309-0015USC!P

4 20110156195 2011-06-30 Tivarus et al.
5 20120153127 2012-06-21 Hirigoyen et al.
6 20180012918 2018-01-11 Na et al.

7 20190166317 2019-05-30 Tanaka et al.
8 20120012741 2012-01-19 Vasylyev

9 20180102442 2018-04-12 Wang

10 20160240579 2016-08-18 Sun et al.

11 20170141153 2017-05-18 Lee et al.

12 20180102442 2018-04-12 Wang et al.
13 20200006407 2020-01-02 Yokogawa
14 20200006416 2020-01-02 Baba et al.
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Application Number 18385213

Filing Date 2023-10-20
First Named Inventor | Shih-Yuan WANG

Art Unit | 2893

Examiner Name | EDUARDO A RODELA

Attorney Docket Number ‘309-0015USC!P

15

20050145779

2005-07-07

Mochizuki et af.

16

20120153416

2012-06-21

Tanaka et al.

If you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Codezi Code#| Date P Passages or Relevant
Document .
Figures Appear
1 20080101301 KR 2008-11-21 Dongbu Hitek Co. Lid. |:|
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3 0103255 WO 2001-01-11 Scott |:|
4 2019018846 WO 2019-01-24 W&W Sens Devices Inc. |:|
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6 |2007013065 P 20070118 |1 sushita Electric Works u
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INFORMATION DISCLOSURE First Named Inventor | Shih-Yuan WANG
STATEMENT BY APPLICANT  ———
e nit | 2893
( Not for submission under 37 CFR 1.99)
Examiner Name | EDUARDO A RODELA

Attorney Docket Number ‘309-0015usc1p

NON-PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS

e
Initials No publisher, city and/or country where published.
1 Copy of International Search Report and Written Opinion for PCT/US2020/051733 mailed December 17, 2020. |:|
2 Copy of Written Opinion of International Search Report for PCT/US2020/051733 dated December 17, 2020. |:|

BEAUSOLEIL, Nanoelectronic and Nanophotonic Interconnect, The emerging integrated circuit interconnection
3 bottleneck may be overcome if tiny, efficient photon-transport waveguides and small transceivers for photon-electron |:|
information exchange can be developed, 18 pages, January 29, 2007, revised September 25, 2007.

4 Copy of International Search Report and Written Opinion for PCT/US2021/050717 mailed December 6, 2021. |:|

B. F. LEVIN et al., 1 Gb/s Si High Quantum Efficiency Monolithically integrable, Applied Physics Letters, AlP D
Publishing LLC, Vol. 66, No. 22, May 29, 1995, Pages 2984-2986.

GAO YANG et al., Photon-trapping Microstructures Enable High-speed High-efficiency Silicon Photodiodes, Nature D
Photonics, Vol. 11, No. 5, April 3, 2017, Pages 301-308.

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if
English language translation is attached.
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6 20200083389 2020-03-12 Wu et al.
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8 20200266231 2020-08-20 Cheng et al.
9 20200266232 2020-08-20 Cheng et al.
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14 20180102442 2018-04-12 Wang et al.
15 20190166317 2019-05-30 Tanaka et al.

If you wish to add additional U.S. Published Application citation information please click the Add button.
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Document .
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If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . :
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts
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publisher, city and/or country where published.
1 E. PONIZOVSKAYA DEVINE et al., Single Microhole per Pixel in CMOS Image Sensors with Enhanced Optical D
Sensitivity in Near-infrared, IEEE Sensors Journal, 2021, pages 1-7.
CHANG-FU HAN et al., Deep Trench Isolation and Inverted Pyramid Array Structures Used to Enhance Optical
2 Eciency of Photodiode in CMOS Image Sensor via Simulations, Department of Mechanical Engineering, National |:|
Cheng Kung University, Tainan 701, Taiwan, May 28, 2020, pages 1-14.
JONGHOON PARK et al., Pixel Technology for Improving IR Quantum Efficiency of Backside-illuminated CMOS
3 Image Sensor, 1System LS| Division, Samsung Electronics Co., Ltd, 2Foundry Division, Samsung Electronics Co., Lid. |:|

Yongin-city, Gyeonggi-do, Korea, 4 pages.
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S0OZ0O YOKOGAWA et al., IR Sensitivity Enhancement of CMOS Image Sensor with Diffractive Light Trapping Pixels,
5 Scientific Reports, Sony Semiconductor Solutions Corporation, Atsugi Tec., 4-14-1 Asahi-cho, Atsugi, Kanagawa, ]
243-0014, Japan, June 19, 2017, 9 page.

6 Copy of International Search Report for PCT Application No. PCT/US20/51733, mailed December 17, 2020. |:|

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here iff
English language translation is attached.
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Examiner Name | EDUARDO A RODELA

Attorney Docket Number ‘309-0015usc1p

CERTIFICATION STATEMENT

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

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

OR

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

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

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

[X] A certification statement is not submitted herewith.
SIGNATURE

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

Signature /lvan S. Kavrukov/ Date (YYYY-MM-DD) 2024-03-13

Name/Print lvan S. Kavrukov Registration Number 25,161

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.S8.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Description

[0001] This invention relates to semiconductors and
more particularly to integrated optoelectronic receiver
devices and circuits incorporating photodetectors and
MODFETSs formed with SiGe layers.

[0002] The advent of fiber-optic communications tech-
nology has increased the demand for high-speed opto-
electronic devices and circuits that operate with data
rates of greater than 1 Gbit/sec. In particular, a growing
market exists for local area networks and short-haul op-
tical connections that operate at wavelengths of A = 850
nm. It would be desirable to fabricate these circuits mon-
olithically due to the lower cost of production and per-
formance advantages over discrete components. It
would also be desirable to fabricate such circuits entirely
in a silicon-based technology due to the reduced cost
arising from their compatibility with existing Si-based
technologies including CMOS logic circuits.

[0003] In the prior art, GaAs has been the previous
choice for monolithically integrated optical receivers op-
erating at A = 850 nm. This is due to the favorable intrinsic
material properties of GaAs; the absorption length for
850 nm-radiation in GaAs is o = 1 pm, and the electron
mobility in GaAs is roughly 8500 ¢cm2/Vs at room tem-
perature. J. S. Wang et al., IEEE Phot. Tech. Lett. 5, 316
(1993) demonstrated the fabrication of high-speed inte-
grated photoreceiver circuits composed of GaAs metal-
semiconductor-metal (MSM) photodiodes and MES-
FETs with -3 dB bandwidths as high as 11 GHz at A =
850 nm. Further improvement of GaAs-based receiver
performance has been obtained using GaAs MSM pho-
todetectors integrated with AlGaAs/GaAs modulation-
doped field effect transistors (MODFETS). V. Hurmet al.,
Electron. Lett. 29, 9 (1993) demonstrated photoreceiver
circuits of this type with -3 dB bandwidths as high as 14
GHz at A = 850 nm.

[0004] In order to replace GaAs, an integrated Si-
based technology must have comparable performance
to GaAs and a relatively low-cost process. However, the
intrinsic material properties of Si are much less favorable
compared to GaAs. The absorption length in Si for 850
nm-radiation is o' = 20 wm, which is over an order of
magnitude longer than in GaAs. Therefore, for a Si pho-
todetector to have high responsivity it must have a thick
absorbing region making the detector very slow, and for
high speed the absorbing region should be very thin re-
sulting in an extremely poor responsivity. For instance,
Y. S. He et al., Electron. Lett. 29, 9 (1993) demonstrated
the operation of a lateral p-i-n photodiode integrated with
a Si NMOS technology with a responsivity of 0.48 A/W
at A = 870 nm, but with a -3 dB bandwidth of only 900
MHz. Moreover, these results were only made possible
by using ultra-high purity Si, and an extremely large bias
voltage of 30 V. On the other hand, M. Y. Liu et al., Appl.
Phys. Lett. 65, 887 (1994) demonstrated operation of a
Si on insulator (SOI) MSM photodiode with an absorbing
region thickness of only 0.1 pm that had a bandwidth
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over 100 GHz, but a severely-degraded responsivity at
A = 780 nm of 0.0057 A/W. Improvements in the band-
width/responsivity tradeoff of Si photodiodes are possi-
ble, for instance, in U.S. Pat. No. 5,589,704 which was
issued on Dec. 31, 1996 to B. F. Levine, the responsivity
of an MSM detector was shown to increase by a factor
of close to 4 by roughening the surface of a Si epi-layer
grown on an SOI wafer. However such a technique is
limited to use with SOI substrates, and may not be suit-
able for practical applications due to the complexities of
the roughening process. Si photodetectors are further
hindered by the fact that the electron mobility in Si/SiO,
inversion layers is several times lower than GaAs at room
temperature, and the frequency performance and gain
of Si NMOS devices is considerably poorer compared to
GaAs MESFETSs.

[0005] In U.S. Pat. No. 5,525,828 which was issued
ondJun. 11, 1996 to E. Bassous et al., it was noted that
the speed and/or responsivity of Si MSM photodetectors
could be increased by adding a certain percentage of Ge
to the absorbing layer. Increasing the percent Ge-com-
position of Siy ,Ge, alloy decreases the absorption
length, and increases the electron and hole mobilities
thereby leading to potentially faster devices.

[0006] It has also been shown that field-effect transis-
tors fabricated on Si/Siy_,Ge, layer structures offer con-
siderable advantages over bulk Si transistors. For n-
channel MODFETs incorporating tensile-strained
Si/Siy_,Ge, quantum wells, frequency performance is
considerably better than Si MOSFETSs for a given gate
length device. Similar performance advantages can be
obtained in p-channel MODFETSs fabricated on compres-
sive-strained Siy_,Ge,/Siy_Ge, quantum wells. For in-
stance, M. Arafa et al., IEEE Electron. Dev. Lett. 17, 586
(1996) obtained unity current-gain cutoff frequencies of
70 GHz for 0.1 pm gate length p-channel transistors fab-
ricated on compressive-strained Sig;Geg 3/Sip 3Geg 7
heterostructures. In U.S. Pat. No. 5,659,187 which was
issued on Aug. 19, 1997 to F. K. Legoues and B.S. Mey-
erson, it was shown that a low-defect density layer of
relaxed Si;_,Ge,, with arbitrary Ge composition can be
grown on a lattice-mismatched substrate using an inter-
mediate graded-composition buffer layer where strain
has been relieved in the buffer layer or below via activa-
tion of modified Frank Read sources which is a mecha-
nism to generate new dislocations. This work demon-
strated the practicality of producing devices and circuits
using Si/SiGe heterostructures grown on a SiGe graded
composition buffer layer on Si substrates. Finally, U.S.
Pat. No. 5,534,713 which was issued on Jul. 9, 1996 to
K. Ismail and F. Stern showed that complementary logic
circuits could be fabricated using high-mobility electron
and hole channels fabricated in strained Si/SiGe layers
grown on relaxed SiGe buffer layers.

[0007] Despite the apparent advantages of SiGe tech-
nology over bulk Si for photodetectors, MODFETSs, and
CMOS logic circuits, the concept of combining these de-
vices to form integrated photoreceiver circuits has not
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been suggested, nor has a clear method for monolithi-
cally integrating these structures in such away as to allow
high-frequency operation and low cost Si manufacturing
been suggested.

[0008] Itis an object of the presentinvention to provide
a simple means of monolithically integrating a photode-
tector with high speed and responsivity with a microwave
transistor on a Si substrate in such a way as to allow high
frequency performance better than Si and comparable
to that achievable in GaAs.

[0009] Itis a further object of this invention to provide
a method for fabricating an optoelectronic integrated cir-
cuit using a process that is fully compatible with standard
Si processing.

[0010] Itis still a further object of this invention to pro-
vide a means for monolithically integrating a high-speed
photoreceiver circuit with a practical CMOS logic manu-
facturing technology.

[0011] According to the present invention provides a
semiconductor structure according to claim 1.

[0012] The semiconductor structure includes spaced
apart drain and source regions extending to the quantum
well layer and a Schottky gate contact to control charge
in the conducting channel to form a MODFET. Portions
of the quantum well layer, said undoped Siy_,Ge, spacer
layer and said doped Si1_yGey supply layer are removed
to expose said relaxed Siy.,Ge, layer wherein electrodes
are formed on said exposed relaxed SiH,Guey layer to
form a photodetector. The quantum well layer is under
tensile strain and consists of Si. The electrodes include
two or more interdigitated Schottky electrodes. y is in the
range from 0.2 - 0.35.

[0013] Preferably, further included is a trench extend-
ing through said exposed relaxed Siy_,Ge, layer surface
and surrounding said photodetector. The trench is filled
with material including dielectric material. Further includ-
ed is a layer of Si over said doped Siy_,Ge, supply layer.
Preferably, the doped Siy_,Ge, supply layer is n-type.
The positively-biased electrodes of said photodetector
provide Schottky contacts with barrier height for holes
that is greater than half the band gap of said exposed
relaxed SiH,G.ey layer, and negatively-biased electrodes
of said photodetector provide Schottky contacts with bar-
rier height for electrons that is greater than half the band
gap of said exposed relaxed Siy_,Ge, layer. The nega-
tively-biased electrodes of said photodetector provide
Schottky contacts with barrier height for electrons that is
greater than half the band gap of said exposed relaxed
SIH,Gey layer, and positively-biased electrodes of said
photodetector form Ohmic contact to an n-type doped
region. Negatively-biased electrodes of said photodetec-
tor form Ohmic contacts to a p-type doped region and
said positively-biased electrodes of said photodetector
form an Ohmic contact to an n-type doped region.
[0014] Preferably, said substrate is heavily-doped
greater than 1018 atoms/cm? and said substrate is an
SOl substrate comprising a thick Si layer, a SiO, layer,
and a Sioverlayer. The substrate is lightly-doped Si, and
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the region of said substrate underneath said photodetec-
tor is heavily-doped greater than 1018 atoms/cm3.
[0015] Preferably, said photodetector absorbing re-
gion is bordered by deep trenches extending from said
photodetector surface down to said Si substrate, and
filled with a dielectric material, so as to prevent photo-
generated carriers generated in said Si1_yGey, buffer lay-
er from diffusing laterally past said deep trenches.
[0016] Preferably, further included are spaced apart
drain and source regions extending to said quantum well
layer, a gate dielectric layer above said supply layer be-
tween said drain and source and a gate electrode above
said dielectric layer to form a MOSFET. Further included
are first and second spaced apart doped regions, one
above the other, with a portion of said relaxed Siney
layer there between to form a photodetector and an Ohm-
ic contact to said respective first and second doped re-
gions for applying a potential there between and further
included is a trench extending into said exposed relaxed
Siy.,Ge, layer to provide a barrier to electrical charge.
The first doped region includes a region of said quantum
well layer, said undoped Siy_,Ge, spacer layer and said
doped Si1,yGey supply layer. The second doped region
includes a region of said substrate.

[0017] The invention further provides a method of
forming semiconductor structure as claimed in claim 15.
[0018] Preferably, further includedis the step of doping
said substrate underneath said photodetector greater
than 1018 atoms/cm3, the steps of forming spaced apart
drain and source regions extending to said quantum well
layer, forming a gate dielectric layer above said supply
layer between said drain and source and forming a gate
electrode above said dielectric layer to form a MOSFET,
the steps of forming first and second spaced apart doped
regions, one above the other with a portion of said relaxed
Siy.,Ge, layer there between to form a photodetector and
forming an Ohmic contact to said respective first and sec-
onddoped regions for applying a potential therebetween,
the step of forming a trench extending through said ex-
posed relaxed Siy_,Ge, layer to provide a barrier to elec-
tricalcharge, and wherein the step of forming said second
doped region includes the step of doping said substrate.
[0019] These and other features, objects, and advan-
tages ofthe presentinvention will become apparent upon
consideration of the following detailed description of the
invention when read in conjunction with the drawing in
which:

Figs. 1A - 1E are cross-sectional diagrams of the
fabrication sequence of one embodiment of the in-
vention where a metal-semiconductor-metal (MSM)
photodetector and an n-channel modulation-doped
field effecttransistor (MODFET) are integrated using
an epitaxially-grown Si/SiGe heterostructure.

Fig. 2 is a circuit diagram of a simple photoreceiver
circuit.
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Fig. 3 is a cross-sectional diagram of a second em-
bodiment of the invention, where an n-channel Si/
SiGe MODFET is integrated with a SiGe MSM pho-
todetector with planar, deep trench isolation.

Fig. 4A is a cross-sectional diagram of a not claimed
semiconductor structure where the absorbing layer
is composed of a symmetrically-strained superlat-
tice, and Fig. 4B is an energy-band diagram of the
absorbing layer in Fig. 4A.

Fig. 5 is a cross-sectional diagram of a not claimed
semiconductor structure where an MSM photode-
tector and a p-channel MODFET are integrated us-
ing an epitaxially-grown Si/SiGe heterostructure.

Fig. 6A is a cross-sectional diagram of a further em-
bodiment of the invention where the positively (neg-
atively) biased electrode of the MSM photodetector
is composed of a material with high Schottky barrier
for holes (electrons). Fig. 6B is a cross-sectional di-
agram of a further embodiment of the invention
where the negatively biased photodetector electrode
is composed of a material with high Schottky barrier
for electrons, and the positively biased electrode is
composed of an n-type Ohmic contact. Fig. 6C is a
cross-sectional diagram of a further embodiment of
the invention where the positively (negatively) bi-
ased photodetector electrode is composed of an n-
type (p-type) Ohmic contact.

Fig. 7A is a cross-sectional diagram of an further
embodiment of the invention where the substrate is
an SOl wafer. Fig. 7B is a cross-sectional diagram
of a further embodiment of the invention where the
substrate is a heavily-doped n- or p-type Si wafer.
Fig. 7C shows a cross-sectional diagram of a further
embodiment of the invention where the substrate has
a heavily-doped implanted region located directly
underneath the MSM photodetector.

Fig. 8A shows a cross-sectional view along the line
8A-8A of Fig. 8B. Fig. 8B shows a top view of a SiGe
MSM photodetector. Fig. 8C is a graph of the nor-
malized photoresponse versus frequency of the
SiGe MSM photodetector shown in Figs. 8A and 8B.

Fig. 9 is a graph of current gain and of maximum
available gain plotted versus frequency for an n-
channel Si/SiGe MODFET.

Fig. 10 is a cross-sectional diagram of a not claimed
example of a semiconductor structure where a ver-
tical p-i-n photodetector and an n-channel MODFET
are integrated using an epitaxially-grown Si/SiGe
heterostructure.

Fig. 11 is a cross-sectional diagram of a further em-
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bodiment of the invention where an MSM photode-
tector and an n-channel modulation-doped MOSFET
are integrated using a standard self-aligned poly-
gate, salicide process.

Fig. 12 is a cross-sectional diagram of a not claimed
example of a semiconductor structure where an
MSM photodetector and a strained Si n-MOSFET
are integrated using a planar fabrication process.

Fig. 13 is a cross-sectional diagram of a not claimed
example of a semiconductor structure where an
MSM photodetector is integrated with both an n-
channel and a p-channel MODFET using an epitax-
ially-grown Si/SiGe heterostructure.

[0020] Figs. 1A-1E show the fabrication sequence for
one embodiment of the invention where an n-channel,
Si/SiGe modulation-doped field effect transistor (MOD-
FET) 15 is integrated with a SiGe metal-semiconductor-
metal (MSM) photodetector. A typical layer structure is
shown in Fig. 1A. The layers are epitaxially grown on a
Si substrate 1 using a high-precision epitaxy technique
such as molecular beam epitaxy, rapid thermal chemical
vapor deposition, or ultra high vacuum chemical vapor
deposition (UHV-CVD). Substrate 1 may also be SiGe,
Ge, GaAs, SiC, SOS and SOI. Suitable adjustments will
be required to accomodate a different substrate lattice
constant compared to Si. The following description is di-
rected to a Si substrate. For a description of how to grow
epitaxial Si and Siy_,Ge, layers by UHV-CVD, reference
is made to U.S. Pat. No. 5,298,452 which was issued on
Mar. 29, 1994 to B. S. Meyerson. For Siy_,Ge, layers,
GeH, is added to Si-containing gas such as SiH, or SioHg
inthe UHV-CVD reactor. Ge is incorporated into the crys-
tal lattice in place of Si during formation of the layer in
the amount or proportion of x. Layer 2 comprises a
Siy xGe, buffer layer that has a thickness in the range
from 0.2 to 1.5 pm, with a preferred value of about 0.5
pm, and has a percent Ge composition that is increased
from x = 0 (in a continuous or stepwise fashion) to a value
in the range from x = 0.10 to 1.0 with a preferred value
of x = 0.25. Layer 2 serves to relax the strain caused by
the lattice mismatch between layer 2 of graded Ge com-
position Siy_,Ge, and Si substrate 1. Ge has a lattice
spacing of 1.04 times the lattice spacing of Si. Thus for
a relaxed top surface of buffer layer 2 where x equals
0.25, the lattice spacing of the unit cell along each axis
in the top surface is about 1.01 times the lattice spacing
of the unit cell of Si along each axis. For a description of
how to grow relaxed low defect top surfaces of Siy_,Ge,
layers, reference is made to U.S. Pat. No. 5,659,187
which was issued on Aug. 19, 1997 to F. K. Legoues and
B. S. Meyerson . After the graded region of layer 2, a
0.25 to about 10 pm thick, undoped or not-intentionally
doped layer 3 of Siy_,Ge, is grown, where the Ge com-
position, typically y = 0.25, is in the range fromy = 0.10
to 1.0. Layer 3 acts as the absorbing medium for radiant
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energy as well as a relaxed, device quality pseudosub-
strate for growth of subsequent layers. The background
impurities in layer 3 should be low enough to allow pen-
etration of the electric field from the surface electrodes
into the entire layer.

[0021] Inone embodiment, the subsequent layers are
a Si quantum well layer 4, a Si1_yGey undoped or not-
intentionally doped offset layer 5, a doped Siy_,Ge, sup-
ply layer 6 and optionally a Si layer 7. By an undoped
layer, it is meant a not-intentionally doped layer which
may have a background dopant concentration so low as
to not substantially affect the function of the layer. The
Ge composition of layers 5 and 6 are in the range of y =
0.1to 1.0 andy is preferably the same as the composition
of layer 3. A quantum well for electrons is formed in Si
layer 4 due to the conduction band splitting arising from
the tensile strain in Si layer 4. The isolation for MODFET
15is achieved by forming an etched mesaregion, thereby
exposing the surface 8 of Siy_,Ge, buffer layer 3 in the
etched regions, as shown in Fig. 1B. Next, in Fig. 1C, n-
type implanted regions 9 are formed to facilitate making
low-resistance contacts to the Si quantum well layer 4.
The source and drain metallization 10 can then be de-
posited as depicted in Fig. 1D, followed by the gate met-
allization 12 shown in Fig. 1E.

[0022] The MSM photodetector is created by deposit-
ing interdigitated Schottky electrodes 11 on the exposed
surface 8 of buffer layer 3. To simplify the fabrication
process, it is possible for MSM electrodes 11 to be de-
fined in the same lithographic step as the Ohmic metal-
lization 10, as depicted in Fig. 1D. MSM electrodes 11
are configured in such a way such that a bias applied
between adjacent electrodes, as shown in Fig. 1E, cre-
ates an electric field that penetrates into the underlying
absorbing layer 3. Light or radiant 14 energy incident
from or passing. through surface 8 creates free carriers,
electrons 15 and holes 16, in layer 3 that travel to elec-
trodes 11, creating a current signal that is proportional
to the power of the incident light.

[0023] Fig. 2 depicts the manner in which the devices
shown in Fig. 1 are connected to form a simple photore-
ceiver circuit 17. A bias voltage, Vgjoqe, iS applied to the
positive MSM electrode, while the negative electrode is
connected to the gate of depletion-mode transistor 18,
and to a bias resistor 19, Ry, which is connected to a
negative supply voltage, -Vg. The transistor source is
connected to ground, while the drain is connected to a
load resistor 20, R4, Which is connected to the supply
voltage, V4. In this configuration, the photocurrent in-
duced by the incident light creates a voltage across the
bias resistor 19 which is input to the gate of the transistor
18, thereby modulating the transistor current, and creat-
ing an amplified signal at the output lead 21, V. Resis-
tors 19 and 20 may be formed and interconnected on the
chip with the photodetector 22 and transistor 18 which is
well known in the art. Other optoelectronic circuits may
be formed which for example use more transistors to op-
timize the circuit to the application.
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[0024] Fig. 3 shows another embodiment of the inven-
tion that is the same as that shown in Fig. 1E, except that
the MSM photodetector is surrounded by a deep isolation
trench 23 that extends from the surface 8 of the relaxed
buffer layer 3 down into the substrate 1. Isolation trench
23 serves to confine the carriers that are generated in
Si1_yGey buffer layer 3 from diffusing laterally outside the
region directly beneath the detector geometry. The
trench also serves to isolate slow carriers generated out-
side the high-field region directly beneath the detector
geometry from being collected by the surface electrodes
11, thereby leading to improved high-frequency perform-
ance. Furthermore, deep isolation trench 23 can be
planarized by filling with a dielectric material 24. The
trench can readily be incorporated into the fabrication
scheme shown in Figs. 1A-1E, by etching deep isolation
trench 23 before the mesa isolation in Fig. 1B, then filling
the trench with dielectric material 24, followed by a
planarization step. The subsequent fabrication steps can
then be performed as depicted in Fig. IB-IE.

[0025] Fig. 4A shows a not claimed semiconductor
structure that is the same asthatshown in Fig. 1E, except
that the relaxed buffer layer 38, over layer 2, is composed
of a symmetrically strained superlattice instead of a con-
stant-composition alloy Siy_,Ge,. The superlattice con-
sists of alternating layers of Siy_Ge,, 35, and Siy_,Ge,,
36, where x <y < z, and have Ge-compositions such that
the average composition in buffer layer 38 is equal to y
where y is in the range from 0.1 to 0.9, with a preferred
value of 0.25. The tensile strain in Si;_,Ge, layer 35, and
the compressive strain in Siy_,Ge, layer 36 enhances the
absorption of radiation by reducing the effective band
gap of buffer layer 38. To ensure that the photogenerated
carriers are not trapped in the potential wells formed by
strained layers 35 and 36, the Ge composition of buffer
layer 38 can be graded in a continuous fashion, to pro-
duce a smooth, rather than abrupt, potential profile. This
situation is shown schematically in Fig. 4B, where the
conduction and valence band edges, shown by curves
41 and 42, of alternating strained layers 35 and 36 are
plotted along with the conduction and valence band edg-
es, shown by curves 43 and 44, of aconstant composition
layer. The average band gap of the symmetric superlat-
tice Egp, shown by arrow 45, is reduced compared to that
of the constant composition layer, Eyy, shown by arrow
46, leading to greater photoabsorption in the symmetric
superlattice. The operation of the MODFET 15 structure
shown in Fig. 4A is not affected by the symmetric super-
lattice because no net strain is built up in layer 38. There-
fore, after the growth of the superlattice 38, only a thin,
constant-composition Si1_yG|ey layer 37, needs to be de-
posited before growing the MODFET 15 layers 4-7. For
layer37,yisinthe range from 0.1 t0 0.9, andis preferably
equal to the average Ge-composition of layer 38.
[0026] Another notclaimed semiconductor structure is
shown in Fig. 5, where a SiGe MSM photodetector is
integrated with a p-channel MODFET 47. This configu-
ration consists of a graded buffer layer 2 followed by a
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constant composition Siy _yGey absorbing layer 3 , similar
to that of Figs. IA-IE. These layers are followed by a layer
structure for a p-channel MODFET 47, consisting of a
Siy_wGe,,, doped layer 48, where w < y, an undoped
Siy.,Ge, layer 49, a compressive-strained Si;_,Ge, quan-
tum well layer 50, where z >y, an undoped Si1_yGey layer
51, and optionally a thin Silayer 52. The Ge percentages
for this embodiment can vary fromy =0.1t0 0.9, w=0
to 0.5, and z = 0.5 to 1.0. This example could be partic-
ularly useful because the high Ge-content buffer layer 3
produces very efficientoptical absorption, yetis also ideal
for producing very high hole mobilities in p-channel MOD-
FETs due to the compressive strain in the Si;_,Ge, quan-
tum well layer 50, particularly for the case of a pure-Ge
channel where the mobility is not degraded by alloy scat-
tering. MODFET 47 can be fabricated similar to the n-
type device process shown in Figs. 1A-1E, where a mesa
etch is used to isolate MODFET 47 and expose the sur-
face 8 of photodetector absorbing layer 3. Next, p-type
implanted regions 53 are formed to create low-resistance
contacts to the Si;_,Ge, quantum well layer 50. The
source and drain metallization 54 can then be deposited,
followed by the gate metallization 56. The example in
Fig. 5 could also be fabricated with a reduced number of
fabrication steps by defining the MSM electrodes 55 in
the same lithographic step as the gate metallization 56
for MODFET 47.

[0027] As the Ge content of the buffer layers is in-
creased, the band gap shrinks, leading to larger dark
currents for the photodiode. A method of reducing the
dark current without a dramatic increase in process com-
plexity is to use different materials for alternate elec-
trodes of the photodetector. Fig. 6A shows one embod-
iment of the invention, where the positively-biased elec-
trodes 60 of the MSM photodiode have a high Schottky
barrier height for holes, and the negatively-biased elec-
trodes 61 have a high Schottky barrier height for elec-
trons. To simplify the fabrication process, it is possible
for the positively-biased (negatively-biased) electrodes
60 (61) to be defined in the same lithographic step as the
Ohmic (gate) metallization, 10 (12). Possible candidates
forthe positively-biased MSM electrodes and Ohmic con-
tact materialare Er, W, Ti, Niand Co, while the negatively-
biased MSM electrodes and gate material might be Pt or
Ir.

[0028] Fig. 6B shows another embodiment of the in-
vention where negatively biased photodiode electrode
61 is composed of a material with high Schottky barrier
for electrons, such as Pt or Ir, and the positively biased
electrode is composed of n-type doped region 63, and
electrode 64 which makes an Ohmic contact to region
63. Asin Fig. 6A, the fabrication process can be simplified
by fabricating n-type doped region 63 and positively-bi-
ased electrode 64 at the same time as MODFET 15
source-drain implant 9, and Ohmic metallization 10, and
negatively-biased electrode 61 at the same time as MOD-
FET gate metallization 12.

[0029] Fig. 6C shows another embodiment of the in-
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vention where the photodiode consists of a lateral p-i-n
geometry, and where the positively-biased photodiode
electrode is composed of n-type doped region 63, and
electrode 64 which makes an Ohmic contact to region
63, and the negatively-biased photodiode electrode is
composed of p-type doped region 65, and an electrode
66 which makes an Ohmic contact to region 65.

[0030] The photodetector performance can be opti-
mized by varying the properties of the substrate. For in-
stance, Fig. 7A shows a structure similar to Fig. 1E, where
the substrate is an SOl wafer 70 and consists of a thick
Si substrate 71, a SiO,, layer 72, and a roughly 200 nm-
thick Si layer 73. Without degrading MODFET 15 per-
formance, SiO, layer 72 can improve the performance
of the SiGe MSM photodetector by preventing slow car-
riers generated in Si substrate 71 below SiO, layer 72
from reaching the MSM surface electrodes 11, thereby
increasing the detector speed. The amount of light re-
flected back into buffer layer 3 can be maximized by ad-
justing the thickness of SiO, layer 72 to equal odd integer
multiples of 1/4n, where 1 is the wavelength of the inci-
dent light, and n is the refractive index of SiO,.

[0031] Similarly, as shown in Fig. 7B, the substrate
could consist of a heavily doped (> 1018 cm-3) Si wafer
74 that causes photogenerated carriers in the layer to
recombine before they can reach surface electrodes 11.
The heavily-doped substrate 74 also acts to prevent the
electric field produced by MSM interdigitated electrodes
11 from penetrating into substrate 74, thereby increasing
the electric field strength in undoped SiGe absorbing lay-
er 3, and subsequently increasing the detector speed.
[0032] Asshown inFig. 7C, the substrate capacitance
can be reduced compared to the embodiment shown in
Fig. 7B by selectively doping substrate 1 only in region
75 underneath MSM interdigitated electrodes 11. Selec-
tively-doped region 75 can easily be formed before the
growth of the Si/SiGe epi-layers using ion implantation,
and then later aligned to MSM interdigitated electrodes
11.

[0033] Fig. 8C, curve 77, is a graph of the frequency
response of the SiGe MSM photodetector comprising a
Siy 75Geg o5 absorbing layer at a thickness of 2.8 pm
depicted in the cross-sectional and top-view diagrams of
Figs. 8A and 8B. In Fig. 8C, the ordinate represents nor-
malized photoresponse (dB) and the abscissa repre-
sents frequency (Hz). This device had a dc responsivity
of 0.1 A/w, and displayed a -3 dB (-6 dB) bandwidth of
0.95 GHz (2.7 GHz), at A = 850 nm, for a bias voltage of
+5 V. To our knowledge, this is the highest bandwidth
achieved to date for a crystalline SiGe MSM photodetec-
tor for an incident radiation of A = 850nm.

[0034] Fig. 9 shows the frequency response of an n-
channel MODFET fabricated very similar to MODFET 15
shown in Fig. 1E. In Fig. 9, curve 78 shows the current
gain versus frequency of the n-channel MODFET and
curve 79 shows the maximum available gain versus fre-
quency. In Fig. 9, the left ordinate represents current gain
(dB), and the right ordinate represents maximum avail-
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able gain (dB), and the abscissa represents frequency.
The device shows a unity-gain cutoff frequency of 31
GHz, for a gate length of 0.7 pm, performance which is
far superior to bulk SiIMOSFETs of the same gate length.
These results shown by curve 77 in Figs. 8C and by
curves 78 and 79 in Fig. 9 on the individual components
of the integrated circuit indicate the viability of the present
invention, particularly given the straightforward method
of integration described herein.

[0035] The selectively-doped substrate configuration
shown in Fig. 7C can also be modified to integrate a ver-
tical p-i-n photodetector 80 with an n- or p-channel MOD-
FET 15. One such example is shown in Fig. 10, where
p-i-n photodetector 80 and an n-channel MODFET 15
are fabricated using an n-type modulation-doped heter-
ostructure, as described in Fig. 1E. In this embodiment,
the p-i-n photodetector 80 is created when an n-type im-
planted region 80 and top contact 81 are aligned to a
heavily-doped p-type region 82 created before the growth
of the Si/SiGe epi-layers 2 and 3. The bottom contact 83
is made by etching down to and into substrate 1 as shown
in Fig. 10. The example in Fig. 10 has the advantage that
the n-channel, modulation-doped regions 4-7 do not
need to be etched away to make top contact 81 of the p-
i-n detector 80, because this contact already needs to be
doped n-type. This example can also be used with a buff-
er layer 38 consisting of a symmetric superlattice as de-
scribed in Fig. 4. MODFET 15 shown in this example is
an n-channel device. For integration with a p-channel
MODFET, the doping and polarity of the p-i-n contacts
80-83 can be reversed. The p-i-n configuration has the
advantage that the carriers are always generated in a
high-field region, and the distance the photogenerated
carriers have to travel is reduced because detector elec-
trodes 81 and 83 are on both the top and bottom of ab-
sorbing region 3.

[0036] Fig. 11 shows how an MSM photodiode 85 and
MODFET 86 can be integrated using a fabrication
scheme similar to that of a standard Si MOSFET or
CMOS process. In the preferred embodiment, the layer
structure is the same as that used in Fig. 1A. The MOD-
FET 86 can be fabricated by depositing a thin gate oxide
layer 90 followed by an undoped poly-silicon layer that
is patterned and etched to define the gate electrode 91.
Next an ion implant is performed to define n-type source
and drain regions 92 where poly-silicon gate electrode
91 is used as a self-aligned implant mask. Next, a mesa
isolation etch is performed which exposes the surface 8
of the buffer layer 3 in the etched regions. Next an insu-
lating layer 93, such as silicon nitride, is deposited and
then etched to form sidewall spacer regions 94. Finally,
a self-aligned silicide (salicide) process is performed,
where metal is deposited, heated to form metal-silicide
or metal-germanosilicide contacts 95 to n-type source
and drain regions 92 and the unreacted metal selectively
etched away. The main feature of this embodimentis that
the MSM photodetector 85 can be fabricated at the same
time as MODFET 86 source and drain contacts 95 using
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the salicide process, by patterning windows in insulating
layer 93 above SiGe buffer layer 3 to form metal-silicide
or metal-germanosilicide photodetector electrodes 96 in
openings of insulating layer 93.

[0037] Fig. 12 shows another not claimed example of
a semiconductor structure where a SiGe MSM 97 and a
strained-Si n-channel MOSFET 98 are integrated using
a planar processing scheme. For this structure, the layer
structure consists of the same graded Si;_,Ge, layer 2
and constant composition, Siy_,Ge, buffer layer 3 grown
on Si substrate 1 as shown in Fig. 1E. On top of buffer
layer 3 is grown a tensile-strained Si layer 100, as shown
in Fig. 12. In the example, the MOSFET 98 is fabricated
by depositing or growing a thin gate oxide layer 101, fol-
lowed by an undoped poly-silicon layer, which is pat-
terned and etched to define the gate electrode 102. Next
an optional p-well implant 103, is performed for threshold
voltage control, and an ion implantis performed to define
n-type source and drain regions 104, where poly-silicon
gate electrode 102 is used as a self-aligned implant
mask. Next, trench isolation regions 105, are formed and
filled with dielectric material 106, and a second insulating
layer 107, such as silicon nitride, is deposited and etched
to form sidewall spacer regions 108. Finally, a self-
aligned silicide (salicide) process is performed, where
metal is deposited, heated to form metal-silicide, or met-
al-germanosilicide contacts 109 on n-type source and
drain regions 104, and the unreacted metal selectively
etched away. The MSM photodetector 97 is fabricated
using the same salicide process used to create the MOS-
FET 98 source and drain regions, by patterning windows
in insulating layer 107 above SiGe buffer layer 3 to form
metal-silicide or metal-germanosilicide photodetector
electrodes 110 in the openings of insulating layer 107.
This example has the advantage of utilizing a planar
processing scheme, because Si layer 100 is not etched
away. Because Si layer 100 is only ~ 10 nm thick, it has
little effect on the photoabsorption, and can act as a sta-
ble surface material for formation of MSM electrodes 110.
[0038] Fig. 13 shows another not claimed example of
a semiconductor structure where MSM photodetector 85
is integrated with both a p-channel and an n-channel Si/
SiGe MOSFET, 139 and 140, using an epitaxial multi-
layer structure. The layer structure consists of a Si sub-
strate 1, a graded Si;_,Ge, layer 2 and constant compo-
sition Siy_,Ge, buffer layer 3 as described in Fig. 1A. In
the example, on top of Si1,yGey buffer layer 3 are grown
an n-type doped Si1_yGey supply layer 120, an undoped
Siy_,Ge, offset layer 121, a tensile-strained Si quantum
well layer 122, which acts as the electron channel for the
NMOS device, another undoped Siy_,Ge, offset layer
123, a compressive-strained Siy_,Ge, layer 124, where
z >y, which acts as the hole channelforthe PMOS device,
an undoped Siy_,Ge, offset layer 125, and an undoped
Silayer 126. In this example, the Ge-percentages of lay-
ers 120, 121, 123 and 125 is in the range y = 0.1 t0 0.9,
with a preferred value of y = 0.25. The Ge-percentage of
layer 124 is in the range z = 0.3 to 1.0, and preferably
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has a value where z-y is greater than 0.2. Next a thin
gate oxide layer 127, is grown or deposited, followed by
a p-type doped poly-silicon layer. The CMOS circuit can
be fabricated by etching the poly-silicon to form the gates
of the n- and p-type CMOS devices 128, which then act
as implant masks for formation of p-type doped region
129, and n-type doped region 130. Doped regions 129
and 130 form contacts to the buried quantumwellchannel
layers 124 and 122, respectively. Next, trench isolation
regions 131, are formed and filled with dielectric material
132, for planarization. At this point, an etch is performed
to expose the surface 8 of Siy_,Ge, buffer layer 3, and a
blanket insulating layer 134, such as silicon nitride, is
deposited. windows for forming the photodiode elec-
trodes are patterned and etched at the same time as
nitride sidewall regions 135 are formed. Finally, a salicide
step is performed, as described in Fig. 11, to create the
MSM electrodes 136, as well as the source and drain
contacts 137 and 138 of the PMOS and NMOS devices,
respectively. The example shown in Fig. 13 is a versatile
configuration where not only PMOS device 139 or NMOS
device 140 can be combined with MSM photodetector
85 to act as part of a photoreceiver amplifier circuit, but
PMOS device 139 and NMOS device 140 can be com-
bined and used to form a CMOS logic circuit. Therefore,
the embodiment in Fig. 13 can potentially be used to fab-
ricate a high-speed photoreceiver circuit on the same
chip as a high-speed, low-power CMOS technology, for
future "system-on-a-chip" applications.

[0039] Anintegrated optoelectroniccircuitand process
for making is described incorporating a photodetector
and a MODFET on a chip. The chip contains a single-
crystal semiconductor substrate, a buffer layer of SiGe
graded in composition, a relaxed SiGe layer, a quantum
well layer, an undoped SiGe spacer layer and a doped
SiGe supply layer. The photodetector may be a metal-
semiconductor-metal (MSM) or a p-i-n device. The de-
tector may be integrated with an n- or p-type MODFET,
or both in a CMOS configuration, and the MODFET can
incorporate a Schottky or insulating gate. The invention
overcomes the problem of producing Si-manufacturing-
compatible monolithic high-speed optoelectronic circuits
for 850 nm operation by using epixially-grown Si/SiGe
heterostructure layers.

Claims

1. A semiconductor structure comprising a single crys-
tal semiconductor substrate (1), a Si;_,Ge, buffer
layer (2) graded from x = 0 to y where y is in the
range from 0.1 to 1.0, a layer of relaxed Siy_, Ge,
(3) having a thickness in the range from 0.25 pm to
10 pm, a quantum well layer (4}, an undoped Si1,y
Ge, spacer layer (5), and a doped Si,Ge, supply
layer (6), spaced apart drain and source regions (9)
extending to the quantum well layer (4) so that said
quantum well layer (4) is the conducting channel of
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a field-effect transistor; wherein said undoped
Siy_,Ge, spacer layer (5) separates dopants in said
doped Siy_,Ge, supply layer (6) from said conducting
channel; and wherein portions of said quantum well
layer (4), said undoped Siy_, Ge, spacer layer (5) and
said doped Siy.,Ge, supply layer (6) are removed to
provide an expose portion of said relaxed Siw_yGey
(3) layer to form a photodetector and wherein said
exposed layer of relaxed Siy_,Ge, (3) layer is the
absorbing region of said photodetector.

The semiconductor structure of claim 1 further in-
cluding a Schottky gate contact to control charge in
said conducting channel to form a MODFET.

The semiconductor structure of claim 1 wherein elec-
trodes (60, 61, 64, 65) are formed on said exposed
portion of said relaxed Si1_y Gey layer to form a pho-
todetector.

The semiconductor structure of claim 1 wherein said
quantum well layer is under tensile strain and con-
sists of Si.

The semiconductor structure of claim 3 wherein said
electrodes include two or more interdigitated
Schottky electrodes.

The semiconductor structure of claim 3 further in-
cluding a trench extending through said exposed re-
laxed Siy_, Ge, layer surface and surrounding said
photodetector; optionally said trench is filled with a
dielectric material.

The semiconductor structure of claim 3 wherein pos-
itively-biased electrodes of said photodetector com-
prise Er, W, Ti, Ni or Co, and provide Schottky con-
tacts (60} with barrier height for holes that is greater
than half the band gap of said exposed relaxed Siy_,,
Ge, layer, and negatively-biased electrodes (61) of
said photodetector comprise Pt or Ir and provide
Schottky contacts with barrier height for electrons
thatis greater than half the band gap of said exposed
relaxed Siy., Ge, layer.

The semiconductor structure of claim 5 wherein neg-
atively-biased electrodes (61) of said photodetector
comprise Pt or Ir and provide Schottky contacts with
barrier height for electrons that is greater than half
the band gap of said exposed relaxed Siy_, Ge, layer,
and positively-biased electrodes (64) of said photo-
detector comprise Er, W, Ti, Nior Co, and form Ohm-
ic contact to an n-type doped region (63).

The semiconductor structure of claim 5 wherein neg-
atively-biased electrodes (66) of said photodetector
form Ohmic contacts to a p-type doped region (65)
and said positively-biased electrodes (64) of said
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photodetector form an Ohmic contact to an n-type
doped region (63).

The semiconductor structure of claim 1 wherein said
substrate is heavily-doped greater than 1018 at-
oms/cm3, or wherein said substrate is an SOI sub-
strate comprising a thick Si layer, a SiO, layer, and
a Si overlayer.

The semiconductor structure of claim 3 wherein said
substrate is lightly-doped Si, and the region of said
substrate underneath said photodetector is heavily-
doped greater than 1018 atoms/cm3.

The semiconductor structure of claim 3 wherein said
photodetector absorbing region is bordered by deep
trenches extending from said photodetector surface
down to said Si substrate, and filled with a dielectric
material, so as to prevent photogenerated carriers
generated in said Si1_y Gey, buffer layer from diffus-
ing laterally past said deep trenches.

The semiconductor structure of claim 1 further in-
cluding spaced apart drain and source regions ex-
tending to said quantum well layer, a gate dielectric
layer above said supply layer between said drain and
source and a gate electrode above said dielectric
layer to form a MOSFET.

The semiconductor structure of claim 1 further in-
cluding firstand second spaced apart doped regions,
one above the other, with a portion of said relaxed
Si1,y Gey layer there between to form a photodetector
and an Ohmic contact to said respective first and
second doped regions for applying a potential there
between, and optionally one of the following;

a} further including a trench extending into said
exposed relaxed Siy_, Ge, layer to provide a bar-
rier to electrical charge;

b) wherein said first doped region includes a re-
gion of said quantum well layer, said undoped
Siy., Ge, spacer layer and said doped Siy., Ge,
supply layer; or

c) wherein said second doped region includes
a region of said substrate.

A method for forming a semiconductor structure
comprising the steps of:

selecting a single crystal semiconductor sub-
strate (1),

forming a Siy_, Ge, buffer layer (2) graded from
x = 0 to y in the range from 0.1 to 1.0,

forming a layer of relaxed Siy., Ge, (3) having
a thickness in the range from 0.25 pmto 10 pm,
forming a quantum well layer (4),

forming an undoped Siy., Ge, spacer layer (5),
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forming a doped Si1_y G.ey supply (6),

formning spaced apart drain and source regions
extending to said quantum well layer(4) so that
said quantum well layer (4) is the conducting
channel of a field-effect transistor,

removing portions of said quantumwell layer (4},
said undoped Si1_y Gey spacer layer (5) and said
doped Siy_, Ge, supply layer (6) to expose said
relaxed Siy_, Ge, layer and forming electrodes
(11) on said exposed relaxed Siy_, Ge, layer to
form a photodetector, wherein said exposed lay-
er of relaxed Si1_y Gey (3) is the absorbing region
of said photodetector.

Patentanspriiche

1.

Halbleiterstruktur, welche ein monokristallines Halb-
leitersubstrat (1), eine Si;_,Ge,-Pufferschicht (2), die
einen Gradienten von x = 0 bis y aufweist, wobei y
im Bereich von 0,1 bis 1,0 liegt, eine Schicht aus
relaxiertem Siy_,Ge, (3) einer Dicke im Bereich von
0,25 pm bis 10 nm, eine Quantentopfschicht (4), ei-
ne undotierte Siy_,Ge,-Abstandsschicht (5) und eine
dotierte Siy.,Ge,-Versorgungsschicht (6) umfasst,
wobei sich Drain- und Source-Zonen (9), die einen
Abstand voneinander aufweisen, bis zu der Quan-
tentopfschicht (4) erstrecken, derart, dass es sich
bei der Quantentopfschicht (4) um den leitenden Ka-
nal eines Feldeffekttransistors handelt; wobeidie un-
dotierte Siy., Ge,-Abstandsschicht (5) die Dotierstof-
fe in der dotierten Siy_,Gey-Versorgungsschicht (6)
vondem leitenden Kanal trennt; und wobei Abschnit-
te der Quantentopfschicht (4), der undotierten
Siy.,Ge,-Abstandsschicht (5) und der dotierten
Siy.,Ge,-Versorgungsschicht (6) entfernt sind, um
einen frei liegenden Abschnitt der relaxierten
Siy_,Ge,-Schicht (3) bereitzustellen, um einen Pho-
todetektor zu bilden, und wobei es sich bei der frei
liegenden Schicht der relaxierten Siy_,Ge,-Schicht
(3) um die absorbierende Zone des Photodetektors
handelt.

Halbleiterstruktur nach Anspruch 1, welche ferner
einen Schottky-Gate-Kontakt umfasst, um die La-
dung in dem leitenden Kanal zu regeln, um einen
MODFET zu bilden.

Halbleiterstruktur nach Anspruch 1, wobei auf dem
frei liegenden  Abschnitt der relaxierten
Si1_yGey-Schicht Elektroden (60, 61, 64, 65) ausge-
bildet sind, um einen Photodetektor zu bilden.

Halbleiterstruktur nach Anspruch 1, wobei die Quan-
tentopfschicht unter Zugspannung steht und aus Si
besteht.

Halbleiterstruktur nach Anspruch 3, wobei die Elek-
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troden zwei oder mehr ineinander greifende Schott-
ky-Elektroden umfassen.

Halbleiterstruktur nach Anspruch 3, welche ferner
einen Graben umfasst, der sich durch die Flache der
frei liegenden relaxierten Siy_,Ge,-Schicht hindurch
erstreckt und den Photodetektor umgibt; gegebe-
nenfalls ist der Graben mit einem dielektrischen Ma-
terial gefullt.

Halbleiterstruktur nach Anspruch 3, wobei Elektro-
den mit positiver Vorspannung des Photodetektors
Er, W, Ti, Ni oder Co umfassen und Schottky-Kon-
takte (60) einer Barrierenhdhe fir Defektelektronen
bereitstellen, die groBer ist als die Halfte des Band-
abstands der frei liegenden  relaxierten
Si1_yGey—Schicht, und Elektroden (61) mit negativer
Vorspannung des Photodetektors Pt oder Ir umfas-
sen und Schottky-Kontakte einer Barrierenhdhe fir
Elektronen bereitstellen, die groBer ist als die Halfte
des Bandabstands der frei liegenden relaxierten
Siy.,Ge,-Schicht.

Halbleiterstruktur nach Anspruch 5, wobei Elektro-
den (61) mit negativer Vorspannung des Photode-
tektors Pt oder Ir umfassen und Schottky-Kontakte
einer Barrierenhohe fir Elektronen bereitstellen, die
groBer ist als die Halfte des Bandabstands der frei
liegenden relaxierten SiH,Gey-Schicht, und Elektro-
den (64) mit positiver Vorspannung einen Ohm-
schen Kontakt zu einer n-leitend dotierten Zone (63)
bilden.

Halbleiterstruktur nach Anspruch 5, wobei Elektro-
den (66) mit negativer Vorspannung des Photode-
tektors Ohmsche Kontakte zu einer p-leitend dotier-
ten Zone (65) bilden und die Elektroden (64) mit po-
sitiver Vorspannung des Photodetektors einen Ohm-
schen Kontakt zu einer n-leitend dotierten Zone (63)
bilden.

Halbleiterstruktur nach Anspruch 1, wobei das Sub-
strat mit mehr als 1018 Atomen/cm3 stark dotiert ist
oder wobei es sich bei dem Substrat um ein SOI-
Substrat handelt, welches eine dicke Si-Schicht, ei-
ne SiO,-Schicht und eine Si-Deckschicht umfasst.

Halbleiterstruktur nach Anspruch 3, wobei es sich
bei dem Substrat um leicht dotiertes Si handelt und
die Zone des Substrats unterhalb des Photodetek-
tors mit mehr als 1018 Atomen/cm3 stark dotiert ist.

Halbleiterstruktur nach Anspruch 3, wobei die absor-
bierende Photodetektorzone von tiefen Graben be-
grenzt ist, welche sich von der Photodetektorflache
aus nach unten bis zu dem Si-Substrat erstrecken
und mit einem dielektrischen Material gefiillt sind,
um zu verhindern, dass Ladungstrager, die in der
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Siy,Gey-, Pufferschicht durch Photonen erzeugt
werden, seitlich Gber die tiefen Graben hinaus dif-
fundieren.

Halbleiterstruktur nach Anspruch 1, welche ferner
Drain- und Source-Zonen, die einen Abstand von-
einander aufweisen und sich bis zu der Quanten-
topfschicht erstrecken, eine Gate-Dielektrikums-
Schicht oberhalb der Versorgungsschicht zwischen
der Drain- und der Source-Zone und eine Gate-Elek-
trode oberhalb der dielektrischen Schicht umfasst,
um einen MOSFET zu bilden.

Halbleiterstruktur nach Anspruch 1, welche ferner,
eine Uber der anderen, eine erste und zweite dotierte
Zone umfasst, die einen Abstand voneinander auf-
weisen, wobei sich zwischen diesen ein Abschnitt
der relaxierten Siy_,Ge,-Schicht befindet, um einen
Photodetektor und einen Ohmschen Kontakt zu der
ersten bzw. zweiten dotierten Zone zu bilden, um
zwischen diesen eine Potentialdifferenz anzulegen,
und wobei wahlweise eine der folgenden Bedingun-
gen erflllt ist:

a) sie umfasst ferner einen Graben, welcher sich
in die frei liegende relaxierte Siy_,Ge,-Schicht
erstreckt, um eine Barriere fiir eine elektrische
Ladung zu schaffen;

b) wobei die erste dotierte Zone eine Zone der
Quantentopfschicht, der undotierten
Siy.,Ge,-Abstandsschicht und der dotierten
Siy_,Gey-Versorgungsschicht umfasst; oder

c) wobei die zweite dotierte Zone eine Zone des
Substrates umfasst.

Verfahren zur Bildung einer Halbleiterstruktur, wel-
ches die folgenden Schritte umfasst:

Auswahlen eines monokristallinen Halbleiter-
substrats (1),

Bilden einer Siy_,Ge,-Pufferschicht (2), welche
einen Gradienten von x = 0 bis y im Bereich von
0,1 bis 1,0 aufweist,

Bilden einer Schicht aus relaxiertem Siy_,Ge,
(3), welche eine Dicke im Bereich von 0,25 pm
bis 10 pm aufweist,

Bilden einer Quantentopfschicht (4),

Bilden einer undotierten Siy_,Ge,-Abstands-
schicht (5),

Bilden einer dotierten Siy_,Ge,-Versorgungs-
schicht (6),

Bilden von Drain- und Source-Zonen, die einen
Abstand voneinander aufweisen und sich bis zu
der Quantentopfschicht (4) erstrecken, derart,
dass es sich bei der Quantentopfschicht (4) um
den leitenden Kanal eines Feldeffekttransistors
handelt,

Entfernen von Abschnitten der Quantentopf-
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schicht (4), der undotierten Siw_yGey—Abstands—
schicht (5) und der dotierten Siy.,Ge,-Versor-
gungsschicht (6}, um die relaxierte
Si1_yGey-Schicht frei zu legen, und Bilden von
Elektroden (11) aufder freiliegenden relaxierten
Si1_yGey—Schicht, um einen Photodetektor zu
bilden, wobei es sich bei der frei liegenden
Schicht aus relaxiertem Siy_,Ge, (3) um die ab-
sorbierende Zone des Photodetektors handelt.

Revendications

Structure a semi-conducteur, comprenant un subs-
trat (1) en semi-conducteur monocristallin, une cou-
che tampon (2) en Siy_,Ge,, dans laquellex=0ay,
avec y dans la fourchette de 0,1 & 1,0, une couche
(3)Yen Si1_yGey relaxé, ayant une épaisseur dans la
fourchette de 0,25 pm a 10 pm, une couche de puits
quantique (4), une couche d'espacement (5) en
Siy,Gey non dopé, et une couche d’alimentation (6)
en Siy_,Ge, dopé, des régions de drain et de source
(9) espacées, s’étendant vers la couche de puits
quantique (4), de maniére que ladite couche de puits
quantique (4) soit le canal conducteur d’un transistor
a effet de champ ; dans lequel ladite couche d'es-
pacement (5) en Siy.,Ge, non dopé sépare des
dopants, situés dans ladite couche d’alimentation (6)
en SiH,Gey dopé, vis-a-vis dudit canal conducteur ;
et dans lequel des parties de ladite couche de puits
quantique (4), ladite couche d’espacement (5) en
Siy.,Gey non dopé et ladite couche d'alimentation
(6) en Siy_,Ge, dopé sont éliminées pour fournir une
partie exposée de ladite couche (3) en Siy_,Ge, re-
laxé, de maniére a former un photodétecteur et dans
lequel ladite couche exposée de couche (3) en
Siy_,Gey relaxé est la région absorbante dudit pho-
todétecteur.

Structure & semi-conducteur selon la revendication
1, comprenant en outre un contactde grille de Schot-
tky, pour commander la charge dans ledit canal con-
ducteur, de maniére a former un MODFET.

Structure & semi-conducteur selon la revendication
1, dans laquelle des électrodes (60, 61, 64, 65) sont
formées sur ladite partie exposée de ladite couche
en Siy_,Ge, relaxé, de maniére a former un photo-
détecteur.

Structure & semi-conducteur selon la revendication
1, dans laquelle ladite couche de puits quantique est
placée sous une contrainte de traction et est com-
posée de Si.

Structure & semi-conducteur selon la revendication
3, dans laquelle lesdites électrodes comprennent
deux électrodes de Schottky interdigitées, ou plus.
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Structure a semi-conducteur selon la revendication
3, comprenant en outre une tranchée, s’étendant a
travers ladite surface de couche en Siy_,Ge, relaxé
exposée et entourant ledit photodétecteur ; ladite
tranchée étant, en option, remplie d’'un matériau dié-
lectrique.

Structure a semi-conducteur selon la revendication
3, dans laquelle des électrodes, polarisées de ma-
niére positive, dudit photodétecteur sont composées
de Er, W, Ti, Ni ou Co, et fournissent des contacts
de Schottky (60) avec une hauteur de barriére pour
des trous supérieure a la moitié de la largeur de ban-
de interdite de ladite couche en Siy_,Ge, relaxé ex-
posée, etdes électrodes (61), polarisées de maniére
négative, dudit photodétecteur sont composées de
Ptou Ir et fournissent des contacts de Schottky avec
une hauteur de barriére pour des électrons supé-
rieure a la moitié de la largeur de bande interdite de
ladite couche en Siy_,Ge, relaxé exposée.

Structure a semi-conducteur selon la revendication
5, dans laquelle des électrodes (61), polarisées de
maniére négative, dudit photodétecteur sont com-
posées de Pt ou Ir et fournissent des contacts de
Schottky avec une hauteur de barriere pour des élec-
trons supérieure a la moitié de la largeur de bande
interdite de ladite couche en Siy_,Ge, relaxé expo-
sée, et des électrodes (64), polarisées de maniere
positive, dudit photodétecteur sont composées de
Er, W, Ti, Ni ou Co, et forment un contact ohmique
avec une région (63) a dopage de type n.

Structure a semi-conducteur selon la revendication
5, dans laquelle des électrodes (66), polarisées de
maniére négative, dudit photodétecteur forment des
contacts ohmiques avec une région (65) a dopage
de type p, et lesdites électrodes (64), polarisées de
maniére positive, dudit photodétecteur forment un
contact ohmique avec une région (63) a dopage de
type n.

Structure a semi-conducteur selon la revendication
1, dans laquelle ledit substrat est fortement dopé, a
plus de 108 atomes/cm3, ou dans lequel ledit subs-
trat est un substrat SOI, comprenant une épaisse
couche en Si, une couche en SiO,, etune surcouche
en Si.

Structure a semi-conducteur selon la revendication
3, dans laquelle ledit substrat est en Si légérement
dopé, et la région dudit substrat située au-dessous
dudit photodétecteur est fortement dopée, a plus de
1018 atomes/cm3.

Structure a semi-conducteur selon la revendication
3, dans laquelle ladite région absorbante de photo-
détecteur estdélimitée par des tranchées profondes,
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s’étendant a partir de ladite surface de photodétec-
teur en descendant vers ledit substrat, et remplies
d’un matériau diélectrique, de maniére a empécher
que des porteurs photogénérés, générés dans ladite
couche tampon en Si1_yGey, diffusent latéralement,
au dela desdites tranchées profondes.

Structure a semi-conducteur selon la revendication
1, comprenant en outre des régions de drain et de
source espacées, s’étendant vers ladite couche de
puits quantique, une couche diélectrique de grille,
située au-dessus de ladite couche d’alimentation,
entre drain et source, et une électrode de grille, si-
tuée au-dessus de ladite couche diélectrique, pour
former un MOSFET.

Structure a semi-conducteur selon la revendication
1, comprenant en outre des premiére et deuxiéme
région dopées, espacées, l'une au-dessus de
l'autre, avec, entre elles, une partie de ladite couche
en Siy_,Ge, relaxé, pour former un photodétecteur
et un contact ohmique avec lesdites premiere et
deuxiéme régions dopées respectives, pour appli-
quer entre elles un potentiel et, en option, 'un des
suivants :

a) comprenant en outre une tranchée, s’éten-
dant dans ladite couche en Siy_,Ge, relaxé ex-
posée, pour fournir une barriére a une charge
électrique ;

b) dans laquelle ladite premiére région dopée
comprend une région de ladite couche de puits
quantique, ladite couche d'espacement en
Siy_,Ge, non dopé et ladite couche d'alimenta-
tion en Si1_yG|ey dopé ; ou

c) dans laquelle ladite deuxiéme région dopée
comprend une région dudit substrat.

Procédé pour former une structure a semi-conduc-
teur, comprenant les étapes consistant a :

sélectionner un substrat (1) en semi-conducteur
monocristallin,

formerune couche tampon (2) en Siy_,Ge,, dans
laquelle x = 0 ay, avec y dans la fourchette de
0,12a1,0,

former une couche (3) en Siw_yGey relaxé, ayant
une épaisseur dans la fourchette de 0,25 pm a
10 pm,

former une couche de puits quantique (4),
former une couche despacement (5) en
Siy_,Ge, non dopé,

former une couche dalimentation (6) en
Siy_,Ge, dopé,

former des régions de drain et de source espa-
cées, s’étendant vers ladite couche de puits
quantique (4), de maniére que ladite couche de
puits quantique (4) soit le canal conducteur d’un
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transistor a effet de champ,

éliminer des parties de ladite couche de puits
quantique (4), de ladite couche d’espacement
(5) en Siy_,Ge, non dopé et de ladite couche
d'alimentation (6) en Siy_,Ge, dopé, pour expo-
ser ladite couche en Si1_yGey relaxé, et former
des électrodes (11) sur ladite couche en
Siy,Ge, relaxé exposée, de maniére a former
un photodétecteur, dans lequel ladite couche (3)
en Siy_,Ge, relaxé exposée est la région absor-
bante dudit photodétecteur.
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SUBJECT OF THE INVENTION
SUBJECT OF THE INVENTION

Improvement in the speed of a response speed can be achieved, and manufacture provides an
easy near-infrared-light sensing element.

PROBLEM to be solved

The photoelectric-conversion part 6 which has a photodiode structure of a pin photodiode which
forms in 1 surface side of the semiconductor substrate 1, and the i layer 62 which is a drift area|
region interposes between the p form areajregion 61 and the n form area|region 63, absorbs near
infrared light, and an electronic * hole pair generate|occur|produces,

With respect to the wavelength range of the near infrared light of the detection target which injects
from the direction which is a slab type|mold photonic crystal which is laminated|stacked on the
light-receiving surface of the photoelectric-conversion part 6, and has a refractive-index period
structure in two dimensional surface inside parallel to said light-receiving surface, and intersects
said light-receiving surface

The slab type|mold photonic crystal 7 by which the refractive-index period structure was designed
have a resonance peak is provided.

DETAILED DESCRIPTION of the INVENTION

[0001] TECHNICAL FIELD
This invention relates to the near-infrared-light sensing element which detects near infrared light.

DESCRIPTION OF RELATED ART
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[0002] Conventionally, in the optical communication, the near-infrared-light sensing element is used as a
light receiving element for receiving a light signal.
As this kind of a near-infrared-light sensing element, the photodiode (pn photodiode, a pin
photodiode, an avalanche photo-diode, the Schottky photodiode, etc.) in which the pn junction and
the schottky junction were formed is widely used for a semiconductor crystal.
It utilizes that the electric current which the electronic-hole pair generate|occur|produced when the
light which has the photon energy more than a band gap injects is isolate|separated, travel|drive|
works in a depletion layer (drift), and flows into an external circuit changes,
A light signal is detected as electric current change or voltage change.
As a semiconductor crystal material used for a near-infrared-light sensing element in here, there
exists compound-semiconductor crystal|crystallization material (InGaAs, InGaAsP, etc.) other than
Si or Ge,
However,
It is properly used by the wavelength range of the light used by an optical communication, the
transmission speed request|required, the price, etc.

[0003] By the way, the optical communication is already widely used as a communication network
between cities and in a city,
However,
In recent years, the motion which employ|adopts an optical communication also, for example in
fieldjareas, such as SAN(Storage Area Network) which connects a highly efficient server and a
router, DVI(Digital Visual Interface) which connects what is called an information appliance and a
peripheral device, in-vehicle LAN(Local Area Network), a mobile phone, is activating.
The high-speed optical communication is required also in such a field|area,
Progress of improvement in the speed of transmission speed changes with applicable fields,
It is estimated that the transmission speed of 1Gbps or more is request|required also in either field|
area.
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[0004] Improvement in the speed and a lowering of cost of a response speed will be request|required of
the photodiode for optical communications used in the above various field|areas from now on.
In here, it is known that the response speed of a photodiode will be fundamentally limited with two
elements with the transit time t of the career|carrier (an electron, a hole) which carries out the drift
of the inside of a depletion layer to CR time constant of a photodiode.
In order to raise quantum efficiency (light-reception sensitivity) while making CR time constant
small when the pin photodiode using Si as a semiconductor crystal material is considered for an
example, the wide depletion layer is formed,
Therefore
It becomes impossible for the transit time t of the electron which carries out the drift of the inside of
a depletion layer to ignore at the time of a high-speed response.

[0005] For example, in order for quantum efficiency to be 80 % ar more by the pin photodiode of Si, a
depletion-layer width W of about 30 micrometer is needed,
However,
When cut-off-frequency fc (CR) decided by CR time constant sets the diameter of a light reception
to 250 micrometer, the pn-junction area A will become A=4.9"10<-4>cm<2>,
30 micrometer, then junction-capacitance Cj of a pn junction are set to Cj=0.17pF by the depletion-
layer width W,
Therefore
It will become fc(CR)=1/(2(pi)CjR)=18GHz when the external resistance R shall be 50 omegalohm.

[0006] On the other hand, it will become fc(ttr)=0.44/ttr when the frequency from which the amplitude of
a photoelectric current becomes 1/2<1/2> of the amplitude of a low-frequency areajregion, and
electric power becomes 1/2 (-3 dB) is defined as cut-off-frequency f(ttr),
However,
Since saturated-drift-velocity (nu)ds of the electron which carries out the drift of during Si crystal|
crystallization is (nu)ds=1*10<7>cm/sec, transit-time ttr of the electron which carries out the drift of
the inside of a depletion layer becomes tir=W/(nu)ds=0.3nsec,
Cut-off-frequency fc(ttr) becomes fe(ttr)=1.5GHz.
As mentioned above, the diameter of a light reception about 250 micrometer and the pin
photodiode of Si whose depletion-layer width W is 30 micrometer
Since cut-off-frequency fc (CR) decided from CR time constant was 18GHz, in this pin photodiode,
above-mentioned transit-time tir will limit a cut off frequency,
It understand|indicate|reveals that the 1.5GHz vicinity is a limit of an operating frequency.
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[0007] Here, in order to achieve improvement in the speed of the response speed of a pin photodiode, it is
necessary to enlarge a cut off frequency,
Therefore
The drift velocity in a semiconductor crystal should just use compound-semiconductor material,
Ge, etc. which are a quick semiconductor crystal material compared with Si,
However,
Like a silicon-semiconductor process, it is not excellent in mass-production property, and since the
diameter of a wafer is also small, a lowering of cost is difficult.

[0008] On the other hand, let the photoelectric-conversion part which has a pin photodiode structure of Si
be a basic composition in recent years,
Quantum efficiency can be improved though thickness reduction of i layer which is a drift area|
region in which a career|carrier carries out a drift in a photoelectric-conversion part is achieved,
The near-infrared-light sensing element which can achieve improvement in the speed by
shortening of transit-time ttr of the career|carrier which furthermore carries out the drift of the inside
of i layer is proposed (a nonpatent literature 1, 2).

[0009] This kind of near-infrared-light sensing element as shown in FIG. 4
DBR(Distributed Bragg Reflector)152 which consists of laminated film of the 1st SiO2 layer 152a,
the Si layer 152b, and the 2nd SiO2 layer 152¢, and reflects near infrared light on the 1 surface of
the Si board|substrate 151 is provided.
The photoelectric-conversion part 160 which consists of a pin photodiode structure of Si which the
i layer 162 interposes between the n<+> areajregion 163 and the p<+> area|region 161 is provided
on DBR152,
A surface with the light-receiving surface which consists of a surface of air and the p<+> area|
region 161 forms the reflective surface which faces DBR152 (each other) on both sides of the
photoelectric-conversion part 160 in the thickness direction (vertical direction) of the Si board|
substrate 151,
The vertical resonator which consists of Fabry Perot type resonator (Fabry-Perot Resonator) by
said reflective surface and DBR152 is formed.
Therefore, even if it makes thickness of the i layer 162 in the photoelectric-conversion part 160
small (it is small about the width of the i layer 162 in other words), a light-reception sensitivity can
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be improved, and the distance of a career|carrier can also be shortened by making thickness of the
i layer 162 thin,

Therefore

Improvement in the speed of a response speed can be achieved.

In addition, the p<+> area|region 161 is electrically connected with the p electrode 165 by 1 said
surface side of the Si board|substrate 151, and the n<+> arealjregion 163 is electrically connected
with the n electrode 163 by 1 said surface side of the Si board|substrate 151.

M.K. Emsley, et al, Silicon Resonant Cavity Enhanced Photodetector Arrays for Optical
Interconnects, Proc. of SPIE Vol.5246,p409-421,2003

M.K. Emsley, et al, Silicon Substrates With Buried Distributed Bragg Reflectors for Resonant
Cavity-Enhanced Optoelectronics, IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM
ELECTRONICS,VOL.8,NO.4,p948-955,JULY/AUGUST 2002

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0010] However,
In order to manufacture the near-infrared-light sensing element of the structure shown in FIG. 4,
it is necessary to repeat twice basic process (Hydrogen-ion injection|grouting work is a bonding
process, a peeling|exfoliation process, and a surface grindingjpolishing process.) required of the
hydrogen injection|pouring peel|exfoliating method known as one of the formation methods of an
SOl wafer before formation of the photoelectric-conversion part 160,
The manufacture process was complicated and cost reduction was difficult.
Moreover, the manufacturing method of the above-mentioned infrared-light sensing element
cannot be applied when employ|adopting semiconductor crystal materials other than Si as a
material of the photoelectric-conversion part 160.

[0011] This invention was comprised in view of said reason,
The objective is to be able to achieve improvement in the speed of a response speed, and for
manufacture to provide an easy near-infrared-light sensing element.

MEANS TO SOLVE THE PROBLEM

[0012] The photoelectric-conversion part which has a photodiode structure where invention of Claim 1
was formed in 1 surface side of a semiconductor substrate, and the drift area|region was provided
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between p form areajregion and n form arealregion, absorbs near infrared light, and an electronic *
hole pair generate|occur|produces,

With respect to the wavelength range of the near infrared light of the detection target which injects
from the direction which is a slab type|mold photonic crystal which is laminated|stacked on the
light-receiving surface of a photoelectric-conversion part, or is formed in said light-receiving-
surface side in the inside of a photoelectric-conversion part, and has a refractive-index period
structure in two dimensional surface inside parallel to said light-receiving surface, and intersects
said light-receiving surface

The slab type|mold photonic crystal by which the refractive-index period structure was designed
have a resonance peak is comprised,

It is characterized by the above-mentioned.

[0013] According to this invention
To 1 surface side of a semiconductor substrate
To the light-receiving surface of the formed photoelectric-conversion part
With respect to the wavelength range of the near infrared light of the detection target which injects
from the direction which is a slab type|mold photonic crystal which is laminated|stacked, or is
formed in said light-receiving-surface side in the inside of a photoeleciric-conversion part, and has
a refractive-index period structure in two dimensional surface inside parallel to said light-receiving
surface, and intersects said light-receiving surface
By providing the slab type|mold photonic crystal by which the refractive-index period structure was
designed have a resonance peak
Quantum efficiency can be raised even if it makes thin the thickness of the drift areajregion of the
photoelectric-conversion part of photodiode structures, such as a pin photodiode and an avalanche
photo-diode, without providing a conventional vertical resonator,
Therefore
Can achieve improvement in the speed of a response speed, without making a light-reception
sensitivity reduce, and again
The slab type|mold photonic crystal which was laminated|stacked on the photoelectric-conversion
part or was formed in said light-receiving-surface side in the inside of a photoelectric-conversion
part can be formed using the thin film coating technology, lithography technology, and etching
technigue which are general semiconductor manufacture process techniques,
Therefore
It can manufacture easily.

[0014] The near-infrared-light reflection part which invention of Claim 2 surrounds said photoelectric-
conversion part in 1 said surface side of said semiconductor substrate in invention of Claim 1 by
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two dimensional surface inside parallel to said light-receiving surface, and reflects the near infrared
light of said wavelength range in said photoelectric-conversion part side is comprised,
Itis characterized by the above-mentioned.

[0015] By providing the near-infrared-light reflection part which surrounds said photoelectric-conversion
part by two dimensional surface inside parallel to said light-receiving surface, and reflects the near
infrared light of said wavelength range in said photoelectric-conversion part side according to this
invention
It can prevent that the near infrared light of said wavelength range that injected on said
photoelectric-conversion part through said light-receiving surface leaks to the side of said
photoelectric-conversion part,

Therefore
Quantum efficiency can be raised more and a light-reception sensitivity can be raised further.

[0016] Ininvention of Claim 2, invention of Claim 3 said near-infrared-light reflection part
Itis a two dimensional photonic crystal which has a refractive-index period structure in two
dimensional surface inside parallel to said light-receiving surface, and consists of a two
dimensional photonic crystal by which the refractive-index period structure was designed reflect the
near infrared light of said wavelength range in said photoelectric-conversion part side,
It is characterized by the above-mentioned.

[0017] According to this invention, said near-infrared-light reflection part can be easily formed using the
lithography technology and etching technique which are general semiconductor manufacture
process techniques.

[0018] In invention of Claim 1 thru|or Claim 3, the shape of invention of Claim 4 of said p form area|region
in two dimensional surface inside with said photoelectric-conversion part parallel to said light-
receiving surface and each said n form area|region is comb-shaped,

Said p form area|region and said n form area|region are mutually complex,

The said drift area|region consists of an i layer interposed between said p form area|region and
said n form area|region,

It is characterized by the above-mentioned.

[0019] According to this invention
The thickness (width of i layer) of said drift area|region that consists of an i layer which interposes

the mask at the time of forming said p form areajregion with a spreading|diffusion or an ion
implantation and said n form area|region between said p form arealregion and said n form area|
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region with relative position accuracy with the mask at the time of forming with a spreading|
diffusion or an ion implantation is decided,

Therefore

The precision of the thickness dimension of said drift area|region can be raised.

[0020] ADVANTAGE OF THE INVENTION
Invention of Claim 1 can achieve improvement in the speed of a response speed, and is effective
in the ability to manufacture easily.

PREFERRED EMBODIMENT OF THE INVENTION

[0021] (Embodiment 1)
As shown to FIG. 1 (a), (b), the near-infrared-rays sensing element of this embodiment
While the semiconductor layer 3 which consists of a single-crystal Si layer of low concentration
(For example, 10<13>-10<16>cm<-3> extent) via the 1st dielectric layer 2 which consists of a SiO2
filmjmembrane on the 1 surface of the semiconductor substrate 1 which consists of a Si board|
substrate is provided
The 2nd dielectric layer 4 which consists of a SiO2 film{membrane is provided on said
semiconductor layer 3,
The photoelectric-conversion part 6 which has a photodiode structure of a pin photodiode, absorbs
near infrared light, and an electronic * hole pair generate|occur|produces is formed in the center
section of the semiconductor layer 3.
In the center section of the 2nd dielectric layer 4, the light-receiving surface of the photoelectric-
conversion part 6
With respect to the wavelength range of the near infrared light of the detection target by which
injectionjincidence (In this embodiment, it injected from the reverse side with the semiconductor
substrate 1 side.) is carried out from the direction which is a slab type|mold photonic crystal which
has a refractive-index period structure in two dimensional surface inside parallel to (the upper
surface in FIG.1(b)), and intersects said light-receiving surface
The slab type|mold photonic crystal 7 by which the refractive-index period structure was designed
have a resonance peak is formed.
In addition, in this embodiment, the material of the 1st dielectric layer 2 and the 2nd dielectric layer
4 is Si0O2,
The semiconductor crystal material of the photoelectric-conversion part 6 is Si,
Therefore
The refractive index of the semiconductor layer 3 becomes a high value rather than each refractive
index of the 1st dielectric layer 2 and the 2nd dielectric layer 4, and in (The refractive index of
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about 1.5 and Si of the refractive index of SiO2 is about 3.4.) and the photoelectric-conversion part
6

The waveguide mode which confines the near infrared light which injected from the light-receiving
surface in the photoelectric-conversion part 6 according to a refractive-index difference with the
medium of the both sides of the photoelectric-conversion part 6, and waveguides it exists,
Quantum efficiency can be raised.

[0022] In here, the near-infrared-light sensing element of this embodiment is used as a light receiving
element of an optical communication,
A 0.8-micrometer belt|band|zone is assumed as a wavelength range of the near infrared light
(input-signal light) of a detection target,
Si is employ|adopted as a semiconductor crystal material of the photoelectric-conversion part 6,
Si board|substrate is used as a semiconductor substrate 1.

[0023] The photoelectric-conversion part 6 is with the p form area|region 61 where the shape in two
dimensional surface inside parallel to said light-receiving surface consists of a comb-shaped p<+>
layer, as shown to FIG.1(b) and (c),

The n form arealregion 63 where the shape in two dimensional surface inside parallel to said light-
receiving surface consists of a comb-shaped n<+> layer is mutually complex,

In the shape in surface inside parallel to said light-receiving surface, the i layer 62 of an undulation
state (the shape of a winding path) is interposing between the p form areajregion 61 and the n form
area|region 63.

In here, the comb-tooth parts 61b and 63b of multiple (the example of illustration three) which it
was equally spaced and were spaced apart are continuously formed in the left-right direction of
FIG.1(c) at each of comb bone 61a, 63a with circular arc-shaped p form area|region 61 and n form
arealregion 63,

In the left-right direction of FIG.1(c), the comb-tooth part 61b of the p form areajregion 61 and the
comb-tooth part 63b of the n form area|region 63 are alternately located in a line.

In addition, the shape in two dimensional surface inside with the photoelectric-conversion part 6
parallel to said light-receiving surface is formed in circular as a whole.

Moreover, in this embodiment, the i layer 62 is comprising the drift area|region provided between
the p form area|region 61 and the n form area|region 63.
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[0024] Moreover, the contact hole is formed in the region to which the near-infrared-light sensing element
of this embodiment overlaps with the p form areajregion 61 in the 2nd dielectric layer 4,
The contact electrode 8a which consists of a metal material which was embedded at said contact
hole and was electrically connected with the p form areajregion 61 is electrically connected via Pad
10a and the metal wiring 9a which were formed on the 2nd dielectric layer 4.
Similarly, the contact hole is formed in the region which overlaps with the n form areajregion 63 in
the 2nd dielectric layer 4,
The contact electrode 8b which consists of a metal material which was embedded at said contact
hole and was electrically connected with the n form areajregion 63 is electrically connected via Pad
10b and the metal wiring 9b which were formed on the 2nd dielectric layer 4.

[0025] Moreover, the slab type|mold photonic crystal 7 is arranged so that it may have a 2-dimensional
period structure by surface inside (Two dimensional surface inside parallel to the light-receiving
surface of the photoelectric-conversion part 6 in other words) which many holes 72 orthogonally
cross in the thickness direction of slab 71 which consists of a region currently laminated|stacked on
the photoelectric-conversion part 6 among the 2nd dielectric layers 4,

The slab type|mold photonic crystal 7 which has said refractive-index period structure by the low-
refractive-index medium which consists of air in the high refractive index medium which comprises
slab 71, and hole 72 is comprised.

When a unit cell specifically forms hole 72 in each location corresponding to each lattice point of
the hypothetical|virtual two dimensional triangular grating|lattice of an equilateral triangle in slab
71, the slab type|mold photonic crystal 7 is formed.

If it paraphrases, hole 72 is arranged by triangular grating|lattice shape in surface inside
orthogonally crossed in the thickness direction of slab 71.

In addition, the refractive index of about 1.5 and air of the refractive index of SiO2 which is the
material of the 2nd dielectric layer 4 is 1.

[0026] The said refractive-index period structure is designed in design of the slab type|mold photonic
crystal 7 have a resonance peak in the wavelength range of the near infrared light of a detection
target as mentioned above.

Specifically, a, then Period a should just set period (It is a period of the refractive-index period
structure of the slab type|mold photonic crystal 7, and is the distance during the lattice point of a
two dimensional triangular grating|lattice.) of the sequence direction of hole 72 in the slab type|
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mold photonic crystal 7 to the half-wave-length extent (For example, 1/2 of the wavelength of an
infrared-light) of the infrared-light of said wavelength range, for example.

In addition, about the optical propagation part which is the principal part comprised in the slab
type|mold photonic crystal 7 and the photoelectric-conversion part 6 among the near-infrared-light
sensing elements of this embodiment

The semiconductor substrate 1 and a reverse side have a refractive-index difference with the air
(refractive-index =1) which is a medium of slab type|mold photonic-crystal 7 and slab type/mold
photonic-crystal 7 just overhead,

The semiconductor substrate 1 side has the 1st dielectric layer (refractive-index =1.5) 2 and 1st
refractive-index difference which are the mediums of photoelectric-conversion part 6 directly under.
When there exist the medium and the above refractive-index differences which said optical
propagation part is touching by each of up-and-down both sides (both sides of the thickness
direction of the semiconductor substrate 1) in such an optical propagation part

There exist waveguide mode in which the near infrared light which propagates an optical
propagation part satisfy|fills the total-reflection conditions of a up-down direction, and is completely
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confined in an optical propagation part, and a mode (It calls in-plane resonance mode hereafter)
which does not satisfy|fill total-reflection conditions but can be couple|bonded with ambient light.
When near infrared light is injected on such an optical propagation part from the exterior, one part
near infrared light will couple|bond with in-plane resonance mode,

Any of in-plane resonance mode and waveguide mode, may not couple|bond another one part and
it may be permeate|transmitted.

However,

As negate / after couple|bonding with in-plane resonance mode / the near infrared light re-radiated
and the near infrared light to permeate|transmit

In this case, all the near infrared light which injected on the optical propagation part couple|bonds
with in-plane resonance mode.

Thus, the light couple|bonded with in-plane resonance mode propagates the inside of an optical
propagation part according to Q value of a resonance peak,

Therefore

Without providing a vertical resonator like the conventional structure of FIG. 4, in the thickness

of the i layer 62 in the photoelectric-conversion part 6, even if thin, near infrared light is efficiently
absorbed in the i layer 62.

Moreover, in this embodiment, all the near infrared light of said wavelength range that injects on an
optical propagation part couple|bonds with in-plane resonance mode,

Therefore

It is not necessary to provide a reflection layer like DBR at a reverse side separately with the light-
receiving surface in the photoelectric-conversion part 6.

In addition, in-plane resonance mode is reported as guided resonances in publication 1 (Shanhui
Fan, et al, Analysis of guided resonances in photonic crystal slabs, PHYSICAL REVIEW B,
VOLUME 65, 235112).

[0027] By the way, the near-infrared-light sensing element of this embodiment is formed in the middle of
the thickness direction what is called using SOI{Silicon On Insulator) board|substrate which has a
SiO2 film/membrane,

Si board|substrate of the back side in an SOI board|substrate comprises the semiconductor
substrate 1,

The SiO2 filmjmembrane of an SOI board|substrate comprises the 1st dielectric layer 2,

Si layer of the main surface side of an SOI board|substrate is comprising the semiconductor layer
3.

That is, the photoelectric-conversion part 6 in a near-infrared-light sensing element is formed

by introduce|transducing an impurity to the region corresponding to the each of the p form area|
region 61 and the n form area|region 63 with a spreading|diffusion or an ion implantation in the
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semiconductor layer 3 which consists of a Si layer of the main surface side of an SOI board|
substrate,

Therefore

With relative position accuracy with the mask at the time of forming the mask at the time of forming
the p form areajregion 61 with a spreading|diffusion or an ion implantation, and the n form area|
region 63 with a spreadingidiffusion or an ion implantation

The thickness (It is the width of the ilayer 62,

Comprising:

The distance of a career|carrier) of the i layer 62 which consists of a region interposed between the
p form areajregion 61 and the n form area|region 63 among the semiconductor layers 3 is decided,
Therefore

The precision of the thickness dimension of the i layer 62 can be raised.

[0028] Moreover, after the slab type|mold photonic crystal 7 forms the photoelectric-conversion part 6 in
the semiconductor layer 3 which consists of a Si layer of the main surface side of an SOI board|
substrate
After forming the 2nd dielectric layer 4 into a film with thin-film formation methods, such as CVD
method, to the whole surface of the main surface side of an SOI board|substrate, the resist layer
by which the region corresponding to each hole 72 was pierced using the lithography technology is
formed on the 2nd dielectric layer 4,

It can form by etching the region corresponding to each hole 72 by the dry etching apparatus
among the 2nd dielectric layers 4 by setting said resist layer as a mask.

In addition, not only SiO2 but Si3N4 may be sufficient as the medium which comprises slab 71, for
example.

[0029] The near-infrared-light sensing element of this embodiment demonstrated above
The slab type|mold photonic crystal 7 by which the refractive-index period structure of two

dimensional surface inside parallel to said light-receiving surface was designed have a resonance
peak with respect to the wavelength range of the near infrared light of the detection target which is
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laminated|stacked on the light-receiving surface of the photoelectric-conversion part 6, and injects
from a reverse side with the photoelectric-conversion part 6 side is provided,

Therefore

Quantum efficiency can be raised even if it makes thin thickness (width) of the i layer 62 of the
photoelectric-conversion part 6 of the photodiode structure of a pin photodiode, without providing a
vertical resonator like a structure before shown in FIG. 4,

Therefore

Improvement in the speed of a response speed can be achieved without making a light-reception
sensitivity reduce.

Moreover, the slab type|mold photonic crystal 7 laminated|stacked on the photoelectric-conversion
part 6 can be formed using the thin film coating technology, lithography technology, and etching
technique which are general semiconductor manufacture process techniques,

Therefore

It can manufacture easily.

[0030] (Embodiment 2)
The basic composition of the near-infrared-light sensing element of this embodiment is
substantially the same as Embodiment 1,
Comprising:
The point currently formed as shown in FIG. 2 in the form where the p form areajregion 61 and the
i layer 62 in the photoelectric-conversion part 6, and the n form areajregion 63 are located in a line
with the thickness direction of the semiconductor substrate 1 is different.
In addition, the same code is attached to the same component as Embodiment 1, and description
is abbreviate|omitted.

[0031] The p form areajregion 61 and the n form arealregion 63 of the photoelectric-conversion part 6
in this embodiment are formed in the shape where the shape in two dimensional surface inside
parallel to said light-receiving surface notched partial circle as shown in FIG.2(c), (d),
The region interposed between the p form areajregion 61 and the n form arealregion 63 among the
semiconductor layers 3 is comprising the i layer 62.
In addition, the p form area|region 61 and the n form area|region 63 are formed by introduce|
transducing an impurity to the region corresponding to the each of the p form areajregion 61 and
the n form area|region 63 with a spreading|diffusion or an ion implantation in the semiconductor
layer 3.
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[0032] Moreover, the p form area|region 61 and the n form area|region 63 space apart the near-infrared-
light sensing element of this embodiment in the thickness direction of the semiconductor substrate
1, and it is formed,
The n form arealregion 63 is formed in the position distant from the 2nd dielectric layer 4,
Therefore
The spreading|diffusion wiring 63c¢ (refer FIG.2(c)) for connecting electrically the n form areajregion
63 and the contact electrode 8b is formed in the semiconductor layer 3.
In addition, each contact electrode 8a, 8b are formed in the region which overlaps with each
circumference of the p form areajregion 61 and the n form areajregion 63 in the 2nd dielectric layer
4.

[0033] Thus, without making a light-reception sensitivity reduce, improvement in the speed of a response
speed can be achieved, and the near-infrared-light sensing element of this embodiment as well as
Embodiment 1 can be manufactured easily.

[0034] (Embodiment 3)
The basic composition of the near-infrared-light sensing element of this embodiment is
substantially the same as Embodiment 1,
Comprising:
A point provided with the near-infrared-light reflection part 11 which surrounds the photoelectric-
conversion part 6 in 1 said surface side of the semiconductor substrate 1 by two dimensional
surface inside parallel to the light-receiving surface of the photoelectric-conversion part 6, and, as
shown in FIG. 3, reflects the near infrared light of the wavelength range of a detection target in the
photoelectric-conversion part 6 side is different.
In addition, the same code is attached to the same component as Embodiment 1, and description
is abbreviate|omitted.
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[0035] By the way, the near-infrared-light reflection part 11 in this embodiment is a two dimensional
photonic crystal which has a refractive-index period structure in two dimensional surface inside
with the near-infrared-light reflection part 11 parallel to said light-receiving surface,

It arranges so that it may have a 2-dimensional period structure by two dimensional surface inside
which many holes 11a orthogonally cross in the thickness direction of slab 11b which consists of
some semiconductor layers 3,

The two dimensional photonic crystal which has said refractive-index period structure by the low-
refractive-index medium which consists of air in the high refractive index medium (here Si) which
comprises Slab 11b, and Hole 11a is comprised.

Specifically, when a unit cell forms Hole 11ain Slab 11b at each lattice point of the hypothetical|
virtual two dimensional triangular grating|lattice of an equilateral triangle, the two dimensional
photonic crystal 11 is formed.

If it paraphrases, Hole 11a is arranged by triangular grating|lattice shape in surface inside
orthogonally crossed in the thickness direction of Slab 11b.

[0036] The said refractive-index period structure is designed reflect the near infrared light of the
wavelength range of a detection target in the photoelectric-conversion part 6 side as mentioned
above in design of the two dimensional photonic crystal 11 in here.

Specifically, b, then Period b should just set period (It is a period of the refractive-index period
structure of the two dimensional photonic crystal 11, and is the distance during the lattice point

of a two dimensional triangular grating|lattice.) of the sequence direction of hole 11a in the two
dimensional photonic crystal 11 to the half-wave-length extent (For example, 1/2 of the wavelength
of an infrared-light) of the infrared-light of said wavelength range, for example.

[0037] Thus, in the near-infrared-light sensing element of this embodiment, it can prevent that the near
infrared light of said wavelength range that injected on the photoelectric-conversion part 6 through
said light-receiving surface leaks to the side of the photoelectric-conversion part 6 by providing the
above-mentioned near-infrared-light reflection part 11,

Therefore

Quantum efficiency can be raised more and a light-reception sensitivity can be raised further.
Moreover, it comprises the two dimensional photonic crystal by which the refractive-index period
structure was designed so that the near-infrared-light reflection part 11 might be a two dimensional
photonic crystal which has a refractive-index period structure in two dimensional surface inside
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parallel to said light-receiving surface and might reflect the near infrared light of said wavelength
range in the photoelectric-conversion part 6 side,

Therefore

The near-infrared-light reflection part 11 can be easily formed using the lithography technology and
etching technique which are general semiconductor manufacture process techniques.

In addition, in this embodiment, the two dimensional photonic crystal 11 is comprised according to
the period structure of two kinds of mediums of Si and air,

However,

It is substantial with the dielectric material (For example, SiO2 etc.) into which a refractive index
differs Hole 11a from Si, and it is sufficient to make it form the two dimensional photonic crystal 11
by said dielectric material and Si.

By the way, in each said Embodiment, Si is employ|adopted as a semiconductor crystal material of
the photoelectric-conversion part 6,

Si board|substrate is used as a semiconductor substrate 1,

However,

Not only Si but Ge and compound-semiconductor crystal|crystallization material may be sufficient
as the semiconductor crystal material of the photoelectric-conversion part 6, for example,

Not only Si board|substrate but Ge board|substrate, a GaAs board|substrate, etc. may be sufficient
as the semiconductor substrate 1, for example.

Moreover, in each said Embodiment, the slab type|mold photonic crystal 7 was comprised
according to the period structure of two kinds of mediums of SiO2 and air,

However,

It is substantial with the dielectric material into which a refractive index differs the inside of hole 72
from SiO2, and it is sufficient to make it form the slab type|mold photonic crystal 7 by said dielectric
material and SiO2.

Or it is good also as a period structure of the medium of 3 or more type,

For example

By forming Si3N4 film|membrane which coat|covers the internal peripheral surface of hole 72
provided at slab 71 which consists of SiO2

It is sufficient to make it comprise the slab type|mold photonic crystal 7 by three kinds such as
Si02, Si3N4, and air.
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[0038] Moreover, in each said Embodiment, the slab type|mold photonic crystal 7 is laminated|stacked on
the light-receiving surface of the photoelectric-conversion part 6,
However,
Instead of laminating|stacking the slab type|mold photonic crystal 7 on the photoelectric-conversion
part 6, it is sufficient to make it form in the light-receiving-surface side in the inside of the
photoelectric-conversion part 6.
Moreover, in each said Embodiment, the photoelectric-conversion part 6 has a photodiode
structure of a pin photodiode where i layer was provided as a drift arealregion 62 between the p
form area|region 61 and the n form areajregion 63,
However,
As long as the drift area|region is provided between the p form area|region 61 and the n form
area|region 63, the photodiode structure of an avalanche photo-diode may be sufficient as the
photoelectric-conversion part 6.

[0039] Moreover, to slab 71, the slab type|mold photonic crystal 7 in each said Embodiment is formed,
when a unit cell forms hole 72 in each location corresponding to each lattice point of the
hypothetical|virtual two dimensional triangular grating|lattice of an equilateral triangle,

However,

Not only an equilateral triangle but a square may be sufficient as a unit cell, for example,

In this case, a unit cell should just form hole 72 in the region corresponding to each lattice point of
a square hypotheticaljvirtual two dimensional tetragonal latice.

Moreover, in each said Embodiment, in order to form the refractive-index period structure of the
slab type|mold photonic crystal 7, many holes 72 are formed in slab 71,

However,

Instead of providing hole 72, it is sufficient to provide holes of another aperture|opening shape,
such as a triangular-shaped hole and a rectangular hole, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]
FIG. 1: Embodiment 1 is shown,
(a) is a schematic plan view,
(b) is the schematic perspective view fractured by A-A’ of (a),
(c) is a horizontal sectional view.
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FIG. 2: Embodiment 2 is shown,
(a) is a schematic plan view,

JP2007013065A

b) is the schematic perspective view fractured by A-A’ of (a),

(
(c) is a horizontal sectional view,
(

d) is an another horizontal sectional view.

FIG. 3: Embodiment 3 is shown,
(a) is a schematic plan view,

(b) is the schematic perspective view fractured by A-A’ of (a),

(c) is a horizontal sectional view.

FIG. 4: It is a schematic sectional drawing which shows a prior art example.

DESCRIPTION OF SYMBOLS

One semiconductor substrate
The dielectric layer of 2 1st

Three semiconductor layers

The dielectric layer of 4 2nd

Six photoelectric-conversion parts
Seven slab type|molds photonic crystal
8a,

8b contact electrode

9a,

9b metal wiring

10a,

10b pad

61 P form arealregion

62 | layer

63 N form area|region

71 slabs

72 holes

1. 1. The photoelectric-conversion part which has a photodiode structure where formed in 1 surface side
of a semiconductor substrate, and the drift area|region was provided between p form arealregion and n
form area|region, absorbs near infrared light, and an electronic * hole pair generate|occur|produces,
With respect to the wavelength range of the near infrared light of the detection target which injects from
the direction which is a slab type|mold photonic crystal which is laminated|stacked on the light-receiving
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surface of a photoelectric-conversion part, or is formed in said light-receiving-surface side in the inside
of a photoelectric-conversion part, and has a refractive-index period structure in two dimensional
surface inside parallel to said light-receiving surface, and intersects said light-receiving surface

The slab type|mold photonic crystal by which the refractive-index period structure was designed have a
resonance peak is comprised,

The near-infrared-light sensing element characterized by the above-mentioned.

2. 2. The near-infrared-light reflection part which surrounds said photoelectric-conversion part in 1 said
surface side of said semiconductor substrate by two dimensional surface inside parallel to said light-
receiving surface, and reflects the near infrared light of said wavelength range in said photoelectric-
conversion part side is comprised,

The near-infrared-light sensing element of Claim 1 characterized by the above-mentioned.

3. 3. The said near-infrared-light reflection part is a two dimensional photonic crystal which has a
refractive-index period structure in two dimensional surface inside parallel to said light-receiving
surface, and it consists of a two dimensional photonic crystal by which the refractive-index period
structure was designed reflect the near infrared light of said wavelength range in said photoelectric-
conversion part side,

The near-infrared-light sensing element of Claim 2 characterized by the above-mentioned.

4. 4. The said photoelectric-conversion part has a comb-shaped shape of said p form area|region in two
dimensional surface inside parallel to said light-receiving surface, and each said n form areajregion,
Said p form arealregion and said n form area|region are mutually complex,

The said drift arealregion consists of an i layer interposed between said p form area|region and said n
form area|region,

The near-infrared-light sensing element in any one of Claim 1 thrujor Claim 3 characterized by the
above-mentioned.
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AN bnage senger i & nanfectis g methad i there

avartioa

ity {3 process whike adogting rhotndic:

L2

impraved. & CMOS{Complementary N

and 2 metallin wiy atal wrive and an inder iasation

Loty substrate. !

mad at the metalio wiing

350

L RO ONG

e condurtive faye

A one o more than one layar of those tree layey ',hﬂ*us*»andu"'-\-xtv'“n*dwU»c iy, the

ey partis formed

irarinsic faver and the secorid conductivily Conduntive laver 2 CURCAYTH0ON

54T

20670837

0BT P

¥
Info: &
Hagaifieations N
Hatatag A
R © External links:
{ Beornetry of the photosensiive ara
Chadms {18}
wetad wiring ard an infert ift 1 1he semiconductor
> ey formed o e frst o y type canduntive tsver; And A second

@ s an ima AU LN Characie i ,§‘.'&[B? a3t ane UnSve por on i anihe uger sl

anductive conductive iayer, the intrinsic laver and the s ayer fanmed on the meta Andanuppﬁ;‘

e
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eoler filter amay, The method of claim 4, wherein The adhesive layer is an image sersor, characterized in that formed of a themal resin, Forming a metalwinag leser nchiding a

metel wiring and an inlerlayer insuleting fiim on ihe serionducior subeirate on which the CA03 cirs ar, Farrming & first condhuc vty tupe concuctive layer on the

sic e & lagt

retabization iver Forming an iabrinsio layer on the frst condiuctivity type conductive lyer Aad Forming 2 second conductidty twpe condustive laver on the &

e he sacond conduntive conductive iaver The mathad of

Py

£ne unaven periion is farnad on an upper surface of any one of the frst conductive conductive iayer, te inrinic

chaim 6, Foning the uneven partion on the upper strface of any

v 2

gna of the first condustive conduetive laver, the intringic layer and the second conductive sondhistive fayer formed

orvihe metal wirle, Forming at lzast ane mask paties on any one of the fiss conduciivity tupe condut ard thi Intrincic fayer, And forming at least sne irench o7 an upger

girface of any one of the first condustive type conductive fger, the
neredn The irench is & methor of manufacturing 2n image sensor, charactarizad Ir thet formed by’ asry atching method or 2 wet sict

trinsic fayer, 2nd the second conductive hype conductive favar by using the mask patiers as an stching magk,
]:

The rethad of cim 7 g method. The

method of ciaim 8, Fo.mingam.:ppn irnde on the second conductive conductive layer, And Andl forming a color filter aray on the upper slectrode. The methed of claim 1,

Forring an adhesive fayer fommed o Frasin on the oper electode,

Beseription

Iriage: senscr andt meshad for manulaciuring theresf

Husirating a manufaciu

o process of the image sansor of the first embsdiment.

B 40§ are diagrarns ifustating a mamufacturing process of the imags senser of the second smbodiment,

>

10 12 e diagrams Husitrating 2 manufacturing process of the image senser of the third embodiment.

e

The embogtimerd disclnses an image sensor and 2 ethod of mansfachuring the sam

/"\\

nt; 2 charge coupled device {003} image sensor

#n Iage senear is & seizonduntar device that converts an opticalimage nth ar slecirics! signa, endis ¢l
aat 3 comglementary mesal oxide sificon {EMOS! image semsor S13). da.

CL4 irmage sensor ias campiax driving rethiod, Figh sower consumption, muith-stage phate pracess, snd manufacir
o imane sensor to overcom te disatvantage of the charge soupling devies, Morse imz

§, 85 A SR

The (M08 image sensor Implements an image by segenifally detecting an elecirical signal of 2ach unit pivet by a switching method by forming & phedodiade and 5 MO3
transistar in the unit pixel.

H

widely used 2 & convertional image

s CMOS image sensor s simpler to drive than the COD image sensor, realize various scanning methods,

SENGOT and

and can nlerrate signal precesaing onts a single ohin, thereby rmiriatirizing the prduct. The use of compatitie CHOS technology reducss marefaciirng costs ant

lowiers power consumptian,

The CM0S image sensdr according to the related art may be divided intn & photo disde region {riot shown; that receives 3 ight signal and canverts the iy

i signal, andd & ransistor region (ot shown) that processes the eleutrical siral

Howaver, the CMOS imaye sensor ancording to the related art has 2 striciure in which a phoistiode and & transisior are horizortally disposed on a semiconductor
SubsirER,

Uf oourse, althouh the disadvantages of the CUD image sensor have been soived by the horizenial SMOS image sensor according to the prior ar, there are gifl
probiens in the harfzontal CHOS image senenr ascording Lo the prior

That is, aceniding o the horrontal GMES mage sensor sccarding to the prior act, the photadiode and the ransisior are formed adjacent o each other horizonially on the

sussiate, Accordingly, there i a need for an additiona area for forming & hotodiode, thersby reducing the fill factor area and limting the pssibility of resolition.

I 2dditior, aseerding Lo the fodzontal TR0 image sensor ancording to the grior arl thare i 3 probler thist 115 very diffizult 1o achisve the op
of: 8 fesgired for low sheel resistance but such 2

atien for the process

of mantfacturing the phofodiode and transistor ¢t the same i, Thatls, in 2 fast transisior process,  shallow juacti

shallow jurction may not be stitalie for 2 phntodiode.
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nadditon, according o the horfzontal CAS Image sensor acoording to the pror et the size f the unit piel iz Increased or degreased to mamntaln the sensor
sensilvily of the imaga sensor &5 additionst an-chip funciions ar sdded o the mage sersar. Should Be,

However, when the pisel se I6 noreased, the resshition of the mags seneor i redunad, and the aren of the nhetodisde decrasses in the sensor sensitivity of the inage

GENSTL

The gredodiment grovides an image sensbr and a method of manufastiing the same that can provide new intgration of iransistor croults and phetedindes.

The present invention sloo provides an image seree and & method of manufacturing the same, in which seseition and sensar sensiivity can be improved togesher,

Inadditon, to provide an image senser and 3 miethod of manfaciunng te same that 2an achieve & liht sondansation ralz and sinphfy te proces:

varical phototiods,

AT sensor acoordng to snembodiment inciudes 1 serizonducior substrate on whish a CMOS clrouit s Tarned, A mesel wirbhg

iy 3 et
iayar, Aninirinic layer forned

an interiayer ngulating firm fammad on the sericonductor substrate; A frst conductivity fype conductive faver formed on the melal wirn

o e fogt conduictivity tyne condustive lever, And & second condustive conduetive layer farmad on the irntrnsic fayer, wherein any one of the first condustive ondustive

layey, the intringic bayer, andd the second conduntive eondhctiv: layer fias 2t least one uneven portion formed therean, It inghudes.

Iry addition, the marufaciuring method of the image sensor exsording fo vnembodimantccmpriseasthestepsc-f:ftarmingametai iring leyer inciuding 2 mete!

X DRAND
i the CHMOS ¢

ainthie sermizonductir sibstrate onwi

and 2n frteriayer insulati farmed, Forrang a first sonductiity ype sonductive fayer or

g

ol iavar Formi NG At MNNSIC avar an the firs L(JFL.U’"!J!Y\"[\I[’JC condunty Vcl ver, A famnd g e secont conductive conductive idyar on the fn Ay, and

farming an tnever povtion on an wpner surface of any one of the first conductive conductive hmx the inirisisiz fayer, and the secend eonduc chictive fayer, Sieps.

e described in detall with ref

Rerainafter, an imege sensor and a method of manufaciuring the same accarding to an embsdime:

roato e accompanging

trawings.

In trie desoription of the embordiments, where descriied as baing formed "un/ over”of aach fayer, the o/ over may be dreety or throtgh annther lever { indirectly)

irchides everyihing formad

n the drawings, the thickness o size of each layer is exangernted, omitted or schematinally iikistrated for corvenienoe and olarky of destriction. i adfition, the stin of
each carpnent does st nesessarily reflect the actual size,

In adaition, the sarme code | symbinlwas used abodt the same partin deseripdion of each Exarmple.
<Fist Frehodiment

BAT 8 Croses

artional view of the image sersor acoring fo the st embndimen,

EA the Image sensor of the embodiment includes & semisorducior subsizata 10 onwhish a CMOS clmuttis Taimed A metatwirng leyer 20 including @ metal wiing 27
and an fnseriayer insuiath

21 formad on the sermicanuctor sibstrate 1 Darrstr*‘nduciwiwtypéconduclivaiaver; eimed or the metal wirins hayer 23 A

iririnsic iayer 40 formed on the first conductivity tyne condustive faver 35 And 8 second cond

tyne conductive iyer 31 havieg an uneven portion 53 formed on an

upper surface of the intrinaic laver 40,

ne 2.

The Iower electrade 25 may be formed on the m
Anupner electrade 60 aa 3 color fiter aray £0 sy be formed on the second conduciive concurtive layer 51,

I addftion, an adhasive iayar 70 may be fomed Letween the upper eleciode 50 and the color fiter aray S0, For exarpie, the adhesive faver 70 s Tormed of & thermal
rasin,
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funtive iavar 51 50 that the upper sirface of the second conduntive conduetve layer 5% may have

siratedt in I, 5B, ane unaven portion: 52 may be formed in the second conduotive conduiive tayer B1h connested 10 the metabwire 27 ts farm ong

Ag shows in FIGS. 54 and 8F, the photodinde formed on the metal wite 28 connented o the CMOS clroult {not shown) Ie formed to have at least one uteven ortin,

Thes

fure, sines the pholodinde having ot least ane waven porfion 15 formed i one pixel inciuding the CMOS ciroult and the phetodinde the aree ¢f the photediods tan

be noreased to crease the fiy

senging efficiency.

Aniage sensar acsording 1o an erbodient may srovide varical integration of 2 tranglstor croult and a photadide,

BilK

stinal Intenration of the we

In adeition, the fil factor can be approached 1 100% by and the dhotodicde.

In addition, she vertical Intenration can provide highes senaltivity at the sarme pivgl size o

I addition, each urdt pixel can implement 3 more sompled clrcuit withou: reducing the sensitivity

ormed i g doms
Y.

I adeiition, the sirface of the photodiods formed in the unit pisetis Raie, 56 thal the suriace e per anit pivells in

2, 50 tha the fight rece

@,

i

regian of the photodiods Is eniarged, thareby increasing

I addition, the surface of the photosiods formed in the unit piset s formed i the shaps of 3 dome such 25 & tilcr lens 1o tadnize te igh

I addit

singe the photodiode s formad T 4 shape similar 10 4 feng, » senarate miviens fonming process may not e cerformed, Mersby simalifving the procs

neE A

Arnetiod of manufaciding the mage sensor of te frst embodiment wifl be desorited with reference 8 FI53. 1 in 54,

Refering 10 FiG. 1, 2 rmatal wirng leyer 70 fnokuding 2 metal wiring 22 and an interlayer insulating fim 21 s formed an a semiconductor substrate 18 on which 3 CMOS

circuft ot shown is formad.

Aithangh not ustrated, an fselation hayer [not shawn} defiing an active region nd 8 field region ie Tormerd in the semicondestor substrale ¥, and the phoiselentric

cherges reoaived by the photodindes connectat to & shotediode desorad later to form a unit pivel are used 2 electiicat signals. A CMOG ol (ot shows) may be

format of a fransistor sructure for changing the choult nte @ ransistor

Aithough rist shown, the retal wiring faver 28 rmay be fommed of a pluratity of layers ta connect the power fine or the signal line ts the C408 girouit,

el wiring faver 24 i formied of & plurality of reetal wirings 27 formed through the interlayer insulating fim 21 and the interlayer nsutating filn 2 on the
sermisorhictor substrate 10

Forexample, the inerlayer insulating i 771 may be formed of an oxide fim, and the metel wire 27 may be formed of virious conductive materials innhuding meted, alloy,

i, alurainum, copoer, coball, or tungsten.

The lower elizatrode 23 may ke Tormed on the meta! wiring laver 20 1o be elecirically conniected tothe metal wiring 7. For exanpls, the inwer ainctrods 23 may be
forrnat of matale such a3 G T TR

antd Ta, 0 nourse, the lower elecirode 25 may not be fonned,

o

A netal phvat 27 sonnectad o e CMOS

il of the seminonducior subsirate 10 may bie formed on the interlyer fsulaling fayer 27, s ther 2 pholodiode may b

format on the metalwiring laver 2040 form a it pivel

The photodisde is fomred or the metal wiring kyer 220 0 receive and receive light incident from the outside te convert and sfore in an elecirical form. In this
grabodinent, a oin dinde &5 used,
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The pin diode 15 formed of 2 sirueture I which an ndype amorshcas silicon fayer, an intringic smorphous sllicon layer, and 2 pivpe amarphous sifiecs layer are bonded ts

gazh aher. The performence of the phetogiods is determined by the efficiensy of sonwerting i into elecirical form by recening external it and the toia! charge

pagaciance, The 4 tinde is
aph

silicon loyer, All of the Intrinsie armor

phordiods i5 Gepleted when heerdnctinn of 2R NP NN, PNF ete, Altkaugh the charge s genersted and slored in the region, the

giodinde having 3 structure i which an inirinsic amorshous siboon faver which is a pure semicgntducior is honrded batween a piyge sificon layer and anrrtype

mhous silicon layers | therehatweer: became depletion regions, which is advantageots for genarstion and storage of charges.

raplery emibodiment, 2 pin diode Is used a8 the photodinde, and the pin dicde may have 2

As described adove, |

e haw

gaPi:\.’ struciure i3 used as an examgle, and the ndype amusphous silaor fayer nskides 3 first condustive iype conduntive f

!

pdyne atrorshaus silicon layer are refered 1n ¢ & second condusty

 tpe condustive

A first conduntivity type conductive Iayer 30 s formed on the metal wirke hayer 0. The first sonductivity type sonductive fager 38 may serve s 1

¢ b fayer of the PN

digde emplaved in the present embodinant. That is, the first conductiviy ivpe conduictive layer 30 may £e an N tyge conductivity spwc:nduc::ve fayer

therats,
The first condusdivity tvpe conductive laver 38 may be formedt using ndoped arnomhous siicon doped witk Netvpe impurities, but is not fimited theretu,

£

That s, the first conductivity type conductive tayer 3 s &-88 B a-8iGe M, 580 2-SIN:H a- by adcing germianium, carhon, pifagen o oxygen to amarphnts sifian, S0 H
o ihe fike,

In adeiition, the fisst conducsivity Wype condustive layer 30 may be forined by chemical vapor deosiion (CVT), n nart

condntive layer 30 ey be formed of amarghous sicor: by PECVD by riing PH 3, B B e the ke wih sltane ges (6.}

 PECVD. For axarple, the first conduntive

Rext, an inirinale baver 49 is formed on the first conductivity type concuciive layer 30, The ininslc laver 40 may serve a8 an Haver amploved i the emb

Thei
Forexarmple, the i

iinste fyer 48 may be formed usiny intringic armorphous sificon. Tre intrinsic fayer 40 may be formed by chemical vapar deposition {CYDY, in particlar, PECYD.

wsic faver 40 may be formed of amarphous silicon by PECYD using siflane gas (53 4 ).

Invaddition, the intrinsic fayer 45 is grefer

medtaat?eicknessze:‘abc-ut":%]tal,ﬁODtimesthe ipiness of the frstoonductive type conduetve laver 30 This is
becaisa the thicker the

in ever 40 is, the more the depietion region of the protodiods irncraases, which is stvaniageous for storing and generat

ing 4 farge armoum
of phatocharges

Kex, a second conduciivity type conductive iyer 30 ia formed on G intrinsic fayer 4%

The second condustivity type condiictive layer 58 may serve ae a P layer o1t tiote emploved in the embodiment. That is, the second conductivity type sonductive

layer §0mayhe 3 P type contartivity type conductive layer, butis rst

For example, the sacond conductiviy type condustive isyer 55 may be formad using Pdoped amumhous sifoon, bt s not imied therets.

A

The second conductivity type cond er 5 may be formed by chemicat vager deposition (CVD), i particular, PECVD, For exarnple, the second conductiiy tipe

conduntive leer 50 may be formed of amorghous silinor By PECYD by miving 2 g such a5 8 g or B M g vith silane gas (S 4.

&g desorited ahove, since the cirult ragion foned on the sermiconductor substrate 10 and the photadinde are vertivally forme Hactor of the shotodinde may

aoproach 100%.

Refering to F5. 7, a mask patters 103 s formed on the second conductive conductive ayer 56,

Samsung Exhibit 1003, Page 226 of 654



The mask pattern 100/1s 1 form the secend conductive conguntive lsyer 54 in the form of reguiarities. The mask patiern 100Hs formed by epplying and patterning a
pholresist flm

Al least ome in

i pastersy 100 gy e Tormed 01 the sanond conduciive conductive laver B0 50 that the upper surfans of the secand conduative conduntive isyer 3 hes

: sk pettern 100 & anetoh mask Ther, the conceve-comvey

pamo' ‘*“‘s the concave-conver hage is fn red i i‘@uupefcumenf the second conductivily type conduciive fayer 51 by the rench 32,

The second conductive conduct Ty e etched by a drv o wel etehing procass. in particuler, the etehing of the second conductiiity typa conduciive layer 5

proneads 30 that the iirnalc leyer 40 ander the second conductaty tyoe corductive fayer 51 not erposed.

the surface area of the second conductive

as geseribed alove, since the uneven portion 53 i fared on the upper surface of the secord conductive conductive ayer B

conductive laver 5 tmma"Hmrmst}“ﬂw;< g ares of the photodiode s inereased 1 extended fo improve the ight defection rate of the image

GENSAN

Inaddicon, at lzast one convex dome-shaped lens s formed in one pieel by the concave-oonve portion 53 of the senond sonduckivity type eonduciive layer 51 1o
increasa the fight efficiency of the photodiade,

cde 60 i formed on the senond sor iUUI\'"W i Canuctive fayer 31 onwhi

Refening 1o FiG. 4, the upper electra w rzven gortion 57 is formed,

i Q1 viay b Trmed of a transuarent siectrade having good Tight transmittance and high canduntivity, For example, the uiper electrade 60 may be

i seie 170 or cavdium tin oxde (5TD)

hape of thie uneven portion 84, the uppar elecirode 8 may aise be formed in the ineven shape aving 2 step.
Refering 10 FiG. 5A, an achesive fayar 75 and a color iler 88 are formed on the upper electiode 601

(s frremed by degositing a themal resin on

The aidhesive iyer 70 i 1o repeoie the adhesion betwaen the uper sleciods 67 and the color Tller 80, T achiosie laye
the upper electrode 60 and ther gerforming 8 planarization process. To fom,

Inadediton, a color fiiter 80 formed on the adbesive layer 70

Inthe image sensor formed a3 desorioed dbove, photodiodes having a pluraliy of deme shages may be fomned in one pikel, thereby improving fight condensatinn,

Altematively, as Busirated in FIS, 5B, one uneven portion 530 may be formed in the second coaductive conductive faver 51 famnad an the mesal wiring 27
As aveqult, the gl receiving ared i3 extended by the uneven shiape of the ghotndiode, therely oreasing the phoicsensitive index.
Secoss Emtndiaent

B is & sectional view of an image senser acconding ke @ second embadiment.

The irnags senser of the embediment with refersnce tn B3, Yincludes: & seminondhetor substiate 1 on which a UMDS ciruit s formed; A metal wirng fayer 20

|°‘

aing Bl 23 fomned an the serminonduct ‘Mbﬂaé A fs\ onduciivisy typs conductive leyer 3T having

inchuding a pharaity of metal wirngs 22 and an irueria,
ti
Wity type condusiive faver 50 formed on

a least une Lneven portion &2 formed on an upper ntrnalc fayer 42 formed on the first conduictivity type condhotive fayer 31, And

e of the rretal wiring lag.'er Vg

& SEn0n condic e ntrnsic fager 46

At least one trench 32 iy e formad inthe frst condustive condusiive: layver 3% 50 tht one or mare uneven portions 53 ey b formed on an upper stiface of the frst

condestive concuntive lyer &

Samsung Exhibit 1003, Page 227 of 654



an
B iL

The lower electrede 25 may be formed on the m

Anupper electrode 60 sne 3 color fiter aray §0) may be formed on the second condugiive concurtive layer 0.

ray $0. For exampie, the adhesive fayer 79 s fommed of & thermal

naddition, an adhesive fayer 73 may be fomed between fhe upper
3N,

A marfaziuring procass of tha | simantwillhe desorbed with reference 0 FIRS 810,

Referring to Fi5. 4 & meta! winng leyer 20 and 5 lower elecirede 75 are famar on the semibondsctar substiate 10,

Snce the semiconguctar substrate 18, the meteization ayer 26, and the lower slectrode 25 are the same o i 1he shove-desarbed firat emboriment, description thereof

nittad,

After farming the metabwirng 22 sonnacter t6 1he CMOS ciruit of the semicondustor substrale 10 on the inferiaver insu

feting fim: 71, 2 photadinde is formed onthe
metal wiring fayer 20,

The photodiod al wiing laver 770 to revaive and reveive ight incident fror the outside to convert and store T an electrizal farm. In this

s f

enaodiment, a gin diode is tser. Since the pm siiotie uses in the secord embodiment s the same as the first ambodiment, a detailed descrintion thereuf will be

omitied and only Te process sequence will be de

Apnetand of foming the phofodinde using the pin diode wifl ne ¢

ieanrined helow,

after forming the first conductive conductive faver 30 on the rrefal wirng fayer 26, 2t least ore mask petier 100 s fomned on the first conduictive corductive aver 3.

The mask pattern 100 is for foming the first conductivity tes. The mask patiem 100 1s formad by coafing and patterning

aphotoresist film, & ast ona mask pattern 100 may Se formed or the first condustivite type conductive layer 36 s fhat the upper surface of the first conductivity ¢

type conduciive fayer 3% i the form of Inenu

iRe
ponductve laver 30 has a sieg difference

sk the mask pettem 100 a5 an einh mask, Then, the zoncave-coimvex

Refering to FI5. 7, the wench 22 15 formed i the first condhictive Conduntive fayer 3

iz, the etehing of the first conductivity type senductive fayer 31
aer

88, i e
hnief fre first ‘0'-rju'nv1 1y e condeil

5ol exgosed,

«\n

favey &0 af 3 second conduetive candury are sanuentialy fomer on the first sonductive conductive fager 33,

o

Hane b

inirinsic iayer 46 foirned along the apper sufan of the frst conduetivty tipe conduntive fayer 31 ha & slepped upger

oy tvse conductive faver 31, The second candueiive conductive layer 51 hae 3 stepped upper surface by the intrinsic fayey 45

Therefore, the airface of the photadiods inchiding the fret conductive conduciive layer 3%, the intrinsic fayer 40, anc the secord condhict

in an uneven shase 10 improve the fght sensing rate due io the intrease of the surface ares. i becomes ossinle,

I ardiftin

ince the phatodiode has 3 shape such 23 3 convad ders, it is posshie tn improve the fight eofiecting rate

n addition, the photodinde may have ot least one uneven portion per pikel 1o increase the fight detection rate of the phctoriiode.

a

elerming 1o FiG. 8 an ipper

glecirode &is farmed o, the second conductive conductive fayer 56,

e formed of a ransoarent of Fansritiance and kigh o

The upper & . For exarmple, the Gpper eiectrode 60 may be

formad of in

10} or cardium tin uxdde (U703,
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The adhesive fayer 70 and the color filter 90 are formed osrthe upper electrode 84

The adhesive tayer 71 is 15 improve the sdhiesion hetween the uper electrode &0 and the color filler 30, The achieshve layer 70 is formed by depositing 2 thermal resin on

the uppar elesiade 60 and ther performing 2 planarization process, To form,

I addition, & ol fler 80 farmed onthe adhestve layer 70

 Embadirment
315 g seotional view of animage sensor accarding 1o a third emhodiment,

8

it formed thereon, & meial wirlng ayer 2

The image sensor of the embadiment with reference o FIG. 13 includes 2 samiconduntor subsiraie 10 having & CMOS

irchiding 2 and ar v 3l

iy of metal wirings 2 ing Fim 74 Fosmed on the semiconduster subste At conduciivity type condes

whictive lager 30

farnad o the metal wirbg laver 20, An intrinsic laver 41 hasiog at least one uneven partion 43 faimed i 2n unger sutface of the et conductive ca

And 8 second conductiviy type conductive lever 50 fommed on the intringis ayer 41,
At least one tranch 47 may be formed in the intrinaic layer 47, and at ieast one unever porticn 4% may b formed o an ipper siface of the infringic iayer 41,

The lswer electrode 25 may be farmed on the meial fne 22,

y 60 gy b fomned on the secand conducive conti

Antipper eiagtrode €0 ahd 4 coior fite fayer 50,

I addition, an adhesive layer 75 may be formed betwsen the up
ragin,

giecivate 8 and the colo Tlter amay B0 For exampl, the adiesive fayes 701 Tarmed of & thermal

Amarafactiring process of the image sensor of the second embodiment wilt be deserbed with reference to PSS 108013
elerming 1o FiG. 10, & metat wirng faver 26 and a lower efecivgde 24 are formed on the sersicondiictor substrete 15,

Since the semiconductor substrate 18, the meiaifzation iayer 23, and the ivwer slechore 25
thereof will be omitted,

e ihe saie s those of the first embodimard desoribed atbiove, descrption

Afer foring the relal whing 22 conrented to the CMODS clrouit of the serioonductor substrate Thonthe inieriaver s

ating film 21, 2 photodiode Is farmed o the

retel wiring fver 26

The photodinde is formed on the metal wining layer 220 to recelve and receive light incident from the outside to comvert and store in an elecirical form. In this

arrondiment, & pin disde s used, Sinne the photodiods ysed in the second embodinent is the same 2 the fird ambediment, 2 detafled degorition themol wilbe

ormitted and only the proness sequene will be deserbie,

A

Arnethod ¢f forming the phetadinde using the pin dicde will be desoribe beiow

The firet conductivity tive condustive faver 3 anrd the intrdnsic layer 40 are sequant

i Famed o the mesal wiring layer 20,

The mask pattars 100 s femsad o the intrinsic kyver 40,

n 100 is for forming the intrngls fager 45 n the form of rragy

The mesh pet

iying nd patierming 8 photeresist fim, A

least ore mask pattern 160 may he formed on e inlinelr fager 45 6 that the upger ¢ ufaue ihe intringic faver 41 nas e slep.

Refering 10 FiG. 11, the ranch 42 is formerd by etching the intrinsic laver &) usin j- riask paitem 100 s an eteh magk. Then, ihe uneven portians 43 having the uneven

shape are fomved o the upper surface of the intrinsic layer 471 by the trangh 42
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The inirinsic fayer 41 may be etched by a dry o wet atching process. In partietiar the eloking of the intrins

iayer 4% proceeds so that the first eondustivity tyoe

condustive lager 30 positionad below the inirinsic fayer 41 s not sxpasad,

Rederting 10 i, 12, & senond conmustivity tyne conduictive lever 505 formad on tha inlingls tayer 41,

e surface 15 stepacd by the sneven poriion 42 ¢f

fre, the surface of the pheodinde inshcing the first conductive condictive layer 3 the intrinsic fayer 41, and the secord conductive condsctive lavar 5 is farmed
ir an uneven shape to mprove the fight sansing raie dus to the ncrease of the surface aiea, it becomes possible,

In additio

e the ghotadiode s @ shape stich as 3 comx lens, B s possiie 10 Inprove the fght coliasting ras

Rederting 1o FIG. % 20 uner elecsrode 05 forned or the senond conductive conduative yer 50,

The tipper 2ie

arie 611 miay be formed of & transgarent slectrade having good ficht transmidiance and sigh canduntivity. For exarmple, the upper elecirode 60 may be

forrnad f indirn tn cide {T0) o carditm tin oxide (ETD)

The addhesive fayer 70 and the color fiier 20 are farmed onthe upper electrode 66

Tha adhasive iayer 7018t mnrove the athesion hetween the upar eiactmde 63 andt the coior filter 30, The athesive layer 70 ie formed by depositing 2 therrnal resin gn

the upper eiectrads 60 and then perforing a planarization process. To fonm,
Iy aditior, & cokor fiiter 60 i formad on the adhesive layer 70,

The embndiments deserived ahove are not lirited tothe ahove-tescribed embodiments and drawings

and it s to be uncerstond that various changes, madifc

and changes ran be made withowt departing from the s to those who hisve it

=

chirical spirit of the prasent smbodinents. £

L

According tothe viage sensor and the marufacturiog rethod thereof according to the ermbodiment, s possible to provide vertioal Integiatiy
and the phoiodiods,

Inadditon, the fil Factor can be aprioacked 15 100% by vertioal integration of the ansistor ot and the photodicde,

Iy adcitior, the vertical integration: can provide higher sensitivity at the same pivel sze than the prir et

Wi

naddition, each urit pisel can i

arnerit & rore complex ot wiliolt reduing the sensitivity.

I sdditian, by adunting 3 vertical photadinds, insulation hetween unit piels is secured, thereby prevernting srosstatk hetween piels and the fke, thereby improving
rellabifty of the image sonsar
Irs adcdition, & implamenting the uni pike! of the photadiede, tha light senging ratic may ba miprevd by moreasing the surface wea of the photadiode in the wil il

Cited By {3} &
In additon, the photodioce comespnnging to the uni pive! may Fave a kens shape such as & rorwey, lens, theraby improving the fight condensing ratis.

Putlication number Pricrity date  Publication date  Assigee Title

AM703 AN Fhotadiede and foming methad thereo! imaging sensor, fagargsint imaging mould

e

5T H0210sS

<
£

Weisens Davives,  Micstructure enhaced sbsciption phoinsensitive devices
in.

ramily To Family Cliations
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*Gitar by examingr, ¥ Cited b Ay, 1 Farlly to fanly cltation

Similar Documenis

Pulsfication Publication Dale Tille

i oy manifaciuding thera!

TG40 firage Sensar and Meshar! for Manfariudng Therso!

biage Sensor and Methad for Manufactiring Thsteed

finage Sensor and Meshod for Manufaciuing thereof

7080320 brrage Seasiy and Method for Manufactuing Thered!
g2 trmage sensor and method for manufachuring thereof
H0628 treage sengor and method for manufaciuring e same
20086205 fimage sensor and metho for rmanufacturing thereof
H0806-12 treage sengor and mathod for panufaciuring thereof
20081030 I sensor and method for manufacturing thereof
2081208 linage Sensor and bethod for Fabrication of the Same
FOHEE frage sensor and method for ranufechuring tereof
H08-1248 tinage Sensor and Method for Manufacturing thepest

I:ane Sensor and Methiad for Menufacturing thermof

yRE R lirage sensor and methad for manufaciuring thereof

Priority And Felated Applications
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Prisfiy Applcations (1) &

Acplication Priority date Filing date Titie

herenf

WY A7 froage sersar and methed for ma

Applications Claiming Prioelty {1) .

Aoplication Filing date Tila

10036817 imege senans and methed for manyfacturing thereof

Leqat Buents N

Date Code Title Description
070817 R Respest for examination

20360415 £on? Kotifieation of reason for refused

20081820 Gt Becision to refuse appication

oty .

Name Image Sertions Count Query match
W manufactiring process titie clalns abstract description i Lo
» metat claime,ahairac, 53 f.480

W meta ciaims,shsiract description o R

W semicontustor Shaime ghairactdesenption i .00
N substrate fascrintion fid 500
W iagar 74 0400
W adhesive 71 0080

W afiesive # .40

14 G0

W ntarlever
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N resis & 400

N resin 0300

<x

W efching clalmg e 7 340

Ees

S dry ztching ol fos PED

& metaiisation 4 0.000

W wes etehing iri e i pagh

© methosd

W sensitivity

s
=
oo
&2

W sificon ahstract dascrintion i 0850

E=

W siticon abeiract destrigtion D.oa0

W oornsieren: ahstractdeserintion (.850

N salation ahstrachdesoriation 7 .20
W mata oxide ahsiract descrintion ? 000
W metal nxiées ahairac desorintion Z a0

Dt provided by i CLAIMS Patent Servines
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7] ERAE ANAZ e $447 PHos 4E e 5H0R s oA MY Az

A7) ARAT Aol AeBE ofdlolE WAsE wAlE Egals olmA A Az

279 10
1130l 2loiA
A7) ARAF Ao d FHE H4E FHSL FstE GAE sk 0w A A Az

<4> AAeE oM A B e AzgEe AN s

<5> olm A A= BEH G (Optical Image)L A7) AZE HBAI = BEA 2x2A, ZA AsA st
(charge coupled device:CCD) o]u]=] Ao} A =2 (Complementary Metal Oxide Silicon:CMOS) ©]m =] AlA|
(CIS)E Fdrt.

<6> oD olmlA AN = FEEAe]l Hysla, dFauzl 8 wu olie), dudle EEggel aTHmE AxF
Aol B B 23 denm, Aot 47 AsAgATe] SAe SR A A olnA AN
A ARz olwA MATL FES W A

<7> Az olmx AAE w9 Sa 1H°ﬂ zErjolete}l RAERAAHE GAANORN 294 B0 2 o
9 Fro 47)H A5e eAHoR AFole] AL FAR

<> olElg MEa oM AAE Fo olmA AN del AR i D olFA Ao Hlste] TEAe] 1h
Asti abd 2sd wAle]l 7aol bssin, AsAE Bad WA 2957} s

A

T il =l
wal ohe}, BEYS) AR J1EE AHEHEE AzElE BE 1,4
al

A
A7)0l olg Ams olmA ANE 9
04

<O = AMNEE Wolxd H7|AEE Ho] FE X ETho] 9 =(Photo diode)
G =AD I o] Y] AFE APstE EdMA2E FY(vEA)eE FET 4 Yu).

<10> a9 FHrEo wWE AR on A AAE FETo| o=l EMAAE L HHEA Y g FHoR HixHE=
Traeltt,

<11> 58, THrIeo og Y AR ojuH Al o] s CCD o|wHA] AdAe] "ol sAEYE siglovt, &
Yo ot FHE AR oA AAdE AHE] EAHEC] Yt

<12> Z, Tzl o7 £HY AR or| A AAd o5t EXETiole =t EMAE T VR Aol A o
2 AR5t gAdErk. oo uwel, XErRo]le = AL 9% FrHHA Goe] 2=, old o # #AF
(fill factor) H49& 7ZFAA713 Ul2FH(Resolution)? 7FsAdE Agksl= EA7F o).

<13> wek, FE7IEd 93 Y AR olu A A ostH EErio]le el ERAAEE Al AxdE ¥

-3 -
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Aol digt HAA3E st Fol e ol AV vk &, A& EAdAzE FAHONAE 2 WAI)
(low sheet resistance)2 ¢ A2 (shllow junction)o] L%, EET}o|o o= olggl Az

3 A=
A (shllow junction)o] ZHAs}A LS

]

TG, FArlgel @ FHE AR oulA Aol dstd F7bHel &3 (on-chip) 7IEFel olulA WA
i

2R R Bgsiae] 2707} olux Aol AMEHE (sensitivity) & FA817] A6 F7hE G Ee
oo} g},

oA, Haelzs)l FAE ojuA AAe) dEFM (Resolution)o] H4dA He, w@ ¥Eriolese) w
Ho] olulx A AAEME (sensitivity)7} Zashs BA7l waygc,

WA 2E F 2o} RGO ES A2 FHe AT A oA A B o) Az A

&

T35k, #2AF4A (Resolution)™ MAEIWE (sensitivity)7} &7 WAE 5 A oln|x] AA W 7o Alzwr

ke
%
&
»
ot
1o
Hl
fm
i
o
o
In
i
op
_(?L
)
l
i)
o
i
ofl
X
o
offf
>
2
ol
oX,
s
M
e
i

olg F 2t olmA AlA =

ANelol we olmA AAE, Ans Hzvh B4R wEA Zw A7) wEdl 2% Aol B4R 2eua 9
FHAATe xRt B85 47 FHUAF ol FAE AN 2AY AEF 47 Al =AY AR
Aol WAE AAE: 0 A DAE Aol WA A2 9% WEFE wPeT, AV Al 299 W, 2
A% B Az BEAY AEF F ol shiel Fe 1 4N EWel Aolm sht ool amysl ¥4 AL x
Fach
Eg, AAelol wE ovX A Az, Ans st BAR WEA 7w ol FHuMA 2 A
e mgsts FHUAFES FAsts WA A7 B504% ol Al BAY AEFE FAsts il 4]
Al 2AY AEE ol AYFS GASE WA 2 AV D43 Aol A2 =AY A= F4ss wAE
: 3 4% 0 A2 2AY WEF F olu shie] 3o 4¥ EWe 2uRE

Arjeo] Ao 2deolAl, & F9 "/ (onfover)'el BAHE oz Z|AHE Aol o], /91 (on/over)
= AA directly)s} £& thE & /MASI (indirectly) A== & BF X3gc}

Z=RoA AFe FAG A= ’3“301 ol % tﬂ—ﬁj)‘é% HAste] FFHAG AHHIG e AR A
=3

<A1 ZAA >
% Saz A1 AAldo] wE olmH AlAe] dlsoltt.

% Sa® gEstel, AAlele] olulA AT, Ans =t FHE WAl 71BA0); A7) WEA] 71B10) 4
of BHE FHMAE) W FUAARQDE TS FHMAFQ0): A7) FERAFQ0) ol FHE Al

@ AMESE0); A7) Al =AE A= (30) el @4 AT 40); B A A4S (40) Aol AR E ol
23R (63)7 AE A2 =dE A=FGHe e

A7) =EAAA22) ARels s =250 d4dE 5 9l
7] A2 2AE AEF (1) AFols AEAS060) B A=EE odel80) 7t B4E 4 ).

| AFEA=6007 AEE o#Ho(80) Ateldls AAF(70)0] FA4E 5 Art. <E Eo A7 FaA
F(70)2 & 4 (thermal resin)® FAHT}
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<31 A7) A2 =AY AEFGDolE Baie] ERMAG2)7F A0 AV A2 =AY RS9 ARERE 5
TN aXPgAe e a@R(63)7 F4E 5 Aok

<32> B, = Shell EAlE uke} Zol A] s&uld22)3 AFEHe] st AL olF e Y] A2 BHE ART
(51bj)ells= ahte] 2dF-(53b)7F FAd=E & vt

<33> Z 5a B = bboll =AE ule} o], MR R (MEADS AARE FH5ulA25) Aol B4 EECho|e=
7F Holm vt olate] MR E A= FAHHTH

<34> whba], AR B2} ¥ETole =g o]FoA e shte] WAl How sl o4kl MR E e X ETho|
2= BRFEBEEA Y] EEGe|e =9 WAool FrtEel A 58L& FUHAZE F At

<35> AAefol] whE olm A A= ERMALE RO xETole =] Y JHL AT 5 Ut

36> w3, EdxzE 29 TEooe=e $x18 FH 9F 2 AE(fill factor)E 100%d] THAZ F
At

<37> w=F, FAE JHe os Fuiriert Ze A Alol=dlA & AXMEME (sensitivity)E AFTE F
Art.

<38> Y, ZF &9 AL AAEAE (sentivity) 9] ZAgle]l Bk Hig s2s F9E 5 Sl

39 Y, =9 A el FAE XETe|eEe] FHol F JHE BN @9 HA g ZHHol Frlele] XE
tteleEe] g el Fuse] FEEL SVHAANZD F vt

<40> EY, 99 A Wl F4E EEvele=9 FHe] nlelmzdlze e FFHE FAHC JFLEL IFdE
A 5 ATk

<4i> Bk, A7l ZETele=el HHZE =t fAgE FER PAHel B wlolmadz FAFAS APEA
ot Hoz FHL west A 5 ok

<42> E 1 WA &= bag AEste] Al Al ojuH Ao Azgys At

<43> =18 Azt ARz H2(UEA)ZF g4E HEA 213(10) dolls S5 2 FHEATCDE X
sl FEaMAZ(20)0] A vt

<44 ZAEAE FAE, A7 HEA Z]F0)dE JEE 99 9@ d=E 99L Ao AR (M E=A]D]
Pl lon, e FAe Py Y FeHs XErojesd dAdE 3E FHeE ArAE=
WA 7]7] 915 ERALE FREE o)Fojd AR I (M=AD)IE FAH AE F ATk

<45> TAEAE @A, AY] F5AS20S A Be AsEld AR EE FEAT] 5] 55
Fog P49 & Aok

<46> A7 &S (200 WHEAl Z1RH(10) Aol FPEAAT@DH A7) FPEAE2DE #Fste] AN E B
o] F&ud(22) 22 FAgHl Ak

<47> ol Bol, 47 SUEAFCDS AstHe g F4d 5 dom, AV a5MA22)2 3%, 5 £E A=A
olEE =T vge d=d BH, & ¢F0E, 7o, ZLE = ¥Had 5o FAAT S v

<48> A7) FEAAF20) Aol A FE5EA2)F AriHer dARE RHAF(25)S BH4Y = Ak dE
Eof, A7) A F(25)2 Cr, Ti, TiW % Ta¥ 2 FH502 4T F dok. B8 A7 rd=06e 4
AEA e 5 Sl

<49> A7) FRPEAAT QD A7) REEA Z19(10)9] AR 2ot AAHE FE5uMA022)E B4 F A7 S5
AF(20) AR e XETo| o= st U As ¥4 5 ok

<50 A7 ARGl EE FE5aA5(220) Aol FAHO eFolA datEe We Wol M)A PuE e 4 B
wal7] 93 Rez FAooE A tho] L= (PIN diode)E A3},

<51> 7] A vele=E nd HAE H8Z%F(n-type amorphous silicon), A H]

2 4 ﬁ%(intrinqic
A E = Aolu}t.

(charge capacitanc

7
amorphous silicon), p® W AHZA 2&]ZZ(p-type amorphous silicon)¢] HAFH FZ=
tfol e =90 HFeg e "wg ol dr|H PdHE didsts 58¥ F Ry e A7)

of

-5 -
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e)ol wa} AAH= oz 7)F9 EETO| Q== P-N, N-P, N-P-N, P-N-P 5-9] o|ZHFA AAH= FHIY
(Depletion region)ol] Hals AA = wHalgior}, A7) A thole = pd 2elEZ3 nd HE)&Z Alold
T HEARD A Bd delEse] A%d 7xe F telesRA, A7) p@F n@ Alelol FAHE A
4 AR delEde] BT FHdAe] Hol dste] HA4 9 Byl felshA At

<52> ole} o] HAAldoiE EETO|QLEZA H tpo]EE AlgslH W tpo]le=e] FEE P-I-N EE N-I-P9
Tz JAE 5 drk. 53], HAdolAE P-I-N X9 # tole=rt AlgHE AL d= 3, A7) nd
HlAA He]FZ(n-type amorphous silicon) Al =Ad HZ=ZF(30), A7) A ¥wA=A AeFZ=(intrinsic
amorphous silicon)2 ZAZE(40), A7) pd v|A=A Hg]ZZ(p-type amorphous silicon)S A2 =4d H=Z
(50)e)&t A== g,

<53> A7) | geole =g ol &% XEU|=E A= W digte] A% o3 ).

<54 A7) FEu A5 (20) Aol Al =AY HAEF30)E JA%Tr. A Al 2AY AES(30)2 2 AAooA] A
83H= P-I-N thole=o NF9o] 988 3 F dvt. F, 47 Al =dd AEF(30)2 NEpg] =19 = o
T Jdovt old dAFHE 2 ol

<35 A7 Al =AE A=F(30)2 N BoEo] =34 vAd Hdeld He]&(n-doped amorphous silicon)& ©]&
ste] FAE 4 Qe oo dHEHE e o).

<565 &, A7) Al BAE AEFE0)2 HAA A A2k, B4, F L EE A4 58 #Zbeke] a-SitH, a-

SiGe:H, a-SiC, a-SiN:H a-SiO:H 522 PAHE T% Ar}.

<57> T3, A7) Al =18 d=F 6002 8 71452HCVD) 53], PECVD Tl o8] BAE + At odF B0, 4
7] Al 2R AEE(30)S A7 (SiHol PHy, PolHs 5L Z35le] PECVDO] ol&f ¥AA HAasog tﬂﬁ%
=

<58 TS, A Al 2AE HEE(30) Ao 2 A Z(intrinsic layer)(40)S Atk Al AAE=(40)S A
Aelol Al AEsles 159 988 & & Aot

<59 A7) AdZ(40)8 B AA A& (intrinsic amorphous silicon)& ©]83dle] 4" 4 drt. A7) IA4==U4
0)2 37143 2HCVD) &3], PECVD Tl oa] FAd"E F At oF 5o, A7 AA4340)& 2AF7H2=(SiH)
T& o83kl PECVDO] 3 nAd HdeEjlZoz dA4E 5 vk

<60 T, A7) ARFT A0S A7) Al =dd A= E0)9 FA 1ok oF 10~1,0000) FE=e] FAL FAZ EA3)
= Aol wmigAse}. o)E A7 IAAAFTA0) FAYE FALTE EETo|eE FPIF] oyt W o
FHsE B 9 A fElslr] wEelt).

<61> ok, AV AAAFTMU0) Aew A2 =id dEF(60)S 4T

<62> A7) A2 =AE HEZ(50)L HA oAl AL3F= P-I-N tho] o =9 pZo] A3 3 4t = Ab7] A2
EdE AEF(G0)2 P e =AY d=Fd F Jdov oo dFHE AL oy}

<63> & Bof, A7) A2 =HE A=F (G0 P =34 nAA HelZ(p-doped amorphous silicon)& °]-&3te] &
AE 4 o, oo FAHEE Z ofyrt.

<64> A7) A2 =HE AIEE(50)S 33 7)AFERHCVD) B3], PECVD Sl o] @49 4 Utk oF Eo], A A2
=AY AE=EF(50)2 a7k (Sil)ol BH; =& By 59 7F=& E33le] PECVDO 93 w4 Hdelgez 3§
dd 5 Ut

<65> A7t o]l WA 7]F(10)0] A HEH 2P xEGe|e =Yt FAPow PPPHorN X ETIo|o =]
AE(fill factor)E 100%°] Z=HAZA 5 i},

<66 = 22 #Fxslo], A A2 =4 AES(50) AHFE vka= 39 (100)S F A3

<67> A7) k2= A" (10002 7] A2 =AY A=E(50)S SFBFHE P43 9% Zler, TEHARE FE
& =xaha dEdate] 9 dnh

<68> A7) mlzz AE(100)2 A7) A2 =AY AEF(50) Aol Holm shv o)Ak FAdH ] A A2 =iE A=

[e]

(50)9] A% EHo] GAE NAES F4T 5 9
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