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Doc code: RCEX PTO/SB/30EFS (01-22)

Doc description: Request for Continued Examination (RCE) 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 contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | 0,55 50g Filing | 5455 0104 Docket Number | 5 415 ,5ciPDIV2 Art | ogo3
Number Date (if applicable) Unit

First Named| o . van wANG Examiner Eduardo A. Rodela

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

] Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

[ ] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

Enclosed

[ ] Amendment/Reply
|:| Information Disclosure Statement (IDS)

l:| Affidavit(s)/ Declaration(s)

Other Renewed Petition to Accept an Unintentionally Delayed Claim Under 35 U.S.C. §119(e) (37 CFR 1.78 (¢)) and 35 U.
S.C. 120 (37 CFR 1.78 (e)) for the Benefit of a Prior-Filed Application

MISCELLANEOUS

] Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[ ] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 600125

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Patent Practitioner Signature
[] ApplicantSignature

EFS - Web 2.1.16
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE) Approved for use through 05/31/2024. OMB 0651-0031

PTO/SB/30EFS (01-22)

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

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

Signature of Registered U.S. Patent Practitioner

Signature

/Gerard M. Wissing/

Date (YYYY-MM-DD) |2026-01-27

Name

Gerard M. Wissing

Registration Number | 36309

This collection of information is required by 37 CFR 1.114. 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.
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 (56 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

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

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

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

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

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

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

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

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

EFS - Web 2.1.16
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| UNITED STATES a VA3 1428
| PATENT AND TRADEMARK OFFICE e, e e ooy

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 01/27/2026 04:23:06 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 74171877 AUTHORIZED BY  Gerard Wissing
CUSTOMER # 139982 FILING DATE  01/24/2025
CORRESPONDENCE - FIRST NAMED  Shih-Yuan WANG
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 8026 E20261QG23598212 Mary Ellen Finnegan
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY

600125 37 CFR 1.21 (Miscellaneous fees and charges)

FEE CODE DESCRIPTION ITEM PRICE(S) QUANTITY ITEM TOTAL(S)

FILING AN APPLICATION OR
PRESENTATION OF BENEFIT
2056 CLAIM MORE THAN NINE YEARS 1600.00 1 1600.00

AFTER EARLIEST BENEFIT DATE

REQUEST FOR CONTINUED
2801 EXAMINATION (RCE) - 15T 600.00 1 600.00
REQUEST (SEE 37 CFR 1.114)
TOTAL
AMOUNT: $2,200.00

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.
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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 5086), 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 ~P.O.Box 1450
| PATENT AND TRADEMARK OFFICE Alexandria, V2 e

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 01/27/2026 04:23:06 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 74171877 FILING DATE  01/24/2025
CUSTOMER # 139982 FIRST NAMED  Shih-Yuan WANG
INVENTOR
CORRESPONDENCE - AUTHORIZED BY ~ Gerard Wissing
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
309-
0015USCIPDIV2_Renewed_ 3 Petition for review by the PCT 105 KB
Petition_Filed_27Jan2026_Fi legal office
nal.pdf
309-
OO15US_CIPDIV2_Corrected__ 37 Petition _for review by the PCT 5053 KB
ADS_Filed__27Jan2026__ Fi legal office
nal.pdf
309- Request for Continued
0015USCIPDIV2_RCE_Filed 3 9 1628 KB

27Jan2026.pdf Examination (RCE)

Digest
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DOCUMENT

309-
0015USCIPDIV2_Renewed_Pe
tition_Filed_27Jan2026_Final.p
df

309-
0015USCIPDIV2_Corrected_A
DS_Filed__27Jan2026__ Final.
pdf

309-
0015USCIPDIV2_RCE_Filed
27Jan2026.pdf

Page 2 of 2
MESSAGE DIGEST(SHA-512)

77A862A8DB5AE4A300FB2AD95609834F CEE6C887B976DB1E
3E20C2CB2CB8F5CC897FE1C4FB99B42B3A7979F810AAS68F
EB4BAC59720240CE7EBD453ECDB7CCEC

6100A81FF7862ESEE905COCESDB2038899069513AC0487AC9
8EBOE8DB0OD906627F04F037F23F3221F7D82613417BD4BB09
4C78999C578A79CCOASC87CES7333A

6372399FA018798A6EEOC25BBFCE210A7E50700F8174CF3AF
565BBA482547D640893DFDSEES53B6BOF01ADBOFE3DCO018F
B7751DBCA4583221C0O6A508AFF3373

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 5086), 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 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
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
139982 1590 01/16/2026 | EXAMINER
Wissing Miller LLP

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

RODELA, EDUARDO A

| ART UNIT | PAPER NUMBER
2893
| NOTIFICATION DATE | DELIVERY MODE
01/16/2026 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):

WMDocket@wissingmiller.com

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

Commissioner for Patents

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

Alexandria, VA 22313-1450

WWW .uspto.gov

Wissing Miller LLP
31 Hudson Yards, 11th Floor
New York, NY 10001

In re Application of W&WSens Devices, Inc.

Application No.: 19/036,506 i DECISION
Filing Date: January 24, 2025

Attorney Docket No.: 309-0015USCIPDIV2

For: MICROSTRUCTURE ENHANCED ABSORPTION
PHOTOSENSITIVE DEVICES

This is a decision on the petition under 37 CFR 1.78(c) and (e), filed November 14, 2025, to accept an
unintentionally delayed claim under 35 U.S.C. 119(e) and 120 for the benefit of priority to one or more
prior-filed provisional and nonprovisional/international applications, and the petition under 37 CFR 1.182
to expedite consideration of the petition under 37 CFR 1.78 filed on January 05, 2026.

Under the circumstances present here, applicant's petition under 37 CFR 1.182 to expedite consideration of
the previously filed petition under 37 CFR 1.78 is appropriately GRANTED.

Under 37 CFR 1.78(c) and (e), a petition to accept an unintentionally delayed claim under 35 U.S.C. 119
(e) and 120 for the benefit of a prior-filed application must be accompanied by:

(1) the reference required by 35 U.S.C. 119(e) and 120 and 37 CFR 1.78(a)(3) and 1.78(d)(2) to
the prior-filed applications, unless previously submitted;

(1) the petition fee set forth in 37 CFR 1.17(m) and the applicable fee under 37 CFR 1.17(w); and

(11) a statement that the entire delay between the date the claim was due under 37 CFR 1.78(a)(4)
and (d)(3) and the date the claim was filed was unintentional. The Director may require additional
information where there is a question whether the delay was unintentional.

With regard to item (1), the revised application data sheet (ADS) filed with the present petition lacks a
proper signature as required by 37 CFR 1.76(¢). The ADS therefore cannot be entered.

Moreover, as set forth in MPEP 211.01(b), Section II., "Benefit Claims to Multiple Prior Applications", "
Sometimes a pending application is one of a series of applications wherein the pending application is not
copending with the first filed application but is copending with an intermediate application entitled to the
benefit of the filing date of the first application. . . . Appropriate references must be made in each
itermediate application in the chain of prior applications." Here, not all benefit claims that applicant seeks
to enter are present in each of the intermediate applications. For example, the revised ADS filed with the
present petition includes references identifying international application number PCT/US2018/043289 as a
continuation of application number 15/798.821 and indicating that PCT/US2018/043289 claims benefit of
a number of provisional applications. However, these benefit claims are not present in intermediate
application number 18/822,880. Before a revised ADS can be entered herein, applicant must insure that
appropriate corresponding benefit claims are present in each of the intermediate applications. It is also
noted that the revised ADS includes some duplicative benefit claims. For example, the benefit claim
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Apphication Mimber - 194036 5366

identifying application number 18/113,474 as a division of application number 17/707.429 and the benefit
claim identifying application number 17/182,954 as a division of application number 16/528.958 are listed
twice.

In view of the above, item (1) of a grantable petition is not satisfied on the present record.

With regard to item (ii), the petition fee set forth in 37 CFR 1.17(m) has been submitted. However, the
present petition secks to add a series of benefit claims, with the oldest non-provisional application having a
filing date of May 22, 2014. Because the filing date of the earliest non-provisional benefit claim is more
than nine years prior to the filing date of the present application, the additional fee under 37 CFR 1.17(w)
(2) is also required (currently $1,600 for a small entity). Applicant has not paid this fee. Item (ii) above is
therefore not satisfied on the present record.

With regard to item (iit), the petition contains a proper statement of unintentional delay.
For the reasons above, the petition under 37 CFR 1.78(c) and (¢) is DISMISSED without prejudice.

Any further correspondence with respect to this matter may be filed electronically via Patent Center,
selecting the document description "Petition for review by the PCT Legal Office" or by mail addressed to
Mail Stop PCT, Commissioner for Patents, International Patent Legal Administration, P.O. Box 1450,
Alexandria, Virginia 22313-1450, with the contents of the letter marked to the attention of the
International Patent Legal Administration.

/RichardMRoss/

RICHARD M ROSS

Attorney Advisor

International Patent Legal Administration
(571) 272-3296
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Attorney Docket No.: 309-0015USCIPDIV2 PATENT
Confirmation No.: 4276

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: Eduardo A. Rodela

Shih-Yuan WANG et al.
Art Unit: 2893
Application No.: 19/036,506

CERTIFICATE OF TRANSMISSION

Filed: January 24, 2025 I hereby certify that this correspondence is being
submitted through the USPTO Electronic Filing Service
Title: MICROSTRUCTURE addressed to the Commissioner for Patents, P.O. Box
ENHANCED ABSORPTION 1450, Alexandria, VA 22313-1450.
PHOTOSENSITIVE DEVICES
/Mary Ellen Finnegan/
Date: January 5, 2026 Name: Mary Ellen Finnegan

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

Alexandria, VA 22313-1450

PETITION TO EXPEDITE PURSUANT TO 37 CFR 1.182

On October 27, 2025 the Office mailed a Notice of Allowance in connection with the
above-identified Application. On November 12, 2025 the Office mailed a Corrected Filing
Receipt that did not recognize one or more benefit claims listed in the Domestic Benefit section
of the ADS filed with the Application on January 24, 2025 (the “Original ADS”). Applicant then
reviewed the benefit claims listed in the Domestic Benefit section of the Original ADS and
noticed a typographical error in one application listed. On November 14, 2025, Applicant filed;
1) a Petition to Accept an Unintentionally Delayed Claim Under 35 U.S.C. 119(e) (37 CFR
1.78(c)) and/or to Accept an Unintentionally Delayed Claim Under 35 U.S.C. 120, 121, 365(c),
or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application, 2) a Request for
Corrected Filing Receipt, and 3) a Corrected Application Data Sheet (the “Corrected ADS”). To
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date, no response to the documents filed on November 14, 2025 has been mailed by the Office,
and the Issue Fee is due to be filed on January 27, 2026.

Due to the urgency of this matter, pursuant to 37 CFR 1.182 Applicant hereby petitions
the Office to Expedite consideration of the Petition to Accept an Unintentionally Delayed Claim,
the Request for Corrected Filing Receipt and the Corrected ADS. As noted above, the issue fee
for the Application is due on January 27, 2026 so that Applicant respectfully requests that the

Petition to Expedite be granted and the Petition to Accept an Unintentionally Delayed Claim be
granted and a Corrected Filing Receipt be mailed by the Office prior to the January 27, 2026

deadline to pay the issue fee.
The petition fee of $180.00 pursuant to 37 CFR 1.17(f) is submitted herewith. The Office
is hereby authorized to charge any other fees that may be required in connection herewith and to

credit any overpayment to our Deposit Account No. 600125.

Respectfully submitted,
/Gerard M. Wissing/

Gerard M. Wissing
Attorney for Applicant
Reg. No. 36,309

Date: January 5, 2026

Wissing Miller LLP
Address: (associated with Customer Number: 139982)
Phone: (516) 901-7027
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Application No.: 19/036,506 Examiner: Eduardo, A. Rodela
Attorney Docket No.: 309-0015USCIPDIV2 Art Unit: 2893
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| UNITED STATES a VA3 1428
| PATENT AND TRADEMARK OFFICE e, e e ooy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 01/05/2026 04:53:19 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 73845348 FILING DATE  01/24/2025
CUSTOMER # 139982 FIRST NAMED  Shih-Yuan WANG
INVENTOR
CORRESPONDENCE - AUTHORIZED BY ~ Gerard Wissing
ADDRESS

Documents TOTAL DOCUMENTS: 1
SIZE

DOCUMENT PAGES DESCRIPTION (KB)

309-

0015USCIPDIV2_Petition_to 5 Petition for review by the Office 106 KB

_Expedite_Filed_05Jan2026. of Petitions

pdf

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

309- 307A07319E3224017207414115E0A6D9B8F56A1125A76D18C6

0015USCIPDIV2_Petition_to_E ~ 1359CB58368F2094FA809753CC5B7DOEAA1FO1AD60F1FDFE3
xpedite_Filed_05Jan2026.pdf 651293C07D39E9DBEBC14940D535C

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
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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 5086), 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 a VA3 1428
| PATENT AND TRADEMARK OFFICE e, e e ooy

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 01/05/2026 04:53:19 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 73845348 AUTHORIZED BY  Gerard Wissing
CUSTOMER # 139982 FILING DATE  01/24/2025
CORRESPONDENCE - FIRST NAMED  Shih-Yuan WANG
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 8026 E202615G55297111 Mary Ellen Finnegan
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY

600125 37 CFR 1.21 (Miscellaneous fees and charges)

FEE CODE DESCRIPTION ITEM PRICE(S) QUANTITY ITEM TOTAL(S)

PETITIONS REQUIRING THE
2462 PETITION FEE SET FORTH IN 37 180.00 1 180.00
CFR 1.17(F) (GROUP I)

TOTAL

AMOUNT: $180.00

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Attorney Docket No.: 309-0015USCIPDIV2 PATENT
Confirmation No.: 4276

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: Eduardo A. Rodela

Shih-Yuan WANG
Art Unit: 2893
Application No.: 19/036,506

CERTIFICATE OF TRANSMISSION
Filed: January 24, 2025
I hereby certify that this correspondence is being

Title: MICROSTRUCTURE submitted through the USPTO Electronic Filing Service
ENHANCED ABSORPTION addressed to the Commissioner for Patents, P.O. Box
PHOTOSENSITIVE DEVICES 1450, Alexandria, VA 22313-1450.

/Mary Ellen Finnegan/
Date: December 9, 2025  Name: Mary Ellen Finnegan

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

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED
APPLICATION PAPERS - NOTICE OF ALLOWANCE MAILED

In response to the Notice to File Corrected Application Papers mailed November 21,
2025, Applicant submits this response along with two (2) Replacement Sheets of Drawings,
namely Replacement Sheet 37/48 and Replacement Sheet 42/48.

The Notice identifies informalities to certain lead lines in Figs. 40 and 45. Applicant’s
representative also noticed a missing portion of the BOX/SOI 3912 in Fig. 39 on original Sheet
37/48.

Replacement Sheet 37/48 corrects the missing portion of the BOX/SOI 3912 in Fig. 39
and corrects the lead line for reference numeral 4008 in Fig. 40. Replacement Sheet 42/48
corrects the lead line for reference numeral 4500 in Fig. 45. No new matter has been added to

Figs. 39, 40 and 45.

Page 1 0f2

Samsung Exhibit 1057, Page 156 of 718
Samsung v. W&Wsens - PGR2025-00082



Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.
Respectfully submitted,

/Gerard M. Wissing/
Gerard M. Wissing
Attorney Reg. No. 36,309
Date: December 9, 2025
Wissing Miller LLP

Address: (associated with Customer Number: 139982)
Phone: (516) 901-7027
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Application No.: 19/036,506 Examiner: Eduardo A. Rodela
Attorney Docket No.: 309-0015USCIPDIV2 Art Unit: 2893
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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

l APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. CONFIRMATION NO. I
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
139982 7590 1172172025 l EXAMINER I

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

RODELA, EDUARDO A

I ART UNIT | PAPER NUMBER J
2893
l NOTIFICATION DATE I DELIVERY MODE j
11/21/2025 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):

WMDocket@wissingmiller.com

PTOL-90A (Rev. 04/07)
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Rwss®” NITED STATES PATENT AND TRADEMARK OFFICE

OF

Commissioner for Patents

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

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 19036506
Applicant : Wang
Filing Date : 01/24/2025
Date Mailed : 11/21/2025

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450"’.

/Chris Harmon/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 19036506 Drawings filed: 01/24/2025
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IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s)

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s) 40.45

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s)

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph

required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

COMMENTS:
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| UNITED STATES a VA3 1428
| PATENT AND TRADEMARK OFFICE e, e e ooy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 12/09/2025 04:50:32 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 73517096 FILING DATE  01/24/2025
CUSTOMER # 139982 FIRST NAMED  Shih-Yuan WANG
INVENTOR
CORRESPONDENCE - AUTHORIZED BY ~ Gerard Wissing
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
309-
0015USCIPDIV2_Resp_Noti 5 Applicant Response to Pre- 100 KB
ce_Corrected_Appln_Papers. Exam Formalities Notice
pdf
309- Drawings-only black and white
0015USCIPDIV2__Dwgs_Re 2 line dra%vin Sy 1321 KB
place_Sheets_37_42 pdf 9
309-0015USCIPDIV2_Notice
re Correctgd Application 3 Miscellaneous Incoming Letter 108 KB
Papers Mailed
21Nov2025.pdf
Digest
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DOCUMENT MESSAGE DIGEST(SHA-512)
309- 46327CDD64B47478ED291EFD40C8BD7248C4914198C97113F

0015USCIPDIV2_Resp_Notice B2A3E82A2A949C3495A702568B611C4624FE3680CAACFESDO
_Corrected_ApplIn_Papers.pdf 683FE3A89A02391C1984678732DC02

309- D4C10AA4140D5C6683C8D26C4DEB86DDES5B1879DCA335061
0015USCIPDIV2__Dwgs_Repl A18C8DAA2BED216B0B1260AB118CF8620FC5F27E4E3E4571
ace_Sheets_37_42.pdf E8B8DD79D7ADA825EFCG0EE4ASEEA148CA

309-0015USCIPDIV2_Noticere  20B1417703C225B77428E7C7E4EED8ADF0587D9C 104462570
Corrected Application Papers O0A5493FCFAC6FEB82379AF624A79864DOEBFFA15F342B3985
Mailed 21Nov2025. pdf 366C330BAD0O9EC4D9OD3A025C068377

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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DocCode - SCORE

Placeholder Sheet for Supplemental Content

Application Number: 19036506 Document Date: 12/09/2025

The presence of this form indicates that the following document type was received in electronic
format on the date identified above. This document is stored separately from the typical case
contents which are stored in image format.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded and no paper documents or physical media exist.

* Drawing

At the time of document entry (noted above):

e USPTO employees may access this supplemental content via Docket Application Viewer
(DAV) or Supplemental Content Viewer (SCV).
e External customers may access this supplemental content via Patent Center.

Form Revision Date: March 1, 2024
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKETNO. |  CONFIRMATION NO. I
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
139982 5% 1112112025 I EXANINER I
Wissing Miller LLP
Industrious at Hudson Yards RODELA, EDUARDO A
31 Hudson Yards, 11th Floor
New York, NY 10001 I ART UNIT l PAPER NUMBER J
2893
I NOTIFICATION DATE I DELIVERY MODE J
11/21/2025 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):

WMDocket@wissingmiller.com

PTOL-90A (Rev. 04/07)
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Rwss®” NITED STATES PATENT AND TRADEMARK OFFICE

OF

Commissioner for Patents

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

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 19036506
Applicant : Wang
Filing Date : 01/24/2025
Date Mailed : 11/21/2025

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450"’.

/Chris Harmon/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 19036506 Drawings filed: 01/24/2025

WO OO odod oo o

g oo o b

IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s)

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s) 40.45

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s)

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph

required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

COMMENTS:
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions
PTO/SB/445 (01-25)
Approved for use through 11/30/2027. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e)
(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C.
120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION

Page 1 of 5
First named inventor: Shih-Yuan WANG
Application No.: 1 9/036’506 Art Unit: 2893
riee: JANUArY 24, 2025 camine. EDUArdo A. Rodela

Title: | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Attention: Office of Petitions When filing via USPTO patent electronic filing system, use Doc Code
Mail Stop Petition PET.PCT (Petition for review by the PCT Legal Office) for applications
Commissioner for Patents filed under 35 U.S.C. 371 and/or if the reference to the prior-filed

P.O. Box 1450 application(s) includes an international application or an international
Alexandria, VA 22313-1450 design application. In all other instances, use Doc Code PET.OP (Petition
FAX571-273-8300 for review by the Office of Petitions).

NOTE: If information or assistance is needed in completing this form, please contact the Office of Petitions at 571-272-3282.

APPLICANT HEREBY PETITIONS FOR ACCEPTANCE OF AN UNINTENTIONALLY DELAYED BENEFIT CLAIM TO A PRIOR-FILED APPLICATION
UNDER 37 CFR 1.78(c) AND/OR 37 CFR 1.78(e).

NOTE: For a petition under 37 CFR 1.78(e), the above-identified application must have been filed during the pendency of the
prior application or during the pendency of an intermediate application similarly entitled to the benefit of the filing date of the
prior application. For a petition under 37 CFR 1.78(c), the above-identified application must have been filed within 12 months of
the filing date of the provisional application or be entitled to claim the benefit under 35 U.S.C. 120, 121, or 365(c) of an
application that was filed within 12 months of the filing date of the provisional application, except as provided in 37 CFR 1.78(b).

NOTE: A grantable petition requires the following items:

(1) the reference required by 35 U.S.C. 119(e) and 37 CFR 1.78(a)(3) to the prior-filed provisional application and/or the
reference required by 35 U.S.C. 120 and 37 CFR 1.78(d)(2) to the prior-filed nonprovisional application, international
application designating the United States, or international design application designating the United States, unless
previously submitted;

(2) the petition fee set forth in 37 CFR 1.17(m) and the applicable fee (if any) set forth in 37 CFR 1.17(w); and

(3) astatement that the entire delay between the date the benefit claim was due under 37 CFR 1.78(d)(3) and/or 37 CFR
1.78(a)(4) and the date the benefit claim was filed was unintentional. The Director may require additional information
where there is a question as to whether the delay was unintentional.

1. The required reference to the prior-filed application:

@ The above-identified application was filed on or after September 16, 2012, and the reference is either set forth in the attached
corrected application data sheet (ADS) or in a corrected ADS that was previously submitted.

D The above-identified application was filed prior to September 16, 2012, and the reference is either (1) set forth in a supplemental ADS,
(2) set forth in the attached amendment to the first sentence(s) of the specification, or (3) set forth in a supplemental ADS or
amendment to the first sentence(s) of the specification that was previously submitted. See 37 CFR 1.78(h).

Reminder: Any ADS which corrects or updates the information of record must comply with 37 CFR 1.76(c)(2) (or for applications filed
prior to September 16, 2012, pre-AlA 37 CFR 1.76(c)).

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 0651-0032. Public burden for this form is estimated to average 1 hour 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. 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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PTO/SB/445 (01-25)
Approved for use through 11/30/2027. OMB 0651-0032

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

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

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e)
(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C.
120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION

Page 2 of 5
2. Petition fee:
(A) For delay greater than two years:
37 CFR 1.17(m)(1)
D Other than a small or micro entity (undiscounted) fee $ (Fee Code 1469).
‘:‘ Small entity fee $ (Fee Code 2469). Applicant asserts small entity status. See 37 CFR 1.27.
\:‘ Micro entity fee $ (Fee Code 3469). Applicant has established or is establishing 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.

(B) For delay less than or equal to two years:

37 CFR1.17(m)(2)

D Other than a small or micro entity (undiscounted) fee $ (Fee Code 1454).

S 904.00 (Fee Code 2454). Applicant asserts small entity status. See 37 CFR 1.27.

E] Small entity fee

\:\ Micro entity fee $ (Fee Code 3454). Applicant has established or is establishing 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.

3. Statement: The entire delay between the date the benefit claim was due under 37 CFR 1.78(d)(3) and/or 37 CFR 1.78(a)(4) and the date
the benefit claim was filed was unintentional.

Petitioner is reminded that a change in circumstance or a delay resulting from a deliberately chosen course of action does not become an
“unintentional” delay because, for example:

. the applicant does not consider any patent to be of sufficient value to justify the financial expense of obtaining the patent; or

. the applicant remains interested in eventually obtaining a patent, but simply seeks to defer patent fees and patent prosecution
expenses.

NOTE: Where the petition under 37 CFR 1.78(c) and/or 37 CFR 1.78(e) is filed more than two years after the date the priority or benefit
claim was due, the United States Patent and Trademark Office requires an additional explanation of the circumstances surrounding the
delay that establishes the entire delay was unintentional. This requirement is in addition to the requirement to provide a statement that the
entire delay was unintentional. See Clarification of the Practice for Requiring Additional information in Petitions Filed in Patent Applications
and Patents Based on Unintentional Delay, 85 FR 12222 (March 2, 2020). See MPEP 711.03(c)(l1)(C)-(F) for additional guidance on the
information required to establish that the entire delay was unintentional.

\:‘ Because this petition under 37 CFR 1.78(c) and/or 37 CFR 1.78(e) is being filed more than two years after the date the priority or
benefit claim was due, additional explanation of the circumstances surrounding the delay that establishes the entire delay was
unintentional is enclosed herewith. Note: If this box is checked, section 2A must also be completed.

Reminder: Presentation of a benefit claim may prompt a requirement to pay the continuing application fee set forth in 37 CFR 1.17(w), if
the actual filing date of the application is more than six years after the earliest benefit date. See 37 CFR 1.78(d)(3)(i) and 37 CFR 1.17(w).
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PTO/SB/445 (01-25)

Approved for use through 11/30/2027. OMB 0651-0032

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

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

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e)
(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C.
120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION
Page 3 of 5

WARNING:

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

available.

/Gerard M. Wissing/ November 14, 2025

Signature* Date
Gerard M. Wissing 36309
Typed or Printed Name Registration Number, if applicable
Industrious at Hudson Yards, 31 Hudson Yards, 11th Floor (51 6) 901 -7027
Address Telephone Number
New York, New York 10001
Address

* This petition must be signed in accordance with 37 CFR 1.33. Please see 37 CFR 1.4(d) for the signature requirements. Submit multiple
forms if more than one signature is required.

Enclosures:
li‘ Application Data Sheet (see instructions starting on page 4)

\i‘ Fee (along with supporting documentation, if required)

|:| Other:

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]
| hereby certify that this correspondence is being:

l:‘ Deposited with the United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope
addressed to: Mail Stop Petition, Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450.

li‘ Transmitted by the USPTO patent electronicfiling system or by facsimile to 571-273-8300, to the USPTO on the date shown.

November 14, 2025 /Gerard M. Wissing/

Date Signature
Gerard M. Wissing

Typed or printed name of person signing certificate
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Instructions for Petition to Accept an Unintentionally Delayed Claim under 35 U.S.C. 119(e)
(37 CFR 1.78(c)) and/or to Accept an Unintentionally Delayed Claim under 35 U.S.C. 120,
121, 365(c), or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application

(Not to be Submitted to the USPTO)

When filing electronically via the USPTO patent electronic filing system, use Doc Code PET.PCT
(Petition for review by the PCT Legal Office) for applications filed under 35 U.S.C. 371 and/or if the
reference to the prior-filed application(s) includes an international application or an international
design application. In all other instances, use Doc Code PET.OP (Petition for review by the Office of
Petitions).

1. The reference required to the prior-filed application:

a. For applications filed on or after September 16, 2012, the reference must be set forth in a
corrected application data sheet (ADS). See 37 CFR 1.76.

Note: Any ADS filed after the filing of the application is considered a corrected (or updated) ADS
even if an ADS was not previously submitted. A corrected ADS must identify the information that is
being changed with underlining for insertions and strike-through or brackets for text removed. In
general, the identification of the information being changed should be made relative to the most
recent filing receipt. For example, where the most recent filing receipt for the application shows no
benefit claim, the entire benefit claim must be shown with underlining in the corrected ADS. In
addition, if the ADS identified an incorrect provisional application number and the most recent filing
receipt included the incorrect provisional application number, the corrected ADS should identify the
incorrect provisional application number being deleted with strike-through or brackets, and should
identify the correct provisional application number being added with underlining. For more
information regarding a corrected ADS in an application filed on or after September 16, 2012, see
MPEP 601.05(a), subsection II.

A corrected ADS may include all of the section headings listed in 37 CFR 1.76(b) with all appropriate
data for each heading or only those sections (including the section headings) containing changed or
updated information. See 37 CFR 1.76(c)(2). A corrected ADS must identify the application by
application number and be properly signed.

Use of the corrected Web-based ADS is recommended for registered users of the USPTO patent
electronic filing system because it will pre-populate with information of record; applicants can then
type in the desired changes, and the system will create a PDF version with the appropriate strike-
through and underlining. For more information, see the Quick Start Guide for "Application Data
Sheet to Update and/or Correct Information" available at https://www.uspto.gov/sites/default/
files/documents/Corrected-WebADS-QSG.pdf

Applicants may also use Form PTO/AIA/14, which may be printed and marked up to comply with 37
CFR 1.76(c).

[Page 4 of 5]
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Instructions for Petition to Accept an Unintentionally Delayed Claim under 35 U.S.C. 119(e)
(37 CFR 1.78(c)) and/or to Accept an Unintentionally Delayed Claim under 35 U.S.C. 120,
121, 365(c), or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application

(Not to be Submitted to the USPTO)

b. For applications filed before September 16, 2012, the reference to the prior-filed
application may be made in a supplemental ADS in compliance with pre-AIA 37 CFR 1.76(c) or in an
amendment in the first sentence(s) of the specification following the title. See 37 CFR 1.78(h).

Note: For applications filed before September 16, 2012, any ADS submitted after the filing date of the
application is a supplemental ADS, regardless of whether an original ADS was submitted with the
application papers on filing. Supplemental ADS papers must be labeled Supplemental ADS or
Supplemental Application Data Sheet, include each of the seven section headings listed in pre-AlA 37
CFR 1.76(b) with all appropriate data for the section heading, and identify the information that is
being changed. See pre-AlA 37 CFR 1.76(c). A supplemental ADS must also identify the application by
application number and be properly signed. For more information regarding a supplemental ADS in
an application filed before September 16, 2012, see MPEP 601.05(b), subsection II.

2. Petition fee:

The petition fee is set forth in 37 CFR 1.17(m) and must be included with the petition. Petitioner is
advised to refer to the current fee schedule at Fitps:/ www. uspio goviiearning-and-resources fees-
and-payment/uspto-fee-schedula.

Note: Effective January 19, 2025, presentation of a benefit claim under 35 U.S.C. 120, 121, 365(c), or
386(c) may prompt a requirement to pay the continuing application fee set forth in 37 CFR 1.17(w), if
the actual filing date of the application is more than six years after the earliest benefit date. See 37
CFR 1.78(d)(3)(i) and 37 CFR 1.17(w).

3. Statement:

37 CFR 1.78(c) and 37 CFR 1.78(e) require a statement that the entire delay between the date the
benefit claim was due and the date the benefit claim was filed was unintentional. The required
statement(s) is included in this form.

Note: the Director may require additional information where there is a question whether the delay
was unintentional.

[Page 5 of 5]
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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

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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Attorney Docket Number | 308-0015USCIPDIV 2
Application Number 19/036.506

Application Data Sheet 37 CFR 1.76

Title of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

The application data sheetis part of the provisional or ponprovisional apphication for which 1 s being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Petent and Trademark Office as oullined in 37 CFR 1.78,

This document may be completed electronically and submited {0 the Oifice in electronic format using the Electronic Fling Syslerm (EFS) or the
dacument may be printed and included in a paper fled application.

Secrecy Order 37 CFR 5.2:

] Portions or all of the application associsted with this Application Data Sneet may fall under a Secrecy Order pursuant (o |
37 CFR 5.2 {Paper filers only. Applications that fall under Secrecy Order may not be filed electronically. ) |

Inventor Information:

inventor 1

Legal Name

Prefix] Given Name Middie Name Family Name 1 Suffixg
' - Shih-Yuan ‘ WANG '
Residence Information (Select One) US Residency ) NonUS Residency () Active US Military Service

City | Paloallo E StatefProvince E CA ! Country of Residencd | US

Mailing Address of Inventor:

Address 1 | 766 Encina Grande Drive

Address 2 :

City Palo Alto | statetProvince | ca

Postal Code [ 24306 ] Countryi [ us
 inventor 2

Legal Name

Prefix Given Name . Middie Name Family Name Suffix

. Shih-Ping | WANG '

Residence information (Select One) US Residency ) NonUS Residency () Active US Military Service

City E Los Altos l State/Province E cA i Country of Residencd | US

Mailing Address of Inventor:

Address 1 38 Third Strest, Suite 307

Address 2

City Los Altos i StatefProvince CA
Pastal Code ] K423 ] Countryi | us

{ All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the A&dd bution.

Correspondence Information:

Enter either Customer Number or complete the Correspondence information section below.
Far further information see 37 CFR 1.33(a).
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Attorney Docket Number § 308-0015U SCIPDIVE
Application Number 194036 S06

Application Data Sheet 37 CFR 1.76

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

' [T] An Address is being provided for the correspondence Information of this application.

Customer Number
Email Address

Application Information:

Title of the Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Attorney Docket Number] 309-0015USCIPDINVZ l Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 48 Suggested Figure for Publication {if any} | 58

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.0 111 and 37 CFR1.57(3). Do notcompists this section if
application papers indlugding 3 specification and any drawings are being filed. Any domestic benefit or foreign priority inforawtion musthe
provided in the appropriate section{s) below (Le., “Domestic Benelit/National Stage information” and “Foreign Priority information”).

For the purposes of a filing date under 37 CFR 1.53(h), the description and any drawings of the present application are replaced by this
reference fo the previously filed application, subject to conditions and requirements of 37 CFR 1.8%(a). y
Application number of the previously Filing date (YYYY-MM-DDY Intellectual Property Authority or Country
filed appiication

Publication Information:
1 Reguest Early Publication (Fee required at time of Reguest 37 CFR 1.218)

Request Not to Publish. 1 hereby request that the attached application not be published under

] 35 U.8.C. 122({b} and certify that the invention disciosed in the altached application has not and will not be the
subjact of an application filed in anothar country, or under a2 multilateral international agreement, that requires
publication at eightesn months after filing.

Representative Information:

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

Either enter Customer Number or complete the Representative Name section below. [f both sections are completed the customer
MNumber will be used for the Representative information during processing.

Please Select One: | Customer Mumber E {7} US PatentPractiioner | () Limited Recognition (37 CFR 11.9)

Customer Number

EFS $Web 2213
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

308-0015USCIPDIVG

Apptication Mumber

i 19/036.508

Titie of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Filing By Reference:

Only complete this section when fﬁiﬂg an agplication by reference under 35 3.5.C 11 1) and 37 CFR 1.57{a). Do notcomplete this section
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priodty information must be
provided inthe appropriate section{s} below {Le., "Domestic Benelit/National Stage Information” and “Foreign Pricrity Information”).

For the purposes of a filing date under 37 CFf 1.53(b}, the description and any drawings of the present application are replaced by this
reference 10 the previously filed application, subjet w conditions and requirements of 37 CFR 1.52{8)

§

Application number of the previously
fited application

Filing date {YYYY-MM-DD)

intetlectual Property Authority or Country

Publication Information:

1 Request Early Publication (Fee reguired at time of Request 37 CFR 1.219)

Request Not to Publish. 1 nereby request that the attached appiication not be published under

1 35 U.8.C. 122(b) and certify that the invention disciosed in the attached application has not and will not be the
subject of an application filed in another country. or under a multilateral international agresment, that reguires
publication at eighteen months aiter filing.

Representative Information:

Representative information should be provided for ai practiioners having a power of aftorney in the application. Providing
this information in the Application Data Sheet does not constitfute o power of atlormey in the spplication (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
dMumber wif be used for the Representative information during pracessing.

Please Select One: Customer Number | (0) US Patent Practiioner | () Limited Recognition (37 CFR 11.9)

Customer Number 138882

Domestic Benefit/National Stage Information:

[This section allows for the applicant o either claim benefit under 35 U.5.C. 118(e}, 120, 121, 385(c), or 3BG{L) or indicale
Mational Stage entry from a8 PCT application. Providing benefit claim information in the Application Data Bhest constitutes
the specific reference required by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.
When referring to the current application, pleass leave the “Application Number” fisld blank

Prior Application Status § Pending

Apptication Number

Continuity Type

Prior Application Number

Filing of 371(c) Date
(YYYY-MM-DD)

19036506 Division

of

18822880

L 2024-08-03

EFS Web 2.2.13
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Application Data Sheet 37 CFR 1.76

Aftorney Docket Mumber

309-0015UBCIPDIV2

Application Number

19/036,506

Tite of Invention

MICROSTRUCTURE ENHANCED ABRSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status ] Patented | Herawe
Application o Frior Application Fitng Date
Number Continuity Type Number CPYYY-MM-DD) Patent Number (YYYY-MMDD)
18822880 Division of 18385213 2023-10-30 12087871 2024-08-10
Prior Application Status{ Patented ; i N
Application - Prior Application Filing Date tssue Date
Number Continuity Type Number ryYy-Mmppy | PRERtNumBEr vvy mmpD)
18385213 Continuation in partof | 17974325 2022-10-26 11830954 2023-11-28
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number (YYYY-MAM-DD)
18385213 - Continuation in part o 18113474
. Appi;catn S e S —
Application o Prior Application Filing Date TssiE DEte
Number Continuity Type Number CYYYY-MM-DD) Patent Number (YYYY-MM-DD)
1811347 Division of 17707429 2022-133.29 11621360 2023-04-04
Prior Application Status { Palented 5
Application o Prior Application Fiing Date tasue Linte
Nurmber Continuity Type Number (YYYY-MR-00) Patent Number (YYYY-MMDD)
| 17707428 | Continuation inpartof | 17182954 20210223 11791432 20231047
Prior Application Status } Palented :
Application | o Prior Application | FilingDate | " Issue Date
Nurber Contnuty Type Number (rvyynmop) | PRERtNUmBRr 4 vyvymmon)
17182854 Division of 18528858 2018-08-01 11121271
Prior Application Status | Patented ;
© Application | .  Prior Application Filing Date 2
Number | Continuity Type Mumber (YYYY-MM-OD) Patent Number OYYYY-MM-DD}
16528058 ‘ Continuation in part of 15187821 2017-10-30 - 10448700 20181015
Prior Application Status| Patertes i
Application - Prior Apphcation Filing Date ) {ssue Diate
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD}
18113474 3 Division of 17707428 2022-03-29 | 11621360 2023-04-D4

Additional Domestic BengfitfNational Stage Datas may be generated within this form
by selgcting the Add button,
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

309-0015USCIPDIVG

Application Number

19/036.506

Title of invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application - Prior Application Filing Date tague Date
Number » Continuity Type Number CYYYY-MM-DO) Fatent Number (YYYY-MMDD)
{ 17707429 { Division of 12532831 2021-11-22 b 11308444 { 20220419
Prior Application Status ' Patented §
Application | - Frior Application Filing Date tssue Date
Number Continuily Type Number CYYYY-MM-DD) Patent Number | (vvyy-mmon)
17532831 Continuation in part of 17182954 2021-02-23 i 11791432 { 2023-10-17
Prior Application Stmmf Patented
Application | - Frior Application Fifing Date tasue Date
‘ Number Continuity Type Number (YYYY-MM-OD] | Patent Number (YYYY-MM-DD)
19182954 Division of 16528958 20180801 111212¥1 2021-88-14
Prior Application Status | Abandongd
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16528058 Contingation in part of PCTUSHEE79F7 2016-12-21
Prior Appfication Status | Patented
Application _ Prior Application Filing Date tssue Date
Number Continuity Type Myumber (YYYY-MM-DD) | Patent Number | orvyv-mmon)
16526058 g 160424635 2018-07-23 | 10700025 | 20200830
Prior Application Status § Batented
Application g Prior Application Filing Date tssue Date
Number Gontimuity Type Number (Yyvymmpp | oentNumber | nvvyy.mmpp)
16528858 Continuation in part of 16296985 2018-03-08 104688543 20181018
Prior Appiication Status | Patented
Application | s Prior Application Filing Date issue Date
Number Conlinuity Type Number (YYYY-MM-DD) Patent Mumber (YYYY-MM-DD}
18113474 Division of 17077438 2022-03-38 i 11621360 § 2023-04-04
Prior Appiication Status | Patented i .
Application .~ Prior Application Filing Date izsue Date
Number Continuity Type Nummber (YYYY-MM-DO] Patent Mumber (YYYY-MM-D0)
1870734239 Division of 175632831 021-11-2 11309444 -£34-1
Prior Application Status { Patented §
Application . Prior Application Filing Date isaue Date
Number Continuity Type Murmber (YYYY-MMDD] | Patent Mumber (YYYY-MM-00)
| 17533831 17182054 2021-02-23 | 11781433 | 20231017
Prior Application Status ante
Application S Prior Application Filing Date fzsue Date
Number Continuity Type Nurmber (PYYY-MM-DD] Patent Numbier (YYYY-MM-DD)
17182954 Division of 165628058 2018-08-01 12127 | 1-08-1
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

309-0015USCIPDN 2

Application Mumber

19/036.506

Titie of invention

MICROSTRUCTURE ENHAKCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status | Patented
et | commiviee [ TR [ e | o | ovanico
Prior Application Status ¢ Abandoned
Filing or 37 1(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16578958 POTUSIEETHIT 16-12-21
Prior Application Status ; Patented
Application _ Prior Application Filing Date lasue Date
Number Confinuity Type Number (YYYY-MM-0D) Patent Number | yyyy.mm.00)
16528858 Continuatio i 15787821 2012-10-99 | 10446700 20190035
Prior Application Status i Eatented
Application o Frior Application Fing Date lasue Date
Number Continuity Type Nurber oryyymmopy | PRERENUmBEr | ovvy pimni)
Prior Application Status i Patented
Application i Prior Application Filing Date tssue Dale
Wurmiser Continuity Type Number (YYYY-MM-DID) | Patent Number (YYYY-MM-DD)
Prior Application Btatus | Abandoned
Filing or 37 1{c) Date
Application Number Continuity Type FPrior Application Number (YYYY-MM-DD)
Prior Application Status § Abandoned
Filing or 3714{c) Date
Application Number Continuity Type Fricr Application Number (YYYY-MM-DD)
Prior Application Status | Expired Remov
Filing o?%?‘i{c} Date
Apphcation NMumber Continuity Type Prior Application Number (YYYY-pMM-DD)
165284958 62713455 2018-08-01
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)
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Attorney Docket Number | 308-0015USCIPDIVZ

Application Data Sheet 37 CFR 1.76 o
Application Number 19/036,506

Titte of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITVE DEVICES

Prior Application Status § Expired
Filing or 37 1{c) Date
Apgfication Rumber Continuity Type Prior Application Mumber (YYYY-MM-DD}
165284958 Claims be G2717750 2018-08-1C
Prior Application Status | Exgieed i
Fiting or 37 H{c) Date
Application MNumber Continuity Type Prior Application Mumber (YYYY-MM-DD)

JGS28A56

2710689

2018:08-19

Prior Application Status

Application Number

Prior Application Number

Filing or 37 1{c) Date
{(YYYY-MM-DD)

£2724449

20158-08-28

Frior Application Status

Application Number

Frice Application Number

Filing or 371{c) Date
{(YYYY-MM-DD)

18528858

82733476

2018-08-19

Additional Domestic BenefitiNational Stage Data may be generated within this form

by selecting the Add button.
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308-0015USCIPDIVZ
19/036.506

At Docket Numb
Application Data Sheet 37 CFR 1.76 b

Application Mumber

Titte of invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status

Expirad

Apglication Number

Continuity Type

Prior Application Mumber

Flling or 37 1{c) Date
{(YYYY-MM-DD)

IG/52BI58 Claims be g2/737062 2018-06-26
Prior Application Status | Expired i
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

GE28A58

Claims benefit of provisionat

G20750018

18- 4

Prior Application Status

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
(YYYY-MM-DD)

1EE28U5

H2/7 70656

- 2018-11-21

Prior Application Status

Apptlication Number

Prior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

83/772438

Prior Application Status { Expied ;
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (Y¥YY-MM-DD)
16528058 Claims benefit of provisional 620777157 2018-12-00
Prior Application Status §| Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Frior Application Mumber (YYYY-MM-DD)
16/528958 620779623 2018-12-14
Prior Application Status | Expired 5
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
1520858 H2/784342 2018.42.3
Prior Application Status | Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

15268988

62/794330

2018-01-18

Prior Application Status

Application Number

Prior Application Number

Filing or 37 1{c) Dale
{(YYYY-MM-DD]}

1528058

821787141

2018-01-25
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Attorney Docket Number | 308-0018usciPDIV2

Application Data Sheet 37 CFR 1.76

Application Mumber 19/036.506

Titte of Invention | MICROSTRUCTURE ENHANCED ARSORPTION PHOTOSENSITIVE DEVICES

Prior Application Sfalus | Expired :
; Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expired 5
Filing or 37 H{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

1ES2RAO8

S2/B0037 4

2018-02-01

Prior Application Status

Application Number

Prior Application Number

Filing or 371{c) Date
(YYYY-MM-DD)

65208058

62802171

2018-02-0

Prior Application Btatus

Application Number

Prior Application Number

Filing or 371{c) Date
{(YYYY-MM-DD}

G2/02718

2019-02.08

1528958
Prior Application Status | Expired ;
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-pMM-DD)

161520058

G2/B0685T

2018-02-14

Prior Application Status

Application Number

Continuity Type

Prior Application Mumber

Filing or 37 1{c) Date
{YYYY-MM-DD)

1528958 Clairms beneflt of provisional G2808049 2018.02-22
Prior Application Status | Expired ;
Filing or 37 1{c) Date
Application Mumber Continuity Type Prior Application Number {(YYYY-MM-DD)

IBf5I8858

G2/810604

Prior Application Status § Expired ;
Filing or 37 H{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
1EIB2RB58 ; §2/89 D668 2019-03-1%
Prior Application Status | Expired i
Filing or 37 tH{c) Dale
Application Number Continuity Type Prior Appilication Number (YYYY-MM-DD)

1E528958

S2/RI0R05

2018-03-1
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Application Data Sheet 37 CFR 1.76 —
Application Mumber 19/036.506

Titie of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status | Expired :
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
1@528358 s benefi it BAE7BATE 2019-04-03
Prior Application Status | Expired ;
Filing or 37 H{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)

16528958

/841708

2012-06-01

Prior Application Status

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
{YYYY-MM-DD)

Claims benefil of provisional

62/843206

£2018-05-03

Prior Application Status | Expired :
Filing or 371{c) Date
Application Number Continuity Type Prior Apptication Number (YYYY-MM-DD)
Frior Application Status | Expired -
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
1528958 Claims benefit of provisionat k 82/853280 2018-05-28
Prior Application Status |  Expired ;
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)

1528058

G2/860115

S018-08-11

Prior Application Siatus

Application Number

Continuity Type

Prior Application Number

Fiiing or 37 1) Date
{YYYY-MM-DD)

16/628858

Llaims benefit of provisionat

H2/80632

2018-06.18

Prior Appiication Status

Expired

Filing or 37 H{c) Date

Application Number Continuity Type Prior Application Number (YYYY-RM-DD)

1528858 GHR63052 2019-06-18
Prior Application Status | Expired [
Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
1528858 Claims henefit of provisiongt B2/867186 2018-08-28
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

3ng-no1suUscrDiVeE

Application Mumber

19/036,506

Titie of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITME DEVICES

Prior Application Status | Explred
; Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber {(YYYY-MM-DD)
Prior Application Stalus { Expied
Filing or 37 1{c) Date
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Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit 8 partigipating foreign inteliectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) aceess fo any search results from the instant
application (see paragraph B in subsection 1 below).

Should appliicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by chacking the corresponding box A or B or both in subsection 2 below.
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1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)
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China (8IPQ), the World intellectusi Property Organization {WIPO), and any other forgign intellectual property office
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application claiming priority 1o the instant patent application is filed, access to: (1) the instant patent application-as-filed
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insiant application and its related bibliographic data, and (3} the date of filing of this Authorization. Ses 37 CFR 1.14(h)

{t).

0 - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersagned heraby gIantstne ok vl ayl ¢ to provide the EPO access to the bibliographic data and search
rasuits from the instant patent appucateon wh&n a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h){(2).

The applicant is reminded that the EPO’s Rule 141{1) EPC (Europsan Patent Convention) requires applicants (o submit aj
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A, Applicant BOES F authorize the USPTO to permit a participating foreign IP office access (0 the instant
1 application-as- ?s!ad if thss box is checked, the USPTO will not be providing a participating foreign 1P office with
any documants and information identified in subsection 1A above.

8. Applicant [ NOT authorize the USPTO to transmit to the EPO any search rasults from the instant patent
[l application. if this box is checked, the USPTO will not be providing the EPO with search results from the instant
appiication.
NOTE: Once the application has published or is otherwise publicly availabie, the USPTO may provide access 10 the
appiication in aceordance with 37 OFR 1.14.

EFS Yebh 2243

Samsung Exhibit 1057, Page 205 of 718
Samsung v. W&Wsens - PGR2025-00082



PTCRAIRS [02-18)

Approved or use thyough 1132020 OMB 0851-0032

W&, Palent angd Yrademark Office; U8, DEPARTMERT OF COMMERCE

Ueder the Papemark Reduction Ad of 1888, no parsons arg reguirssd fo respond o & collection sf #donmation unless 2 vahd G088 condrol susstier

Attorney Docket Number | 308-0015USCIPDIV2
Application Mumber 19/036.506

Application Data Sheet 37 CFR 1.76

Title of invention | MICROSTRUCTURE ENHANCED ARSORPTION PHOTOSENSITIVE DEVICES

Applicant Information:

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

Applicant 1

If the applicant is the inventar {or the remaining joint inventor or inventars under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
wha atherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.48. 1If the applicant is an :
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) logether with one or more joint inventoss, then the joint inventor or inventors who are also the applicant should be
identified in this section.

Assignee Q Legal Representative under 35 US.C 11 Q Joint invenior

(:) Bersan o whom the invergor is abligated to assign. {:) Parson who shows sufficient propriefary interest

i applicant is the legal representative, indicate the authority o file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

if the Applicant is an Organization check here. X

Organization Name WaWSens Devices, Inc.

Mailing Address Information For Applicant:

Address 1 1 38 Third Street, Suite 307

Address 2

City Los Alos State/Province i CA

Country [ us Postal Code { 94022

Phone Number Fax Number '

e S — R S S

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR 1o have an assignment recorded by the Office.
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PTCRAIS [-18)

Approved or use thyough 1132020 OMB 0851-0032

W&, Palent ang Yrademark Office; U8, DEPARTMENT QF COMMERCE

Ureder the Papemark Resfuction Ad of 1888, no persons arg reguirssd io respond o & coffection sf #donmation unless § @ vathd 3088 control susster

Attorney Docket Number 308-0015USCIPDIVZ
Application Number 19/036.506

Application Data Sheet 37 CFR 1.76

Titte of Invention - | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Assignee 1

Complete this section if assignee information, inciuding non-applicant assignee information, is desirad to be included on the patent
application publication. &An assignee-applicant identified in the “Applicant Information” section wit sppear on the patent application
publication as an applicant, For an assignes-applicant, complele this section only if identification as an assignee is also desired on the
patent application publication.

if the Assignee or Non-Applicant Assignee is an Qrganization check here, ; M
AL T R, i
Prefix Given Name Middie Name Family Mame Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

city | 1 | StatelProvince
Country! Postal Code
Phone Number Fax NMumber

Email Address

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

Signature: }
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application

subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
ertity (8.4, corporation or assogiation). if the applicant is two or more joint inventors, this form must be signed by a
patent practitionar, gii joint inventors who are the applicant, er one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTOVAIA/ST) on behalf of gl joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

T 2025-11-14
Signature van8 Kavrukew Gerard M. Wissing Date (YYYY-MM-DD){: 2025-01-24
First Name | an 8- Gerard LastName | Kawiukov Wissing Registration Number | 25464 36,300

Additional Signature may be generated within this form by selecting the Add button.
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. FERAIN4 (G&-‘i&)
Spproved i use threegh 11302020 OB §531-0032
WL Paient ang Trademark Offics. U8 DERARTRENT OF COMMEREE

Uinten shig Paperwo Rocickion A1 0F 1889 na personk are regiied 10 Feepoigt o & solestitn of infg i rBsS it stains B valic OMB. shitisl number
Atiorney Docket Number | 308.0015USCIPDIVE
- Application Number 19/036,506

Application Data Sheet 37 CFR 1.76

Title of Invertion -} MICROSTRUCTURE ENHANCED ABSORFPTION PHOTOSENSITIVE DEVICES

This collestion ofinformation s required by 37 CFR 178, The infrmation & reguired 16 obtain o rélain'a behefit by the public wiick
i 1o flle (and by the LISPTO fa prosess) an application. Confidentiziity is governed by 38 U8 C. 122.and 37 CFR 1,14, This
coflectinn is astimated 1o take 23 minules to compiete, induding gathering, preparing, and submitiing the complated application data
‘sheet form to the USRTOL Time will vary depending upon the individuat case. Any commens on the amount of fime you require to
complete $is form andior suggestions for reducing this burden, should be sent to the Chief infurmation Officer, U.S. Patent and
Trademark Office, U8, Departmentof Commerce, P.O. Box 1450 Alexandria, VA 323131450, DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. "SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria,; VA 223131450,
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Privacy Act Statement

e Privacy ot of 1874 P4, §3-579) requires that you be given centaln informatien i connection with your submission of the attached form related 102 patent
application or patent. Accordingly, pursuant 1o the requirements of the Acs, pléese be advised thatt {1} the general autharity for the collection of this information
is 35 U SL. HLE) (3] furnishing of the information selicited is voluntary; and {3} the pringipal purpose for which the information is used by the .5, Patent and
Trademark Office is (o progess andfor examine your submission related to a patent application or patent. Ifyou do not furnish the requested information, thell S
Farent and Trademark Office miay nok be able to process andfor examing your subnission, 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 (o the following routine uses:

i

The infarmation on this form wilf he treated confidentially to the extent atiowed under the Freedom of Information Act {5 3L, 3523 and the Privacy
Bt {3 USK5522) Records from this system of records may be disclosed 1o the Depantment of fustice 1o determine whether the Freedom of
nformation At requires discloswre of these records.

B record from this system of records may be disclosed, as & routine use; in the course of presenting evidence 1o a Court, magisieate, of adeinistrative
tribunal, indluding disclosures 1o opposing counsel in the course of setfement negotiations.

& record in this system of records msy be disclosed, as a routing use, 10 Member of Congress submitting a reguest involving an individual, 1o whom
the record pertaing, when the individuat has reguested assistance from the Member with respect 1o the subjjectmatter of the record.

& record in this system of records may be disclosed, as a routine use, (o s contractor of the Agency Baving need fu the information in order to peefarm
acontract. Recipients of information shall be reguired Lo comply with the reguirenents of the Privacy &ct of 1974, a3 amended, pursuant o 5 U850
a52a(m}.

& record velated 10 an international Application filed under the Patent Cooperation Treaty in this system of records may be distlosed, 25 a routine use,
1 the International Bureau of the Workd intellectuat Property Organization, pursuant Lo the Patent Cooperation] reaty,

A record in this system of records may be disclosed, 35 a routine use, 1o ancther federal agency for purposes of National Security review {35 150,181
ang for review prursuant 1o the Atomic Foergy Aot {4 US.CO I8N

& vecord from this systent of records may he disclosed, as a routine use, 1o the Administrator, General Services, or bisther designee, dusing an
inspection of records conducted by G348 as part of that agency's respoasibility o recomunend improvements in records managenent practices and
pragrams, under authority of 44 U 5.0, 7904 and 2006, Such disclosure shall be made in accordance with the G%4 regulations governing inspection of
records for this purpose, and anyotherrelzvant fie, GS& or Commerce} directive. Such disclosure shall ot be used tomake determinations about
individhuals,

& record from this systent of records may e disclosed, a3 a routine use, (o the public after either publication of the application pursyant to 2B USL,
1220} ov issuance of 3 patent pursuant 1o 35 ULS5.0 131. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, a3 2 routine use,
o the public if the record was filed in an application which became absndoned o in which the proceedings were terminsted and which applicstion is
referenced by either 3 published appiication, an application open 1o public inspections or anissuad patent.

& record from this system of records may he disclosed, as a routine use, (o a Federal, State, or local law enforcement agency, i the USPTO becomey
aware of 2 violation or potential viclation of law or regudation,
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Attorney Docket No.: 309-0015USCIPDIV2 PATENT

Confirmation No.: 4276

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Shih-Yuan WANG et al.

Application No.: 19/036,506
Filed: January 24, 2025
Title: MICROSTRUCTURE

ENHANCED ABSORPTION
PHOTOSENSITIVE DEVICES

Examiner: Eduardo A. Rodela

Art Unit: 2893

CERTIFICATE OF TRANSMISSION
I hereby certify that this correspondence is being
submitted through the USPTO Electronic Filing Service
addressed to the Commissioner for Patents, P.O. Box
1450, Alexandria, VA 22313-1450.

/Mary Ellen Finnegan/
Date: Nov. 14, 2025 Name: Mary Ellen Finnegan

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

Alexandria, VA 22313-1450

REQUEST FOR CORRECTED FILING RECEIPT

Applicant hereby submits this Request for Corrected Filing Receipt to recognize

Applicant’s Priority Claim set forth in the Corrected Application Data Sheet filed concurrently

herewith.

On November 12, 2025 the Office mailed a Corrected Filing Receipt that did not

recognize one or more benefit claims listed in the Domestic Benefit section of the ADS filed

with the Application on January 24, 2025 (the “Original ADS”). Applicant then reviewed the

benefit claims listed in the Domestic Benefit section of the Original ADS and noticed a

typographical error in one application listed.

To correct the typographical error and restore the original chain of priority, Applicant

hereby submits:

1. A Corrected Application Data Sheet with underlining to correct the priority
claims in the Domestic Benefit section of the Original ADS;
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2. A Petition to Accept an Unintentionally Delayed Priority Claim; and

3. The required Petition Fee.

Applicant respectfully requests the Office issue a Corrected Filing Receipt in accordance
with the Corrected Application Data Sheet submitted herewith.
The Office is hereby authorized to charge any fees that may be required in connection

herewith and to credit any overpayment to our Deposit Account No. 600125.

Respectfully submitted,
/Gerard M. Wissing/

Gerard M. Wissing
Registration No. 36,309
Attorney for Applicant

Date: November 14, 2025

Wissing Miller LLP
Address: (associated with Customer Number: 139982)
Phone: (516) 901-7027
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| UNITED STATES a VA3 1428
| PATENT AND TRADEMARK OFFICE e, e e ooy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 11/14/2025 04:26:45 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 73187611 FILING DATE  01/24/2025
CUSTOMER # 139982 FIRST NAMED  Shih-Yuan WANG
INVENTOR
CORRESPONDENCE - AUTHORIZED BY ~ Gerard Wissing
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
309-
0015USCIPDIV2_Reqg_Corre 5 Request for Corrected Filing 94 KB
ct_Filing_Rcpt_Filed Receipt
14Nov2025.pdf
309-
0015USCIPDIVZ2_Petition_C 5 Petition for review by the Office 308 KB
hange_Priority_Claim_Filed_ of Petitions
14Nov2025.pdf
309-
0015USCIPDIV2_Corrected 37 Application Data Sheet 21300 KB

ADS_Filed__14Nov2025.pdf

Warning: This is not a USPTO supplied ADS fillable form. Data in the form cannot be
automatically loaded to other USPTO systems.
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Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

309-
0015USCIPDIV2_Req_Correct
_Filing_Rcpt_Filed
14Nov2025.pdf

55973BCE7FFF0271B550EEBF644DF6E80705CD11D8AE31712
8A6F69130773544008B9466B33429287558FBAF022E1A068CB
ABDB36457158887CCBE09942768DB

3009-
0015USCIPDIV2_Petition_Cha
nge_Priority_Claim_Filed_14No

29162D7DE3AA26BB21C479F5052238082058C64F 15802C9CD
C7BEOS5F46330496DA5A8B48CD4E04BDCF2E5FABO8FC32783
A1C29B7A8C7441ADC65FEFA8637091C

v2025.pdf

309- 5021FD35117AE1215BBE4C825EAG319E88D0OCD335750D3F 3B
0015USCIPDIV2_Corrected A 166AAA05B704569271A08B586331307F77E177BBC3E35935BC
DS_Filed__14Nov2025.pdf 4E89D4201F17C884F841E2B3E5DES

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 a VA3 1428
| PATENT AND TRADEMARK OFFICE e, e e ooy

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 11/14/2025 04:26:45 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

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

CONFIRMATION # 4276 FILED BY Mary Ellen Finnegan
PATENT CENTER # 73187611 AUTHORIZED BY  Gerard Wissing
CUSTOMER # 139982 FILING DATE  01/24/2025
CORRESPONDENCE - FIRST NAMED  Shih-Yuan WANG
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 8026 E2025ADG27486067 Mary Ellen Finnegan
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY

600125 37 CFR 1.21 (Miscellaneous fees and charges)

FEE CODE DESCRIPTION ITEM PRICE(S) QUANTITY ITEM TOTAL(S)

PETITION FOR THE DELAYED
SUBMISSION OF A PRIORITY OR
2454 BENEFIT CLAIM, OR TO 904.00 1 904.00
RESTORE THE RIGHT OF
PRIORITY OR BENEFIT

TOTAL

AMOUNT: $904.00

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
lexandria, Virginia 22313-1450

‘www.uspto.gov
APPLICATION FILING or GRP ART
| NUMBER | 371(c) DATE | UNIT | FIL FEE REC'D ATTY.DOCKET.NO |TOT CLAIMS | IND CLAIMS |
19/036,506 01/24/2025 2893 1032 309-0015USCIPDIV2 19 2
CONFIRMATION NO. 4276
139982 CORRECTED FILING RECEIPT

Industious i Hudson Yards A D

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

Date Mailed: 11/12/2025

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Shih-Yuan WANG, Palo Alto, CA;
Shih-Ping Wang, Los Altos, CA;
Applicant(s)
W&WSens Devices, Inc., Los Altos, CA;

Power of Attorney: The patent practitioners associated with Customer Number 139982

Domestic Applications for which benefit is claimed
This application is a DIV of 18/822,880 09/03/2024 PAT 12,243,948
which is a DIV of 18/385,213 10/30/2023 PAT 12,087,871
which is a CIP of 17/974,325 10/26/2022 PAT 11,830,954
and is a CIP of 18/113,474 02/23/2023

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent
Prosecution Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/28/2025
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 19/036,506
Projected Publication Date: Not Applicable.
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES
Preliminary Class

136
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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

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

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

NOT GRANTED

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

SelectUSA

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
139982 7590 10/27/2025
Wissing Miller LLP RODELA, EDUARDO A
Industrious at Hudson Yards
31 Hudson Yards, 11th Floor | ART UNIT | PAPER ER |
New York, NY 10001 2893
DATE MAILED: 10/27/2025
APPLICATION NO FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276

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 $516 $0.00 $0.00 $516 01/27/2026

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 10/27/2025 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)

273-28835, 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.
19/036.506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
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 $516 $0.00 $0.00 $516 01/27/2026
| EXAMINER | ART UNIT | 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

| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is

[ "Fee Address” indication (or "Fee Address" Indication form PTO/ lisle%, 110 nar}r)le will be prir};ted. 8

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)

w

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

4a. Fees submitted: (Jissue Fee [IPublication 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)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

L Applicant certifying micro entity status. See 37 CFR 1.29 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

U Applicant asserting small entity status. Sec 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
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.

| Applicant changing to regular undiscounted fee status.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
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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. |
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
| EXAMINER |
139982 7590 10/27/2025
Wissing Miller LLP RODELA, EDUARDO A
Industrious at Hudson Yards
31 Hudson Yards, 11th Floor | ART UNIT PAPER ER |
New York, NY 10001 2893

DATE MAILED: 10/27/2025

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).

https /fwww. govindo. gov/content/pk/ FR-201 3-03-29/pdi/2013-0734 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)

19/036,506 WANG et al.
Notice of A//owabi/ity Examiner Art Unit AlA (First
Eduardo A Rodela 2893

Inventor to File)
Status Yes

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

1.[¥) This communication is responsive to 9/26/2025.
(0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. The allowed claim(s) is/are 37-49 . 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:/iwww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

a) Al b) J Some* ¢) (J None of the:
1. (O Certified copies of the priority documents have been received.
2. [ Cetrtified copies of the priority documents have been received in Application No.

3. [J 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.

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

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

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

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

Attachment(s)

1.[¥) Notice of References Cited (PTO-892)

2.[¥) Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7.3 other .
of Biological Material
4.} Interview Summary (PTO-413),

Paper No./Mail Date. 9/26/2025.

5. [J 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 20250926

Samsung Exhibit 1057, Page 224 of 718
Samsung v. W&Wsens - PGR2025-00082



Application/Control Number: 19/036,506 Page 2
Art Unit: 2893

DETAILED ACTION
This correspondence is in response to the communications received September 26, 2025.

Claims 37-49 are pending.

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
In light of Applicant’s clarification regarding priority in the remarks dated September 26,

2025, Examiner agrees with Applicant’s assessment of priority.

Claim Rejections - 35 USC § 112
The 112a rejections to (previous) claims 18 and 32 have been withdrawn in light of the

remarks provided on September 26, 2025.

REASONS FOR ALLOWANCE

Claims 37-49 are allowed.
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Application/Control Number: 19/036,506 Page 3
Art Unit: 2893

The following is an Examiner's statement of reasons for allowance: The pillar shaped
light photodiode array as recited in the claims of the instant invention fail to be taught by the

prior art cited of interest.

Regarding claim 37, the prior art discloses pillar shaped light photodiode array, but fails
to disclose the specific characteristic recited in the claims of the instant invention e.g. the
combination of claimed features of the specified semiconductor material based pillars with n and
p doped regions, holes in the light entry surface, side isolation, electrical contacts, in conjunction
with the limitations of,

“including for selected reverse-biasing at least some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like photodetectors in

pillars lacking said holes.”

A prior art rejection in view of Dutta (US 8,357,960) in view of Hsu et al. (US
2008/0083963) in view of Dutta (US 8,106,289), was attempted, however, several of the claim

limitations were not able to be addressed by the prior art.
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Application/Control Number: 19/036,506 Page 4
Art Unit: 2893

Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Eduardo A Rodela whose telephone number is (571)272-8797.
The examiner can normally be reached M-F, 8:30-5:00pm ET.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Yara B Green can be reached on (571) 270-3035. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/EDUARDO A RODELA/
Primary Examiner, Art Unit 2893
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Application No. Applicant(s)
19/036,506 WANG et al.
. .y r . i AlA (First | t:
Examiner-Initiated Interview Summary Egﬁ:r:j’;e; Rodela ﬁ:it to Fi(,e;';a;'l‘,'f mor | Page
2893 Yes 10of1

Eduardo A Rodela Primary Examiner Telephonic
Gerard M. Wissing Attorney
Ivan Kavrukov Attorney

Date of Interview: 26 September 2025

Issues Discussed:

35 U.8.C. 112

Applicant's Representatives further clarified the support for the claim content which was identified in the
previous 112a written description rejection to claims 18 and 32.

Other

Applicant's Representatives explained the purpose of presenting the information and prior art references

in the discussion around the section of remarks titled, "IPRs and PGR regarding commonly assigned
patents".

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:|t 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. 20250926
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Notice of Referernces Cited

Application/Control No. Applicant(s)/Patent Under
19/036,506 Reexamination
WANG et al.
Examiner Art Unit
Eduardo A Rodela 2893 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coum?cc:;;ﬂn’:‘b‘g:_‘im ode YYYB_a,\tAeM_DD Name CPC Classification US Classification
* | A | US-8357960-B1 2013-01-22 Dutta; Achyut Kumar B82Y20/00 257/292
* | B | US-20080083963-A1 2008-04-10 Hsu; Louis Lu-Chen H10F77/147 257/431
* [ ¢ [uUs-8106289-B2 2012-01-31 Dutta; Achyut Kumar H10F77/148 136/258

D

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* Countzog:c?;?Nn:n’:‘bueTlsﬁz Code YYY\?—aI\t/IeM-DD Country Name CPC Classification

N

o}

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title, Date, Publisher, Edition or Volume, Pertinent Pages

U

V'

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in YYYY-MM-DD format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 11-2023)

Notice of References Cited

Part of Paper No. 20250926
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Search Notes

Application/Control No.

Applicant(s)/Patent Under Reexamination

19/036,506 WANG et al.

Eduardo A Rodela 2893
CPC - Searched*
Symbol Date Examiner
(H10F39/014,024,8027,806,8067; H10F71/121,1212,1215; H10F77/ EAR
14,147,40,413,488,70,703; H10F77/703; H10F30/223; H10F77/122; | 10/02/2025
H10F77/1226; H10F77/14; H10F77/1437; H10F77/147; H10F77/413
H10F77/122,143,1437,147,70,703,413 10/02/2025 EAR
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
PE2E search - see history for complete details 10/02/2025 EAR
Inventor & Applicant search 10/02/2025 EAR
Similarity search 10/02/2025 EAR
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

noted CPC in conjunction with a text limited search

search area 10/02/2025 EAR

U.S. Patent and Trademark Office

Page 1 of 1

Part of Paper No.: 20250926

Samsung Exhibit 1057, Page 230 of 718
Samsung v. W&Wsens - PGR2025-00082




Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |49/036 506 WANG ef al.
H “H“ Examiner Art Unit
Eduardo A Rodela 2893
CPC
Symbol Type Version
H10F 703 F 2025:01:07
H10F 14 | 2025-01:01
H10F 223 | 2025:01:01
H10F 122 | 2025:01:01
H10F 147 | 2025:01:01
H10F 413 | 2025-01-01
H10F 1226 | 2025-01:01
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Doc code: IDS PTO/SB/08 (01-25)
S . . . Approved for use through 11/30/2027. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

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

Application Number 19036506
INFORMATION DISCLOSURE |02 e

First Named Inventor | Shih-Yuan WANG
STATEMENT BY APPLICANT :

Art Unit ‘ 2893

Examiner Name | Eduardo A. Rodela

Attorney Docket Number ‘309-0015USCIPDIV2

U.S. PATENTS
. . . . Pages, Columns, Lines where
E>_<e_1m*|ner Cite Patent Number Kind Issue Date Name of Inventor of cited Relevant Passages or Relevant
Initial No Code’ Document

Figures Appear

If you wish to add additional U.S. Patent citation information, please click the Add button.
U.S. PATENT APPLICATION PUBLICATIONS

Examiner| A. Publication Kind | Publication Name of Inventor or Applicant Pages, Columns, Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20120049044 2012-03-01 Kuboi
2 20120033119 2012-02-09 Shinohara
3 20120153124 2012-06-21 Yuetal.
4 20120012741 2012-01-19 Vasylyev
If you wish to add additional U.S. Published Application citation information, please click the Add butto
FOREIGN PATENT DOCUMENTS
Name of Patentee or Pages, Columns,
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited Lines where Relevant 5
Initial* No | Number3 Code?| Coded| Date pp Passages or Relevant
Document .
Figures Appear
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Application Number 19036506
INFORMATION DISCLOSURE == 20250128

First Named Inventor | Shih-Yuan WANG
STATEMENT BY APPLICANT ,

Art Unit | 2893

Examiner Name | Eduardo A. Rodela

Attorney Docket Number ‘309-0015USC|PD|V2

1 2002314116 JP 2002-10-25 Harada et al. ]
2 2007129024 JP 2007-05-24 Hasegawa ]
3 2172974 EP 2010-04-07 NXP B.V. ]

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
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* [ No

Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic nanohole arrays, 11 March 2013/Vol. D
21, No. 5/OPTICS EXPRESS 5924-5930. (7 pages)

If you wish to add additional non-patent literature document citation information, please click the Add butto
EXAMINER SIGNATURE

Examiner Signature JEDUARDO A RODELA/ Date Considered 09/29/2025

*EXAMINER: Initial if reference considered and 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.

1 See Kind Codes of USPTO Patent Documents at www LSPT

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.  Applicant is to place a check mark here iff
English language translation is attached.

(312V or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
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Receipt date: 09/16/2025 18/036,506 ~ GAU: 2893

Application Number 19036506
INFORMATION DISCLOSURE == 20250128

First Named Inventor | Shih-Yuan WANG
STATEMENT BY APPLICANT ,

Art Unit | 2893

Examiner Name | Eduardo A. Rodela

Attorney Docket Number ‘309-0015USC|PD|V2

TIMING STATEMENT
Please see 37 CFR 1.97(e) 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).

O

See attached timing statement under 37 CFR 1.97(e).

A timing statement under 37 CFR 1.97(e) is not submitted herewith.
TIMING FEE

The fee set forth in 37 CFR 1.17(p) has been submitted herewith.
COPIES

O

X]

X]

An identification of an earlier application pursuant to 37 CFR 1.98(d)(1) is attached.

SIZE FEE ASSERTION

Please see 37 CFR 1.17(v) and the % Auto-Load Instructions for completing this form to make the appropriate selection of
an assertion under 37 CFR 1.98. For the information disclosure statement (IDS) submitted herewith, the applicant or patent
owner certifies the following with respect to the cumulative number of applicant-provided or patent-owner provided items of
information submitted to date including those in the accompanying IDS (select only one):

No IDS size fee is required under 37 CFR 1.17(v) at this time.
f] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(1).
7] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(2).

F] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(3).

SIGNATURE
A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d)
for the form of the signature.

Signature /Gerard M. Wissing/ Date (YYYY-MM-DD) 2025-09-16
Name/Print Gerard M. Wissing Registration Number 36,309
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Receipt date: 09/16/2025

18/036,506 - GAU:

2883

Application Number

19036506

Filing Date
INFORMATION DISCLOSURE

2025-01-24

STATEMENT BY APPLICANT

First Named Inventor | Shih-Yuan WANG

Art Unit

|2893

Examiner Name

| Eduardo A. Rodela

Attorney Docket Number

‘ 309-0015USCIPDIV2

VA 22313-1450.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 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,
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Receipt date: 09/16/2025 18/036,506 ~ GAU: 2893

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 the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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OR US-20230238468-
A1 OR US-
20100221866-A1 OR
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US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
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US-9331116-B2).did.
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OR US-20180359434-
A1 OR US-
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AND FTDB.dbnm.)
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US-10739189-B2 OR  |HR, HU, ID, IE, IL, IS,
US-11037794-B2 OR  |IT, JP, KR, LT, LU, LV,
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20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
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A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
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US-8453319-B2 OR
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((US-20110036396-A1
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20080067721-A1 OR
US-20070049028-A1
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A1 OR US-
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US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
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USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
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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,
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A1OR US-

20180182806-A1 OR

US-20200135776-A1

OR US-20100271524-

A1 OR US-

20140167066-A1).did.

AND PGPB.dbnm.) OR

((CN-116110986-A OR

CN-110518093-A).did.

AND FTDB.dbnm.)

L38 9 "10050078".pn. (US-PGPUB; USPAT; |OR ON ON 2025/09/29

USOCR; FIT (AU, AP, 09:20 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)

L39 37 ("9853073"|"201002765 [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
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140021574"|"20140146 |AT, BE, BG, BR, BY,
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0160054172"|"8941200 |CZ, DD, DE, DK, EA,

"['8946610"|"8970751"|" |EE, EP, ES, FI, FR, GB,

9313433"|"9577012").P |HR, HU, ID, IE, IL, IS,

N. IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
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"20100019129" |
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L48

L49

L50

L51

60336

15285465

102189812

"9252177".pn.

("20050213221" |
"20090040345" |
"20110037869").pn. OR
("9252177").urpn. AND
(PGPB | USPT |
USOC).dbnm.

(micrometer OR micro
OR (micro NEAR
structur$3)) WITH
(pillars OR columns)
WITH (plurality OR
matrix OR array)

silicon OR "SiGe" OR
(silicon NEAR
germanium) OR
germanium

recess$2 OR hole OR
aperture OR orifice OR

(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)

(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, 8I, 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,

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
03:43 PM

2025/09/29
03:43 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506

Page 5 of 26

Samsung Exhibit 1057, Page 243 of 718
Samsung v. W&Wsens - PGR2025-00082




L52

L53

L54

L55

3873614

460

159

49

opening OR pit OR
hollow

(dielectric OR oxide OR
nitride OR glass OR
insulat$3) near3 (fill$3
OR 1in$3)

(L1 same3 L3 SAME
L4) AND L2

(L1 same3 L3 SAME
L4) AND L2

("4983251" | "6316793"
| "6486502" | "6583454"
| "6682659" | "8147704"
| "8608468" | "8993380"
| "9000584" | "9048222"
| "9048233" | "9064879"
[ "9111949" | "9209068"
| "9263511" | "9281254"

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, 8I, 8K,
TH, TN, TR, TW, UA,
VN); 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, SI, 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, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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| "9299649" | "9368460"
| "9372206" | "9425126"
| "9431368" | "9443783"
| "9461018" | "9484482"
| "9496189" | "9564414"
| "9666502" | "9735131"
| "9899355" |
"10366962" |
"20010017370" |
"20030201459" |
"20090154871" |
"20100216294" |
"20110008484" |
"20110036396" |
"20120156321" |
"20130279844" |
"20150037044" |
"20150194337" |
"20150378095" |
"20160190093" |
"20160315452" |
"20170092626" |
"20170207600" |
"20180308834" |
"20190004247").pn. OR
("11347001").urpn

AND (PGPB | USPT |

USOC).dbnm.
L56 16 ("7189635" | (US-PGPUB; USPAT; |OR ON ON 2025/09/29
"20020133129" | USOCR) 04:04 PM
"20070049028" |
"20080061214" |
"20080067721" |
"20080217819" |
"20100203235").pn. OR
("8147704").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L57 13 ("2010/0203235").urpn. [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
AND (PGPB |USPT| |USOCR) 04:04 PM
USOC).dbnm.
L58 7 ("2007/0049028").urpn. [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
AND (PGPB |USPT| [USOCR) 04:04 PM
USOC).dbnm.
L59 41067 H10F39/014,024,8027, |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
806,8067.cpc. OR USOCR) 04:04 PM
H10F71/121,1212,1215
.cpc. OR
H10F77/14,147,40,413,
488,70,703.cpc.
L60 17 H10F77/703.cpc. AND |(US-PGPUB; USPAT; [OR ON ON 2025/09/29
L1 AND L3 USOCR) 04:04 PM
L61 39 H10F77/703.cpc. AND |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
L1 AND L3 USOCR; FIT (AU, AP, 04:04 PM
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
10/02/2025 03:51:12 PM Page 7 of 26
Workspace: 19036506 ER
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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)
L62 418 L12 AND L1 AND L3 (US-PGPUB; USPAT; |OR ON ON 2025/09/29
USOCR; FIT (AU, AP, 04:04 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,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L63 138 L12 AND L1 AND L3 (US-PGPUB; USPAT; |OR ON ON 2025/09/29
USOCR) 04:04 PM
L64 0 ("2023/0238468").urpn. [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
AND (PGPB | USPT| |USOCR) 04:04 PM
USOC).dbnm.
L65 194 ("4358851" | "4634272" |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
| "4676599" | "4702600" | USOCR) 04:04 PM
| "4744667" | "4851664"
| "5267016" | "5288992"
| "5760899" | "5982552"
| "6014232" | "6133989"
| "6255133" | "6374024"
| "6414746" | "6690019"
| "6721262" | "7091462"
| "D531525" | "7170542"
| "7295298" | "7345271"
| "7421159" | "7433042"
| "7808706" | "7848478"
| "7969558" | "8013983"
| "8089618" | "8130367"
| "D659030" | "8319949"
| "8330840" | "8374405"
| "8384997" | "8494252"
| "8675181" | "8717488"
| "8742325" | "8743176"
| "8761495" | "8767190"
| "8829406" | "8836922"
| "8848039" | "9041915"
10/02/2025 03:51:12 PM Page 8 of 26
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| "9063549" | "9071763"
| "9086273" | "9111444"
| "9157790" | "9164511"
[ "9176051" | "9229109"
| "9285464" | "9285477"
[ "9299731" | "9368936"
| "9369689" | "9383753"
| "9425654" | "9435891"
| "9470520" | "9489601"
| "9525863" | "9529079"
| "9551791" | "9992477"
| "10063849" |
"10183541" |
"10222458" |
"10222475" |
"20020072684" |
"20030006676" |
"20030047752" |
"20040061502" |
"20040223071" |
"20050030409" |
"20060244851" |
"20070007563" |
"20070060806" |
"20070228262" |
"20080153189" |
"20090016642" |
"20090040629" |
"20090179142" |
"20090295910" |
"20100008588" |
"20100020306" |
"20100110275" |
"20100123893" |
"20100204964" |
"20110025843" |
"20110032398" |
"20110037849" |
"20110116262" |
"20110216304" |
"20120044476" |
"20120140109" |
"20120154914" |
"20120182464" |
"20120287417" |
"20120320164" |
"20130044310" |
"20130141549" |
"20130206967" |
"20130294089" |
"20130300840" |
"20140118335" |
"20140118493" |
"20140153001" |
"20140158900" |
"20140168631" |
"20140176933" |
"20140211194" |

10/02/2025 03:51:12 PM
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"20140269796" |
"20140285628" |
"20140291491" |
"20140313519" |
"20140375977" |
"20140376092" |
"20150002636" |
"20150131080" |
"20150184999" |
"20150192677" |
"20150292948" |
"20150293224" |
"20150316473" |
"20150355470" |
"20150358601" |
"20150378241" |
"20150379371" |
"20160003946" |
"20160047895" |
"20160047896" |
"20160047897" |
"20160047898" |
"20160047899" |
"20160047900" |
"20160047901" |
"20160047903" |
"20160049765" |
"20160097858" |
"20160150963" |
"20160161600" |
"20160218727" |
"20160265902" |
"20160291134" |
"20160306032" |
"20160327779" |
"20160328619" |
"20170146640" |
"20170219426" |
"20170219695" |
"20170269197" |
"20170269198" |
"20170269209" |
"20170269215" |
"20170289524" |
"20170350983" |
"20180059222" |
"20180067209" |
"20180069838" |
"20180136042" |
"20180152691" |
"20180299554" |
"20180329035" |
"20180329060" |
"20180329061" |
"20180329062" |
"20180329066" |
"20180359460" |
"20190011556" |

10/02/2025 03:51:12 PM

Workspace: 19036506

Page 10 of 26
ER

Samsung Exhibit 1057, Page 248 of 718
Samsung v. W&Wsens - PGR2025-00082




L66

L67

LG8

L69

19

19

69978

"20190011561" |
"20190011562" |
"20190011567" |
"20190018111" |
"20190146088" |
"20190064355").pn. OR
("10739189").urpn.
AND (PGPB | USPT |
USOC).dbnm.

("4407695" | "6835317"
| "8501020" | "9675790"
| "9993948" |
"20080047929" |
"20170110330").pn. OR
("11037794").urpn

AND (PGPB | USPT |
USOC).dbnm.

("4407695" | "7046441"
| "7483130" | "7700520"
| "20060002656" |
"20060228722" |
"20070177647" |
"20070184204" |
"20070284570" |
"20080047929" |
"20100087723" |
"20100221866" |
"20100244079" |
"20110195201" |
"20120152353" |
"20120170033").pn. OR
("8501020").urpn. AND
(PGPB | USPT |
USOC).dbnm.

("4117506" | "4403239"
| "5211761" | "8344241"
| "20010013362" |
"20020011263" |
"20020192441" |
"20040084080" |
"20040109666" |
"20050098205" |
"20050121068" |
"20060118166" |
"20060207647" |
"20090194152" |
"20090283139" |
"20100096013" |
"20100186802" |
"20110162706" |
"20130048070").pn. OR
("9406824").urpn. AND
(PGPB | USPT |
USOC).dbnm.

(H10F77/703 OR
H10F30/223 OR

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB:; USPAT:
USOCR)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
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L70

L71

L72

L73

L74

L75

L76

43660

139

32

869

40

H10F77/122 OR
H10F77/1226 OR
H10F77/14 OR
H10F77/1437 OR
H10F77/147 OR
H10F77/413).cpc.

L12 OR L22
L23 AND L1 AND L3

("4814847" | "5266814"
| "6667528" | "7015139"
| "7132677" | "7183127"
| "20050255581" |
"20070158661" |
"20070210349" |
"20080105296").pn. OR
("8357960").urpn. AND
(PGPB | USPT |
USOC).dbnm.

(("W&amp;W") near3
"SENS") near3
"DEVICES") near3
"INC"))).AS,AANM.

(

(

(

(("WANG") near3
("Shih-Yuan")) OR
(("WANG") near3
("Shih-Ping"))).INV.
(

L26 OR L27) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR
infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption)).cl
m.

("5315147" | "5759292"
| "6879014" | "7276749"
| "7396696" | "7525170"

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, 8I, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(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, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:
USOCR)

OR

OR

OR

OR

OR

AND

AND

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
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L77 10
L78 1
L79 1
L80 9

| "8129710" | "8357960"
| "8558336" | "8946675"
| "9000492" | "9184202"
| "9263519" | "9515218"
| "10411053" |
"10522582" |
"11211419" |
"11309444" |
"11728457" |
"20050145779" |
"20080083963" |
"20100320444" |
"20110156195" |
"20110297214" |
"20110309331" |
"20120012741" |
"20120153127" |
"20120153416" |
"20120196401" |
"20130125965" |
"20140016660" |
"20160240579" |
"20170141153" |
"20180012918" |
"20180102442" |
"20180182806" |
"20190001989" |
"20190166317" |
"20200006407" |
"20200006416").pn. OR
("12243948").urpn.
AND (PGPB | USPT |
USOC).dbnm.

("20150372034" |
"20160112614" |
"20170104020" |
"20170117309" |
"20180151759" |
"20180182806" |
"20180359434").pn. OR
("11211419").urpn

AND (PGPB | USPT |
USOC).dbnm.

"11830594".pn.
"11830954".pn.

("9209320" | "9331116"
| "9876045" |
"11594657" |
"20100271524" |
"20140167066" |
"20180033895" |
"20200135776" |
"20210305440").pn. OR
("11830954").urpn

(US-PGPUB; USPAT; |AND

USOCR)

(US-PGPUB; USPAT; |AND

USOCR)

(US-PGPUB; USPAT; |AND

USOCR)

(US-PGPUB; USPAT; |AND

USOCR)

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L81

L82

36

34

AND (PGPB | USPT |
USOC).dbnm.

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR

(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, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L83

36

US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR

(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

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L84 36

US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2) did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1

(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, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

ON

ON

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L85

L86

L87

L88

L89

37

13

OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

"10050078".pn.

("9853073"|"201002765
72""20130181114""20
140021574"|"20140146
208"|"20150171146"["2
0160054172"|"8941200
""8946610"["8970751"|"
9313433""9577012").P
N.

("6882364" | "7110034"
| "8208052" | "8289422"
| "8294076" | "8384818"
| "20020135825" |
"20100019129" |
"20120212656" |
"20140055649").pn. OR
("9853073").urpn. AND
(PGPB | USPT |
USOC).dbnm.

("20130182155").pn.
OR ("8970751").urpn.
AND (PGPB | USPT |
USOC).dbnm.

"9252177".pn.

(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, SK,
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, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L90

L91

L92

L93

17

869

50

("20050213221" |
"20090040345" |
"20110037869").pn. OR
("9252177").urpn. AND
(PGPB | USPT |
USOC).dbnm.

((("W&amp;WSens")
near3 ("Devices") near3
("Inc"))).AS,AANM.

(("WANG") near3
("Shih-Yuan")) OR
(("WANG") near3

("Shih-Ping"))).INV.

(Artificial Intelligence)
Similar to:

19/036,506 with 0 CPC
Selections and 0 Text
Selections

Text:
(US-20250194293-A1
OR US-12087871-B2
OR US-12243948-B2
OR US-20240429332-
A1 OR KR-
20220164070-A OR
KR-20220019844-A OR
US-11621360-B2 OR
KR-102472078-B1 OR
KR-102593511-B1 OR
US-20240063317-A1
OR KR-20160039150-A
OR US-20190019899-
A1 OR US-10700225-
B2 OR EP-3000134-B1
OR US-9559240-B1 OR
US-11309444-B1 OR
KR-102358584-B1 OR
WO-2019018846-A2
OR US-20220246775-
A1 OR WO-
2014190189-A9 OR
US-20230215962-A1
OR US-20160254407-

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)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(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))

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
05:04 PM

2025/09/29
05:15 PM

2025/09/29
05:15 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L94

L95

59241

93510

A1 OR US-
20160126381-A1 OR
KR-20180060969-A OR
WO-2014190189-A2
OR US-9496435-B2 OR
US-10622498-B2 OR
CN-116454144-A OR
US-11791432-B2 OR
CN-111133590-B OR
US-20180151759-A1
OR DE-102017123338-
B4 OR JP-7429084-B2
OR KR-102162408-B1
OR KR-20080028385-A
OR US-20220102563-
A1 OR US-
20200020816-A1 OR
EP-3772104-A1 OR
US-20130125965-A1
OR US-20160258867-
A1 OR US-9909989-B2
OR US-10707361-B2
OR US-9182338-B2 OR
US-20140329352-A1
OR US-8890271-B2 OR
US-20140045209-A1
OR US-11393937-B2
OR US-20170263790-
A1 OR CN-111133590-
A OR US-9406824-
B2).did.

H10F77/122,143,1437,
147,70,703,413.cpc.

(H10F77/703 OR
H10F30/223 OR
H10F77/122 OR
H10F77/1226 OR
H10F77/14 OR
H10F77/1437 OR
H10F77/147 OR
H10F77/413 OR
H10F30/221 OR
H10F30/225 OR

(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, SK,
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,

OR

OR

ON

ON

ON

ON

2025/09/29
05:19 PM

2025/09/29
05:23 PM

10/02/2025 03:51:12 PM

Workspace: 19036506

Page 19 of 26
ER

Samsung Exhibit 1057, Page 257 of 718
Samsung v. W&Wsens - PGR2025-00082




L96

L97

L98

199

40

H10F77/40 OR
H10F77/407).cpc.

(L94 OR L95) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR
infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption))

(L94 OR L95) AND L1
AND L3

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR

NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
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, 8I, 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, 8I, 8K,
TH, TN, TR, TW, UA,
VN); 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, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

AND

OR

OR

ON

ON

ON

ON

ON

ON

2025/09/29
05:25 PM

2025/09/29
05:26 PM

2025/10/01
03:51 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L99 38

US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2) did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR
US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR
US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR

(US-PGPUB; USPAT)

OR

ON

ON

2025/10/01
03:51 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L100 40

US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR
US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR
US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR

(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

2025/10/02
09:09 AM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L101 38

US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1OR US-
20140167066-A1 OR
US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR
US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2) did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR

(US-PGPUB; USPAT)

OR

ON

ON

2025/10/02
09:09 AM

10/02/2025 03:51:12 PM
Workspace: 19036506
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L102

L103

L104

L105

35

92

47

US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

(nm OR nanometer$1
OR "um" OR "mu" OR
micrometer$1 OR
micron$1) AND L101

(silicon WITH pillar)
AND L101

(silicon WITH pillar)
AND H10F77/1437 .cpc.

(silicon WITH pillar)
AND H10F77/1437 .cpc.

(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, 8I, 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, 8I, 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,
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ON
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Al

(silicon WITH pillar)
AND H10F77/147 .cpc.

"9252177".pn.

("20050213221" |
"20090040345" |
"20110037869").pn. OR
("9252177").urpn. AND
(PGPB | USPT |
USOC).dbnm.

((divot OR dent of hole
OR groove OR texture
OR (inverted NEAR
pyramid)) WITH ((top
OR upper OR upward)
NEAR (face OR
surface))) AND
H10F77/147,1437 .cpc.

("2009/0165844").urpn.
AND (PGPB | USPT |
USOC).dbnm.

"11830954".pn.

(US-PGPUB; USPAT)
(US-PGPUB; USPAT)

(US-PGPUB; USPAT:
USOCR)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OR

OR
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ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2025/10/02
01:54 PM

2025/10/02
02:53 PM

2025/10/02
02:59 PM

2025/10/02
03:00 PM

2025/10/02
03:11 PM

2025/10/02
03:19 PM

PE2E SEARCH - Search History (Interference)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1

N2

N3

(L26 OR L27) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR
infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption)).cl
m.

(L94 OR L95) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR
infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption))

(L91 OR L92) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

AND

AND

AND

ON

ON

ON

ON

ON

ON

2025/09/29
05:24 PM

2025/09/29
05:25 PM

2025/10/02
03:45 PM
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of the claims in the

application.

1-17. (Canceled)
18-36. (Canceled)

37. (New) A structure comprising:

an array of elongated pillars of semiconductor material in which each of at least

some of the pillars has:

(1) a respective light-receiving surface,

(i1) respective sides,

(i)  width of 50-2000 nm,

(iv) height of 100-10000 nm, and

(v) at least one photodetector of Si, Ge, and/or alloyed SiGe

semiconductor material formed in the pillar;

wherein each of the photodetectors:

(1) has P-doped and N-doped regions of the semiconductor material,

(ii) is configured to generate electrical charge carriers in the
semiconductor material of the photodetector in response to light that
(a) is in the visible and infrared wavelengths, and (b) illuminates
along a light direction the light-receiving surface of the pillar in

which the photodetector is formed;
one or more in-pillar holes each of which:

1) is fabricated as a recess in each of the pillars in which at least one of
the photodetectors is formed, and
(ii) extends along the light direction into the semiconductor material of

the pillar in which the in-pillar hole is fabricated;
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side-isolation comprising solid dielectric material between at least portions of the
sides of at least some of the pillars;

electrical contacts configured to provide electrical pathways coupled to at least
some of the photodetectors, including for selected reverse-biasing at least
some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like

photodetectors in pillars lacking said holes.

38. (New) The structure of claim 37, in which the array is monolithically integrated with Si

electronic devices.

39. (New) The structure of claim 37, in which at least one of the in-pillar holes in each of at

least some of the pillars is elongated in the light direction.

40. (New) The structure of claim 37, in which each of at least some of the holes is elongated

in a direction along the light-receiving surface of the pillar in which the hole is fabricated.

41. (New) The structure of claim 40, in which the array is monolithically integrated with Si

electronic devices.

42. (New) The structure of claim 40, in which each of at least some of the pillars has a

plurality of the elongated holes.

43. (New) The structure of claim 40, in which each of at least some of the pillars has only

one of the elongated holes.

44, (New) The structure of claim 40, in which each of at least some of the elongated holes
has at least one closed contour remote from side edges of the light-receiving surface of the pillar

in which the hole is fabricated.
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45. (New) The structure of claim 37, in which each of at least some of the pillars includes

only one of the photodetectors.

46. (New) The structure of claim 37, in which two or more of the photodetectors are

connected electrically in parallel.

47. (New) The structure of claim 37, wherein the array of pillars is monolithically integrated
with Si electronic devices for transmitting electrical signals related to accumulations of the

charge carriers in at least some of the photodetectors.

48. (New) The structure of claim 37, in which at least some of the holes extend 100 to 10000
nm in the light direction into the semiconductor material of the pillars in which the holes are

formed.

49. (New) The structure of claim 37, in which the pillars in which the photodetectors are

formed are elongated in the light direction.
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REMARKS

With this Supplemental Response, Applicant corrects a claim numbering issue noticed
after filing its Response to the Non-Final Office Action dated September 16, 2025. More
specifically, in the Preliminary Amendment filed on January 24, 2025, Applicant canceled
claims 1-17 and added new claims 18-36. In the Response to the Non-Final Office Action dated
September 16, 2025, Applicant again canceled claims 1-17, did not cancel claims 18-36 and
added new claims 18-30, which is inconsistent with Office rules. Therefore, in this
Supplemental Response, Applicant recognizes that claims 1-17 were previously canceled, has
canceled claims 18-36 and adds new claims 37-49 (which are the same as improperly number

new claims 18-30).

Interview Summary

Applicant’s representative would like to thank Examiner Rodela for his time and
professionalism during the interview conducted on September 26, 2025 (the “Interview”).
During the Interview, Applicant’s representatives, Gerard Wissing and Ivan Kavrukov, advised
the Examiner of the above described claim numbering issue and provided the Examiner with
additional background information regarding U.S. Publication No. US 2012/0049044 to Kuboi
identified on page 8 of this Response. There was no discussion regarding claim amendments,
except to suggest to Examiner Rodela that Applicant is willing to discuss claim amendments in

order to advance prosecution of the subject application.

Priority and Paragraph 112(a)
Examples of support are outlined below in the subject application and in the 2013
provisional applications that are incorporated by reference and to which priority is claimed.
FIG. 5B of the subject application illustrates an example of an array of vertical pillars of
semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar

with hole). Both are reproduced below.
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As seen in FIG. 5B and explained in the text of the subject application, each pillar 524
has a light receiving surface that is on top of the pillar in this example, illuminated with light
(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of
Si, Ge, or SiGe formed in the pillar.

The width of a pillar can be 50-2000 nm! and the height of a pillar can be 100-10000
nm.? Each photodetector has P-doped and N-doped regions and is configured to generate
electrical charge carriers in the semiconductor material of the photodetector formed in the pillar
in response to light that is in the visible and infrared wavelengths and illuminates the light-
receiving surface of the pillar.

Each of the pillars in the array of FIG. 5B can be a “pillar with a hole” as in the example
of FIG. 49.° Each in-pillar hole extends into the pillar in the direction of the light, down into the
pillar in this example.

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and,

with in-pillar holes in the pillars, fills at least a part of the holes,* and the in-pillar holes can be

! Provisional application 61/826,446 filed May 22, 2013, page 12; “The shape of the pillar can be... rectangle....
The pillar diameter range from 50-2000 nm ....”,

2 Provisional application 61/826,446 filed May 22, 2013, page 12: “[Plillars can be 100-10000 nm in length....”
3 See also provisional application 61/826,446 filed May 22, 2013, page 16; “[TThe microstructure can have both
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric
hole/pillar, not necessarily circular....”

4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013.

2-
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oxidized.’ Electrical contacts as seen in the example of FIG. 5B provide pathways to the
photodetectors and can reverse-bias them.® The presence of the in-pillar holes increases
absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk
semiconductor without holes.”

The array of pillars can be monolithically integrated with Si electronic devices.® The in-
pillar holes can be elongated — FIG. 46 of the subject application illustrates some examples of
holes that are longer in one direction than in an orthogonal direction along the light-receiving
surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes
and that at least one contour of a hole can be away from the outline of a pillar as seen in top

view.?

Section 103

The references identified in the Office Action, page 8, post-date the 2013 priority of the

subject application.

IPRs and PGR regarding commonly assigned patents
IPR and PGR petitions were filed challenging claims in six patents in the family of the

subject application,'” five of which are in a patent infringement action.!!

5 See also provisional application 61/826,446 filed May 22, 2013, page 16: “[P]atrial filling of the holes with filler
....” Page 10: “[TThermal oxidation of exposed surfaces ....”

6 See also provisional application 61/826,446 filed May 22, 2013, page 14: “The photodiode is reversed biased . . ..”
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May
22,2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application
paragraph [00114].

8 Provisional application 61/826,446 filed May 22, 2013, page 1: “Compatible with Si Photonics, CMOS processes
... integration with CMOS highly desirable.” Provisional application 61/834,873 filed June 13, 2013, pages 1-2:
“[TThe detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS

® See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013.

10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3)
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent
12,243,948.

1 The action is: W&Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.).
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if
the Office requests it.

-3-
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The references that the IPRs and the PGR assert are:

1. Kuboi US 2012/0049044

2. Shinohara US 2012/0033119

3. Yu US 2012/0153124

4. Harada Kokai No. 2002-314116 (P2002-314116A)

5. Hasegawa Kokai 2007-129024 (P2007-129024A)

6. NXPEP2 172974 Al

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic
nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930.

8. Vasylysev US 2012/0012741

Applicant submits that claims 18-30 differ patentably from these seven references taken
individually or in combination, at least because:

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes
and additionally proposes pixels 53R, 53G that generate electrical output only in organic material
13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and 10A.

Shinohara proposes an array of standard photodiodes with no in-pillar holes.

Yu proposes nanowires or nanopillars that also lack in-pillar holes.

Harada proposes a lateral photodiode with no pillars along the light direction and no in-
pillar holes.

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc
drive tracking.

NXP proposes standard photodiodes, with no in-pillar holes.

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars
of semiconductor material that are electrically isolated from each other and have reverse-biased
photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of
pillars of semiconductor material that are electrically isolated from each other and have reverse-

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

The Preliminary Amendment filed 01/24/2025 in the subject application addresses

-
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references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US
2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US
5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least
for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional
reasons.

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it

may help advance prosecution.
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Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.
Respectfully Submitted,
/Gerard M. Wissing/
WISSING MILLER LLP
Attorney for Applicant
By: Gerard M. Wissing

Reg. No. 36,309
Tel.:  516-901-7027
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AMENDMENTS TO THE CLAIMS
This listing of claims will replace all prior versions and listings of the claims in the

application.

1-17. (Canceled)
18-36. (Canceled)

37. (New) A structure comprising;
an array of elongated pillars of semiconductor material in which each of at least

some of the pillars has:

() a respective light-receiving surface,

(i)  respective sides,

(iii)  width of 50-2000 nm,

(iv)  height of 100-10000 nm, and

v) at least one photodetector of Si, Ge, and/or alloyed SiGe

semiconductor material formed in the pillar;
wherein each of the photodetectors:

(1) has P-doped and N-doped regions of the semiconductor material,

(1)  1is configured to generate electrical charge carriers in the
semiconductor material of the photodetector in response to light that
(a) is in the visible and infrared wavelengths, and (b) illuminates
along a light direction the light-receiving surface of the pillar in

which the photodetector is formed,;
one or more in-pillar holes each of which:

()] is fabricated as a recess in each of the pillars in which at least one of
the photodetectors is formed, and
(i)  extends along the light direction into the semiconductor material of

the pillar in which the in-pillar hole is fabricated;
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side-isolation comprising solid dielectric material between at least portions of the
sides of at least some of the pillars;

electrical contacts configured to provide electrical pathways coupled to at least
some of the photodetectors, including for selected reverse-biasing at least
some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like

photodetectors in pillars lacking said holes.

38. (New) The structure of claim 37, in which the array is monolithically integrated with Si

electronic devices.

39.  (New) The structure of claim 37, in which at least one of the in-pillar holes in each of at

least some of the pillars is elongated in the light direction.

40.  (New) The structure of claim 37, in which each of at least some of the holes is elongated

in a direction along the light-receiving surface of the pillar in which the hole is fabricated.

41. (New) The structure of claim 40, in which the array is monolithically integrated with Si

electronic devices.

42. (New) The structure of claim 40, in which each of at least some of the pillars has a

plurality of the elongated holes.

43. (New) The structure of claim 40, in which each of at least some of the pillars has only

one of the elongated holes.

44, (New) The structure of claim 40, in which each of at least some of the elongated holes
has at least one closed contour remote from side edges of the light-receiving surface of the pillar

in which the hole is fabricated.
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45.  (New) The structure of claim 37, in which each of at least some of the pillars includes

only one of the photodetectors.

46.  (New) The structure of claim 37, in which two or more of the photodetectors are

connected electrically in parallel.

47.  (New) The structure of claim 37, wherein the array of pillars is monolithically integrated
with Si electronic devices for transmitting electrical signals related to accumulations of the

charge carriers in at least some of the photodetectors.

48. (New) The structure of claim 37, in which at least some of the holes extend 100 to 10000
nm in the light direction into the semiconductor material of the pillars in which the holes are

formed.

49.  (New) The structure of claim 37, in which the pillars in which the photodetectors are

formed are elongated in the light direction.
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REMARKS

With this Supplemental Response, Applicant corrects a claim numbering issue noticed
after filing its Response to the Non-Final Office Action dated September 16, 2025. More
specifically, in the Preliminary Amendment filed on January 24, 2025, Applicant canceled
claims 1-17 and added new claims 18-36. In the Response to the Non-Final Office Action dated
September 16, 2025, Applicant again canceled claims 1-17, did not cancel claims 18-36 and
added new claims 18-30, which is inconsistent with Office rules. Therefore, in this
Supplemental Response, Applicant recognizes that claims 1-17 were previously canceled, has
canceled claims 18-36 and adds new claims 37-49 (which are the same as improperly number

new claims 18-30).

Interview Summary

Applicant’s representative would like to thank Examiner Rodela for his time and
professionalism during the interview conducted on September 26, 2025 (the “Interview”).
During the Interview, Applicant’s representatives, Gerard Wissing and Ivan Kavrukov, advised
the Examiner of the above described claim numbering issue and provided the Examiner with
additional background information regarding U.S. Publication No. US 2012/0049044 to Kuboi
identified on page 8 of this Response. There was no discussion regarding claim amendments,
except to suggest to Examiner Rodela that Applicant is willing to discuss claim amendments in

order to advance prosecution of the subject application.

Priority and Paragraph 112(a)
Examples of support are outlined below in the subject application and in the 2013
provisional applications that are incorporated by reference and to which priority is claimed.
FIG. 5B of the subject application illustrates an example of an array of vertical pillars of
semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar

with hole). Both are reproduced below.
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As seen in FIG. 5B and explained in the text of the subject application, each pillar 524
has a light receiving surface that is on top of the pillar in this example, illuminated with light
(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of
Si, Ge, or SiGe formed in the pillar.

The width of a pillar can be 50-2000 nm' and the height of a pillar can be 100-10000
nm.? Each photodetector has P-doped and N-doped regions and is configured to generate
electrical charge carriers in the semiconductor material of the photodetector formed in the pillar
in response to light that is in the visible and infrared wavelengths and illuminates the light-
receiving surface of the pillar.

Each of the pillars in the array of FIG. SB can be a “pillar with a hole” as in the example
of FIG. 49 Each in-pillar hole extends into the pillar in the direction of the light, down into the
pillar in this example.

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and,

with in-pillar holes in the pillars, fills at least a part of the holes,* and the in-pillar holes can be

! Provisional application 61/826,446 filed May 22, 2013, page 12; “The shape of the pillar can be... rectangle....
The pillar diameter range from 50-2000 nm ....”,

2 Provisional application 61/826,446 filed May 22, 2013, page 12: “[Plillars can be 100-10000 nm in length....”
3 See also provisional application 61/826,446 filed May 22, 2013, page 16; “[T]he microstructure can have both
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric
hole/pillar, not necessarily circular....”

4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013.

-6-
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oxidized.’ Electrical contacts as seen in the example of FIG. 5B provide pathways to the
photodetectors and can reverse-bias them.® The presence of the in-pillar holes increases
absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk
semiconductor without holes.”

The array of pillars can be monolithically integrated with Si electronic devices.® The in-
pillar holes can be elongated — FIG. 46 of the subject application illustrates some examples of
holes that are longer in one direction than in an orthogonal direction along the light-receiving
surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes
and that at least one contour of a hole can be away from the outline of a pillar as seen in top

view.’

Section 103
The references identified in the Office Action, page 8, post-date the 2013 priority of the

subject application.

IPRs and PGR regarding commonly assigned patents
IPR and PGR petitions were filed challenging claims in six patents in the family of the

subject application, '° five of which are in a patent infringement action.!!

* See also provisional application 61/826,446 filed May 22, 2013, page 16: “[P]atrial filling of the holes with filler
....” Page 10: “[TThermal oxidation of exposed surfaces ....”

6 See also provisional application 61/826,446 filed May 22, 2013, page 14: “The photodiode is reversed biased . . ..”
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May
22,2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application
paragraph [00114].

8 Provisional application 61/826,446 filed May 22, 2013, page 1: “Compatible with Si Photonics, CMOS processes
... integration with CMOS highly desirable.” Provisional application 61/834,873 filed June 13, 2013, pages 1-2:
“|[The detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS

° See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013.

10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360 (3)
Case [PR2025-00995 on patent 10,468,543, (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5
[PRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent
12,243,948.

11 The action is: W& Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.).
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if
the Office requests it.

-7-
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The references that the IPRs and the PGR assert are:

1. Kuboi US 2012/0049044

2. Shinohara US 2012/0033119

3. Yu US 2012/0153124

4. Harada Kokai No. 2002-314116 (P2002-314116A)

5. Hasegawa Kokai 2007-129024 (P2007-129024A)

6. NXPEP2 172974 Al

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic
nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930.

8. Vasylysev US 2012/0012741

Applicant submits that claims 18-30 differ patentably from these seven references taken
individually or in combination, at least because:

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes
and additionally proposes pixels 53R, 53G that generate electrical output only in organic material
13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and 10A.

Shinohara proposes an array of standard photodiodes with no in-pillar holes.

Yu proposes nanowires or nanopillars that also lack in-pillar holes.

Harada proposes a lateral photodiode with no pillars along the light direction and no in-
pillar holes.

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc
drive tracking.

NXP proposes standard photodiodes, with no in-pillar holes.

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars
of semiconductor material that are electrically isolated from each other and have reverse-biased
photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of
pillars of semiconductor material that are electrically isolated from each other and have reverse-

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

The Preliminary Amendment filed 01/24/2025 in the subject application addresses

-8-
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references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US
2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US
5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least
for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional
reasons.

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it

may help advance prosecution.

Samsung Exhibit 1057, Page 286 of 718
Samsung v. W&Wsens - PGR2025-00082



309-0015USCIPDIV2

Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.

Respectfully Submitted,
/Gerard M. Wissing/
WISSING MILLER LLP
Attorney for Applicant
By: Gerard M. Wissing

Reg. No. 36,309
Tel.: 516-901-7027
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(54) Title of Invention
SEMICONDUCTOR DEVICE
(57) Abstract

Problem

To make it possible to configure a CMOS on the
same chip as an photodetection semiconductor .
element in which a PIN photodiode is provided on a
light-receiving part.

Solution .

A light-receiving part 62 and a signal-processing
circuit part 66 are configured on a semiconductor
substrate on which an epitaxial layer 82 is layered
onto a P-sub layer 80. A PIN photodiode uses the P-
sub layer 80 as an anode, and the epitaxial layer 82,
which is between a cathode region 72 and the P-sub
layer 80, is configured as the i-layer. In the signal-
processing circuit part 66, a P-well 84 1s formed at
the boundary between an N-well 86 and the epitaxial
layer 82, which form a CMOS.

Selected Figure
FIG. 3 \

3
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CLAIMS
1. A semiconductor device, which comprises a light-receiving part and a circuit part that are formed on a
semiconductor substrate that is common thereto, comprising:

a high specific resistance region, which is provided on a principle surface of the semiconductor
substrate and is formed with high specific resistance owing to a low impurity concentration;

wherein:

the light-receiving part comprises:

a first electrode region, which is disposed in contact with the high specific resistance region, is
a first conductive semiconductor region having a higher impurity concentration than the high specific resistance
region, and to which a first voltage is applied; and

a second electrode region, which is disposed in contact with the high specific resistance
region, is a second conductive semiconductor region having a higher impurity concentration than the high
spectfic resistance region. and to which a second voltage is applied;

between the first electrode region and the second electrode region is placed in a reverse-bias state
owing to the first voltage and the second voltage, and thereby a depletion layer is formed in the high specific
resistance region; and

the circuit part comprises:

a circuit-efement region, which is provided on the principle surface and is a first conductive
semiconductor region on which a circuit element is formed in the mterior; and

a junction-boundary region, which constitutes the boundary between the high specific
resistance region and the circuit-element region and is a second conductive semiconductor region having a
higher impurity concentration than the high specific resistance region.
2. The semiconductor device according to claim 1, wherein the high specific resistance region is the second
conductive semiconductor region.
3. The semiconductor device according to claim 1 or 2, wherein the high specific resistance region has a specific
resistance of 200 Q-cm or more.
4. The semiconductor device according to any one of claims 1-3, wherein the high specific resistance region is
an epitaxial growth layer.
5. The semiconductor device according to any one of claims 1-4, wherein:

the second electrode region is an underlayer of the high specific resistance region; and

the first electrode region and the circuit-element region are each formed on surface-layer portions of
the high specific resistance region.

6. The semiconductor device according to any one of claims 1-4, wherein the first electrode region, the second
electrode region, and the circuit-element region are each formed on surface-layer portions of the high specific
resistance region.

7. The semiconductor device according to claim 6, wherein another second electrode region is an underlayer of
the high specific resistance region.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL FIELD

{0001}

The present invention relates to a semiconductor device that comprises a light-receiving part, which
utilizes a depletion layer extending across a semiconductor region of high specific resistance. and generates
signals by way of photoelectric conversion.

BACKGROUND ART
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{6002}

Optical discs, such as CDs (compact disks) and DVDs (digital versatile disks) have, in recent years,
come to occupy a major position in the marketplace as information recording media. Playback devices for these
optical discs radiate laser hight along a track of the optical disc via an optical pickup mechanism and detect the
reflected light thereof. Furthermore, recorded data is played back based on the variation of the reflected light
intensity.

{0003}

An optical disc-playback device performs servo control to control the positional relationship between
the optical pickup mechanism and the optical disc while detecting data based on the reflected light. Specifically,
tracking servo is performed for radiating the faser light along the center hine of the track, and focusing servo is
performed to maintain a constant distance between the optical disc and the optical pickup mechanism. In
focusing servo control, for example, variable control is performed to vary the location of the optical pickup
mechanism, using an actuator, based on an output signal from a photodetector that detects the laser reflected
light, thereby maintaining a constant distance d to the optical disc. Thereby, fluctuation in the reflected hight
quantity in response to shifts in the focus of the radiated light on the front surface of the optical disc s curtailed,
and thereby noise superimposed on the received-light signals is suppressed.

[0004]

To obtain information for this kind of servo control, something that partitions a reflected-light image
mto a plurality of blocks and receives light is used as the photodetector. FIG. 9 includes schematic diagrams that
show a light-receiving part of the photodetector and the reflected-light image on the light-receiving part. The
laser retlected light passes through a cylindrical lens and impinges on the photodetector. According to the
principle of astigmatism, the dimensional proportions of the image of reflected light that has impinged a circular
cross-section on the cylindrical lens and then passed through the lens will vary in two orthogonal directions in
accordance with distance d between the optical pickup mechanism and the optical disc. Specifically, in the
situation m which distance d is a target value, distance d is set so that the reflected-hght image becomes a
perfect circle 30 as shown in FIG. 9(b). In contrast, for example, m the situation mn which distance d is over, the
reflected-light image becomes an ellipse 32, which is vertically long as shown in FIG. 9(a). and in the situation
in which distance d is under, the reflected-light image becomes an ellipse 34, which is horizontally long as
shown in FIG. 9(c).

{0005}

The photodetector comprises, for example, the light-receiving part, which is divided into four blocks
36, 2x2, where each of the blocks constitutes a light-receiving element that outputs received-light signals. The
photodetector is disposed such that each diagonal direction along the 2x2 square array of light-receiving
elements coincides with an axis of the vertically long ellipse 32 and an axis of the horizontally long ellipse 34,
respectively. By such an arrangement, in FIG. 9, the shapes of the reflected-light images can be distinguished on
the basis of the difference between the sum of the output signals of the two light-receiving elements aligned
along the diagonal hine in the vertical direction and the sum of the output signals of the two light-receiving
elements aligned along the diagonal line in the horizontal direction, and thereby can be used to control distance
d. In contrast, the reflected light intensity, in accordance with data, can be derived from the sum total of the
output signals of the four hight-receiving elements.

{0006}

Because the rate at which data is read from the optical disc is extremely high, the photodetector is
configured from semiconductor elements in which PIN photodiodes having a fast response speed are used. FIG.
10 1s a schematic, cross-sectional view of one light-receiving element that constitutes a conventional
photodetector. This diagram shows the vertical cross-sectional structure of a PIN photodiode, which is the light-
receiving element. In this semiconductor element, a p-type semiconductor substrate 40 becomes the anode
region 42 of the photodiode, and an i-layer 44, which has a low impurity concentration and high specific
resistance, 1s formed on the anode region 42 via epitaxial growth. The impurity concentration of the i-layer 44 is
extremely low, and the specific resistance thereof 1s on the order of 100 Q-cm and 1s higher, by an order of
magnitude, than that of a semiconductor substrate used in other generic semiconductor elements. An n” region,
which becomes a cathode region 48, is formed on the front surface of the i-layer 44. By disposing the low
concentration i-layer 44 between the anode region 42 and the cathode region 48, a depletion layer can be formed
n the i-layer 44 even when a reverse-bias voltage applied between the anode and the cathode becomes low,
thereby enabling low-voltage driving of the photodetector.

{0007}

The anode region 42, the 1-laver 44, and the cathode region 48 constitute the PIN photodiode that
becomes each light-receiving element of the photodetector. The anode region 42 and the cathode region 48 of
the PIN photodiode are each connected to a voltage terminal, and a reverse-bias voltage is applied between the
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terminals. The depletion layer is formed in the i-layer 44 between the anode region 42 and the cathode region 48
in the reverse-bias state, and the electrons emitted owing to absorption of the incident light within the depletion
layer move toward the cathode region 48 owing to the electrical field within the depletion layer and are output
as the received-light signal.

[0008]

The thickness of the i-layer 44 is set fo approximately the absorption length or more within the
semiconductor for the light to be detected. For example, the absorption length in silicon with respect to light in
the 780 nm band or the 650 nm band, which is employed in CDs and DVDs, is approximately 10-20 um.
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{00091

The weak photo-electrical conversion signals generated by the light-receiving parts are amplified by an
amplifier and output to a later-stage signal-processing circuit. Here, from the viewpoint of curtailing attenuation
of the photo-electrical conversion signals and suppressing the superimposition of noise, the length of wiring
between the light-receiving parts and the amplifier is configured to be as short as possible. Based on this
viewpoint, and from the viewpoint of reducing the manufacturing cost of the photodetector, it would be ideal to
form the ctreuits—such as the light-receiving parts, each of which has the PIN photodiode structure, and the
amplifier—on the same semiconductor chip. In this sitwation, as shown in the schematic, cross-sectional view in
FIG. 11, an N-well 50, which is an n-type impurity region, is formed in the front surface of the i-laver 44, which
is formed on the low-concentration p-type region, and within this N-well 50, for example, a p-channel MOSFET
{Metal Oxide Semiconductor Field Effect Transistor: MOS-type field effect transistor) 52 and an n-channel
MOSFET 54 can be formed to constitute a CMOS (Complementary Metal Oxide Semiconductor). However,
due to the hupurity concentration of the i-layer 44 being extremely low, this configuration has the problem that
the leakage current at the pn junction between the i-layer 44 and the N-well becomes large.

{0010}

The present mvention was conceived in order to solve the above-mentioned problems, and an object of
the present invention is to provide a semiconductor element for photodetection that can be driven at low voltage
and high speeds and can achieve a reduction in cost.

MEANS FOR SOLVING THE PROBLEMS
[0011]

A semiconductor device of the present invention, which comprises a light-receiving part and a circuit
part that are formed on a semiconductor substrate that is common thereto, comprising: a high specific resistance
region, which is provided on a principle surface of the semiconductor substrate and is formed with high specitic
resistance owing to a low impurity concentration; wherein the light-receiving part comprises: a first electrode
region, which is disposed in contact with the high specific resistance region, is a first conductive semiconductor
region having a higher impurity concentration than the high specific resistance region, and to which a first
voltage 1s applied; and a second electrode region, which is disposed in contact with the high specific resistance
region, is a second conductive semiconductor region having a higher impurity concentration than the high
specific resistance region, and to which a second voltage is applied; between the first electrode region and the
second electrode region is placed in a reverse-bias state owing to the first voltage and the second voltage, and
thereby a depletion layer is formed in the high specific resistance region; and the circuit part comprises: a
circuit-element region, which is provided on the principle surface and is a first conductive semiconductor region
on which a circuit element is formed in the interior; and a junction-boundary region, which constitutes the
boundary between the high specific resistance region and the circuit-element region and is a second conductive
semiconductor region having a higher impurity concentration than the high specific resistance region.
EFFECTS OF THE INVENTION
{0012}

According to the present invention, a junction-boundary region of a concentration higher than that of
the high specific resistance region is provided at the boundary between the high spectfic resistance region and
the circuit-element region to have a conductivity type that is the reverse of the circuit-element region. The
expansion of a depletion layer that can generate electric charges due to thermal excitation or the like is curtailed
and leakage current is inhibited at the pn junction portion that is formed by this junction-boundary region and
this circuit-element region. As a result, a circuit part that includes a circuit element such as a CMOS can be
provided together with the light-receiving part and formed on the same substrate, and thereby a low voltage and
high-speed driven photodetection semiconductor element can be realized while curtailing costs.

BEST MODES FOR CARRYING OUT THE INVENTION
{0013}

Modes for implementing the present invention (referred to below as embodiments) are explained below

on the basis of the drawings.
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{6014}
{First Embodiment}

FIG. 1 is a schematic plan view of a photodetector, which is a semiconductor element of the
embodiment. A photodetector 60 is formed on a semiconductor substrate composed of silicon, and a hight-
receiving part 62 is disposed in an opening portion (not shown) provided in a protective film that is layered on
the front surface of the semiconductor substrate. The light-receiving part 62 comprises, for example, four PIN
photodiodes (PD) 64, which are arrayed 2x2, and partitions light incident from an optical system onto the
substrate front surface into four blocks, 2x2, and receives that light. A signal-processing circuit part 66, as well
as the light-receiving part 62, is formed on the semiconductor substrate. The signal-processing circuit part 66 is
disposed, for example, around the light-receiving part 62. The signal-processing circuit part 66 comprises, for
example, circuit elements, such as CMOSs 68, and these circuit elements can be used to form, on the same
semiconductor chip as the light-recetving part 62: an amplifier circuit for the output signals from the light-
receiving part 62; or another signal-processing circuit.

[0015]

FIG. 2 1s & more detailed plan view of the light-receiving part 62. Each of the PDs 64 is demarcated by
an isolation region 70, which is formed on the front surface of the semiconductor substrate surrounding the PDs
64. The isolation region 70 is formed, for example, as a p* region in which a high concentration of p-type
impurtties is diffused. The absorption of light generates electrons and electron holes in portions on the silicon
substrate that correspond to the light-receiving part. A cathode region 72, in which electrons from among the
generated electric charges are collected, is disposed in each of the PDs 64 as the cathode. Each of the cathode
regions 72 is formed, for example, as an n* region in which a high concentration of n-type impurities is diffused.
{0016}

The isolation region 70 and each of the cathode regions 72 is connected via a contact to a wiring
formed in, for example, an aluminum (Al) layer or the like. A ground potential is applied to the isolation region
70, for example, via a wiring 74. In addition, the signal charges collected in the cathode regions 72 are read out
via wirings 76.

{0017}

FIG. 3 is a schematic. cross-sectional view that shows the structure of the light-receiving part 62 and
the signal-processing circuit part 66 in a vertical cross section of the semiconductor substrate through a straight
line A-A', which is shown 1a FIG. 1 and FIG. 2, respectively. Two of the PDs 64 of the light-recetving part 62
and the CMOS 68 of the signal-processing circuit part 66 appear in this cross section.

{0018}

The present photodetector 60 is formed by employing a semiconductor substrate onto which a
semiconductor fayer, having a lower impurity concentration than a P-sub fayer 80 and a high specific resistance,
is layered onto one principle surface of the P-sub layer 80, which is a p-type silicon substrate info which p-type
impurities have been introduced. The P-sub layer 80 constitutes the anode, which is common to all the PDs 64;
and, for example, a ground potential from the substrate rear surface is applied to the P-sub layer 80. The
semiconductor layer, which has high specific resistance and is layered onto the P-sub layer 80, is formed, for
example, by epitaxial growth. This epitaxial layer 82 (high specific resistance region) constitutes the i-layer of
each of the PDs 64 in the light-receiving part 62. The low-concentration impurity introduced into the epitaxial
layer 82 1s, for example, a p-type impurity. In addition, specific resistance p of the epitaxial layer 82 is at least
200 Q-cm or more, and here, p is approximately 500 Q-cm. In addition, the thickness of the epitaxial layer 82
that constitutes the i-layer is set fo approximately the absorption length or more within the semiconductor for the
light to be detected. For example, the absorption length of silicon with respect to light in the 780 nm band or the
650 nm band, which is employed in CDs and DVDsx, is approximately 10-20 um. Accordingly, here, the
thickness of the epitaxial layer 82 is set to 10-20 pm.

{0019]

The isolation region 70 and the cathode regions 72 described above are formed on the front surface of
the epitaxial layer 82 in the hight-receiving part 62. The introduction of impurities 1nto the isolation region 70
and the cathode regions 72, respectively, is achieved by forming a mask, which is formed by photolithographic
techniques, on the front surface of the silicon substrate on which this epitaxial layer 82 is formed, and
employing this mask to selectively perform ion implantation of target regions.

{0020}

Incidentally, the impurities introduced by ion implantation at each of the locations at which the
isolation region 70 and the cathode regions 72 are formed are further subject to a thermal diffusion process, as
necessary, such that the impurities are pushed further in the depth direction of the substrate. That push amount
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can be separately controlled for the isolation region 70 and the cathode regions 72, respectively. As described
below, the isolation region 70, for example, functions to suppress crosstalk, among the PDs 64, of the signal
charges collecting in the cathode regions 72. Therefore, the depth of the isolation region 70 can be set, for
example, to deeper than the cathode regions 72. In contrast, by making the depth of the cathode regions 72
shallow, the depletion layer formed in the i-layer beneath each of the cathode regions 72 expands from
proximate to the substrate front surface, and thereby an improvement in photoelectric conversion efficiency can
be expected at each of the PDs 64. In this manner, in the situation 1n which the cathode regions 72 are to be
formed shallower than the isolation region 70, it is ideal to perform the ion implantation and thermal diffusion of
mpurities into the isolation region 70 prior fo ion implantation into the cathode regions 72.

{0021}

It is noted that, in the configuration of the present photodetector 60, the epitaxial layer 82 of high
specific resistance exists as the i-layer between the isolation region 70 and the P-sub layer 80, without the
isolation region 70 reaching as far as the P-sub layer 80. In addition, a ground potential is applied to the
isolation region 70 via the wiring 74, which is provided on the substrate front-surface side as described above,
and the isolation region 70 together with the P-sub layer 80 constitutes an anode.

{0022}

In contrast, in the signal-processing circuit part 66, a P-well 84 and an N-well 86 are formed in a
surface-layer portion of the epitaxial layer 82 corresponding to a formation region for the CMOS 68. Here, the
N-well 86 is a circunit-element region in which a circuit element is formed in the interior as described below, and
the P-well 84 is a junction-boundary region that forms the boundary between the N-well 86 and the epitaxial
fayer 82. The P-well 84 and the N-well 86 are each formed, for example, by ion implantation. Specifically, ion
implantation that forms the P-well 84 is performed first, then, the N-well 86 is formed, by ion implantation, in
the interior of the P-well 84 such that the N-well 86 is shallower than the P-well 84. The depths of the P-well 84
and the N-well 86 can be made different from each other by adjusting the ion implantation energy or by
selecting the ion type for each of the P-well 84 and the N-well 86. The concentration of the N-well 86 can be
established in accordance with its relationship to the CMOS 68 formed within that region. The P-well 84 is
configured to have a higher concentration than that of the epitaxial laver 82, and thereby inhibits junction
leakage current between the epitaxial layer 82 and the N-well 86.

{0023}

A p-channel MOSFET 88 and an n-channel MOSFET 90, which constitute the CMOS 68, are formed
mside the N-well 86. The p-channel MOSFET 88 is formed, for example, by additionally forming an N-well 92
inside the N-well 86 and forming a source region 94 and a drain region 96, which are p” regions, on the front
surface of the N-well 92. A gate electrode 100 is disposed above a channel region, which is between the source
region 94 and the drain region 96, with a gate oxide film 98 interposed therebetween. The n-channet MOSFET
90 is formed by additionally forming a P-well 102 inside the N-well 86 and forming a source region 104 and a
drain region 106, which are n* regions, on the front surface of the P-well 102. A gate electrode 110 is disposed
above a channel region, which is between the source region 104 and the drain region 106, with the gate oxide
film 98 interposed therebetween. The gate electrodes 100, 110 are formed, for example, by using polysilicon,
tungsten (W), or the like.

{0024}

It is noted that, LOCOSs (local oxidation film) 112 are formed, on the front surface of the epitaxial
layer 82, at the boundary between the formation region of the CMOS 68 and the epitaxial layer 82 for the
purpose of isolating the regions. In addition, a LOCOS 114 is formed at the boundary between the p-channel
MOSFET §8 and the n-channel MOSFET 90 for the purpose of isolating elements.

{0025}

An anti-reflection film 116 is layered onto the substrate front surface on which the light-receiving part
62 and the signal-processing circuit part 66 are formed as described above. The anti-reflection film 116 is
composed of, for example, a silicon nitride film. Furthermore, although a planarized film, a wining layer, and a
light-shielding layer are formed thereon, these are not shown in FIG. 3 for simplicity.

{0026}

FIG. 4 1s a schematic view that shows a circuit configuration during operation of the present
photodetector 60 and shows an electric potential distribution at a cross section of the hght-receiving part.
Stmilar to FIG. 3, the cross section of the light-receiving part 62 shown in FIG. 4 is along the straight line A-A',
which is shown in FIG. 1 and FIG. 2. A reverse-bias voltage is applied, by a voltage source 120, between the
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cathode regions 72 and the isolation region 70 and between the cathode regions 72 and the P-sub layer 80.
Specifically, the wiring (the wirings 76 in FIG. 2) from each of the cathode regions 72 is connected to one of the
mput terminals of an op amp 122, and a positive voltage Vb is input from the voltage source 120 into the other
input terminal of that op amp 122. The output terminal of each of the op amps 122 is connected to the
corresponding cathode region 72 via a resistor, thereby constituting a current detector device. According to this
configuration, positive voltage Vb is apphied to the cathode regions 72 using the electrical potential of the
wsolation region 70 and the P-sub layer 80 as a reference, and a voltage that corresponds to the cathode current is
extracted from the output terminal of each of the op amps 122. Incidentally, the current detector devices, which
each includes the op amp 122, can be formed on the signal-processing circuit part 66.

{0027}

A number of equipotential lines are depicted in the cross-sectional view using dotted hines. This cross-
sectional view indicates that the depletion laver expands in the epitaxial layer 82, which constitutes the i-layer,
owing to a reverse-bias voltage being applied to the anode and cathode of each of the PIN photodiodes. The
potential deepens, i.¢., increases, with proximity to one of the cathode regions 72, and a potential well is formed
for the electrons centered on each of the cathode regions 72.

{0028}

The potential at a boundary region 124—which is between the isolation region 70 and the P-sub layer
8§0—of the epitaxial layer 82 becomes less by applying a ground potential, which becomes a reverse bias, to the
cathode regions 66, with the tsolation region 70 and the P-sub laver 80 serving as the anode. That is, by
providing a ground potential with the P-sub layer 80 as well as the isolation region 70 serving as the anode. the
potential of the boundary region 124 beneath the isolation region 70 is pulled in a direction in which it become
shallow. Thereby, a potential barrier is formed, against the movement of the electrons, between the potential
wells corresponding to adjacent PDs 64 that sandwich the isolation region 70.

{0029}

For example, in FIG. 4, the electrons emitted by the i-layer beneath the left-side cathode region 72-1
owing to the light incident on the lefi-side PD 64 are able to move easily toward the cathode region 72-1 along
the electric field of the left-side potential well; however, it is difficult for those electrons to move toward the
right-side cathode region 72-2 because of the potential barrier that exists therebetween in the region 124.
Consequently, the signal charges corresponding to the light incident on the left-side PD 64 collect primarily in
the cathode region 72-1. Similarly, it is difficult for the signal charges corresponding to the light incident on the
right-side PD 64 to move to the cathode region 72-1 owing to the existence of the potential barrier, and
therefore, the signal charges collect primarily in the cathode region 72-2. The amount of electrons that collect in
each of the cathode regions 72 is detected as the cathode curvent via the correspondmg op amp 122.

{0030}

Thus, by making the P-sub layer 80 and the isolation region 70 serve as the anode, element isolation
can be achieved between the PDs 64 regardless of whether the i-layer of the adjacent PDs 64 are connected
beneath the isolation region 70, and thereby a received-light signal, in which crosstalk is suppressed, can be
obtained.

{0031}

In addition, in the configuration of the present photodetector, the P-sub layer 80 serves as the anode,
and this P-sub layer B0 extends beneath the signal-processing circuit part 66 as well. Here, the impurity
concentration in the epitaxial layer 82 is extremely low. Consequently, in a configuration in which the epitaxial
layer 82 contacts the N-well 86, the lower the electric potential i the P-sub layer 80, the easier it is for the
depletion layer to expand into a junction portion at which the epitaxial layer 82 and the N-well 86 are joined. In
the depletion layer, it is easier for electric charges to be emitted by thermal excitation or the like, which can
cause leakage current to be generated. That is, in a configuration of a photodetector in which the common P-sub
layer 80 is disposed beneath the light-receiving part 62 and the signal-processing circuit part 66, and a ground
potential is applied with this P-sub layer 80 serving as the anode of the light-recetving part 62, it becomes easter
for leakage current to be generated if the N-well 86 of the signal-processing circuit part 66 directly contacts the
epitaxial layer 82. Given that point, in the present photodetector 60, the P-well 84, which has a higher impurity
concentration than the epitaxial layer 82, is provided at the boundary between the N-well 86 and the epitaxial
layer 82, and thereby the expansion of the depletion layer into the pn junction becomes small and curtailment of
feakage current is achieved.

[0032]

In addition. the depletion layer in the epitaxial layer 82, which is the boundary with the N-well 86,
expands not only at the lower-surface side of the N-well 86 but also at the side surfaces. At a boundary portion
between the light-receiving part 62 and the signal-processing circuit part 66 in particular, because the isolation

Samsung Exhibit 1005, Page 7 of 29

Samsung Exhibit 1057, Page 297 of 718
Samsung v. W& Wsens - PGR2025-00082



10

20

40

50

60

(8) JP 2007-129024 A 2007.5.24

region 70, which is the anode, is grounded and made to have a low electric potential, if is easy for the depletion
fayer to expand, and thereby it is easy for leakage current to be generated. However, by having a structure in
which the P-well 84 is disposed at side portions of the N-well 86 as well, expansion of the depletion layer in the
horizontal direction such that it enters the boundary portion between the light-receiving part 62 and the signal-
processing circuit part 66 is also curtailed, and thereby a decrease in leakage current is achieved.

{0033}

It 1s noted that, in the Hght-receiving part 62 described above, the PDs 64 are disposed adjacent to each
other with the isolation region 70 placed between them. Here, as one conventional technique for element
isolation, the LOCOS method is known. According to that technique, for example, a thick oxide film that
penetrates the substrate similar to the LOCOSs 112, 114 formed on the signal-processing circuit part 66 is
caused to grow selectively in a p™ region similar to the one in which the separation region 70 is formed. While
on the one hand this technique can be applied to the light-receiving part 62 as well, this technique is not adopted
in the present embodiment. Thus, by not forming a LOCOS oxide film on the isolation region 70, the light
incident on the isolation region 70 from above is no longer atienuated by the LOCOS oxide film. Here, beneath
the 1solation region 70 s the i-layer, which can be depleted. Consequently, attenuation of the light is curtailed
and the light incident on the isolation region 70 from above reaches the i-laver beneath the isolation region 70
and can generate the signal charge; thereby, detection efficiency for light that is incident on the light-receiving
part 62 improves.

[0034]

In addition, the isolation region 70 can become a non-sensitive region with respect to detecting
incidence light. Here, by not forming the LOCOS oxide film, diffuston in the horizontal direction of the
isolation region 70 during that formation process is avoided. As a result, because the proportion of the isolation
region 70 taking up the light-receiving part is curtailed, an improvement in the detection efficiency for the light
incident on the light-receiving part is achieved even at this point.

{0035}

The structure of the light-receiving part 62 of the photodetector 60 is not limited to the configuration
described above. FIG. 5 is a schematic, cross-sectional view that shows another structure of the light-receiving
part 62 and shows a vertical cross section of the semiconductor substrate along the straight line A-A’, which is
shown in FIG. 1 and FIG. 2. It 1s noted that the plan view of this light-receiving part 62 is in common with that
shown in FIG. 2. A feature of the light-recetving part 62 shown in FIG. 5 is that it has a lower-portion isolation
region 1590, which is a p* region that protrudes from the P-sub layer 80 at locations opposing the isolation region
70. This lower-portion isolation region 150 receives the voltage applied to the P-sub layer 80 and. together with
the P-sub layer 80, functions as a substrate-side anode. Owing to the lower-portion isolation region 1350, the
distance between the anode that is constituted by the isolation region 70 and the substrate-side anode 1s reduced
at the boundaries of the PDs 64. As a result, the potential barriers for the electrons are more suitably formed in
the epitaxial laver 82 at the boundaries of the PDs 64, thereby improving the element isolation performance
between the PDs 64.

[0036]

The lower-portion isolation region 150 is formed, for example, by introducing p-type impurities,
through ion implantation, etc., at locations on the epitaxial layer 82 corresponding to the boundaries between the
PDs 64 in the stage in which the eprtaxial layer 82 is layered onto the P-sub layer 80 to a partial thickness. Thus,
after the lower-portion isolation region 150 is formed, the epitaxial layer 82 is caused to grow to the remaining
thickness. Thereafter, similar to the light-receiving part 62, which exhibits the cross-sectional structure shown in
FIG. 3, the structure on the substrate front surface having the isolation region 70, the cathode regions 72, ete., is
formed.

{0037}

In the situation in which the structure of the light-receiving part 62 shown in FIG. 5 is adopted instead
of the structure of the light-receiving part 62 shown in FIG. 3, here, as well, the expansion of the depletion layer
into the epitaxial layer 82 from the boundary with the N-well 86 can be curtailed by providing the P-well 84 on
the signal-processing circuit part 66. As a result, the photodetector 60 is achieved in which junction leakage
current at the junction between the epitaxial layer 82 and the N-well 86 is curtailed.

{0038]
[Second Embodiment]

Except for points where the structure of the hight-recetving part 62 is different from the above-
mentioned first embodiment, the photodetector 60, which is a second embodiment explained below, has a
configuration that is basically the same as the above-mentioned first embodiment; in the present embodiment,
constituent elements having the same functions and properties as those of the first embodiment are assigned
reference numerals identical to those of the first embodiment. A schematic plan view of the photodetector 60 of
the present embodiment is identical to that of FIG. 1. which is referenced here.

{0039}
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FIG. 6 is a schematic plan view of the light-receiving part 62 of the present photodetector 60. Similar
to the photodetector of the first embodiment, the present photodetector 60 1s formed on the semiconductor
substrate, which is composed of silicon, and the light-receiving part 62 is disposed in the opening portion (not
shown) that is provided in the protective film layered on the front surface of the semiconductor substrate. The
light-receiving part 62 partitions light incident on the substrate front surface into four blocks, 2x2, and receives
that tight.

{0040}

Cathode regions 200 are disposed, corresponding to the PDs 64, on the front surface of the
semiconductor substrate on the outer periphery of the light-receiving part 62. In addition, an anode region 202 is
disposed on the front surface of the semiconductor substrate between adjacent PDs 64 to provide element
isolation between the PDs 64.

[0041]

Each of the cathode regions 200 is formed as an n' region along the outer periphery of the light-
recetving part, for example, by diffusing a high concentration of n-type impurities from the front surface of a
trench 204 that is L-shaped in planar form. In contrast, the anode region 202 is formed as a p” region between
adjacent PDs 64, for example, by diffusing a high concentration of p-type impurities from the front surface of a
trench 206 that is plus-shaped in planar form. Each of the cathode regions 200 is connected via a contact to
wiring (not shown) formed from, for example, an aluminum (Al) layer or the like, and functions as the cathode
of the corresponding PD 64, which is a PIN photodiode. In contrast, the anode region 202 is connected via a
contact to wiring (not shown), and functions as an anode that is common to all the PIN photodiodes.

{0042}

FIG. 7 is a schematic, cross-sectional view that shows the structure of the light-receiving part 62 and
the signal-processing circuit part 66 in a vertical cross section of the semiconductor substrate through a straight
line A-A', which is shown in FIG. | and FIG. 6, respectively. Two of the PDs 64 of the light-receiving part 62
and the CMOS 68 of the signal-processing circuit part 66 appear in this cross section. The epitaxial layer 82
having high specific resistance and layered onto one principle surface of the P-sub layer 80, which is a p-type
silicon substrate, constitutes the i-layer of the PIN photodiodes. The trenches 204, 206, the cathode regions 200,
and the anode region 202 described above are formed on the front surface of the epitaxial laver 82. The trenches
204, 206 are formed by etching the front surface of the semiconductor substrate. After forming the trenches 204,
206, a resist is applied to the front surface of the semiconductor substrate, the resist is patterned, and apertures
are formed surrounded by the trenches 204. Ion implantation of n-type impurities is performed with this resist
serving as a mask. By making the implantation direction inclined, ion implantation also occurs at the wall
surfaces of the frenches 204, and the cathode regions 200 are formed on the front surface of each of the trenches
204, 1.e., the wall surfaces and the bottom surface of each of the trenches 204. Similarly, a mask having an
aperture corresponding to the trench 206 is formed using the resist, ion imiplantation of p-type hmpurities is
performed, and thereby the anode region 202 is formed on the front surface of the trench 206, i.e., on the wall
surfaces and bottom surface of the trench 206.

[0043]

It is noted that the processes for forming the cathode regions 200 and the anode region 202 can include
a thermal diffusion step, as necessary, which 1s performed after the ion implantation described above. In
addition, after forming the cathode regions 200 and the anode region 202, the trenches 204, 206 can be filled
with an insulating film to achieve a structure in which the front surface of the light-receiving part is planarized.
[0044]

While the cathode regions 200 and the anode region 202 formed using the trenches 204, 206,
respectively, as described above, constitute the anode and the cathode of each of the PIN photodiodes, they also
surround the PDs 64 and function to isolate each of the PDs 64 from the outside thereof. Incidentally, this kind
of configuration is known as the STI (Shallow Trench Isolation) technique.

{0045]

The epitaxial layer 82 appears on the front surface at the inner-side portions swrrounded by the cathode
regions 200 and the anode region 202 of the PDs 64. As described below, each of these portions becomes a
semiconductor region (a light-receiving semiconductor region 208) that is sensitive to the light incident on the
light-receiving part.

{0046}

FIG. 8 is a schematic view that shows a circuit configuration during operation of the present
photodetector 60 and shows an electric potential distribution at a cross section of the light-receiving part 62.
Similar to FIG. 7, the cross section of the light-receiving part 62 shown in FIG. 8 is along the straight line A-A",
which is shown in FIG. 1 and FIG. 6. Each of the cathode regions 200 is placed in a reverse-bias state in relation
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to the anode region 202 and the P-sub layer 80, which are made a ground potential using the voltage source 120.
Specifically, the wiring from each of the cathode regions 200 is connected to one of the input terminals of the
corresponding op amp 122, and the positive voltage Vb from the voltage source 120 is input to the other input
terminal of that op amp 122. The output terminal of each of the op amps 122 is connected to the corresponding
cathode region 200 via a resistor, to thereby constitute a current detector device. According to this configuration,
Vb 1s applied to the cathode regions 200, and a voltage that corresponds to the cathode current is extracted from
the output terminal of each of the op amps 92. Incidentally, the cuurent detector devices, which each includes the
op amp 122, can be formed on the signal-processing circuit part 66.

{0047}

A number of equipotential lines are depicted in the cross-sectional view using dotted lines. This cross-
sectional view indicates that the depletion layer expands in the epitaxial layer 82, which constitutes the i-layer,
owing to the reverse-bias voltage being applied to the cathode and the anode of each of the PIN photodiodes.
The cathode regions 200 and the anode region 202 are both disposed on the front surface of the semiconductor
substrate, and the light-receiving semiconductor regions 208 located in the vicinity of the front surface of the
semiconductor substrate between the cathode regions 200 and the anode region 202 constifute the i-layer.
According to this configuration, the depletion laver likewise expands to the vicinity of the front surface of the
semiconductor substrate in correspondence to the light-receiving semiconductor regions 208 when the reverse-
bias voltage is applied.

[0048]

The potential within the depletion layer increases from the anode region 202 toward the respective
cathode region 200. That is, a potential well is formed at a location corresponding to each of the cathode regions
200. In addition, the potential becomes fow at the boundary portions between adjacent PDs 64, which
correspond to the location of the anode region 202, a potential barrier with respect to the movement of electrons
is formed, and thereby element isolation between adjacent PDs 64 is achieved.

{0049]

The light incident on each of the PDs 64 generates electron—electron hole pairs, which function as the
signal charges absorbed by the depletion layer, and the electrons of these pairs collect in the neighboring
cathode regions 200. The amount of electrons that collect in each of the cathode regions 200 is detected by the
corresponding op amp 122 as the cathode current. The signal charges are generated in each of the PDs 64 of the
present photodetector 60 also owing to the light absorbed in the vicinity of the front surface of the
corresponding light-recetving semiconductor region 208, and those signal charges can be detected from the
corresponding cathode region 200. Thereby. it becomes possible to extract the signal charges generated by
short-wavelength light absorbed in the vicinity of the front surface of the semiconductor substrate as the
recetved-light signal, and thereby sensitivity to short-wavelength light can be obtained.

{0050}

Incidentally, by emploving an anisotropic etching technique, such as RIE (Reactive Ion Etching). as the
etching method for forming the trenches 204, 206, for example, the trenches 204, 206 can be fimely formed, and
thereby the proportion of the light-receiving semiconductor region 208 that takes up the surface area of the front
surface of the semiconductor substrate at each of the PDs 64 can be made large. Thereby, an improvement in the
sensitivity of the PDs 64 is achieved.

{0051}

In addition, because the junction surface area of the junctions between the cathode regions 200 and the
epitaxial layer 82 and the junction between the anode region 202 and the epitaxial layer 82 can be made small,
the inter-terminal capacitance between the cathode and anode of each of the PIN photodiodes is curtailed, and
thereby it becomes possible to secure satisfactory responsiveness.

{0052}

In the configuration of the present photodetector 60, the N-well 86, in which the circuit elements are
formed in the signal-processing circuit part 66. is formed inside the epitaxial layer 82, which has an extremely
low impurity concentration. Consequently, the depletion layer expands easily fo the epitaxial layer 82 at the
boundary with the N-well 86, and thereby leakage current is easily generated. When the PIN photodiodes are
used in the reverse-bias state in particular, the P-sub layer 80, which is the anode therefor, expands also to
beneath the signal-processing circuit part 66. Although the epitaxial laver 82 is more easily depleted when the
potential difference between the N-well §6 and the P-sub fayer 80 is small (or is reverse biased), in the present
photodetector 60, the P-well 84, which has a higher impurity concentration than the epifaxial layer 82, is
provided at the boundary between the N-well 86 and the epitaxial layer 82, and thereby expansion of the
depletion layer into the pn junction portion with the N-well 86 is reduced, and leakage current is curtailed.
[0053]

In addition, by having the structure in which the P-well 84 also covers the side surfaces of the N-well
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86, the depletion layer in the horizontal direction from the N-well 86 is also curtailed, and a decrease in leakage
current is achieved. There are also situations in which the PDs 64 are laid out such that the anode region 202 is
adjacent to the N-well 86, and in that situation in particular, the depletion layer, which expands in the horizontal
direction, is easily formed in the epitaxial layer 82 therebetween. However, in the present photodetector 60, by
having the structure in which the P-well 84 is also disposed at the side portions of the N-well 86 as described
above, m this situation as well, it becomes possible for the depletion layer to be suitably curtailed and the
leakage current to be suitably inhibited.
BRIEF DESCRIPTION OF THE DRAWINGS
{0054}

10 FIG. 1 is a schematic plan view of a photodetector, which is an embodiment of the present invention.

FIG. 2 is a plan view of a light-receiving part of the photodetector according to the first embodiment.

FIG. 3 is a cross-sectional view of the photodetector according to the first embodiment.

FIG. 4 1s a schematic view that shows a circuit configuration during operation of the photodetector
according to the first embodiment and shows an electric potential distribution at a cross section of the light-
receiving part.

FIG. 5 1s a cross-sectional view of another light-recetving part of the photodetector according to the
first embodiment.

FIG. 6 1s a plan view of a light-receiving part of a photodetector according to a second embodiment.

FIG. 7 is a cross-sectional view of the lght-receiving part of the photodetector according to the second

20 embodiment.

FIG. 8 is a schematic view that shows a circuit configuration during operation of the photodetector
according to the second embodiment and shows an eleciric potential distribution at a cross section of the light-
receiving part.

FIG. 9 includes schematic diagrams that show a light-receiving part of the photodetector and the
reflected-light image on the light-receiving part.

FIG. 10 is a schematic, cross-sectional view of one light-receiving element that constitutes a
conventional photodetector.

FIG. 11 1s a cross-sectional view of an element and is for explaining the problems of a photodetector in
which circuits. such as the light-receiving part having a PIN photodiode structure, an amplitier, and the like, are

30  formed on the same semiconductor chip.
EXPLANATION OF THE REFERENCE NUMBERS

[0055]

60 Photodetector

62 Light-recetving part

64 PIN photodiode (PD)

66 Signal-processing circuit part
68 CMOS

70 Isolation region

72,200 Cathode regions
40 74,76 Wirings

80 P-sub layer
82 Epitaxial layer
84 P-well

86, 92 N-wells

88, 102 p-channel MOSFETs
9% n-channel MOSFET
94,104 Source regions

96, 106 Drain regions

98 Gate oxide film
50 100, 110 Gate electrodes
112 LOCOS
116 Anti-reflection film
120 Voltage source
122 Op amp
202 Anode region
204,206  Trenches
208 Light-receiving semiconductor region
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I, Nadine A. Edwards, declare as follows:

1. I am over 21 years of age and am competent to make this declaration.
2. I am a native speaker of English.

3. I am fluent in Japanese.

4. I have 14 years of experience translating Japanese to English.

5.  Itranslated the attached patent document "JP2007129024A" from
Japanese to English.

6. I certify that the above-mentioned translation of the document
"JP2007129024A" is, to the best of my knowledge, a true and accurate translation
from Japanese to English.

7.  Insigning this declaration, I understand that the translation and this
declaration may be filed as evidence in a contested case. I acknowledge that I may
be subject to cross-examination within the United States.

8. I declare under penalty of perjury that all statements made herein are
true and accurate to the best of my knowledge and belief, and that these statements
were made with the knowledge that willful false statements and the like so made
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(57) Abstract
Problem
To provide a lateral-type 3
semiconductor light-receiving element having § \ /A 8
a PIN structure, in which light-receiving :\ Ly
sensitivity is improved without causing a N / W ,"\1( N ANNT9
decrease in response speed. W \/é _S/ Y11 7
Solution 5—_#{/&/’*7 - 1_7\ p /:ib-w
In a lateral-type semiconductor light- s / / A7 /7 18
receiving element, in which interfaces \ \k-——1
between an i-layer 15 and a p-layer 5 and S 1

between the i-layer 15 and an n-layer 7,

17

respectively, of a PIN structure are formed
perpendicular to a semiconductor substrate
surface, and light that enters the i-layer is
converted into electric current and detected, a
hole 4, which extends from a light-receiving
surface 3 to a prescribed depth of the i-layer
15, is provided in a light-receiving region 2.
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CLAIMS

1. A lateral-type semiconductor light-receiving element

having a PIN structure in which interfaces between an i-layer

and a p-layer and between the i-layer and an n-layer,

respectively, of the PIN structure are formed perpendicular to

a semiconductor substrate surface, and light that enters the i-

layer is converted into electric current and detected, wherein:
a hole, which extends from a light-receiving

surface to a prescribed depth of the i-layer, is provided in a

light-receiving region.

DETAILED DESCRIPTION OF THE INVENTION

[0001]

TECHNICAL FIELD PERTAINING TO THE INVENTION
The present invention relates to a lateral-type

semiconductor light-receiving element having a PIN

structure.

[0002]

BACKGROUND ART

In a vertical-type photodiode, in which a p-n
junction surface is formed parallel to a semiconductor
substrate surface, light impinges a depletion layer after
passing through a p-layer or an n-layer; in contrast, in a
lateral-type photodiode, in which the p-n junction surface is
formed perpendicular to the semiconductor substrate surface,
light directly impinges the depletion layer (without passing
through the p-layer or the n-layer). Consequently, the lateral-
type photodiode is advantageous in that it has better light-
receiving efficiency than the vertical-type photodiode.

[0003] Conventionally, an i-layer (intrinsic layer) is
provided in the photodiode between the p-layer and the n-
layer to make the depletion layer thick. In a vertical-type
photodiode having this kind of PIN structure, the i-layer is
formed to a thickness that is the absorption length or more to
make the light-receiving sensitivity high. Thereby, a quantum
efficiency of 70% or more can be obtained at wavelengths of
approximately 700 nm to 870 nm.

[0004] A lateral-type photodiode having a PIN structure (a
photodiode in which interfaces between the i-layer and the p-
layer and between the i-layer and the n-layer of the PIN
structure are formed to be perpendicular to the
semiconductor substrate surface) is produced by, for
example: providing a region, which has an extremely light
impurity concentration and will become the i-layer, on a
front surface portion of the semiconductor substrate; and then
forming the p-layer and the n-layer by adding and diffusing
p-type impurities and n-type impurities respectively from an
upper surface at locations that are at a prescribed spacing
from this region, wherein the spacing between both the layers
remains as the i-layer.

[0005] Consequently, in the case of the lateral-type
photodiode having a PIN structure, when attempting to make
the thickness of the i-layer (the depth from a light-incident
surface) large, the p-layer and the n-layer must also be
formed deeply. To form the p-layer and the n-layer deeply
while maintaining a uniform width (i.e., the distance between
the p-layer and the n-layer) of the i-layer in the thickness
direction of the substrate, the distance between the p-layer
and the n-layer must be made large at the substrate front
surface. When the distance between the p-layer and the n-
layer is made large at the substrate front surface, the width of
the i-layer becomes large. When the width of the i-layer is
large, the migration distance for an electron generated on the
p-layer side of the i-layer to the n-layer electrode becomes
long, and the response speed becomes slow.

[0006]  Accordingly, in the lateral-type photodiode having
a PIN structure, making the thickness (the depth from the

002-314116 (P2002-314116A)

light-incident surface) of the i-layer large cannot simply be
adopted as a method of further increasing the light-receiving
sensitivity. Consequently, providing an anti-reflection film on
the upper surface of the i-layer and making the incidence
efficiency of the i-layer high is effective as a method of
further increasing the light-receiving sensitivity of the
lateral-type photodiode having a PIN structure.

[0007]

PROBLEMS TO BE SOLVED BY THE INVENTION
However, there is a problem in that, in the lateral-type
photodiode having a PIN structure, which has the anti-
reflection film on the upper surface of the i-layer, the
response speed becomes low in the situation in which the
photodiode is used as an element for receiving high-speed
light signals. In view of such problems in the related art, an
object of the present invention is to improve light-receiving
sensitivity of a lateral-type semiconductor light-receiving
element having a PIN structure without causing a decrease in
response speed.

[0008]

MEANS FOR SOLVING THE PROBLEMS  To solve
the above-mentioned problem, the present invention provides
a lateral-type semiconductor light-receiving element having a
PIN structure in which interfaces between an i-layer and a p-
layer and between the i-layer and an n-layer, respectively, of
the PIN structure are formed perpendicular to a
semiconductor substrate surface, and light that enters the i-
layer is converted into electric current and detected, wherein
a hole, which extends from a light-receiving surface to a
prescribed depth (a shallower location than the depths of the
p-layer and the n-layer) of the i-layer, is provided in a light-
receiving region.

[0009]

EMBODIMENTS OF THE INVENTION An
embodiment of the present invention is explained below.
FIG. 1 is a cross-sectional view that shows a photodiode
corresponding to one embodiment of the present invention.
FIG. 2 is a diagram that shows one example of a planar shape
in the situation in which the photodiode of this embodiment
is formed in an array. FIG. 1 corresponds to a cross-sectional
view through line A-A in FIG. 2.

[0010] This photodiode is a lateral-type photodiode
(semiconductor light-receiving element) in which a PIN
structure is formed perpendicular to a substrate surface of a
silicon substrate (semiconductor substrate) 1, and holes 4 are
provided in a light-receiving region 2 (the region sandwiched
between a p-layer 5 and an n-layer 7 of an i-layer 15), the
holes 4 extending from a light-receiving surface 3 to a
prescribed depth in the i-layer 15 and perpendicular to the
surface of the silicon substrate 1.

[0011] A p-electrode 6 and an n-electrode 8 are formed on
the upper surface of the p-layer 5 and the n-layer 7,
respectively. A p-electrode 11 is formed on the lower surface
of the silicon substrate 1. In addition, an element-protection
layer 9, which is composed of a silicon oxide film or the like,
is formed to a prescribed thickness on the upper surface of
the silicon substrate 1 on portions outside of the locations
having both of the electrodes 6, 8 and the holes 4. This
photodiode can be produced, for example, by the following
method.

[0012]  First, an n-well (a region having an extremely low
impurity concentration) 10 is provided on a surface-layer
portion of the p-type silicon substrate 1. Next, p-type
impurities are added to and diffused into one of two regions
of the n-well 10, and n-type impurities are added to and
diffused into the other region of the n-well 10, with a
prescribed spacing between the two regions. Thereby, the p-
layer 5 and the n-layer 7 are formed in the n-well 10, and a
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portion of the n-well 10 that is between the p-layer 5 and the
n-layer 7 remains as the i-layer 15. Next, the electrodes 6, 8
are formed on the p-layer 5 and the n-layer 7, respectively,
and then the element-protection layer 9 is formed.

[0013] Next, a focused ion beam processing apparatus
(FIB) is employed to irradiate the portion sandwiched by
both the electrodes 6, 8 on the upper surface of the silicon
substrate 1 with an ion beam so as to etch the element-
protection layer 9 and the i-layer 15, thereby creating the
holes 4, which extend from the light-receiving surface 3 to a
prescribed depth (a location shallower than the depth of the
p-layer 5 and the n-layer 7) in the i-layer 15 in the thickness
direction of the silicon substrate 1.

[0014] Here, the dimension of the holes 4 in the direction
between the p-layer 5 to the n-layer 7 is set to the dimension
at which the i-layer 15 of a prescribed thickness exists
between the holes 4 and the p-layer 5 and between the holes
4 and the n-layer 7, respectively. In addition, in the situation
in which the light-receiving surface 3 between the pairs of
electrodes is large, preferably a plurality of the holes 4 is
provided within the light-receiving surface 3, as shown in
FIG. 2. In this situation, for example, width W1 of each of
the electrodes 6, 8 is 1 um, spacing W2 between the
electrodes 6, 8 is 24 pum, pitch K of the holes 4 is 2-4 pum,
and the diameter of each of the holes 4 is 1 um.

[0015] By connecting a power supply between the n-
clectrode 8 that contacts the upper surtace of the n-layer 7
and the p-electrode 11 on the lower surface of the substrate 1,
with the n-layer 7 side as the positive, applying a reverse-
bias voltage, and connecting the p-electrode 6, which
contacts the upper surface of the p-layer 5, to an output
circuit, this photodiode can convert the light incident on the
i-layer 15 from the light-receiving surface 3 into electric
current to detect the light. In addition, in this photodiode , the
light (a portion of which is shown in FIG. 1 by chain, double-
dashed lines) that enters the interior of the hole 4 from the
light-receiving surface 3 directly enters the light-receiving
region 2 from a bottom surface and side surfaces of the hole
4, and by being reflected from the bottom surface and the
side surfaces, the light travels from the bottom surface
toward the side surfaces and enters the light-receiving region
2, and travels from one side surface toward the opposing side
surface and enters the light-receiving region 2. Consequently,
the light-receiving efficiency at the light-receiving region 2
becomes higher than in the situation in which no holes 4 are
present.

[0016] In the situation in which the light-receiving surface
3 is merely made large without providing the holes 4 in order
to make the light-receiving surface area large, the migration
time increases for the electrons generated on the p-layer side
of the i-layer to reach the electrode on the n-layer, and the
response speed becomes slow because parasitic capacitance
increases. In contrast, by providing the holes 4, the light-
receiving surface area in this photodiode becomes larger, to
the extent of the side surfaces of the holes 4, than in the
situation in which no holes 4 are present. Consequently, in
this photodiode, in no situation will the migration time for
the electrons generated on the p-layer side of the i-layer to
reach the electrode on the n-layer become longer than in the
situation in which the light-receiving surface 3 is the same
size with no holes 4 being provided. In addition, the parasitic
capacitance of this photodiode becomes smaller than the
situation in which the light-receiving surface 3 is the same

002-314116 (P2002-314116A)

size with no holes 4 being provided. Hence, according to this
photodiode, the light-receiving surface area can be made
large and light-receiving efficiency can made high without
reducing response speed.

[0017] Furthermore, by having the holes 4, localized
electric-field intensity applied to a portion of the i-layer 15
that surrounds the holes 4 becomes large in this photodiode.
Thereby, compared with the situation in which there are no
holes 4, response speed becomes faster because the light is
absorbed at the portion of the i-layer 15 that surrounds the
holes 4, and generated electron holes and electrons can
migrate through the i-layer 15 at high speed. Accordingly,
according to this photodiode, by providing the holes 4, the
light-receiving efficiency at the light-receiving region 2
becomes high, which improves light-receiving sensitivity and
also increases response speed.

[0018] It is noted that, although the lateral-type
photodiode having a PIN structure is explained in this
embodiment, the lateral-type semiconductor light-receiving
element of the present invention, which has a PIN structure,
is not limited thereto, and the present invention can also be
applied to a lateral-type phototransistor, etc., in which the
base and the collector portions have a PIN structure.

[0019]

EFFECTS OF THE INVENTION As explained above,
according to the lateral-type semiconductor light-receiving
element having a PIN structure according to the present
invention, light-receiving sensitivity can be improved
without causing a decrease in response speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view that shows a
photodiode corresponding to one embodiment of the present
invention and is a diagram that corresponds to a cross-
sectional view through line A-A in FIG. 2.

FIG. 2 is a diagram that shows one example of a
planar shape in the situation in which the photodiode in FIG.
1 is formed in an array.

EXPLANATION OF THE REFERENCE NUMBERS

1 Silicon substrate (semiconductor substrate)
10 n-well
11 p-electrode

15
2

i-layer

Light-receiving region
Light-receiving surface
Hole

p-layer

p-electrode

n-layer

n-clectrode

00 1 AN kW

Element-protection layer
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I, Nadine A. Edwards, declare as follows:

1. I am over 21 years of age and am competent to make this declaration.

2. I am a native speaker of English.

3. I am fluent in Japanese.

4. I have 14 years of experience translating Japanese to English.

5. I translated the attached patent document "JP2002314116A" from
Japanese to English.

6. I certify that the above-mentioned translation of the document
"JP2002314116A" is, to the best of my knowledge, a true and accurate translation
from Japanese to English.

7. In signing this declaration, I understand that the translation and this
declaration may be filed as evidence in a contested case. I acknowledge that I may
be subject to cross-examination within the United States.

8. I declare under penalty of perjury that all statements made herein are
true and accurate to the best of my knowledge and belief, and that these statements
were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of

the United States Code.

7
A
Executed: April 2, 2025 By: ), z 4

Nadine A. Edwards
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AMENDMENTS TO THE CLAIMS

Please cancel claims 1-17 and add the following claims 18-30:

18. (New) A structure comprising:
an array of elongated pillars of semiconductor material in which each of at least

some of the pillars has:

1) a respective light-receiving surface,

(i1) respective sides,

(i)  width of 50-2000 nm,

(iv)  height of 100-10000 nm, and

(v) at least one photodetector of Si, Ge, and/or alloyed SiGe

semiconductor material formed in the pillar;
wherein each of the photodetectors:

1) has P-doped and N-doped regions of the semiconductor material,

(i) is configured to generate electrical charge carriers in the
semiconductor material of the photodetector in response to light that
(a) is in the visible and infrared wavelengths, and (b) illuminates
along a light direction the light-receiving surface of the pillar in

which the photodetector is formed;
one or more in-pillar holes each of which:

) is fabricated as a recess in each of the pillars in which at least one of
the photodetectors is formed, and
(ii) extends along the light direction into the semiconductor material of

the pillar in which the in-pillar hole is fabricated;

side-isolation comprising solid dielectric material between at least portions of the

sides of at least some of the pillars;

Samsung Exhibit 1057, Page 337 of 718
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electrical contacts configured to provide electrical pathways coupled to at least
some of the photodetectors, including for selected reverse-biasing at least
some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like

photodetectors in pillars lacking said holes.

19. (New) The structure of claim 18, in which the array is monolithically integrated with Si

electronic devices.

20. (New) The structure of claim 18, in which at least one of the in-pillar holes in each of at

least some of the pillars is elongated in the light direction.

21. (New) The structure of claim 18, in which each of at least some of the holes is elongated

in a direction along the light-receiving surface of the pillar in which the hole is fabricated.

22. (New) The structure of claim 21, in which the array is monolithically integrated with Si

electronic devices.

23. (New) The structure of claim 21, in which each of at least some of the pillars has a

plurality of the elongated holes.

24. (New) The structure of claim 21, in which each of at least some of the pillars has only

one of the elongated holes.

25. (New) The structure of claim 21, in which each of at least some of the elongated holes
has at least one closed contour remote from side edges of the light-receiving surface of the pillar

in which the hole is fabricated.
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26. (New) The structure of claim 18, in which each of at least some of the pillars includes

only one of the photodetectors.

27. (New) The structure of claim 18, in which two or more of the photodetectors are

connected electrically in parallel.

28. (New) The structure of claim 18, wherein the array of pillars is monolithically integrated
with Si electronic devices for transmitting electrical signals related to accumulations of the

charge carriers in at least some of the photodetectors.

29. (New) The structure of claim 18 in which at least some of the holes extend 100 to 10000
nm in the light direction into the semiconductor material of the pillars in which the holes are

formed.

30. (New) The structure of claim 18, in which the pillars in which the photodetectors are

formed are elongated in the light direction.
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REMARKS
Priority and Paragraph 112(a)
Examples of support are outlined below in the subject application and in the 2013
provisional applications that are incorporated by reference and to which priority is claimed.
FIG. 5B of the subject application illustrates an example of an array of vertical pillars of
semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar

with hole). Both are reproduced below.

#

As seen in FIG. 5B and explained in the text of the subject application, each pillar 524
has a light receiving surface that is on top of the pillar in this example, illuminated with light
(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of
Si, Ge, or SiGe formed in the pillar.

The width of a pillar can be 50-2000 nm! and the height of a pillar can be 100-10000
nm.? Each photodetector has P-doped and N-doped regions and is configured to generate
electrical charge carriers in the semiconductor material of the photodetector formed in the pillar
in response to light that is in the visible and infrared wavelengths and illuminates the light-

receiving surface of the pillar.

! Provisional application 61/826,446 filed May 22, 2013, page 12; “The shape of the pillar can be... rectangle....
The pillar diameter range from 50-2000 nm ....”,
2 Provisional application 61/826.446 filed May 22, 2013, page 12: “[Plillars can be 100-10000 nm in length....”

-1-
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Each of the pillars in the array of FIG. 5B can be a “pillar with a hole” as in the example
of FIG. 49.3 Each in-pillar hole extends into the pillar in the direction of the light, down into the
pillar in this example.

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and,
with in-pillar holes in the pillars, fills at least a part of the holes,* and the in-pillar holes can be
oxidized.’ Electrical contacts as seen in the example of FIG. 5B provide pathways to the
photodetectors and can reverse-bias them.® The presence of the in-pillar holes increases
absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk
semiconductor without holes.”

The array of pillars can be monolithically integrated with Si electronic devices.® The in-
pillar holes can be elongated — FIG. 46 of the subject application illustrates some examples of
holes that are longer in one direction than in an orthogonal direction along the light-receiving
surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes
and that at least one contour of a hole can be away from the outline of a pillar as seen in top

view.?

Section 103

The references identified in the Office Action, page 8, post-date the 2013 priority of the

subject application.

IPRs and PGR regarding commonly assigned patents

3 See also provisional application 61/826,446 filed May 22, 2013, page 16; “[T]he microstructure can have both
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric
hole/pillar, not necessarily circular....”

4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013.

5 See also provisional application 61/826,446 filed May 22, 2013, page 16: “[P]atrial filling of the holes with filler
...~ Page 10: “[T]hermal oxidation of exposed surfaces ....”

6 See also provisional application 61/826,446 filed May 22, 2013, page 14: ”The photodiode is reversed biased . . ..”
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May
22,2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application
paragraph [00114].

8 Provisional application 61/826,446 filed May 22, 2013, page 1: “Compatible with Si Photonics, CMOS processes
... integration with CMOS highly desirable.” Provisional application 61/834,873 filed June 13, 2013, pages 1-2:
“|T]he detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS

)

® See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013.

2-
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IPR and PGR petitions were filed challenging claims in six patents in the family of the
subject application,'” five of which are in a patent infringement action.!!

The references that the IPRs and the PGR assert are:

1. Kuboi US 2012/0049044

2. Shinohara US 2012/0033119

3. Yu US 2012/0153124

4. Harada Kokai No. 2002-314116 (P2002-314116A)

5. Hasegawa Kokai 2007-129024 (P2007-129024A)

6. NXP EP 2 172 974 Al

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic

nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930.

8. Vasylysev US 2012/0012741

Applicant submits that claims 18-30 differ patentably from these seven references taken
individually or in combination, at least because:

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes
and additionally proposes pixels 53R, 53G that generate electrical output only in organic material
13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and 10A.

Shinohara proposes an array of standard photodiodes with no in-pillar holes.

Yu proposes nanowires or nanopillars that also lack in-pillar holes.

Harada proposes a lateral photodiode with no pillars along the light direction and no in-
pillar holes.

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc

drive tracking.

10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3)
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent
12,243,948.

1 The action is: W&Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.).
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if
the Office requests it.

-3-
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NXP proposes standard photodiodes, with no in-pillar holes.

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars
of semiconductor material that are electrically isolated from each other and have reverse-biased
photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of
pillars of semiconductor material that are electrically isolated from each other and have reverse-

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

The Preliminary Amendment filed 01/24/2025 in the subject application addresses
references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US
2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US
5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least
for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional
reasons.

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it
may help advance prosecution.

Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.

Respectfully Submitted,
/Gerard M. Wissing/
WISSING MILLER LLP
Attorney for Applicant
By: Gerard M. Wissing

Reg. No. 36,309
Tel.: 516-901-7027

Samsung Exhibit 1057, Page 343 of 718
Samsung v. W&Wsens - PGR2025-00082



EP 2172 974 A1

(19)

Europiisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
07.04.2010 Bulletin 2010/14

(21) Application number: 08290924.3

(22) Date of filing: 01.10.2008

(11) EP 2172 974 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
HO1L 27/146 (2006.01)
HO1L 31/0352 (2006.07)

HO1L 31/0232(2006.01)

(84) Designated Contracting States:
ATBEBG CHCYCZDEDKEEESFIFRGB GR
HRHUIEISITLILT LULV MC MT NL NO PL PT
RO SE SISK TR
Designated Extension States:
AL BA MK RS

(71) Applicant: NXP B.V.
5656 AG Eindhoven (NL)

(72) Inventor: The designation of the inventor has not
yet been filed

(74) Representative: Vignesoult, Serge L. M. et al
Cabinet Plasseraud
52, rue de la Victoire
75440 Paris Cedex 09 (FR)

(54)

(57)  Adevice (100) for detecting electromagnetic ra-
diation, the device (100) comprising a substrate (102),
an electromagnetic radiation sensitive structure (104) ar-
ranged on and/or in the substrate (102), and a plurality
of pores (106) formed on and/or in the substrate (102) in
such a manner that electromagnetic radiation to be de-

104 104108
112110 406\ 112 108\112

Wavelength selective electromagnetic radiation detector using pores as photonic crystal

tected propagates partly through the pores (106) before
propagating into the electromagnetic radiation sensitive
structure (104), wherein different ones of the plurality of
pores (106) differ regarding at least one physical param-
eter so that each of the plurality of pores (106) is sensitive
to an assigned wavelength range of electromagnetic ra-
diation.

104 104

106

AN
AN

WPy

S
%\

AN\

/ A A00
7

ds “%!5‘

L-|d1 A B P
]

~

)

Fig. 6

~102

f
114

Printed by Jouve, 75001 PARIS (FR)

Samsung Exhibit 1057, Page 344 of 718
Samsung v. W&Wsens - PGR2025-00082



20

25

30

35

40

45

50

55

EP 2 172 974 A1
Description
FIELD OF THE INVENTION

[0001] The invention relates to a device for detecting electromagnetic radiation.
[0002] Moreover, the invention relates to a method of detecting electromagnetic radiation.

BACKGROUND OF THE INVENTION

[0003] A PIN (P-type/Intrinsic/N-type or positive intrinsic negative) diode can be used as a photodiode. Under reverse
bias, the diode ordinarily does not conduct. A photon entering the intrinsic region frees a carrier. The reverse bias field
sweeps the carrier out of the region and creates a current. In order to make a wavelength detector, it may be necessary
to filter the light before it reaches the intrinsic region.

[0004] US 5,726,440 discloses a wavelength selective photodetector including a substrate having a buried insulator
layer for electrically isolating a lower section of the substrate located below the insulator layer from an upper section of
the substrate located above the insulator layer, and a photon detector formed on the upper section of the substrate for
detecting photons in a selected wavelength range, wherein the upper section has a selected thickness and the thickness
determines at least in part the selected wavelength range of the detected photons.

[0005] However, conventional wavelength selective photodetectors may lack sufficient detection accuracy.

OBJECT AND SUMMARY OF THE INVENTION

[0006] Itis an object of the invention to enable electromagnetic radiation detection with sufficient accuracy.

[0007] In order to achieve the object defined above, a device for detecting electromagnetic radiation, and a method
of detecting electromagnetic radiation according to the independent claims are provided.

[0008] Accordingto an exemplary embodiment of the invention, a device for detecting electromagnetic radiation (such
as light) is provided, the device comprising a substrate (such as a semiconductor wafer), an electromagnetic radiation
sensitive structure (such as a photodicde) arranged on and/or in the substrate, and a plurality of pores (such as empty
or filled trenches in a surrounding material) formed on and/or in the substrate in such a manner that electromagnetic
radiation to be detected propagates through at least a part of the plurality of pores (for instance may be reflected once
or several times at walls thereof) before propagating into (or penetrating into) the electromagnetic radiation sensitive
structure (which structure may be arranged to extend deeper into the substrate or with a larger distance to a surface of
the device, which surface is to be irradiated with the incoming electromagnetic radiation, than the plurality of pores),
wherein different ones of the plurality of pores differ regarding at least one physical parameter so that each of the plurality
of pores is sensitive to an assigned wavelength range of electromagnetic radiation (wherein assigned wavelength ranges
of different pores or pore groups may be different or may be at least overlapping).

[0009] According to another exemplary embodiment of the invention, a method of detecting electromagnetic radiation
is provided, the method comprising directing electromagnetic radiation to be detected towards a plurality of pores formed
on and/or in a substrate in such a manner that the electromagnetic radiation to be detected propagates through at least
a part of the plurality of pores, and subsequently propagating the electromagnetic radiation into an electromagnetic
radiation sensitive structure arranged on and/or in the substrate, wherein different ones of the plurality of pores differ
regarding at least one physical parameter so that each of the plurality of pores is sensitive to an assighed wavelength
range of the electromagnetic radiation.

[0010] The term "substrate” may denote any suitable matetrial, such as a semiconductor, glass, plastic, etc. According
to an exemplary embodiment, the term "substrate” may be used to define generally the elements for layers that underlie
and/or overlie a layer or portions of interest. Also, the substrate may be any other base on which a layer is formed.
[0011] The term "electromagnetic radiation” may particularly denote photons in an appropriate wavelength range. In
an embodiment, such an electromagnetic radiation may be in a range between 400 nm and 800 nm, so that optical light
is the electromagnetic radiation then. However, alternatively, other wavelength ranges are possible such as ultraviolet
radiation, infrared radiation or the like. For instance for silicon, a usable electromagnetic radiation range goes from 190
nm to 1100 nm. However, with other materials for photodetectors, ranges can be different and may, for example, be
extended to far infrared or far ultraviolet.

[0012] The term "pore" may particularly denote a trench formed in and/or on a substrate and having an aspect ratio,
which is defined by the ratio between depth of the trench in the substrate and diameter of the trench in a surface portion
of the substrate. For instance, such pores may have a cylindrical shape or alternatively may have a rectangular cross
section, an oval cross section, a polygonal cross section or the like. In an embodiment, the aspect ratio may be larger
than three, particularly larger than five, more particularly larger than ten. A diameter of the pores may be less than 1000
nm, particularly less than 700 nm. Generally, it may be advantageous to use, as a diameter dimension, a value in the
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order of the wavelength to get a sufficiently pronounced diffraction effect. For instance, a 700 nm hole may particularly
impact radiation of about 700 nm wavelength. The term "electromagnetic radiation sensitive structure" may particularly
denote a member, which is capable of detecting electromagnetic radiation such as a CMOS sensor, a CCD pixel, or the
like. For instance, photodiodes (such as a simple pn-junction) may be used for such detection purposes. However,
alternative detection options are possible as well.

[0013] The term "physical parameter" may particularly denote any physical or structural or dimensional property of
the pores, which may have an impact on the propagation characteristics of electromagnetic radiation of a certain wave-
length in the pore. Such a physical parameter may change the propagation characteristics of electromagnetic radiation
depending on the wavelength of the electromagnetic radiation. Examples for such a physical property are a diameter of
the pores, a geometry of the pores, a depth of the pores, an aspect ratio of the pores, a surface area of the pores, a
material filled in the pores, etc.

[0014] According to an exemplary embodiment, the detection of electromagnetic radiation in a wavelength specific
manner is possible. For this purpose, pores having different physical parameters such as geometrical parameters or
material parameters may be provided, for example pores having different diameters. The propagation properties of the
electromagnetic radiation within the pores may depend particularly on the wavelength of the electromagnetic radiation
so that each of the pores may be used as a wavelength specific filter being sensitive only to electromagnetic radiation
in a specific wavelength range or of a specific wavelength. Thus, by providing multiple pores having different physical
properties, each pore may be used as a band-pass filter in a dedicated or assigned wavelength range.

[0015] In an embodiment, a wavelength detector in silicon may be provided. Such an embodiment may combine a
PIN (P-type/Intrinsic/N-type or positive intrinsic negative) diode with pore technology to manufacture the wavelength
detector. A gist of an embodiment is to make holes of different diameters in a vertical PIN structure and to use diffraction
to select wavelength and recombination of electron-hole pair in the intrinsic region.

[0016] With silicon electronics, it is possible to make a wavelength detector performing a feedback loop function on
a complete solid state lighting solution. Phototransistors may serve as a good detector, but have a low internal gain
(compared to a photodiode). So a large area may be necessary. Embodiments of the invention may allow making very
small wavelength detectors in silicon that can be integrated in a small package. The trend to use solid-state lighting like
LEDs is increasing as it has a very small footprint and is very efficient. Their major drawback is the intensity variation
due to environmental factors like temperature, aging, etc. By putting a very small light detector near the light source (a
mobile phone flash for example), this can control a feedback loop to control the intensity or wavelength of the light flux.
It is also possible to integrate embodiments of the detector with passive electronics and with LED drivers to obtain a low
cost solution. A corresponding packaging may be more reliable and smaller and may be simple in manufacture.
[0017] Because of integration of sensor and LEDs, calibration may be done by manufacturers and not by an end user
who is buying LED and sensors separately. The benefit of a PIN diode is that the depletion region exists almost completely
within the inttinsic region, which is a constant width (or almost constant) regardless of the reverse bias applied to the
diode. This intrinsic region can be made large, increasing the area where electron-hole pairs can be generated. For
these reasons many photodetector devices may include at least one PIN diode in their construction, for example PIN
photodiodes and phototransistors (in which the base-collector junction is a PIN diode).

[0018] Next, further exemplary embodiments of the device will be described. However, these embodiments also apply
to the method.

[0019] The plurality of pores may be formed to extend parallel to one another. For example, the pores may be arranged
in a row or in a matrix-like manner on a surface of the substrate. An alignment direction of the pores may be parallel to
one another and perpendicular to a surface of the substrate so that the manufacture of all pores is possible with a
common lithography procedure. The electromagnetic radiation to be detected may be directed perpendicular to the
surface of the substrate or basically parallel to an alignment of the pores.

[0020] Different ones of the plurality of pores may have a different diameter or a different surface area in a surface
plane of the substrate, which surface is to be irradiated with the incoming electromagnetic radiation. For example, first
pores may have a first diameter, second pores may have a second diameter differing from the first diameter, third pores
may have a third diameter differing from the first and the second diameter, etfc. In this context, a diameter may be the
diameter of a circle in a surface of the pore, may be the length of a diagonal of a rectangle, or the like.

[0021] Different ones of the plurality of pores may extend up to a different depth into the substrate, which depth may
be calculated as a distance from a surface to be irradiated with the incoming electromagnetic radiation. Also by modifying
the depth up to which the pores extend into the substrate, the wavelength specific propagation characteristic of the
different pores may be further refined, involving another design parameter for a wavelength filter or a wavelength specific
detector. For example, by using different aspect ratios for the different pores, it is possible that some of the pores extend
into layers into which other pores do not extend. This may allow to define the specific wavelength selective properties
with high accuracy.

[0022] A cross-section of the pores may be constant along the extension of the pores into the substrate.

[0023] The plurality of pores may be grouped into groups of pores. Pores of each one of the groups may have a
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common diameter in a surface plane of the substrate and may extend up to a different depth into the substrate. Hence,
for the different pores of a common group, the same pore diameter may be used but different extensions in a vertical
direction. On the other hand, pores of different ones of the groups may have a different diameter in a surface plane of
the substrate. Hence, a two-dimensional array of pores may be provided, wherein one design parameter is the diameter
and another design parameter is the depth up to which the pores extend into the substrate. By taking this measure, a
highly wavelength selective filter may be obtained.

[0024] The plurality of pores may be trenches extending perpendicular with respect to a main surface of the substrate.
The main surface may be the surface at which a semiconductor wafer is usually processed. Vertical pores can be formed
in such a semiconductor substrate as trenches by a lithography and etching procedure.

[0025] The plurality of pores may be at least partially filled with afilling material being transparent forthe electromagnetic
radiation, particularly being optically transparent. Such a material, for instance silicon dioxide as a CMOS compatible
material, may fill the pores so that the device is not prone to dust or dirt. However, other materials may be appropriate
as well, for instance a silicon filled material such as polysilicon. More generally, any appropriate semiconductor material
such as polysilicon, silicon dioxide, silicon nitride, germanium, may be used. Hence, the filling material may be selected
so as to not influence the detection purposes, but to provide for a mechanical stable structure, which can even be
employed under harsh conditions. In another embodiment, the filling material of the pores may be used as a design
parameter for adjusting the wavelength-dependent propagation properties of the pores. In still another embodiment, the
pores may remain unfilled, that is may remain hollow bodies.

[0026] The electromagnetic radiation sensitive structure may comprise a photodiode structure, particularly a photodi-
ode such as a PIN photodiode or a PN photodiode. Such a structure can be formed as a layer structure with simple
deposition procedures known from semiconductor technology, wherein an orientation of such layers may be perpendicular
to an extension of the trenches as the pores. A photodiode can simply be formed by correspondingly doping different
portions of a semiconductor substrate, thereby providing for a pn-junction. Upon irradiation with electromagnetic radiation
such as light, electron-hole pairs may be generated at the pn-junction, which can be detected as a fingerprint of the
presence of the corresponding electromagnetic radiation.

[0027] The electromagnetic radiation sensitive structure may comprise a stack of layers differing regarding a doping
profile of the respective layer, wherein the plurality of pores may be formed to penetrate through at least a part of the
layers. For example, the layers may be planar layers which are formed on top of the substrate, and the pores may be
formed at least partially in this layer stack perpendicular to a sequence of application of the layers. By taking this measure,
simple and well-known manufacture procedures of silicon technology may be employed and simultaneously a powerful
wavelength selective filter may be formed.

[0028] A thickness of at least a part of the layers may differ in portions adjacent to different ones of the plurality of
pores. By forming the layers of different thicknesses, it is possible that adjacent pores are neighboured to different
thicknesses of a respective material, for instance an n-doped material and/or a p-doped material. This may have an
influence on the interaction between surrounding matter and the electromagnetic radiation, thereby further refining the
wavelength selectivity of the system.

[0029] The device may comprise a patterned cover layer arranged to expose the plurality of pores and to cover surface
portions between adjacent ones of the plurality of pores. Such a patterned cover layer may be arranged on top (or close
to the top) of the layer sequence forming the device and may prevent electromagnetic radiation from propagating into
portions between adjacent pores, which could deteriorate the detection performance.

[0030] Suchacoverlayermay, forinstance, have electrically conductive properties so as to allow serving as electrodes
for the photodiodes as well. When such a cover layer is made of an opaque material, it can have a shielding effect
preventing optical light to propagate through portions between the pores, which could result in undesired crosstalk.
[0031] Itis also possible to provide a cover layer made of an anti-reflective material (at least above the pores) so as
to prevent reflection of electromagnetic radiation to thereby improve the detection efficiency. Hence, the amplitude of
the detection signals may be kept sufficiently large.

[0032] The device may comprise a signal processing circuit formed on and/or in the substrate and being adapted for
processing detection signals generated by the electromagnetic radiation sensitive structure. Such a signal processing
circuit may be monolithically integrated within the substrate and may comprise active and/or passive electric components,
for instance may comprise resistors, capacitances, transistors, logic gates, memory cells, processors, or the like. Hence,
it is possible that the signal processing circuit processes the signal provided by the electromagnetic radiation sensitive
structure to evaluate the wavelength dependence of the impinging electromagnetic radiation.In an embodiment (see for
instance Fig. 15), all devices are fully integrated on a silicon wafer. This may be called SoC (System on Chip). SoC is
advantageous regarding parasitic effects. In another embodiment (see Fig. 16), devices are mounted on a support, this
may be called SiP (System in Package). SiP may be preferred for ease of process.

[0033] In an embodiment, the electromagnetic radiation sensitive structure may be realized as a photodiode which
may be electrically biased by a bias voltage to enable accurate detection of electric signals in response to the presence
of electromagnetic radiation.
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[0034] For example, the device may additionally comprise an electromagnetic radiation source such as a light emitting
diode (LED) which may be adapted for generating electromagnetic radiation such as light and may be controlled by a
control signal generated by the signal processing circuit based on the detection signals. Hence, a combined light emitting
diode and photodetector may be manufactured which allows to regulate the emission characteristics of the light emitting
diode based on the detected signal of the light emitting diode which allows for a wavelength specific analysis of the
emission characteristic of the light source.

[0035] For example, the device may be monolithically integrated in and/or on the substrate. Hence, at least a part of
the components of the device may be manufactured in semiconductor technology or microprocessing technology and
the resulting system may be very small in size.

[0036] Anembodiment ofthe invention may use the fundamental physical laws of diffraction of light in a hole combining
to a vertical PIN diode. Choosing the right design and silicon electronics can result in a variety of devices. In an embod-
iment, it is possible to make a specific wavelength detector with two different diameters only. Other possible applications
are a wide range light detector to measure the absolute intensity of a light source. For example, it can be used to tune
the flash intensity by a feedback loop. Another application is a light filter for wavelengths below or above a specific value.
If the detector is used for a non-mobile application, the detector can be put far away from the light source. It can be used
as a presence detector. Any other applications are possible as well.

[0037] In an embodiment, a completely integrated silicon solution may be provided which may be more reliable than
a discrete solution. This may allow for a better control due to submicron patterning. Embodiments of the invention may
be applied to mobile applications where small packaging is advantageous. According to an embodiment, with a unique
process, any kind of wavelength detector can be made as it is only depending of the via diameter. It is even possible to
make different detectors on the same silicon wafer. Furthermore, it is possible to use standard semiconductor processes
with standard dimensions and standard material. With a silicon wafer, the wavelength detection range may be from 190
nm (or less) to 1100 nm (or more). For higher wavelength detection (above 1 pym), a device made from germanium may
be advantageous.

[0038] Embodiments of the invention may have advantages such as excellent linearity of output current as a function
of incident light, a spectral response from 190 nm (or less) to 1100 nm (or more), low noise, robustness to mechanical
stress, long lifetime, high quantum efficiency (typically 80% or more), and no high voltage required.

[0039] Asthe detector may be designed in a silicon substrate by deep silicon etch, itis possible to reach a high-density
detector compared to a planar detector, and it may be possible to compensate a low gain. In an embodiment, it is possible
to combine pore etching and PIN junction formation to realize a wavelength filter.

[0040] By a unique process, it may be possible to create different diameter holes (just by using a lithography mask),
so it is possible to detect several wavelengths. As different diameter holes may be used at the same time, any drift in a
lithographic step would be the same for all detector elements, meaning that one single offset would be obtained for all
detectors. As it is a silicon process, it is possible to add active and passive components on the silicon. It is possible to
geta complete integrated solution of a detector and a signalprocessing module. The combination of a multiple wavelength
detector coupled with a signalprocessing module allows sampling.

[0041] In an embodiment, as the signal detection is a function of the hole diameter but also the depth of the intrinsic
zone, it is possible to design a matrix of detectors with rows of various diameter hole and columns of various depth of
intrinsic zone. This may improve the wavelength selection range for a better sampling performance. It is possible to use
pore technology to make a very accurate detector thanks to a lithography resolution and to a thin film deposition control.
[0042] The manufacturing method may be carried out in CMOS technology, since the described procedures are
compatible with CMOS technology.

[0043] For any method step, any conventional procedure as known from semiconductor technology may be imple-
mented. Forming layers or components may include deposition techniques like CVD (chemical vapour deposition),
PECVD (plasma enhanced chemical vapour deposition), ALD (atomic layer deposition), or sputtering. Removing layers
or components may include etching techniques like wet etching, vapour etching, etc., as well as patterning techniques
like optical lithography, UV lithography, electron beam lithography, etc.

[0044] Embodiments of the invention are not bound to specific materials, so that many different materials may be
used. For conductive structures, it may be possible to use metallization structures, silicide structures or polysilicon
structures. For semiconductor regions or components, crystalline silicon may be used. For insulating portions, silicon
oxide or silicon nitride may be used.

[0045] The structure may be formed on a purely crystalline silicon wafer or on an SOI wafer (Silicon On Insulator).
[0046] Any process technologies like CMOS, BIPOLAR, BICMOS may be implemented.

[0047] The aspects defined above and further aspects of the invention are apparent from the examples of embodiment
to be described hereinafter and are explained with reference to these examples of embodiment.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The invention will be described in more detail hereinafter with reference to examples of embodiment but to
which the invention is not limited.

Fig. 1 and Fig. 2 show a geometrical condition illustrating an interaction of electromagnetic radiation with a pore.
Fig. 3 shows intensities for different wavelengths as a function of depth for a via diameter of 0.5 pm and shows that
for certain depths, attenuation is depending of the wavelength.

Fig. 4 shows intensities for different wavelengths as a function of depth for a via diameter of 0.6 pm, so that by
subtracting the intensity of hole of 0.6 um and 0.5 pm it is possible to clearly differentiate wavelengths :

Fig. 5 shows subtraction of intensity of a 0.6 wm hole minus intensity of a 0.5 wm hole for 300 nm and 400 nm light
and shows that it is possible to extract UV-B light intensity (280 nm to 315 nm) from a light source.

Fig. 6 illustrates a wavelength selective filter according to an exemplary embodiment of the invention.

Fig. 7 to Fig. 13 show cross-sectional views of layer sequences obtained during a method of manufacturing a
wavelength selective filter according to an exemplary embodiment of the invention.

Fig. 14 shows a plan view of a wavelength selective filter according to an exemplary embodiment of the invention.
Fig. 15 to Fig. 17 show cross-sectional views of wavelength selective filters in combination with a light emitting diode
according to exemplary embodiments of the invention.

Fig. 18 and Fig. 19 show a wavelength selective characteristic of a system according to an exemplary embodiment
of the invention.

Fig. 20 shows a cross-sectional view of a wavelength selective filter according to an exemplary embodiment of the
invention.

DESCRIPTION OF EMBODIMENTS

[0049] The illustration in the drawing is schematical. In different drawings, similar or identical elements are provided
with the same reference signs.

[0050] Embodiments of the invention allow for diffraction in a micrometric cylindrical trench.

[0051] Diffraction refers to various phenomena associated with the bending of waves when they interact with obstacles
in their path. Its effects are generally most pronounced for waves where the wavelength is in the order of the size of the
diffracting objects. Diffraction is based on the Huygens-Fresnel principle which predicts the future position of a wave
when its earlier position is known. Every point on a wave front can be considered as a source of tiny wavelets that spread
out in the forward direction at the speed of the wave itself. The new wave front is the envelope of all the wavelets - that
is, tangent to them.

[0052] In optics, Fresnel diffraction or near-field diffraction is a process of diffraction which occurs when a wave passes
through an aperture and diffracts in the near field, causing any diffraction pattern observed to differ in size and shape,
relative to the distance. It occurs due to the short distance in which the diffracted waves propagate. When the distance
is increased, outgoing diffracted waves become planar and Fraunhofer diffraction cccurs. In the following, calculations
of the magnitude of the electric field given by Fresnel integral in application of Huygens-Fresnel principle in a cylindrical
trench will be explained. The diffracted light from the aperture of the cylindrical trench is absorbed by the silicon lateral
surface and by a photon-electron interaction can generate a built-in potential in the semiconductor.

[0053] The diffraction angles depend on the wavelength and on the size of the diffracting object. As a consequence,
the magnitude of the electric field along the side surface of the cylindrical trench at a fixed distance of the aperture
depends on the wavelength.

[0054] Next, wave magnitude calculation will be described.

[0055] In application of Huygens-Fresnel principle in a circular aperture, the phase and amplitude of each of the
Huygens wavelets at each point P in space is given by a double integral in cylindrical coordinates.

[0056] This is indicated schematically in Fig. 1:

I .
Alp) = f / Li0. e j—:—r-cus(r,z)rdedr (1)
gJr T

[0057] In a circular aperture, A(p) is supposed independent of the angle ®. Along the side surface of the cylindrical
trench, the elementary surface at each point P introduces the angle a between p and the perpendicular radius.
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The double integral is calculated in the cylindrical trench as represented in Fig. 2. Every point on the circular
aperture can be considered as a source each point with the same amplitude K.

The phase and amplitude of each of the Huygens wavelets at each point P along the side surface of the
cylindrical trench at a fixed distance z of the aperture is given by a double integral

- 1 27p
AP) =K f / 2 exp 5L (c0s @) (cos ) rlr @)
6Jr ‘

Herein, o is the angle between p and the perpendicular radius at P, and a is the radius of the aperture

rcosd a
M=| rsind | P=| 0
0 z

p= [(a -7 c030)2 + (rsin®® + z’]
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A

(____a ikl CUSG) fv'dﬁdr (6}
P P

A(P) is a complex number with phase and amplitude at each point P. The complete amplitude in a nano-ring
dz along the side surface of the cylindrical trench is:

[/Qﬂ A(P)adc‘)] dz = a27 A(P)dz {7
0

The intensity of light at each point P in space is:
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2

I(p) = A(P)A(P)" = |A(P)I" (8)

[0063] Simulations of equation (6) are presented with following parameters: aperture radius 0.5 pm z varies from 0.05
pmto 2 pm.

Ay Ao Ag Ay Ag
03pm 0.4pm 0.5pm  0.6pm  0.7pm
Aa(@ Al A ARl Asad)

[0064] Fig. 3 shows a diagram 300 having an abscissa 302 along which a z axis distance is plotted in um. Along an
ordinate 304, A-values corresponding to A4 to A5 are plotted.
[0065] Aperture radius 0.6 pm z varies from 0.05 pmto 2 pm

Ay Ao Az Ay Ag
0.3pm 04pm 0.5wm  0.6pm  0.7pm
Ap(2)  Ax(D)  Agp(2) Al Asd)

[0066] Fig. 4 shows a diagram 400 having an abscissa 302 along which a z axis distance is plotted in um. Along an
ordinate 304, A-values corresponding to A, to A5 are plotted.

[0067] Fig. 5 shows a diagram 500 having an abscissa 302 along which a z axis distance is plotted in um. Along an
ordinate 502, differential amplitudes are plotted.

[0068] Fig. 6 illustrates a device 100 for detecting a light beam 108 in a wavelength selective manner according to an
exemplary embodiment of the invention.

[0069] The wavelength selective filter 100 comprises a silicon substrate 102. A photodiode 104 as a light sensitive
structure is embedded within the silicon substrate 102. The photodiode 104 may be formed by a number of horizontally
deposited planar layers which are doped accordingly. A plurality of trenches or pores 106 are formed in a surface portion
of the substrate 102 in order to penetrate through the layers forming the photodiode 104. As can be taken from Fig. 6,
the pores 106 have different diameters d,>d,>d;>d, and are formed by a common lithography and etching procedure
in the substrate 102, more precisely in a surface portion of the substrate 102 including the photodiode layer sequence
104. As can be further taken from Fig. 6, all of the pores 106 extend up to the same depth, 1, into the substrate 102.
[0070] Since the inner diameters dy, d,, ds, d, of the pores 106 differ, the light detection properties are wavelength
selective and differentfor each of the pores 106, sothat each of the pores 106 is capable of detecting a specific wavelength
range of impinging light 108.

[0071] The combination of the detection signals of all pores 106 may allow to obtain wavelength-resolved information
about a spectrum of the light 108.

[0072] The pores 106 are formed parallel to one another in the substrate 102 and have the different diameters d, d,,
dg, d, in a surface plane of the substrate 102. Since all of them have the same depth 1 in the substrate 102, their aspect
ratios are different. The pores 106 are formed as trenches extending perpendicular to a main surface of the substrate
102 and perpendicular to the layer sequence 104 forming the photodiode. The pores 106 are filled with silicon dioxide
material or any other semiconductor-based material as an optically transparent material so that the light beam 108
impinging on the device 100 can propagate through the filling material 110.

[0073] A patterned cover layer 112 covers surface portions of the layer sequence between adjacent pores 106 to
absorb electromagnetic radiation impinging between different ones of the pores 106 to further increase the signal-to-
noise ratio. The opaque top layer 112 may further be electrically conductive so as to serve as an electrode for contacting
the photodiodes 104 or other components of the integrated circuit 100, if desired or necessary.

[0074] A signal processing unit 114 is provided as a buried integrated circuit within the silicon substrate 102 and is
supplied with the detection signals from the photodiode 104. The processing circuit 114 may evaluate the wavelength
characteristic of the detected light 108 and may output, at an interface 116, a signal indicative of the result of the detection.
The output at the interface 116 may alternatively also be used for control purposes, for instance for controlling a light
emitting diode.

[0075] In the following, referring to Fig. 7 to Fig. 13, a method of manufacturing a device according to an exemplary
embodiment will be explained. Such a manufacturing method may result in a colour filter which may serve for light
emitting diode control purposes.
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[0076] In Fig. 7 to Fig. 13, a common silicon substrate 102 is processed to manufacture a A, wavelength detector 700
and a A, wavelength detector 702, wherein L#A4.

[0077] Fig. 7 shows a layer sequence 704 obtained by PIN epitaxy applied to a silicon substrate 102, thereby forming
an n+-doped layer 708 on the silicon substrate 102, followed by an intrinsic layer 710 and a p*-doped layer 712. Starting
from the silicon substrate, the PIN structure 708, 710, 712 is grown by epitaxy (n*-silicon region 708, intrinsic region
710 and p*-region 712).

[0078] In order to obtain a layer sequence 800 shown in Fig. 8, trenches 106 are formed to entirely penetrate through
layers 712, 710, and to partially penetrate into layer 708. These trenches 106 may be formed by a deep silicon etch.
The deep silicon via holes 106 are formed into the PIN structure 708, 710, 712. Diameters of the holes 106 are different
from one to another area in order to detect different wavelengths.

[0079] In order to obtain a layer sequence 900 shown in Fig. 9, light transparent silicon dioxide or another transparent
semiconductor-based material 902 is deposited on the layer sequence 800 to fill the trenches 106.

[0080] In order to obtain a layer sequence 1000 shown in Fig. 10, the deposited silicon oxide material may be etched
back, for instance using CMP (Chemical Mechanical Polishing), wherein silicon is at the top of the trench. In another
embodiment, when silicon shall be used as a stop layer, it may be possible to add a dummy layer to stop CMP to get
selectivity.

[0081] Hence, in Fig. 9, the holes 106 are filled with light transparent material 902 (such as undoped silicon, silicon
dioxide SiO,), and in Fig. 10 a back etching (etching without litho mask) is performed to remove this material 902 on top
of the p+-region 712.

[0082] In order to obtain a layer sequence 1100 shown in Fig. 11, an opaque/metal layer 1102 is deposited over the
layer sequence 1000. As a material for the metal layer 1102, aluminium or tungsten may be used, for instance.

[0083] In order to obtain a layer sequence 1200 shown in Fig. 12, the cover layer 1102 is patterned to expose the
pores 106.

[0084] Referring to Fig. 11 and Fig. 12, the metal layer 1102 or opaque material is deposited and patterned only on
the detector area 106.

[0085] In order to obtain a device 1300 according to an exemplary embodiment as shown in Fig. 13, a silicon nitride
layer 1302 is deposited on a surface of the layer sequence 1200, which silicon nitride layer 1302 acts as an antireflective
coating on the openings 108 but also as a passivation layer.

[0086] The described process flow does not show the interconnects to collect current from light. Based on theoretical
calculations, it is possible to make numerical computing to get values to make the layout of the detector.

[0087] A corresponding design may be such that the PIN dicdes 708, 710, 712 have an intrinsic region 710 buried
between 0.5 pm and 1 um into the silicon with a hole 106 diameter of 600 nm for one circuit part and 500 nm for the
other circuit part. For UV-B light source, the current intensity of the 600-nm-hole circuit (A1 and A2 intensities) is higher
than for the 500-nm-hole circuit (A1b and A2b intensities).

[0088] By triggeringthe detector to take into account only positive intensities in the area of 0.5 pum 1 pm deep (intrinsic
region), a simple device can be made to detect UV-B (280 nm to 315 nm) and filter UV-A (315 nm to 400 nm).

[0089] An even more accurate filter can be made by optimizing via diameter and combination of different sizes of
holes 106.

[0090] Fig. 14 shows a plan view of a device similar to the device 100 shown in Fig. 6 in which four different pore
groups 106 with four different diameters and thus different wavelength selectivity are shown. Four different wavelengths
can be detected with the four pores 106 of the different sizes shown in Fig. 14.

[0091] Fig. 15 shows a device 1500 according to another exemplary embodiment of the invention.

[0092] The device 1500 further comprises a light emitting diode (LED) 1502 emitting light 108. A part of the light 108
is transmitted towards a device 100 for detecting the wavelength composition of the light 108. A corresponding detection
result may be transmitted from the device 100 to a signal processing circuit 114 which may generate a control signal for
controlling the LED 1500 in a feedback architecture. The light emitting diode 1500 may be connected to the silicon
substrate 102 using solder bumps 1504 or the like.

[0093] Fig. 16 shows a device according to another exemplary embodiment of the invention which differs from Fig.
15 in that the substrate 102 is substituted by a printed circuit board (PCB) 1602. In the embodiment of Fig. 16, the
detector 100 is assembled on the PCB sub-mount 1602 via solder bumps 1504. Also the feedback loop circuitry 114 is
connected to the PCB sub-mount 1602 using solder bumps 1504.

[0094] Fig. 17 shows a device 1700 according to another exemplary embodiment of the invention.

[0095] In this embodiment, the light emitting diode 1502 has a transparent substrate. Thus, the detector 100 can also
be arranged under the light emitting diode 1502 as there may be also light emission below the light emitting diode 1502.
[0096] Fig. 18 schematically illustrates how different detectors 1802, 1804, 1806 may detect different wavelength
ranges of an overall signal 1808. Reference numeral 1810 illustrates signal sampling from a first detector 1802 and a
second detector 1804.

[0097] Fig. 19 shows a diagram 1900 having an abscissa 1902 along which a light energy is plotted in electron volts.
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Along an ordinate 1904, a spectral distribution of a signal 108 is plotted. Sampling results in measuring the individual
wavelength ranges 1906.

[0098] Fig. 20 shows a device according to another exemplary embodiment in which a thickness of the layer 712
differs forthe two wavelength detectors 700, 702 shown in Fig. 20. For wavelength detector 700, layer 712 has a thickness
b, which is smaller than a thickness b, for a second wavelength detector 702. Thus, the depth of the intrinsic zone 712
may be tuned by a recess 2002 of pt+-layer 712. Such a recess 2002 of the p-region 712 can be manufactured by mask
lithography and dry silicon etch.

[0099] Finally, it should be noted that the above-mentioned embodiments illustrate rather than limit the invention, and
that those skilled in the art will be capable of designing many alternative embodiments without departing from the scope
of the invention as defined by the appended claims. In the claims, any reference signs placed in parentheses shall not
be construed as limiting the claims. The word "comprising” and "comprises”, and the like, does not exclude the presence
of elements or steps other than those listed in any claim or the specification as a whole. The singular reference of an
element does not exclude the plural reference of such elements and vice-versa. In a device claim enumerating several
means, several of these means may be embodied by one and the same item of software or hardware. The mere fact
that certain measures are recited in mutually different dependent claims does not indicate that a combination of these
measures cannot be used to advantage.

Claims

1. A device (100) for detecting electromagnetic radiation, the device (100) comprising
a substrate (102);
an electromagnetic radiation sensitive structure (104) arranged on and/or in the substrate (102);
a plurality of pores (106) formed on and/or in the substrate (102) in such a manner that electromagnetic radiation
to be detected propagates through at least a part of the plurality of pores (106) before propagating into the electro-
magnetic radiation sensitive structure (104), wherein different ones of the plurality of pores (106) differ regarding at
least one physical parameter so that each of the plurality of pores (106) is sensitive to an assigned wavelength
range of electromagnetic radiation.

2. The device (100) according to claim 1, wherein the plurality of pores (106) are aligned parallel to one another.

3. The device (100) according to claim 1, wherein different ones of the plurality of pores (106) have a different diameter
or surface area in a surface plane of the substrate (102).

4. The device (100) according to claim 1, wherein different ones of the plurality of pores (106) extend up to a different
depth into the substrate (102).

5. The device (100) according to claim 1, wherein the plurality of pores (106) are grouped into pore groups, wherein
pores (106) of each one of the pore groups have a common diameter or surface area in a surface plane of the
substrate (102) and extend up to a different depth into the substrate (102), and wherein pores (106) of different ones
of the pore groups have a different diameter or surface area in a surface plane of the substrate (102).

6. The device (100) according to claim 1, wherein the plurality of pores (106) are trenches extending perpendicular to
a main surface of the substrate (102).

7. The device (100) according to claim 1, wherein the plurality of pores (106) are at least partially filled with a filling
material (110) being transparent for the electromagnetic radiation, particularly being optically transparent.

8. The device (100) according to claim 1, wherein the electromagnetic radiation sensitive structure (104) comprises a
photodiode structure, particularly a positive-intrinsic-negative photodiode structure.

9. The device (100) according to claim 1, wherein the electromagnetic radiation sensitive structure (104) comprises a
stack of layers, wherein different ones of the layers differ from one another regarding a doping profile, wherein the

plurality of pores (106) are formed to penetrate through at least a part of the layers.

10. The device (100) according to claim 9, wherein a thickness of at least a part of the layers differs in portions adjacent
to different ones of the plurality of pores (106).

10
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The device (100) according to claim 1, comprising a patterned cover layer (112) arranged to expose the plurality of
pores (106) and to cover surface portions between adjacent ones of the plurality of pores (106).

The device (100) accordingto claim 11, wherein the cover layer (112) comprises at least one of the group consisting
of an electrically conductive material, and an opaque material.

The device (1300) according to claim 1, comprising an anti-reflective layer (1302) covering at least the plurality of
pores (106).

The device (100) according to claim 1, comprising a signal processing circuit (114) formed on and/or in the substrate
(102) and being adapted for processing detection signals generated by the electromagnetic radiation sensitive
structure (104).

The device (1500) according to claim 14, comprising an electromagnetic radiation source (1502) adapted for gen-
erating electromagnetic radiation and being controlled by a control signal generated by the signal processing circuit
(114) based on the detection signals.

The device (100) according to claim 1, monolithically integrated in and/or on the substrate (102).

The device (100) according to claim 1, wherein the substrate (102) is a semiconductor substrate, particularly one
of the group consisting of a group IV semiconductor substrate, a silicon substrate, a germanium substrate, a group
Ill-group V semiconductor substrate, and a GaAs substrate.

A method of detecting electromagnetic radiation, the method comprising directing electromagnetic radiation to be
detected towards a plurality of pores (106) formed on and/or in a substrate (102) in such a manner that the electro-
magnetic radiation to be detected propagates through at least a part of the plurality of pores (106);

subsequently propagating the electromagnetic radiation into an electromagnetic radiation sensitive structure (104)
arranged on and/or in the substrate (102);

wherein different ones of the plurality of pores (106) differ regarding at least one physical parameter so that each
of the plurality of pores (106) is sensitive to an assigned wavelength range of the electromagnetic radiation.

1
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4. Case IPR2025-00996 on patent 10,446,700; and
5. Case IPR-00997 on patent 9,525,084,

The following U.8. Patent is currently involved in a pending PGR proceeding:
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In the concurrently submitted Information Disclosure Statement, Applicant has identified seven
(7 references on which the above five (§) IPRs rely to challenge patentability of the relevant
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Commonly-owned Related Patents Tnvolved in Liligation
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WE&WSENS DEVICES INC, v. SAMSUNG ELECTRONICS CO., LTD, and SAMSUNG
ELECTRONICS AMERICA, INC,, pending in United States District Court for the Bastern
District of Texas, Marshall Division (W& Wsens v. Samsung) involving the following patents:
U8, Patent No. 12,087,871,

U.S. Patent No. 11,621,360;
1.8, Patent No. 10,46¥,543;

.8, Patent No. 10,446,700, and
U.S. Patent No. 9,525,084,

I S

Applicant attaches hereto as Exhibit A (43 pages), Defendant’s Tnvalidity Contentions in the
W&WSens v. Samsung litigation. The Defendant’s Invalidity Contentions include an exhaustive
list of references that the Defendant apparently may be relied on to invalidate one or more claims

of the above-identified patents without providing any basis supporting any contention.
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The Commissioner is hereby authorized to charge U.S. PTO Deposit Account 600125
any payment due and to credit any overpayment thereto.

Respectfully submitted,
[Gerard M. Wissing/

Gerard M. Wissing
Registration No. 36,309
Attorney for Applicant

Date: September 16, 2025
Wissing Miller LLP
industrious at Hudson Yards

31 Hudson Yards, 11% Floor
New York, NY 10001
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EXHIBIT A

IM THE UNITED STATES DISTRICY COURT
FOR THE EASTERN DISTRICT OF TEXAS
MARSHALL DIVISION

WEWSENS DEVICES INC |
Plaintiff, Case No. 2.24-CV-00854-JRG

V. JURY TRIAL DEMANDED

SAMSUNG ELECTRONICS CO, LTD, and
SAMSUNG ELECTRONICS AMERICA, INC,,

Defendants.

DEFENDANTS INVALIBITY CONTENTIONS

Pursuant to Local Patent Rules 3-3 and 3-4 and the Court’s Docket Control Order (Dkt. 38),
Defendants Samsung Electronics Co., Lid. (“SEC”) and Samsung Electronics America, Inc.
{(“SEA™), (collectively, “Sarsung” or “Defendants”) provide these Invalidity Contentions and
accompanying document production to Plaintiff W& Wseus Devices Inc. (“W&W”).
L Overview

In this action, Plaintiff asserted in its P.R. 3-1 and 3-2 Disclosures of January 7, 2025
(“Infringement Contentions” ) that Defendants allegedly infringe claims 1-4, 6-8, 10-12, and 14-
18 of U.S. Patent No. 12,087,871 (the 7871 patent”™), claims 1, 3, 5, 6, 8, and 9 of U.S. Patent No.
11,621,360 (the “"360 patent”), claims 1, 3, 7,9, 10, 16, 20, 24, 26, 28-30, and 32 of 1.8, Patent
No. 10,468,543 (the “’543 patent™), claims 1, 3, 7, 9, 10, 16, 20, 24, 26, 28-30, and 32 of U.S.
Patent No. 10,446,700 (the *7700 patent”), and 1-3, 5, 7, 8 11-15, 17-19, and 21 of U S Patent

No. 9,525,084 (the “’084 patent”) {collectively, the “Patents-in-Suit” and the “Asserted Claims”)

Patent Owner, W& Wsens ~ Ex. 2017, p. 1
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This Court has not vet construed any of the terms in the Patents-in-Suit. Defendants’
Invalidity Contentions are based on Defendants’ present understanding of Plaintiff’s apparent
interpretation of the Asserted Claims, as advanced by Plaintiff in its Complaint and Infringement
Coutentions, and Defendants” own understanding of the scope of the Asserted Claims. Defendants
take no position on any matter of claim counstruction or interpretation in these contentions.
Defendants’ contentions herein are not, and should in no way be seen as, admissions about or
adoptions of any particular claim scope or construction, or any admission that any particular
elerment s met in any particular way. Defendants object to any attempt to imply claim constructions
from any identification or application of potential prior art. Any statement herein describing or
tending to describe any claim element is provided solely for the purpose of understanding the
relevant prior art. By including prior art that anticipates or renders obvious claims based on
Plaintifl”s apparent claim consiruction, Defendants do not thereby adopt Plaintiff’s apparent claim
construction.

Moreover, nothing herein should be construed as an admission that Defendants agree with
Plaintiff”s claim interpretations or that Plaintiff has a plausible basis to allege infringement.
Similarly, nothing herein shall be construed as an admission regarding the application of the
Asserted Claims to any of Defendants’ accused products. Defendants do not agree with Plaintiff’s
application of the claims to the accused products, and Defendants deny infringement. Furthermore,
these contentions do not represent an agreement with Plaintiffs views as to the meaning
definiteness, writien description support for, or enablement of any of the Asserted Claims. In fact,
Defendants provide grounds for invalidity under § 112 below. Pursuant to the Court’s Docket
Control Order (Bkt. 34), Defendants reserve the right to include arguments directed to

indefiniteness in their Markman briefing. Nothing stated herein shall be construed as a waiver of

Patent Owner, W& Wsens ~ Ex. 2017, p. 2
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