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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

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

WMDocket@wissingmiller.com 
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ISSUE DATE PATENT NO. 
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EGRANT NOTIFICATION 

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

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit 
https://www.uspto.gov/electronicgrants 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

18/385,213 09/10/2024 

139982 7590 

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

08/21/2024 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

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

PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO. 

12087871 309-00lSUSCIP 7381 

ISSUE NOTIFICATION 

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

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

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

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

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

Applicant will be able to obtain more detailed information by accessing the Patent Center (https:// 
patentcenter.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at ( 571 )-272-7702. Questions relating to issue and publication fee payments should 
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE), 
Stakeholder Support Division (SSD) at (571)-272-4200. 

IR103 (Rev. 10/09) 



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

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

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

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

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

IR103 (Rev. 10/09) 
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P.O. Box 1450 
Alexandria, VA 22313 - 1450 
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ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION# RECEIPT DATE/ TIME ATTORNEY DOCKET# 

18/385,213 08/12/2024 05:17:01 PM Z ET 309-001 SUSCIP 

Title of Invention 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

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

PATENT# -

CONFIRMATION# 7381 

PATENT CENTER# 66753538 

CUSTOMER # 139982 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

309-0015USCIP Issue Fee­
LtrWithStatementOf Allowanc 
e-Final.pdf 

309-
0015USCIP lssueFeeTrans 
mittal-Final.pdf 

Digest 

DOCUMENT 

309-0015USCIP Issue Fee­
LtrWithStatementOf Allowance­
Final.pdf 

PAGES 

2 

1 

FILED BY Mary Ellen Finnegan 

FILING DATE 10/30/2023 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

AUTHORIZED BY Ivan Kavrukov 

TOTAL DOCUMENTS: 2 

DESCRIPTION 

Miscellaneous Incoming Letter 

Issue Fee Payment (PTO-85B) 

SIZE 
(KB) 

501 KB 

470 KB 

MESSAGE DIGEST(SHA-512) 

973A64759280F5CFC0252D1D8643DAADEB9DEDE4A496E50D 
E9E84945DD7DD00D821CE23C35239306C1EC9B4E69BF7D6F 
1490A84EE6D9D26E205B4894603E5895 



309-
0015USCIP lssueFeeTransmitt 
al-Final.pdf 

Page 2 of 2 

8DFD335B822D519527741806FFD11DDE1114BB54A4D20EBO 
C72BAF8C1E8B242A7CB1FF67CF182953495F2C65C63F2D472 
371C2584FC92EF09CE8B8EA6848E101 

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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ELECTRONIC PAYMENT RECEIPT 

APPLICATION# RECEIPT DATE/ TIME ATTORNEY DOCKET# 

18/385,213 08/12/2024 05:17:01 PM Z ET 309-001 SUSCIP 

Title of Invention 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

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

CONFIRMATION# 7381 

PATENT CENTER# 66753538 

CUSTOMER # 139982 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
CARD/ 2892 

PAYMENT TRANSACTION ID 
E20248BH18179907 

PATENT# -

FILED BY Mary Ellen Finnegan 

AUTHORIZED BY Ivan Kavrukov 

FILING DATE 10/30/2023 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

PAYMENT AUTHORIZED BY 
Mary Ellen Finnegan 

PRE-AUTHORIZED ACCOUNT 

600125 

PRE-AUTHORIZED CATEGORY 

FEE CODE 

2501 

DESCRIPTION 

UTILITY ISSUE FEE 

37 CFR 1.21 (Miscellaneous fees and charges} 

ITEM PRICE($) 

480.00 

QUANTITY 

TOTAL 
AMOUNT: 

ITEM TOT AL($) 

480.00 

$480.00 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

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

New International Application Filed with the USPTO as a Receiving Office 

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



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Serial No.: 

Filing Date: 

Art Unit: 

Confirmation No.: 

Examiner: 

For: 

Shih-Yuan WANG 

18/385,213 

January 11, 2021 

2893 

7381 

EDUARDO A RODELA 

MICROSTR1JCHJRE ENHANCED ABSORPTION 
PHOTOSENSTTIVE DEVJCES 

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

CERTIFICATE OF ELECTRONIC FILING 

Date of Transmission: ~Au=g=us=t=l2~, 2=0=24~-------­

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

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

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

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

TRANSMITTAL LETTER ACCOMPANYING ISSUE FEE PAYMENT 

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

IRl Part B - Issue Fee Transmittal; 
IRl Payment by credit card and Authorization to charge Deposit Account 600125 in 

payment of any fee deficiencies; 

Applicant Comments to Examiner's Statement of Reasons for Allowance 

The applicant recognizes that in accordance with M.P.E.P. § 1302.14, the Examiner's reasons 

for allowance need not set forth all of the details as to why the claims are allowed. In the above 

identified application, the applicant does not concede that the examiner's stated reasons for allowance 

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



that all of the recited limitations are necessary to distinguish the prior art of record or to satisfy the 

requirements of 35 U.S.C. § 112. In addition, the dependent claims are allowable on their own merits, 

and are allowable on the basis of a sub-combination of the recited features of the dependent claims and 

their respective base claims. 

If there are any questions regarding this submission, the Examiner is encouraged to contact the 

undersigned via telephone at (917) 945-0121. I hereby authorize the USPTO to communicate any 

subject matter of this application by electronic mail at [wmdocket@wissingmiller.com]. I understand 

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

By: -~/I_v~a_n~S~. _K~a~v_ru~k~o~v~/ __ _ 

Date: August 12, 2024 
Address: (associated with Customer Number: 139982) 
31 Hudson Yards, 11th Floor 
New York, New York 10001 
Attorney's Telephone No.: (917) 945-0121 

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



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 I 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 I, by (a) specifying a new 
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue 
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 
Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

139982 7590 

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

05/16/2024 

APPLICATION NO. FILING DATE 

18/385,213 10/30/2023 

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

ary en lnnegan (Typedorprintedname) 

ar en lnne an (Signature) 

Au ust 12 2024 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shih-Yuan WANG 309-0015USCIP 7381 

TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $480 

EXAMINER ART UNIT 

RODELA, EDUARDO A 2893 

I. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AW122 or PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
AW47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa 
Customer Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

136-256000 

2. For printing on the patent front page, list 
(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$480 08/16/2024 

1 Wissing Miller LLP 

2 _____________ _ 

3 _____________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

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

W&W Sens Devices, Inc. Los Altos CA 
Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual~ Corporation or other private group entity O Government 

4a. Fees submitted: iZIIssue Fee □Publication Fee (if required) 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

129 Electronic Payment via the USPTO patent electronic filing system O Enclosed check 0 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. 600125 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

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

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

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /Ivan s Kavrukov/ 

Typed or printed name _l_v_a_n_S_. _K_a_v_r_u_k_o_v _________ _ 

PTOL-85 Part B (11/23) Approved for use through 03/31/2026 
Page 2 of3 

0MB 0651-0033 

Date August 12, 2024 

Registration No. ~2~5,_,,~1~6~1 __________ _ 

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



Application Number Application/Control No. Applicant(s)/Patent under 
Reexamination 

* 18/385,213 * 
18/385,213 WANG etal. 

Examiner Art Unit 

RODELA, EDUARDO A 2893 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
~ APPROVED D DISAPPROVED 

DISCLAIMER 

Date Filed: 18Julf2024 

Approved/Disapproved by: 

/JEAN PROCTOR/ 

Technology Center: OPLC 

Telephone: (571)272-1040 

16 TD'S 

U.S. Patent and Trademark Office 
TSS-IFW 

This patent is subject 
to a Terminal 

Disclaimer 

Terminal Disclaimer Part of Paper No. 20240723 



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 10 468 543 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/25 (04-13) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A PENDING "REFERENCE" APPLICATION 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby 
disclaims, except as provided below, lhe terminal part of lhe s!a!utory term of any patent granted on the instant application which would extenc 
beyond the expiration dale of the full statutory term of any patent granted on pending reference Application Number_1_7_/4_3,...4_,_3.,..8_2-,-,,--..,.....,--.... 
filed, September 21, 2020 , as the term of any patent granted on said reference application may be shortened by any terminal disclaimer 
filed prior to the grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant 
application shall be enforceable only for and during such period that ii and any patent granted on the reference application are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns. 

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

Check either box 1 or 2 below, if appropriate. 

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

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

2. l!2J The undersigned is an attorney or agent of record. Reg. No. _2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

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

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

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

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 11 830 954 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 11 791 432 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 9 530 905 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 10 446 700 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 
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be included on this form. Provide credit card information and authorization on PTO-2038. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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described in MPEP 503. 

If a new application is being filed and the application inciucies the necessary components for fi!inq date (see 37 CFr{ 1.53/b)~(d) 
and MPEP 506). a Filing Receipt (37 CFR 1.54) wiH be issued in due course and the dHte shown on this Acknowledgement 

Hece,pt w:11 ;:istabiish the liling date ol the a.pplica!ion 

Ni:itlona! Sti:ige of an !ntemationa! App!!cation under 35 UaS.C. 371 

If a time,y subrnission !o enter the nationai stage of an international applirn!:on is compliant wi!h the conditions of 35 U S.C. 

37"1 and other a.pplicable require,,1ents a Fon,1 PCT!DO/E0/903 ind,cating acceptanc::i ol the applica!,on as a national stage 
submission under 35 U.S.C. 371 vvill be issued in addition to the Fi!ing Receipt, in due course. 

New internatimml Application Filed with the USPTO as a Receiving Office 

If a new ,ntemationai app,ication is being f:led ,:1no !he interna!iona, application includes the necessa:-y components for an 
international fiiing date (see PCT .Article 11 and MPEP 1810), a ~~otification of the International Application f'Jurnber and of the 

International Filing Da!e (Form PCTiR0/105) will be ,ssued in due course, subject to presuiptions concerning national secur:ty, 
and t:1e elate s:1own on this .Acknovvledgernent r{eceipt ,viii establish tl1e internationai filinq elate of the application. 



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 9 525 084 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 11 309 444 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/25 (04-13) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A PENDING "REFERENCE" APPLICATION 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby 
disclaims, except as provided below, lhe terminal part of lhe s!a!utory term of any patent granted on the instant application which would extenc 
beyond the expiration dale of the full statutory term of any patent granted on pending reference Application Number_1_8_/_11,...3_,_4.,..7_4-,-,,--..,.....,--.... 
filed, February 23, 2023 , as the term of any patent granted on said reference application may be shortened by any terminal disclaimer 
filed prior to the grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant 
application shall be enforceable only for and during such period that ii and any patent granted on the reference application are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns. 

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

Check either box 1 or 2 below, if appropriate. 

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

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

2. l!2J The undersigned is an attorney or agent of record. Reg. No. _2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

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

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

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

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 11 121 271 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 11 621 360 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 9 818 893 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 9 496 435 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/26 (04-14) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES INC. , owner of 1 QQ percent interest in the instant application hereby 
disclaims, except as provided below, the le rminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration dale of the full statutory term of prior patent No. 10 700 225 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that ii and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 .321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

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

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

2. [2J The undersigned is an attorney or agent of record. Reg. No._2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
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 US PTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/25 (04-13) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A PENDING "REFERENCE" APPLICATION 309-0015USCIP 

In re Application of: Shih-Yuan WANG 

Application No.: 18/385,213 

Filed: October 30, 2023 

For: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The applicant, W&WSENS DEVICES, INC. , owner of 100 percent interest in the instant application hereby 
disclaims, except as provided below, lhe terminal part of lhe s!a!utory term of any patent granted on the instant application which would extenc 
beyond the expiration dale of the full statutory term of any patent granted on pending reference Application Number_1_8_/3_8,...5_,_2.,..1 _3-,-,,--..,.....,--.... 
filed, October 30, 2023 , as the term of any patent granted on said reference application may be shortened by any terminal disclaimer 
filed prior to the grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant 
application shall be enforceable only for and during such period that ii and any patent granted on the reference application are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns. 

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

Check either box 1 or 2 below, if appropriate. 

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

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

2. l!2J The undersigned is an attorney or agent of record. Reg. No. _2_5~, 1_6_1 _____ _ 

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

Ivan S. Kavrukov 
Typed or printed name 

Attorney of Record 917-945-0121 
Title Telephone Number 

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

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

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

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



Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



UNITED STATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

18/385,213 10/30/2023 Shih-Yuan WANG 

139982 7590 06/10/2024 

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

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

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

ATTORNEY DOCKET NO. 

309-00lSUSCIP 

CONFIRMATION NO. 

7381 

EXAMINER 

RODELA, EDUARDO A 

ART UNIT PAPER NUMBER 

2893 

NOTIFICATION DATE DELIVERY MODE 

06/10/2024 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

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

WMDocket@wissingmiller.com 

PTOL-90A (Rev. 04/07) 



Notice of Allowability 

Application No. 
18/385,213 
Examiner 
Eduardo A Rodela 

Applicant(s) 
WANG etal. 
Art Unit I AIA (FITF) Status 
2893 Yes 

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

1.~ This communication is responsive to printer rush 5/21/2024. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

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

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

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. 

D 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). 

6.0 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. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

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

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 

/EDUARDO A RODELA/ 
Primary Examiner, Art Unit 2893 

Notice of Allowability Part of Paper No./Mail Date 20240605 



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

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

139982 7590 

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

05/16/2024 

APPLICATION NO. FILING DATE 

18/385,213 10/30/2023 

FIRST NAMED INVENTOR 

Shih-Yuan WANG 

TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

EXAMINER 

RODELA, EDUARDO A 

ART UNIT PAPER NUMBER 

2893 

DATE MAILED: 05/16/2024 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

309-0015USCIP 7381 

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

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

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
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Application/Control Number: 18/385,213 
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DETAILED ACTION 

This correspondence is in response to the communications received April 10, 2023. 

Pagel 

Claims 13-30 are pending. This application has been granted expedited examination status on 

December 8, 2023. 

Notice of Pre-AJA or AJA Status 

The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Priority 

It is acknowledged that this application is a continuation of several US applications 

including 14/947,718 (now US 10,622,498) which has priority benefit of at least Provisional 

applications 61/905,109 (with date November 15, 2013) and 61/843,021 (with date July 4, 2013). 

The effective filing date is the earliest of the supported parent applications which appears to be 

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

Information Disclosure Statement 

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

publication date for the #3 Non-Patent Literature Documents (on page 8) as June 2019. 
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Applicant's Representative provided the following two citations for the Jonghoon Park et 

al. "Pixel Technology for improving IR Quantum Efficiency of Backside-illuminated CMOS 

Image Sensor" document. The citation dates were found via Google Search in the citation 

section. 

First citation: 

Park, Jonghoon, Yunki Lee, Bumsuk Kim, Bomi Kim, Junsung Park, Eunju Yeom, Yunji 

Jung et al. "Pixel technology for improving IR quantum efficiency of backside-illuminated 

CMOS image sensor." In Proc. Int. Image Sensor Workshop, vol. 4, pp. 1-4.2019. 

Second citation: 

Park, J., Lee, Y., Kim, B., Kim, B., Park, J., Yeom, E., ... & Park, Y. (2019, June). Pixel 

technology for improving IR quantum efficiency of backside-illuminated CMOS image sensor. 

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

Claim Objections 

The claim objections have been withdrawn in light of Applicant's newly presented 

amendment, which does not contain the language that previously warranted the objection. 
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Kuriyama et al. (US 2004/0157354) Figs. 2A, 2B, shown below. This reference shows 

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

FIG. 2A 

FIG. 28 
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Hong et aL (US 2010/0193022) Fig. 12, shown below. "The light-converting layer 130 is 

formed in plurality spaced apart from each other. Each of the light-converting layers 130 

includes a plurality of semiconductor layers. For example, each of the light-converting layers 
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130 includes a stack of a p-type amorphous silicon layer 131, an i-type amorphous silicon layer 

132, and an n-type amorphous silicon layer 133. Herein, the p-type amorphous silicon layer 131 

is a layer that is doped with p-type impurities, the i-type amorphous silicon layer 132 is a layer 

that is not doped with impurities, and then-type amorphous silicon layer 133 is a layer that is 

doped with n-type impurities.",<][ 0039. This reference shows plural light sensitive pillars, but 

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

[Fig. 12} 

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

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

/ 
17() 

FIG. 3G 
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Han et al. (US 2013/0014814) Fig. 8, shown below, which depicts lattice constant on 

efficiency and Absorption, shown below. 

lattice constant (nm) 

FlG. 9 

Bandyopahyay et al. (US 8,207,064) Fig. lOG, shown below. This reference 

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

filling. 
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It is noted that this comparison is merely for the benefit of reviewers of this office action 

during prosecution, to allow for an understanding of the examiner's interpretation of the 

Applicant's independent claims as compared to disclosed embodiments in Applicant's Figures. 

No response or comments are necessary from Applicant. 

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

integrated structure comprising: 

an array of pillars comprising Si, Ge, and/or Si Ge alloy semiconductor material wherein 

at least some of the pillars are configured as photodetectors that have respective light-receiving 

surfaces and have sides (from<][ 0132, "Fig. SB shows a microstructured pillar and or hole PD 

520 in silicon with the starting material 500 consisting of a P-1-N Si layer grown on an Si 

substrate 5 02 ... "); 

wherein at least some of the photodetectors comprise P-doped and N- doped regions and 

regions therebetween (P-1-N structure shown in Fig. 5B) and are configured to respond to 

illumination with light in selected visible and infrared wavelength ranges by generating electrical 

charge carriers (from<][ 0132, "the optical signal wavelengths range from 750-1100 nm"); 

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

"holes" are understood to be further holes that are within surfaces of the pillars, and are in 



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

Page 9 

addition to the "holes" or discontinuities in material that allow for the creation of the pillars), 

have elongated and/or other shapes at said light- receiving surfaces (see Fig. 49), extend into the 

photodetectors to a depth of 100 tolO000 nm (en 0154), and are filled at least partly with solid 

dielectric material (en 0095, "when structures such as ... holes (which can be filled with low 

index material ... "): 

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

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

a solid dielectric material forming a base dielectric region for said array ('BOX/SOI' 

layer shown in Fig. 5B); and 

electrical contacts (528 and 530 as shown in Fig. 5B) configured to provide electrical 

pathways to at least some of the photodetectors, including for selected reverse-biasing thereof 

(discussed in at least en 0023); 

wherein the presence of said one or more holes increases by a factor of at least 1.1 the 

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

photodetectors lacking said holes (discussed in en 0114). 
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An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CPR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

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

Kavrukov on May 8, 2024. 

The application has been amended as follows: 

In the Claims: 

Please amend claim 13 as follows. On the second to last line of the recitation of 

"photodetectors relative to fffi otherwise like photodetectors lacking said holes", please delete the 

term "an". 

REASONS FOR ALLOWANCE 

Claims 13-30 are allowed. 

The following is an Examiner's statement of reasons for allowance: The integrated 

structure as recited in the claims of the instant invention fail to be taught by the prior art cited of 

interest. 
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Regarding claim 13, the prior art of Hsu et al. (US 2008/0083963) discloses in Fig. 3G, 

a light converting pillar diode array, but fails to disclose the specific characteristic recited in the 

claims of the instant invention e.g. the combination of claimed limitations of an array of pillars 

and their particular semiconductor material that are configured as photodetectors, the 

photodetectors comprise P-1-N doping arrangement, holes are formed in the light receiving 

surfaces of the pillars, the holes are of a dimension as claimed, side-isolation, solid dielectric 

material, electrical contacts, the holes improve absorption by a particular amount. The prior art 

fails to disclose the particulars of the holes formed in the light receiving surfaces of the pillars. 

The Hsu reference (above) shows plural light sensitive pillars, but are lacking the particulars of 

the holes formed in the pillars, which are then filled with dielectric filling. 
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Contact Information 

Any inquiry concerning this communication or earlier communications from the 
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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. Visithttps://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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PE2E SEARCH - Search History (Prior Art) 

Ref# Hi1s 

L72 70 

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

Search Query 

((US-10622498-B2 OR 
US-11621360-B2 OR 
US-7525170-B2 OR 
US-9257583-B2 OR 
US-9841510-B2 OR 
US-6538299-B1 OR 
US-6177289-B1 OR 
US-6111305-A OR US-
9496435-B2 OR US-
11536914-B2 OR US-
11757072-B2 OR US-
8357960-B1 OR US-
11855239-B2 OR US-
11728457-B2 OR US-
10854656-B2 OR US-
9184202-B2 OR US-
7183127-B2 OR US-
7396696-B2 OR US-
11502219-B2 OR US-
9362448-B2 OR US-
8946675-B2 OR US-
8664636-B2 OR US-
8659037-B2 OR US-
8476637-B2 OR US-
8431817-B2 OR US-
7132677-B2 OR US-
8129710-B2 OR US-
9559231-B2 OR US-
8330173-B2 OR US-
7161220-B2 OR US-
7022544-B2 OR US-
6879014-B2 OR US-
11550099-B2 OR US-
11101304-B2 OR US-
6027956-A OR US-
5757057-A OR US-
5625636-A OR US-
4571559-A OR US-
8829460-B2 OR US-
11764248-B2 OR US-
10651225-B2 OR US-
11211419-B2 OR US-
11152408-B2 OR US-
11088189-B2).did. AND 
USPT.dbnm.) OR ((US-
20230215962-A1 OR 
US-20180182806-A 1 
OR US-20180012918-
A1 OR US-
20120153127-A1 OR 
US-201200127 41-A 1 
OR US-20160225631-

DBs 

(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, Fl, 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) 

Default Plurals 
Operator 
OR ON 

British mmeStamp 
EQuivalen1s 
ON 2024/05/06 

09:24 AM 
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ER 



L73 14 

L74 13 

L75 35 

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

A1 OR US-
20150054997-A1 OR 
US-20140263975-A 1 
OR US-20140001528-
A1 OR US-
20040144985-A1 OR 
US-20040048092-A 1 
OR US-20110000545-
A1 OR US-
20100313941-A1 OR 
U S-201 00288341-A 1 
OR US-20100221866-
A1 OR US-
20100193768-A1 OR 
US-20090225804-A 1 
OR US-20090008735-
A1 OR US-
20080218740-A1 OR 
US-20070134840-A 1 
OR US-20050184354-
A1).did. AND 
PGPB.dbnm.) OR ((CN-
103348486-A).did. AND 
FTDB.dbnm.) OR 
( (WO-2012160662-A 1 
OR US-20120168613-
A1 OR US-11094846-
B1 OR US-
20150008554-A 1) .did. 
AND DWPl.dbnm.) 

"20180182806" 

("4827114" I "5055894" 
I "6111305" I "6177289" 
I "6300648" I "6451702" 
I "6538299" I 
"6707126").pn. OR 
("7525170").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(@rlpd<="20130704" 
OR 
@rlad<="20130704" 

(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, Fl, 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; FIT (AP, AT, 
AU, BE, BG, BR, BY, 

OR ON ON 

OR ON ON 

OR ON ON 

2024/05/06 
11 :29 AM 

2024/05/06 
04:12 PM 

2024/05/06 
04:12 PM 
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ER 



L76 15 

L77 38 

L78 26099 

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

OR @pd<="20130704" 
OR @ad<="20130704") 
AND L74 

("6515315" I "6841807" 
I "6897471" I "7233051" 
I "7259444" I "7525170" 
1 "20040108516" I 

"20040157354" I 

"20050173712" I 

"20060060933" I 

"20060076589" I 

"20080265357" I 

"20110180894" I 

"20110309240").pn. OR 
("9166091").urpn. AND 
(PGPB I USPT I 

USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-20040157354-A 1 
Text: 
(US-7183127-B2 OR 
J P-2004193527-A OR 
JP-4235440-B2 OR JP-
2005353828-A OR WO-
2011156266-A2 OR 
EP-2580791-A2 OR 
KR-101786765-B 1 OR 
KR-20140010921-A OR 
CN-103069585-B OR 
CN-103069585-A OR 
EP-2580791-B1 OR 
EP-3116036-A1 OR 
WO-2017005792-A1 
OR EP-3320567-A1 OR 
US-20180199409-A 1 
OR WO-2011156266-
A3 OR US-10201054-
B2 OR EP-3320567-B1 
OR JP-2020181937-A 
OR WO-2023064157-
A1).did. 

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

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

(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, Fl, 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, 

OR ON ON 

OR ON ON 

OR ON ON 

2024/05/06 
04:13 PM 

2024/05/06 
04:47 PM 

2024/05/06 
05:37 PM 
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L79 507 

L80 444 

L81 9 

L82 41 

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

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

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

("7 435996" I "7 453097" 
I "20060207647" I 
"20080083963" I 
"20090165844" I 
"20090194160" I 
"20100078055" I 
"20100193022" I 
"20110240099").pn. OR 
("9966486") .urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 

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

(US-PGPUB; USPAT; 
USOCR) 

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

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/05/06 
05:37 PM 

2024/05/06 
05:37 PM 

2024/05/07 
09:11 AM 

2024/05/07 
09:21 AM 
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L83 3581639 

L84 21358 

L85 11 

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

US-20080083963-A 1 
Text: 
(US-7525170-B2 OR 
CN-101159277-A OR 
CN-100568516-C OR 
CN-115295660-A OR 
EP-2747154-B1 OR 
WO-2012054436-A 1 
OR CN-103415929-B 
OR KR-20100138391-A 
OR CN-103415929-A 
OR KR-101033028-B1 
OR EP-2717322-A1 OR 
US-20140166100-A 1 
OR WO-2013009615-
A1 OR US-
20130009265-A1 OR 
US-8368159-B2 OR 
WO-2012160662-A 1 
ORJP-
WO2012160662-A1 OR 
WO-2022138050-A 1 
OR US-9257583-B2 OR 
TW-I466307-B) .did. 

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

H01 L31/0236,02363.cp 
C. 

(@rlpd<="20130704" 

AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, 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, Fl, 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, Fl, 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 ON ON 

OR ON ON 

OR ON ON 

2024/05/07 
09:29 AM 

2024/05/07 
10:03 AM 

2024/05/07 
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ER 



L86 4780 

L87 26100 

L88 194 

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

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

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

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

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

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

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

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

(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, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 

OR ON ON 

OR ON ON 

OR ON ON 

10:04 AM 

2024/05/07 
10:27 AM 

2024/05/07 
10:27 AM 

2024/05/07 
10:28 AM 
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L89 4 

L90 35 

L91 38 

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

("20080006319" I 
"20080185036" I 
"20090194160" I 
"20100001359").pn. OR 
("9331220").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-20120255603-A 1 
Text: 
(WO-2023221714-A 1 
OR US-10658529-B2 
OR US-10230010-B2 
OR US-20160204286-
A1 OR DE-
102012210875-A1 OR 
U S-20150255641-A 1 
OR US-20130000704-
A 1 OR US-97 41880-B2 
OR US-20170288071-
A1 OR DE-
102012210875-B4 OR 
US-10347779-B2 OR 
US-11011655-B2 OR 
US-20190237597-A 1 
OR WO-2013186945-
A1 OR KR-
20150104431-A OR 
WO-2013125036-A 1 
ORJP-
WO2013125036-A1 OR 
CN-115117198-A OR 
KR-20120086593-A OR 
AT-411409-B).did. 

(Artificial Intelligence) 
More like doc: 
US-20130014814-A 1 
Text: 
(WO-2011085297-A1 
OR WO-2013028510-
A2 OR US-
20140209154-A1 OR 
US-20230231066-A 1 
OR CH-633631-A5 OR 
US-20120060913-A 1 
OR US-8314327-B2 OR 
KR-101575854-B1 OR 
WO-2019194911-A1 
OR US-10935702-B2 
OR US-20070204901-

PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); 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, Fl, 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, Fl, 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 

OR ON ON 

OR ON ON 

2024/05/07 
12:48 PM 

2024/05/07 
01 :08 PM 

2024/05/07 
02:15 PM 
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L92 25 

L93 2 

L94 859 

L95 0 

L96 1 

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

A1 OR WO-
2013171286-A1 OR 
US-20090293931-A 1 
OR JP-2023123575-A 
OR JP-7381486-B2 OR 
US-20190302325-A 1 
OR TW-201001729-A 
OR EP-3776666-A 1 OR 
US-8829337-B1 OR 
CN-1032377 45-B).did. 

("4514748" I "5604136" 
I "5714772" I "6452218" 
I "7008813").pn. OR 
("7186611").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

((("W&amp;W") near3 
("Sens") near3 
("Devices") near3 
("lnc"))).AS,AANM. 

((("WANG") near3 
("Shih-Yuan")) OR 
(("WANG") near3 
("Shih-Ping"))). I NV. 

(L93 OR L94) AND 
( (array)(pillar$1 )("Si" 
OR "Ge" OR "SiGe" OR 
silicon OR germanium 
OR (silicon NEAR 
germainum))(photo 
NEAR detect$3)(Iight 
NEAR receiving NEAR 
surface$1) ( (p-dop$1 
OR p-type OR "P") 
NEAR region)((n-dop$1 
OR n-type OR "N") 
NEAR region)((undop$3 
OR intrinsic) NEAR 
(region))(holes OR 
divots OR textur$2 OR 
(inverted NEAR 
(pyramid OR 
cylinder)) )(contacts)(ab 
sorption OR 
abosorb$3)) 

single WITH micro-hole 
WITH per WITH pixel 

(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, Fl, 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, Fl, 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, 

OR ON ON 

OR ON ON 

OR ON ON 

AND ON ON 

OR ON ON 

2024/05/07 
03:14 PM 

2024/05/07 
04:45 PM 

2024/05/07 
04:45 PM 

2024/05/07 
05:05 PM 

2024/05/07 
06:04 PM 
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L97 15 

L98 11 

L99 36 
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(single WITH (micro 
NEAR hole) WITH 
pixel) AND cmos 

(@rlpd<="20130704" 
OR 
@rlad<="20130704" 
OR @pd<="20130704" 
OR @ad<="20130704") 
AND L97 

(Artificial Intelligence) 
More like doc: 
WO-2005072370-A2 
Text: 
(EP-1712087-A2 OR 
US-20050225654-A 1 
OR EP-2315448-A1 OR 
JP-2007520166-A OR 
KR-20070019979-A OR 
EP-2315448-B1 OR 
US-7773143-B2 OR JP-
4797151-B2 OR KR-
101227544-B1 OR JP-
2011072039-A OR EP-
1712087-B1 OR JP-
5646445-B2 OR JP-
2012070431-A OR CN-
1934872-A OR CN-
1934872-B OR CN-
105141933-A OR CN-

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

(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, Fl, 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 

OR ON ON 

OR ON ON 

2024/05/07 
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105141933-B OR WO-
2005072370-A3 OR 
US-20050073603-A 1 
OR US-7405761-
B2).did. 

("4479143" I "4804249" 
"5355222" I "5568197" 
"5671073" I "5748371" 
"5757423" I "5760832" 
"6069738" I "6108036" 
"6137535" I "6346969" 
"6366319" I "6414296" 
"6417950" I "6541284" 
"6611289" I "6632701" 
"6882364" I "7003177" 
"7009652" I "7034866" 
"20020089596 I 
20020122124" 

"20020163582" 
"20020181123" 
"20020181126" 
"20050073603" 
"20050104991" 
"20050128335" 
"2005024241 O" 
"20050248680" 
"20050258350" 
"20060044450").pn. OR 
("7773143").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(single WITH (micro 
NEAR hole) WITH 
(pillar OR column)) 
AND pixel AND cmos 

(single WITH (micro 
NEAR hole) WITH 
(pillar OR column)) 
AND pixel 

(US-PGPUB; USPAT; 
USOCR) 

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

(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, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 

OR ON ON 
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OR ON ON 
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"20160307939" 

("11211419"1"11728457 
"1"20180182806"1"6879 
014"1"7396696"1"75251 
70"1"8129710"1"835796 
0"1"8946675"1"9184202" 
).PN. 

(US-10411053-$ I US-
10522582-$ I US-
11309444-$ I US-
6879014-$ I US-
7396696-$ I US-
7525170-$ I US-
8558336-$ I US-
9000492-$).DID. OR 
(US-11211419-$I US-
11728457-$ I US-
20100320444-$ I US-
20110309331-$ I US-
20180182806-$ I US-
8129710-$ I US-
8357960-$ I US-
8946675-$ I US-
9184202-$).DID. OR 
(US-20110156195-$I 
US-20120012741-$I 

PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); 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, Fl, 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, Fl, 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, Fl, 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 

OR ON ON 
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13. An integrated structure comprising: 

an array of pillars of semiconductor material at least some of which are 

configured as photodetectors that have respective light-receiving 

surfaces and have sides; 

wherein said photodetectors are configured to respond to illumination with 

light in selected visible and infrared wavelength ranges by 

generating electrical charge carriers; 

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

surface of each of at least some of said photodetectors, have 

elongated and/or other shapes at said light-receiving surfaces, 

extend into the photodetectors to a depth of 100 to10000 nm, and 

are filled at least partly with solid dielectric material; 

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

the photodetectors; 

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

and 

electrical contacts configured to provide electrical pathways to said 

photodetectors, including for selected reverse-biasing of the 

photodetectors; 

wherein the presence of said one or more holes in each of the 

photodetectors increases by a factor of at least 1 .1 the absorption 

of the light by at least some of the photodetectors relative to an 

otherwise like photodetectors lacking said holes. 

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

monolithically integrated with SI electronic devices. 

15. The integrated structure of claim 14, wherein each of at least some of said 

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

light-receiving surface thereof. 
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16. The integrated structure of claim 14, wherein each of at least some of said 

photodetectors includes a plurality of said holes with elongated shapes at the 

light receiving surface thereof. 

17. The integrated structure of claim 14, wherein in each of at least some of said 

photodetectors at least some of said holes with elongated shapes have closed 

contours at the light receiving surface thereof and said closed contours are 

spaced inwardly from an outline of the light receiving surface. 

18. The integrated structure of claim 14, in which each of at least some of the 

photodetectors includes a P-doped portion, and N-doped portion, and a portion 

that is between the P-doped and N-doped portions and is less doped therefrom 

or is undoped. 

19. The integrated structure of claim 13, wherein each of at least some of said 

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

light receiving surface thereof. 

20. The integrated structure of claim 13, wherein each of at least some of said 

photodetectors includes a plurality of said holes with elongated shapes at the 

light receiving surface thereof. 

21. The integrated structure of claim 13, wherein in each of at least some of said 

photodetectors at least some of said holes with elongated shapes have closed 

contours at the light receiving surface thereof and said closed contours are 

spaced inwardly from an outline of the light receiving surface. 

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

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

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

photodetectors includes a second doped portion, wherein the undoped or less 
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doped portion is between the first and second doped portions and the first doped 

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

24. The integrated structure of claim 13, in which said electrical contacts are 

configured to provide electrical fields across at least some of said 

photodetectors. 

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

share at least some of said electrical contacts. 

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

monolithically integrated with SI electronic devices that include devices for signal 

processing and transmission. 

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

configured as elongated trenches at said light-receiving surfaces. 

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

trenches have widths at said light-receiving surfaces no greater than a 

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

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

trenches crisscross. 

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

monolithically integrated with Si electronic devices that include CMOS devices. 
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This listing of claims will replace all prior versions and listings of the claims in the 

application. 

Claims 1-12 (canceled) 

13. (new) An integrated structure comprising: 

an array of pillars comprising Si, Ge, and/or SiGe alloy semiconductor 

material wherein at least some of the pillars are configured as 

photodetectors that have respective light-receiving surfaces and 

have sides; 

wherein at least some of the photodetectors comprise P-doped and N­

doped regions and regions therebetween and are configured to 

respond to illumination with light in selected visible and infrared 

wavelength ranges by generating electrical charge carriers; 

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

surfaces, have elongated and/or other shapes at said light­

receiving surfaces, extend into the photodetectors to a depth of 100 

to10000 nm, and are filled at least partly with solid dielectric 

material; 

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

the photodetectors; 

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

and 

electrical contacts configured to provide electrical pathways to at least 

some of the photodetectors, including for selected reverse-biasing 

thereof; 

wherein the presence of said one or more holes increases by a factor of at 

least 1.1 the absorption of the light by at least some of the 

photodetectors relative to an otherwise like photodetectors lacking 

said holes. 

-2-
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14. (new) The integrated structure of claim 13, wherein said array of photodetectors 

is monolithically integrated with SI electronic devices. 

15. (new) The integrated structure of claim 14, wherein each of at least some of said 

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

light-receiving surface thereof. 

16. (new) The integrated structure of claim 14, wherein each of at least some of said 

photodetectors includes a plurality of said holes with elongated shapes at the 

light receiving surface thereof. 

17. (new) The integrated structure of claim 14, wherein in each of at least some of 

said photodetectors at least some of said holes with elongated shapes have 

closed contours at the light receiving surface thereof and said closed contours 

are spaced inwardly from an outline of the light receiving surface. 

18. (new) The integrated structure of claim 14, in which said regions that are 

between the P-doped and N-doped regions are less doped than at least one of 

the P-doped and the N-doped regions or are undoped. 

19. (new) The integrated structure of claim 13, wherein each of at least some of said 

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

light receiving surface thereof. 

20. (new) The integrated structure of claim 13, wherein each of at least some of said 

photodetectors includes a plurality of said holes with elongated shapes at the 

light receiving surface thereof. 

21. (new) The integrated structure of claim 13, wherein said holes with elongated 

shapes have closed contours at said light receiving surfaces and said closed 

contours are spaced inwardly from outlines of the light receiving surfaces. 

-3-
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22. (new) The integrated structure of claim 13, in which said regions between the P­

doped and N-doped regions are undoped or less doped than at least one of the 

P-doped and N-doped regions. 

23. (new) The integrated structure of claim 22, in which the P-doped regions and N­

doped regions are configured such that either the P-doped regions intercept said 

light before the N-doped regions or the N-regions intercept the light before the P­

regions. 

24. (new) The integrated structure of claim 13, in which said electrical contacts are 

configured to provide electrical fields across at least some of said 

photodetectors. 

25. (new) The integrated structure of claim 13, in which two or more of said 

photodetectors share at least some of said electrical contacts. 

26. (new) The integrated structure of claim 13, wherein said SI electronic devices 

include devices for signal processing and transmission. 

27. (new) The integrated structure of claim 13, wherein at least some of said holes 

are configured as elongated trenches at said light-receiving surfaces. 

28. (new) The integrated structure of claim 27, in which at least some of said 

elongated trenches have widths at said light-receiving surfaces no greater than a 

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

29. (new) The integrated structure of claim 27, in which at least some of said 

elongated trenches crisscross. 

30. (new) The integrates structure of claim 27, in which said array of photodetectors 

is monolithically integrated with Si electronic devices that include CMOS devices. 

-4-
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This paper follows brief telephone interviews with Examiner Eduardo A Rodela 

on March 15 and April 9, 2024. The substance of the first interview is recorded in the 

Examiner Interview Summary Record dated March 20, 2024 and included the 

Examiner's suggestion to refer in the independent claim to Si, Ge, and/or SiGe alloys. 

In the first interview, Applicant's representative pointed to the following figures as 

examples of support for claim elements: Fl Gs. 5A-B, 49, 46, 9D, 4B-3B, and 57 A-B. For 

the Examiner's convenience, a copy of these FIGs. is attached to this paper. Proposed 

claims were briefly discussed as well as priority for claims 13-26 to ultimate parent 

patent 10,622,498 that in turn claims priority to PCT/US14/39208 filed 05/22/2014 with 

provisionals including 61/834,873 filed 06/13/2013. Support for claim 2 further includes 

the sentence bridging pages 1 and 2 of said provisional. Dependent claims 27-30 claim 

later priority -- to an indirect parent patent 11,121,271 filed 08/01/2019 (paragraph 270 

and FIGs. 57A-B in the subject application are carried from this indirect parent). 

The second Interview briefly recounted the first interview and further included a 

suggestion by the Examiner to add in the sole independent claim 13 not only a 

reference to the nature of the semiconductor material but also a reference to P-doping 

and N-doping of regions. 

Claim 13 submitted herewith is the claim briefly discussed in the first interview 

except that per the Examiner's suggestion the claim now refers to (1) "Si, Ge, and/or 

SiGe alloys," and (2) "P-doped and N-doped regions and regions therebetween." The 

claim also includes some clarifying edits, Dependent claims 18, 22, and 23 are edited to 

conform to the language added to claim 13. 

Applicant invites the Examiner to call the undersigned if it appears that a call 

might help advance prosecution. 
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Description 

[0001] This invention relates to semiconductors and 
more particularly to integrated optoelectronic receiver 
devices and circuits incorporating photodetectors and 
MODFETs formed with SiGe layers. 
[0002] The advent of fiber-optic communications tech­
nology has increased the demand for high-speed opto­
electronic devices and circuits that operate with data 
rates of greater than 1 Gbitlsec. In particular, a growing 
market exists for local area networks and short-haul op­
tical connections that operate at wavelengths of 1c = 850 
nm. It would be desirable to fabricate these circuits mon­
olithically due to the lower cost of production and per­
formance advantages over discrete components. It 
would also be desirable to fabricate such circuits entirely 
in a silicon-based technology due to the reduced cost 
arising from their compatibility with existing Si-based 
technologies including CMOS logic circuits. 
[0003] In the prior art, GaAs has been the previous 
choice for monolithically integrated optical receivers op­
erating at 1c = 850 nm. This is due to the favorable intrinsic 
material properties of GaAs; the absorption length for 
850 nm-radiation in GaAs is a-1 = 1 µm, and the electron 
mobility in GaAs is roughly 8500 cm2/Vs at room tem­
perature. J. S. Wang et al., IEEE Phot. Tech. Lett. 5, 316 
(1993) demonstrated the fabrication of high-speed inte­
grated photoreceiver circuits composed of GaAs metal­
semiconductor-metal (MSM) photodiodes and MES­
FETs with -3 dB bandwidths as high as 11 GHz at 1c = 

850 nm. Further improvement of GaAs-based receiver 
performance has been obtained using GaAs MSM pho­
todetectors integrated with AIGaAs/GaAs modulation­
doped field effect transistors (MODFETs). V. Hurm et al., 
Electron. Lett. 29, 9 (1993) demonstrated photoreceiver 
circuits of this type with -3 dB bandwidths as high as 14 
GHz at 1c = 850 nm. 
[0004] In order to replace GaAs, an integrated Si­
based technology must have comparable performance 
to GaAs and a relatively low-cost process. However, the 
intrinsic material properties of Si are much less favorable 
compared to GaAs. The absorption length in Si for 850 
nm-radiation is a-1 = 20 µm, which is over an order of 
magnitude longer than in GaAs. Therefore, for a Si pho­
todetector to have high responsivity it must have a thick 
absorbing region making the detector very slow, and for 
high speed the absorbing region should be very thin re­
sulting in an extremely poor responsivity. For instance, 
Y. S. He et al., Electron. Lett. 29, 9 (1993) demonstrated 
the operation of a lateral p-i-n photodiode integrated with 
a Si NMOS technology with a responsivity of 0.48 NW 
at 1c = 870 nm, but with a -3 dB bandwidth of only 900 
MHz. Moreover, these results were only made possible 
by using ultra-high purity Si, and an extremely large bias 
voltage of 30 V. On the other hand, M. Y. Liu et al., Appl. 
Phys. Lett. 65, 887 (1994) demonstrated operation of a 
Si on insulator (SOI) MSM photodiode with an absorbing 
region thickness of only 0.1 µm that had a bandwidth 

over 100 GHz, but a severely-degraded responsivity at 
1c = 780 nm of 0.0057 A/W. Improvements in the band­
width/responsivity tradeoff of Si photodiodes are possi­
ble, for instance, in U.S. Pat. No. 5,589,704 which was 

5 issued on Dec. 31, 1996 to B. F. Levine, the responsivity 
of an MSM detector was shown to increase by a factor 
of close to 4 by roughening the surface of a Si epi-layer 
grown on an SOI wafer. However such a technique is 
limited to use with SOI substrates, and may not be suit-

10 able for practical applications due to the complexities of 
the roughening process. Si photodetectors are further 
hindered by the fact that the electron mobility in Si/SiO2 
inversion layers is several times lower than GaAs at room 
temperature, and the frequency performance and gain 

15 of Si NMOS devices is considerably poorer compared to 
GaAs MESFETs. 
[0005] In U.S. Pat. No. 5,525,828 which was issued 
on Jun. 11, 1996 to E. Bassous et al., it was noted that 
the speed and/or responsivity of Si MSM photodetectors 

20 could be increased by adding a certain percentage of Ge 
to the absorbing layer. Increasing the percent Ge-com­
position of Si1_xGex alloy decreases the absorption 
length, and increases the electron and hole mobilities 
thereby leading to potentially faster devices. 

25 [0006] It has also been shown that field-effect transis­
tors fabricated on Si/Si1_xGex layer structures offer con­
siderable advantages over bulk Si transistors. For n­
channel MODFETs incorporating tensile-strained 
Si/Si1_xGex quantum wells, frequency performance is 

30 considerably better than Si MOSFETs for a given gate 
length device. Similar performance advantages can be 
obtained in p-channel MODFETs fabricated on compres­
sive-strained Si1_yGe/Si1_xGex quantum wells. For in­
stance, M. Arafa et al., IEEE Electron. Dev. Lett. 17, 586 

35 (1996) obtained unity current-gain cutoff frequencies of 
70 GHz for 0.1 µm gate length p-channel transistors fab­
ricated on compressive-strained Si0 _7Ge0 _3/Si0_3Ge0 _7 
heterostructures. In U.S. Pat. No. 5,659,187 which was 
issued on Aug. 19, 1997 to F. K. Legoues and B.S. Mey-

40 erson, it was shown that a low-defect density layer of 
relaxed Si1_xGex, with arbitrary Ge composition can be 
grown on a lattice-mismatched substrate using an inter­
mediate graded-composition buffer layer where strain 
has been relieved in the buffer layer or below via activa-

45 tion of modified Frank Read sources which is a mecha­
nism to generate new dislocations. This work demon­
strated the practicality of producing devices and circuits 
using Si/SiGe heterostructures grown on a SiGe graded 
composition buffer layer on Si substrates. Finally, U.S. 

50 Pat. No. 5,534,713 which was issued on Jul. 9, 1996 to 
K. Ismail and F. Stern showed that complementary logic 
circuits could be fabricated using high-mobility electron 
and hole channels fabricated in strained Si/SiGe layers 
grown on relaxed SiGe buffer layers. 

55 [0007] Despite the apparent advantages of SiGe tech­
nology over bulk Si for photodetectors, MODFETs, and 
CMOS logic circuits, the concept of combining these de­
vices to form integrated photoreceiver circuits has not 

2 
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been suggested, nor has a clear method for monolithi­
cally integrating these structures in such a way as to allow 
high-frequency operation and low cost Si manufacturing 
been suggested. 
[0008] It is an object of the present invention to provide 
a simple means of monolithically integrating a photode­
tectorwith high speed and responsivitywith a microwave 
transistor on a Si substrate in such a way as to allow high 
frequency performance better than Si and comparable 
to that achievable in GaAs. 
[0009] It is a further object of this invention to provide 
a method for fabricating an optoelectronic integrated cir­
cuit using a process that is fully compatible with standard 
Si processing. 
[001 0] It is still a further object of this invention to pro­
vide a means for monolithically integrating a high-speed 
photoreceiver circuit with a practical CMOS logic manu­
facturing technology. 
[0011] According to the present invention provides a 
semiconductor structure according to claim 1. 
[0012] The semiconductor structure includes spaced 
apart drain and source regions extending to the quantum 
well layer and a Schottky gate contact to control charge 
in the conducting channel to form a MODFET. Portions 
of the quantum well layer, said undoped Si1_yGey spacer 
layer and said doped Si1_yGey supply layer are removed 
to expose said relaxed Si1_yGey layer wherein electrodes 
are formed on said exposed relaxed Si1_yGey layer to 
form a photodetector. The quantum well layer is under 
tensile strain and consists of Si. The electrodes include 
two or more interdigitated Schottky electrodes. y is in the 
range from 0.2 - 0.35. 
[0013] Preferably, further included is a trench extend­
ing through said exposed relaxed Si1_yGey layer surface 
and surrounding said photodetector. The trench is filled 
with material including dielectric material. Further includ­
ed is a layer of Si over said doped Si 1_yGey supply layer. 
Preferably, the doped Si1_yGey supply layer is n-type. 
The positively-biased electrodes of said photodetector 
provide Schottky contacts with barrier height for holes 
that is greater than half the band gap of said exposed 
relaxed Si1_yGey layer, and negatively-biased electrodes 
of said photodetector provide Schottky contacts with bar­
rier height for electrons that is greater than half the band 
gap of said exposed relaxed Si 1_yGey layer. The nega­
tively-biased electrodes of said photodetector provide 
Schottky contacts with barrier height for electrons that is 
greater than half the band gap of said exposed relaxed 
Si1_yGey layer, and positively-biased electrodes of said 
photodetector form Ohmic contact to an n-type doped 
region. Negatively-biased electrodes of said photodetec­
tor form Ohmic contacts to a p-type doped region and 
said positively-biased electrodes of said photodetector 
form an Ohmic contact to an n-type doped region. 
[0014] Preferably, said substrate is heavily-doped 
greater than 1018 atoms/cm3 and said substrate is an 
SOI substrate comprising a thick Si layer, a SiO2 layer, 
and a Si overlayer. The substrate is lightly-doped Si, and 

the region of said substrate underneath said photodetec­
tor is heavily-doped greater than 1018 atoms/cm3_ 
[0015] Preferably, said photodetector absorbing re­
gion is bordered by deep trenches extending from said 

5 photodetector surface down to said Si substrate, and 
filled with a dielectric material, so as to prevent photo­
generated carriers generated in said Si1_yGey, buffer lay­
er from diffusing laterally past said deep trenches. 
[0016] Preferably, further included are spaced apart 

10 drain and source regions extending to said quantum well 
layer, a gate dielectric layer above said supply layer be­
tween said drain and source and a gate electrode above 
said dielectric layer to form a MOSFET. Further included 
are first and second spaced apart doped regions, one 

15 above the other, with a portion of said relaxed Si1_yGey 
layer there between to form a photodetector and an Ohm­
ic contact to said respective first and second doped re­
gions for applying a potential there between and further 
included is a trench extending into said exposed relaxed 

20 Si1 -yGey layer to provide a barrier to electrical charge. 
The first doped region includes a region of said quantum 
well layer, said undoped Si1_yGey spacer layer and said 
doped Si 1_yGey supply layer. The second doped region 
includes a region of said substrate. 

25 [0017] The invention further provides a method of 
forming semiconductor structure as claimed in claim 15. 
[0018] Preferably, further included is the step of doping 
said substrate underneath said photodetector greater 
than 1018 atoms/cm3, the steps of forming spaced apart 

30 drain and source regions extending to said quantum well 
layer, forming a gate dielectric layer above said supply 
layer between said drain and source and forming a gate 
electrode above said dielectric layer to form a MOSFET, 
the steps of forming first and second spaced apart doped 

35 regions, one above the other with a portion of said relaxed 
Si1 -yGey layer there between to form a photodetector and 
forming an Ohmic contact to said respective first and sec­
ond doped regions for applying a potential therebetween, 
the step of forming a trench extending through said ex-

40 posed relaxed Si1_yGey layer to provide a barrier to elec­
trical charge, and wherein the step of forming said second 
doped region includes the step of doping said substrate. 
[0019] These and other features, objects, and advan­
tages of the present invention will become apparent upon 

45 consideration of the following detailed description of the 
invention when read in conjunction with the drawing in 
which: 

Figs. 1 A - 1 E are cross-sectional diagrams of the 
50 fabrication sequence of one embodiment of the in­

vention where a metal-semiconductor-metal (MSM) 
photodetector and an n-channel modulation-doped 
field effect transistor (MODFET) are integrated using 
an epitaxially-grown Si/SiGe heterostructure. 

55 

3 

Fig. 2 is a circuit diagram of a simple photoreceiver 
circuit. 
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Fig. 3 is a cross-sectional diagram of a second em­
bodiment of the invention, where an n-channel Si/ 
SiGe MODFET is integrated with a SiGe MSM pho­
todetector with planar, deep trench isolation. 

Fig. 4A is a cross-sectional diagram of a not claimed 
semiconductor structure where the absorbing layer 
is composed of a symmetrically-strained superlat­
tice, and Fig. 4B is an energy-band diagram of the 
absorbing layer in Fig. 4A. 

Fig. 5 is a cross-sectional diagram of a not claimed 
semiconductor structure where an MSM photode­
tector and a p-channel MODFET are integrated us­
ing an epitaxially-grown Si/SiGe heterostructure. 

Fig. 6A is a cross-sectional diagram of a further em­
bodiment of the invention where the positively (neg­
atively) biased electrode of the MSM photodetector 
is composed of a material with high Schottky barrier 
for holes (electrons). Fig. 6B is a cross-sectional di­
agram of a further embodiment of the invention 
where the negatively biased photodetector electrode 
is composed of a material with high Schottky barrier 
for electrons, and the positively biased electrode is 
composed of an n-type Ohmic contact. Fig. 6C is a 
cross-sectional diagram of a further embodiment of 
the invention where the positively (negatively) bi­
ased photodetector electrode is composed of an n­
type (p-type) Ohmic contact. 

Fig. 7A is a cross-sectional diagram of an further 
embodiment of the invention where the substrate is 
an SOI wafer. Fig. 7B is a cross-sectional diagram 
of a further embodiment of the invention where the 
substrate is a heavily-doped n- or p-type Si wafer. 
Fig. 7C shows a cross-sectional diagram of a further 
embodiment of the invention where the substrate has 
a heavily-doped implanted region located directly 
underneath the MSM photodetector. 

Fig. 8A shows a cross-sectional view along the line 
8A-8A of Fig. 8B. Fig. 8B shows a top view of a SiGe 
MSM photodetector. Fig. 8C is a graph of the nor­
malized photoresponse versus frequency of the 
SiGe MSM photodetector shown in Figs. 8A and 8B. 

Fig. 9 is a graph of current gain and of maximum 
available gain plotted versus frequency for an n­
channel Si/SiGe MODFET. 

Fig. 10 is a cross-sectional diagram of a not claimed 
example of a semiconductor structure where aver­
tical p-i-n photodetector and an n-channel MODFET 
are integrated using an epitaxially-grown Si/SiGe 
heterostructure. 

Fig. 11 is a cross-sectional diagram of a further em-

5 

10 

bodiment of the invention where an MSM photode­
tector and an n-channel modulation-doped MOSFET 
are integrated using a standard self-aligned poly­
gate, salicide process. 

Fig. 12 is a cross-sectional diagram of a not claimed 
example of a semiconductor structure where an 
MSM photodetector and a strained Si n-MOSFET 
are integrated using a planar fabrication process. 

Fig. 13 is a cross-sectional diagram of a not claimed 
example of a semiconductor structure where an 
MSM photodetector is integrated with both an n­
channel and a p-channel MODFET using an epitax-

15 ially-grown Si/SiGe heterostructure. 

[0020] Figs. 1 A-1 E show the fabrication sequence for 
one embodiment of the invention where an n-channel, 
Si/SiGe modulation-doped field effect transistor (MOD-

20 FET) 15 is integrated with a SiGe metal-semiconductor­
metal (MSM) photodetector. A typical layer structure is 
shown in Fig. 1 A. The layers are epitaxially grown on a 
Si substrate 1 using a high-precision epitaxy technique 
such as molecular beam epitaxy, rapid thermal chemical 

25 vapor deposition, or ultra high vacuum chemical vapor 
deposition (UHV-CVD). Substrate 1 may also be SiGe, 
Ge, GaAs, SiC, SOS and SOI. Suitable adjustments will 
be required to accomodate a different substrate lattice 
constant compared to Si. The following description is di-

30 rected to a Si substrate. For a description of how to grow 
epitaxial Si and Si1_xGex layers by UHV-CVD, reference 
is made to U.S. Pat. No. 5,298,452 which was issued on 
Mar. 29, 1994 to B. S. Meyerson. For Si1_xGex layers, 
GeH4 is added to Si-containing gas such as SiH4 or Si2H6 

35 in the UHV-CVD reactor. Ge is incorporated into the crys­
tal lattice in place of Si during formation of the layer in 
the amount or proportion of x. Layer 2 comprises a 
Si1_xGex buffer layer that has a thickness in the range 
from 0.2 to 1 .5 µm, with a preferred value of about 0.5 

40 µm, and has a percent Ge composition that is increased 
from x = 0 (in a continuous or stepwise fashion) to a value 
in the range from x = 0.10 to 1.0 with a preferred value 
of x = 0.25. Layer 2 serves to relax the strain caused by 
the lattice mismatch between layer 2 of graded Ge com-

45 position Si1_xGex and Si substrate 1. Ge has a lattice 
spacing of 1.04 times the lattice spacing of Si. Thus for 
a relaxed top surface of buffer layer 2 where x equals 
0.25, the lattice spacing of the unit cell along each axis 
in the top surface is about 1.01 times the lattice spacing 

50 of the unit cell of Si along each axis. For a description of 
how to grow relaxed low defect top surfaces of Si 1_xGex 
layers, reference is made to U.S. Pat. No. 5,659,187 
which was issued on Aug. 19, 1997 to F. K. Legoues and 
B. S. Meyerson . After the graded region of layer 2, a 

55 0.25 to about 10 µm thick, undoped or not-intentionally 
doped layer 3 of Si1_yGey is grown, where the Ge com­
position, typically y = 0.25, is in the range from y = 0.10 
to 1.0. Layer 3 acts as the absorbing medium for radiant 

4 
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energy as well as a relaxed, device quality pseudosub­
strate for growth of subsequent layers. The background 
impurities in layer 3 should be low enough to allow pen­
etration of the electric field from the surface electrodes 
into the entire layer. 
[0021] In one embodiment, the subsequent layers are 
a Si quantum well layer 4, a Si 1_yGey undoped or not­
intentionally doped offset layer 5, a doped Si1_yGey sup­
ply layer 6 and optionally a Si layer 7. By an undoped 
layer, it is meant a not-intentionally doped layer which 
may have a background dopant concentration so low as 
to not substantially affect the function of the layer. The 
Ge composition of layers 5 and 6 are in the range of y = 
0.1 to 1.0 and y is preferably the same as the composition 
of layer 3. A quantum well for electrons is formed in Si 
layer 4 due to the conduction band splitting arising from 
the tensile strain in Si layer 4. The isolation for MODFET 
15 is achieved by forming an etched mesa region, thereby 
exposing the surface 8 of Si 1_yGey buffer layer 3 in the 
etched regions, as shown in Fig. 1 B. Next, in Fig. 1 C, n­
type implanted regions 9 are formed to facilitate making 
low-resistance contacts to the Si quantum well layer 4. 
The source and drain metallization 10 can then be de­
posited as depicted in Fig. 1 D, followed by the gate met­
allization 12 shown in Fig. 1 E. 
[0022] The MSM photodetector is created by deposit­
ing interdigitated Schottky electrodes 11 on the exposed 
surface 8 of buffer layer 3. To simplify the fabrication 
process, it is possible for MSM electrodes 11 to be de­
fined in the same lithographic step as the Ohmic metal­
lization 10, as depicted in Fig. 1 D. MSM electrodes 11 
are configured in such a way such that a bias applied 
between adjacent electrodes, as shown in Fig. 1 E, cre­
ates an electric field that penetrates into the underlying 
absorbing layer 3. Light or radiant 14 energy incident 
from or passing. through surface 8 creates free carriers, 
electrons 15 and holes 16, in layer 3 that travel to elec­
trodes 11, creating a current signal that is proportional 
to the power of the incident light. 
[0023] Fig. 2 depicts the manner in which the devices 
shown in Fig. 1 are connected to form a simple photore­
ceiver circuit 17. A bias voltage, V diode, is applied to the 
positive MSM electrode, while the negative electrode is 
connected to the gate of depletion-mode transistor 18, 
and to a bias resistor 19, Rbias, which is connected to a 
negative supply voltage, -V55 . The transistor source is 
connected to ground, while the drain is connected to a 
load resistor 20, Rioad, which is connected to the supply 
voltage, Vdd· In this configuration, the photocurrent in­
duced by the incident light creates a voltage across the 
bias resistor 19 which is input to the gate of the transistor 
18, thereby modulating the transistor current, and creat­
ing an amplified signal at the output lead 21, V out· Resis­
tors 19 and 20 may be formed and interconnected on the 
chip with the photodetector 22 and transistor 18 which is 
well known in the art. Other optoelectronic circuits may 
be formed which for example use more transistors to op­
timize the circuit to the application. 

[0024] Fig. 3 shows another embodiment of the inven­
tion that is the same as that shown in Fig. 1 E, except that 
the MSM photodetector is surrounded by a deep isolation 
trench 23 that extends from the surface 8 of the relaxed 

5 buffer layer 3 down into the substrate 1. Isolation trench 
23 serves to confine the carriers that are generated in 
Si1 -yGey buffer layer 3 from diffusing laterally outside the 
region directly beneath the detector geometry. The 
trench also serves to isolate slow carriers generated out-

10 side the high-field region directly beneath the detector 
geometry from being collected by the surface electrodes 
11, thereby leading to improved high-frequency perform­
ance. Furthermore, deep isolation trench 23 can be 
planarized by filling with a dielectric material 24. The 

15 trench can readily be incorporated into the fabrication 
scheme shown in Figs. 1 A-1 E, by etching deep isolation 
trench 23 before the mesa isolation in Fig. 1 B, then filling 
the trench with dielectric material 24, followed by a 
planarization step. The subsequent fabrication steps can 

20 then be performed as depicted in Fig. IB-IE. 
[0025] Fig. 4A shows a not claimed semiconductor 
structure that is the same as that shown in Fig. 1 E, except 
that the relaxed buffer layer 38, over layer 2, is composed 
of a symmetrically strained superlattice instead of a con-

25 stant-composition alloy Si1_yGey· The superlattice con­
sists of alternating layers of Si 1_xGex, 35, and Si1 _2 Ge2 , 

36, where x < y < z, and have Ge-compositions such that 
the average composition in buffer layer 38 is equal to y 
where y is in the range from 0.1 to 0.9, with a preferred 

30 value of 0.25. The tensile strain in Si1_xGex layer 35, and 
the compressive strain in Si1 _2 Ge2 layer 36 enhances the 
absorption of radiation by reducing the effective band 
gap of buffer layer 38. To ensure that the photogenerated 
carriers are not trapped in the potential wells formed by 

35 strained layers 35 and 36, the Ge composition of buffer 
layer 38 can be graded in a continuous fashion, to pro­
duce a smooth, rather than abrupt, potential profile. This 
situation is shown schematically in Fig. 4B, where the 
conduction and valence band edges, shown by curves 

40 41 and 42, of alternating strained layers 35 and 36 are 
plotted along with the conduction and valence band edg­
es, shown by curves 43 and 44, of a constant composition 
layer. The average band gap of the symmetric superlat­
tice E92, shown by arrow 45, is reduced compared to that 

45 of the constant composition layer, E91 , shown by arrow 
46, leading to greater photoabsorption in the symmetric 
superlattice. The operation of the MODFET 15 structure 
shown in Fig. 4A is not affected by the symmetric super­
lattice because no net strain is built up in layer 38. There-

sa fore, after the growth of the superlattice 38, only a thin, 
constant-composition Si 1_yGey layer 37, needs to be de­
posited before growing the MODFET 15 layers 4-7. For 
layer 37, y is in the range from 0.1 to 0.9, and is preferably 
equal to the average Ge-composition of layer 38. 

55 [0026] Another not claimed semiconductor structure is 
shown in Fig. 5, where a SiGe MSM photodetector is 
integrated with a p-channel MODFET 47. This configu­
ration consists of a graded buffer layer 2 followed by a 

5 
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constant composition Si1 -yGey absorbing layer 3 , similar 
to that of Figs. IA-IE. These layers are followed by a layer 
structure for a p-channel MODFET 47, consisting of a 
Si1_wGew, doped layer 48, where w < y, an undoped 
Si1 _yGey layer 49, a compressive-strained Si1 -zGez quan­
tum well layer 50, where z > y, an undoped Si1 _yGey layer 
51, and optionally a thin Si layer 52. The Ge percentages 
for this embodiment can vary from y = 0.1 to 0.9, w = 0 
to 0.5, and z = 0.5 to 1.0. This example could be partic­
ularly useful because the high Ge-content buffer layer 3 
produces very efficient optical absorption, yet is also ideal 
for producing very high hole mobilities in p-channel MOD­
FETs due to the compressive strain in the Si1_zGez quan­
tum well layer 50, particularly for the case of a pure-Ge 
channel where the mobility is not degraded by alloy scat­
tering. MODFET 47 can be fabricated similar to the n­
type device process shown in Figs. 1A-1 E, where a mesa 
etch is used to isolate MODFET 47 and expose the sur­
face 8 of photodetector absorbing layer 3. Next, p-type 
implanted regions 53 are formed to create low-resistance 
contacts to the Si1_zGez quantum well layer 50. The 
source and drain metallization 54 can then be deposited, 
followed by the gate metallization 56. The example in 
Fig. 5 could also be fabricated with a reduced number of 
fabrication steps by defining the MSM electrodes 55 in 
the same lithographic step as the gate metallization 56 
for MODFET 47. 
[0027] As the Ge content of the buffer layers is in­
creased, the band gap shrinks, leading to larger dark 
currents for the photodiode. A method of reducing the 
dark current without a dramatic increase in process com­
plexity is to use different materials for alternate elec­
trodes of the photodetector. Fig. 6A shows one embod­
iment of the invention, where the positively-biased elec­
trodes 60 of the MSM photodiode have a high Schottky 
barrier height for holes, and the negatively-biased elec­
trodes 61 have a high Schottky barrier height for elec­
trons. To simplify the fabrication process, it is possible 
for the positively-biased (negatively-biased) electrodes 
60 (61) to be defined in the same lithographic step as the 
Ohmic (gate) metallization, 10 (12). Possible candidates 
forthe positively-biased MSM electrodes and Ohmic con­
tact material are Er, W, Ti, Ni and Co, while the negatively­
biased MSM electrodes and gate material might be Pt or 
Ir. 
[0028] Fig. 6B shows another embodiment of the in­
vention where negatively biased photodiode electrode 
61 is composed of a material with high Schottky barrier 
for electrons, such as Pt or Ir, and the positively biased 
electrode is composed of n-type doped region 63, and 
electrode 64 which makes an Ohmic contact to region 
63. As in Fig. 6A, the fabrication process can be simplified 
by fabricating n-type doped region 63 and positively-bi­
ased electrode 64 at the same time as MODFET 15 
source-drain implant 9, and Ohmic metallization 10, and 
negatively-biased electrode 61 at the same time as MOD­
FET gate metallization 12. 
[0029] Fig. 6C shows another embodiment of the in-

vention where the photodiode consists of a lateral p-i-n 
geometry, and where the positively-biased photodiode 
electrode is composed of n-type doped region 63, and 
electrode 64 which makes an Ohmic contact to region 

5 63, and the negatively-biased photodiode electrode is 
composed of p-type doped region 65, and an electrode 
66 which makes an Ohmic contact to region 65. 
[0030] The photodetector performance can be opti­
mized by varying the properties of the substrate. For in-

10 stance, Fig. 7Ashows a structure similar to Fig. 1 E, where 
the substrate is an SOI wafer 70 and consists of a thick 
Si substrate 71, a SiO2 layer 72, and a roughly 200 nm­
thick Si layer 73. Without degrading MODFET 15 per­
formance, SiO2 layer 72 can improve the performance 

15 of the SiGe MSM photodetector by preventing slow car­
riers generated in Si substrate 71 below SiO2 layer 72 
from reaching the MSM surface electrodes 11, thereby 
increasing the detector speed. The amount of light re­
flected back into buffer layer 3 can be maximized by ad-

20 justing the thickness of SiO2 layer 72 to equal odd integer 
multiples of 1/4n, where 1 is the wavelength of the inci­
dent light, and n is the refractive index of SiO2. 

[0031] Similarly, as shown in Fig. 7B, the substrate 
could consist of a heavily doped (> 1018 cm-3) Si wafer 

25 74 that causes photogenerated carriers in the layer to 
recombine before they can reach surface electrodes 11. 
The heavily-doped substrate 74 also acts to prevent the 
electric field produced by MSM interdigitated electrodes 
11 from penetrating into substrate 74, thereby increasing 

30 the electric field strength in undoped SiGe absorbing lay­
er 3, and subsequently increasing the detector speed. 
[0032] As shown in Fig. 7C, the substrate capacitance 
can be reduced compared to the embodiment shown in 
Fig. 7B by selectively doping substrate 1 only in region 

35 75 underneath MSM interdigitated electrodes 11. Selec­
tively-doped region 75 can easily be formed before the 
growth of the Si/SiGe epi-layers using ion implantation, 
and then later aligned to MSM interdigitated electrodes 
11. 

40 [0033] Fig. 8C, curve 77, is a graph of the frequency 
response of the SiGe MSM photodetector comprising a 
Si0 _75Ge0 _25 absorbing layer at a thickness of 2.8 µm 
depicted in the cross-sectional and top-view diagrams of 
Figs. 8A and 8B. In Fig. 8C, the ordinate represents nor-

45 malized photoresponse (dB) and the abscissa repre­
sents frequency (Hz). This device had a de responsivity 
of 0.1 A/w, and displayed a -3 dB (-6 dB) bandwidth of 
0.95 GHz (2.7 GHz), at A= 850 nm, for a bias voltage of 
+5 V. To our knowledge, this is the highest bandwidth 

50 achieved to date for a crystalline SiGe MSM photodetec­
tor for an incident radiation of A= 850nm. 
[0034] Fig. 9 shows the frequency response of an n­
channel MODFET fabricated very similar to MODFET 15 
shown in Fig. 1 E. In Fig. 9, curve 78 shows the current 

55 gain versus frequency of the n-channel MODFET and 
curve 79 shows the maximum available gain versus fre­
quency. In Fig. 9, the left ordinate represents current gain 
(dB), and the right ordinate represents maximum avail-
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able gain (dB), and the abscissa represents frequency. 
The device shows a unity-gain cutoff frequency of 31 
GHz, for a gate length of 0. 7 µm, performance which is 
far superior to bulk Si MOSFETs of the same gate length. 
These results shown by curve 77 in Figs. 8C and by 
curves 78 and 79 in Fig. 9 on the individual components 
of the integrated circuit indicate the viability of the present 
invention, particularly given the straightforward method 
of integration described herein. 
[0035] The selectively-doped substrate configuration 
shown in Fig. 7C can also be modified to integrate aver­
tical p-i-n photodetector 80 with an n- or p-channel MOD­
FET 15. One such example is shown in Fig. 10, where 
p-i-n photodetector 80 and an n-channel MODFET 15 
are fabricated using an n-type modulation-doped heter­
ostructure, as described in Fig. 1 E. In this embodiment, 
the p-i-n photodetector 80 is created when an n-type im­
planted region 80 and top contact 81 are aligned to a 
heavily-doped p-type region 82 created before the growth 
of the Si/SiGe epi-layers 2 and 3. The bottom contact 83 
is made by etching down to and into substrate 1 as shown 
in Fig. 10. The example in Fig. 10 has the advantage that 
the n-channel, modulation-doped regions 4-7 do not 
need to be etched away to make top contact 81 of the p­
i-n detector 80, because this contact already needs to be 
doped n-type. This example can also be used with a buff­
er layer 38 consisting of a symmetric superlattice as de­
scribed in Fig. 4. MODFET 15 shown in this example is 
an n-channel device. For integration with a p-channel 
MODFET, the doping and polarity of the p-i-n contacts 
80-83 can be reversed. The p-i-n configuration has the 
advantage that the carriers are always generated in a 
high-field region, and the distance the photogenerated 
carriers have to travel is reduced because detector elec­
trodes 81 and 83 are on both the top and bottom of ab­
sorbing region 3. 
[0036] Fig. 11 shows how an MSM photodiode 85 and 
MODFET 86 can be integrated using a fabrication 
scheme similar to that of a standard Si MOSFET or 
CMOS process. In the preferred embodiment, the layer 
structure is the same as that used in Fig. 1 A. The MOD­
FET 86 can be fabricated by depositing a thin gate oxide 
layer 90 followed by an undoped poly-silicon layer that 
is patterned and etched to define the gate electrode 91. 
Next an ion implant is performed to define n-type source 
and drain regions 92 where poly-silicon gate electrode 
91 is used as a self-aligned implant mask. Next, a mesa 
isolation etch is performed which exposes the surface 8 
of the buffer layer 3 in the etched regions. Next an insu­
lating layer 93, such as silicon nitride, is deposited and 
then etched to form sidewall spacer regions 94. Finally, 
a self-aligned silicide (salicide) process is performed, 
where metal is deposited, heated to form metal-silicide 
or metal-germanosilicide contacts 95 to n-type source 
and drain regions 92 and the unreacted metal selectively 
etched away. The main feature of this embodiment is that 
the MSM photodetector 85 can be fabricated at the same 
time as MODFET 86 source and drain contacts 95 using 

the salicide process, by patterning windows in insulating 
layer 93 above SiGe buffer layer 3 to form metal-silicide 
or metal-germanosilicide photodetector electrodes 96 in 
openings of insulating layer 93. 

5 [0037] Fig. 12 shows another not claimed example of 
a semiconductor structure where a SiGe MSM 97 and a 
strained-Si n-channel MOSFET 98 are integrated using 
a planar processing scheme. For this structure, the layer 
structure consists of the same graded Si1_xGex layer 2 

10 and constant composition, Si1_yGey buffer layer 3 grown 
on Si substrate 1 as shown in Fig. 1 E. On top of buffer 
layer 3 is grown a tensile-strained Si layer 100, as shown 
in Fig. 12. In the example, the MOSFET 98 is fabricated 
by depositing or growing a thin gate oxide layer 101, fol-

15 lowed by an undoped poly-silicon layer, which is pat­
terned and etched to define the gate electrode 102. Next 
an optional p-well implant 103, is performed for threshold 
voltage control, and an ion implant is performed to define 
n-type source and drain regions 104, where poly-silicon 

20 gate electrode 102 is used as a self-aligned implant 
mask. Next, trench isolation regions 105, are formed and 
filled with dielectric material 106, and a second insulating 
layer 107, such as silicon nitride, is deposited and etched 
to form sidewall spacer regions 108. Finally, a self-

25 aligned silicide (salicide) process is performed, where 
metal is deposited, heated to form metal-silicide, or met­
al-germanosilicide contacts 109 on n-type source and 
drain regions 104, and the unreacted metal selectively 
etched away. The MSM photodetector 97 is fabricated 

30 using the same salicide process used to create the MOS­
FET 98 source and drain regions, by patterning windows 
in insulating layer 107 above SiGe buffer layer 3 to form 
metal-silicide or metal-germanosilicide photodetector 
electrodes 110 in the openings of insulating layer 107. 

35 This example has the advantage of utilizing a planar 
processing scheme, because Si layer 1 00 is not etched 
away. Because Si layer 100 is only - 10 nm thick, it has 
little effect on the photoabsorption, and can act as a sta­
ble surface material for formation of MSM electrodes 110. 

40 [0038] Fig. 13 shows another not claimed example of 
a semiconductor structure where MSM photodetector 85 
is integrated with both a p-channel and an n-channel Si/ 
SiGe MOSFET, 139 and 140, using an epitaxial multi­
layer structure. The layer structure consists of a Si sub-

45 strate 1, a graded Si1 -xGex layer 2 and constant compo­
sition Si1_yGey buffer layer 3 as described in Fig. 1 A. In 
the example, on top of Si 1_yGey buffer layer 3 are grown 
an n-type doped Si1_yGey supply layer 120, an undoped 
Si1_yGey offset layer 121, a tensile-strained Si quantum 

50 well layer 122, which acts as the electron channel for the 
NMOS device, another undoped Si1_yGey offset layer 
123, a compressive-strained Si1 _2 Ge2 layer 124, where 
z >Y, which acts as the holechannelforthe PMOS device, 
an undoped Si1_yGey offset layer 125, and an undoped 

55 Si layer 126. In this example, the Ge-percentages of lay­
ers 120, 121, 123 and 125 is in the range y = 0.1 to 0.9, 
with a preferred value of y = 0.25. The Ge-percentage of 
layer 124 is in the range z = 0.3 to 1.0, and preferably 
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has a value where z-y is greater than 0.2. Next a thin 
gate oxide layer 127, is grown or deposited, followed by 
a p-type doped poly-silicon layer. The CMOS circuit can 
be fabricated by etching the poly-silicon to form the gates 
of the n- and p-type CMOS devices 128, which then act 
as implant masks for formation of p-type doped region 
129, and n-type doped region 130. Doped regions 129 
and 130 form contacts to the buried quantum well channel 
layers 124 and 122, respectively. Next, trench isolation 
regions 131, are formed and filled with dielectric material 
132, for planarization. At this point, an etch is performed 
to expose the surface 8 of Si1_yGey buffer layer 3, and a 
blanket insulating layer 134, such as silicon nitride, is 
deposited. windows for forming the photodiode elec­
trodes are patterned and etched at the same time as 
nitride sidewall regions 135 are formed. Finally, a salicide 
step is performed, as described in Fig. 11, to create the 
MSM electrodes 136, as well as the source and drain 
contacts 137 and 138 of the PMOS and NMOS devices, 
respectively. The example shown in Fig. 13 is a versatile 
configuration where not only PMOS device 139 or NMOS 
device 140 can be combined with MSM photodetector 
85 to act as part of a photoreceiver amplifier circuit, but 
PMOS device 139 and NMOS device 140 can be com­
bined and used to form a CMOS logic circuit. Therefore, 
the embodiment in Fig. 13 can potentially be used to fab­
ricate a high-speed photoreceiver circuit on the same 
chip as a high-speed, low-power CMOS technology, for 
future "system-on-a-chip" applications. 
[0039] An integrated optoelectronic circuit and process 
for making is described incorporating a photodetector 
and a MODFET on a chip. The chip contains a single­
crystal semiconductor substrate, a buffer layer of SiGe 
graded in composition, a relaxed SiGe layer, a quantum 
well layer, an undoped SiGe spacer layer and a doped 
SiGe supply layer. The photodetector may be a metal­
semiconductor-metal (MSM) or a p-i-n device. The de­
tector may be integrated with an n- or p-type MODFET, 
or both in a CMOS configuration, and the MODFET can 
incorporate a Schottky or insulating gate. The invention 
overcomes the problem of producing Si-manufacturing­
compatible monolithic high-speed optoelectronic circuits 
for 850 nm operation by using epixially-grown Si/SiGe 
heterostructure layers. 

Claims 

1. A semiconductor structure comprising a single crys­
tal semiconductor substrate (1 ), a Si1_xGex buffer 
layer (2) graded from x = 0 to y where y is in the 
range from 0.1 to 1.0 , a layer of relaxed Si 1 _y Gey 
(3) having a thickness in the range from 0.25 µm to 
10 µm, a quantum well layer (4), an undoped Si1_Y 

Gey spacer layer (5), and a doped SiyGey supply 
layer (6), spaced apart drain and source regions (9) 
extending to the quantum well layer (4) so that said 
quantum well layer (4) is the conducting channel of 

a field-effect transistor; wherein said undoped 
Si1_yGey spacer layer (5) separates dopants in said 
doped Si1_yGey supply layer (6) from said conducting 
channel; and wherein portions of said quantum well 

5 layer (4), said undoped Si1_yGey spacer layer (5) and 
said doped Si1_yGey supply layer (6) are removed to 
provide an expose portion of said relaxed Si 1_yGey 
(3) layer to form a photodetector and wherein said 
exposed layer of relaxed Si1 -yGey (3) layer is the 

10 absorbing region of said photodetector. 

15 

20 

2. The semiconductor structure of claim 1 further in­
cluding a Schottky gate contact to control charge in 
said conducting channel to form a MODFET. 

3. The semiconductor structure of claim 1 wherein elec­
trodes (60, 61, 64, 65) are formed on said exposed 
portion of said relaxed Si1 -y Gey layer to form a pho­
todetector. 

4. The semiconductor structure of claim 1 wherein said 
quantum well layer is under tensile strain and con­
sists of Si. 

25 5. The semiconductor structure of claim 3 wherein said 
electrodes include two or more interdigitated 
Schottky electrodes. 

6. The semiconductor structure of claim 3 further in-
30 eluding a trench extending through said exposed re­

laxed Si1_y Gey layer surface and surrounding said 
photodetector; optionally said trench is filled with a 
dielectric material. 

35 7. The semiconductor structure of claim 3 wherein pos­
itively-biased electrodes of said photodetector com­
prise Er, W, Ti, Ni or Co, and provide Schottky con­
tacts (60) with barrier height for holes that is greater 
than half the band gap of said exposed relaxed Si1 -y 

40 Gey layer, and negatively-biased electrodes (61) of 
said photodetector comprise Pt or Ir and provide 
Schottky contacts with barrier height for electrons 
that is greater than half the band gap of said exposed 
relaxed Si1_y Gey layer. 

45 

8. The semiconductor structure of claim 5 wherein neg­
atively-biased electrodes (61) of said photodetector 
comprise Pt or Ir and provide Schottky contacts with 
barrier height for electrons that is greater than half 

50 the band gap of said exposed relaxed Si1_y Gey layer, 
and positively-biased electrodes (64) of said photo­
detector comprise Er, W, Ti, Ni or Co, and form Ohm­
ic contact to an n-type doped region (63). 

55 9. The semiconductor structure of claim 5 wherein neg­
atively-biased electrodes (66) of said photodetector 
form Ohmic contacts to a p-type doped region (65) 
and said positively-biased electrodes (64) of said 
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photodetector form an Ohmic contact to an n-type 
doped region (63). 

forming a doped Si1_y Gey supply (6), 

10. The semiconductor structure of claim 1 wherein said 
substrate is heavily-doped greater than 1018 at- 5 

oms/cm3, or wherein said substrate is an SOI sub­
strate comprising a thick Si layer, a SiO2 layer, and 

formning spaced apart drain and source regions 
extending to said quantum well layer(4) so that 
said quantum well layer (4) is the conducting 
channel of a field-effect transistor, 
removing portionsofsaidquantumwell layer (4), 
said undoped Si1_y Gey spacer layer (5) and said 
doped Si1 -y Gey supply layer (6) to expose said 
relaxed Si1 -y Gey layer and forming electrodes 
(11) on said exposed relaxed Si1_y Gey layer to 
form a photodetector, wherein said exposed lay­
er of relaxed Si1 _Y Gey (3) is the absorbing region 
of said photodetector. 

a Si overlayer. 

11. The semiconductor structure of claim 3 wherein said 10 
substrate is lightly-doped Si, and the region of said 
substrate underneath said photodetector is heavily­
doped greater than 1018 atoms/cm3. 

12. The semiconductor structure of claim 3 wherein said 
photodetector absorbing region is bordered by deep 
trenches extending from said photodetector surface 
down to said Si substrate, and filled with a dielectric 
material, so as to prevent photogenerated carriers 
generated in said Si1_y Gey, buffer layer from diffus­
ing laterally past said deep trenches. 

13. The semiconductor structure of claim 1 further in­
cluding spaced apart drain and source regions ex­
tending to said quantum well layer, a gate dielectric 
layer above said supply layer between said drain and 
source and a gate electrode above said dielectric 
layer to form a MOSFET. 

14. The semiconductor structure of claim 1 further in­
cluding first and second spaced apart doped regions, 
one above the other, with a portion of said relaxed 
Si1 _y Gey layer there between to form a photodetector 
and an Ohmic contact to said respective first and 
second doped regions for applying a potential there 
between, and optionally one of the following; 

a) further including a trench extending into said 
exposed relaxed Si1_y Gey layerto provide a bar­
rier to electrical charge; 
b) wherein said first doped region includes a re­
gion of said quantum well layer, said undoped 
Si1_y Gey spacer layer and said doped Si1_y Gey 
supply layer; or 
c) wherein said second doped region includes 
a region of said substrate. 

15. A method for forming a semiconductor structure 
comprising the steps of: 

selecting a single crystal semiconductor sub­
strate (1 ), 
forming a Si1_x Gex buffer layer (2) graded from 
x = 0 to y in the range from 0.1 to 1.0, 
forming a layer of relaxed Si1 -y Gey (3) having 
a thickness in the range from 0.25 µm to 10 µm, 
forming a quantum well layer (4), 
forming an undoped Si1_y Gey spacer layer (5), 

15 

Patentanspruche 

1. Halbleiterstruktur, welche ein monokristallines Halb­
leitersubstrat (1 ), eine Si1_xGex-Pufferschicht (2), die 

20 einen Gradienten von x = 0 bis y aufweist, wobei y 
im Bereich von 0, 1 bis 1,0 liegt, eine Schicht aus 
relaxiertem Si1 -yGey (3) einer Dicke im Bereich von 
0,25 µm bis 10 µm, eine Quantentopfschicht (4), ei­
ne undotierte Si1_yGey-Abstandsschicht (5) und eine 

25 dotierte Si1 -yGey-Versorgungsschicht (6) umfasst, 
wobei sich Drain- und Source-Zonen (9), die einen 
Abstand voneinander aufweisen, bis zu der Quan­
tentopfschicht (4) erstrecken, derart, dass es sich 
bei der Quantentopfschicht (4) um den leitenden Ka-

30 nal eines Feldeffekttransistors handelt;wobei die un­
dotierte Si1_yGey-Abstandsschicht (5) die Dotierstof­
fe in der dotierten Si 1_yGey-Versorgungsschicht (6) 
von dem leitenden Kanai trennt; und wobei Abschnit­
te der Quantentopfschicht (4), der undotierten 

35 Si1_yGey-Abstandsschicht (5) und der dotierten 
Si1_yGey-Versorgungsschicht (6) entfernt sind, um 
einen frei liegenden Abschnitt der relaxierten 
Si1_yGey-Schicht (3) bereitzustellen, um einen Pho­
todetektor zu bilden, und wobei es sich bei der frei 

40 liegenden Schicht der relaxierten Si1_yGey-Schicht 
(3) um die absorbierende Zone des Photodetektors 
handelt. 

2. Halbleiterstruktur nach Anspruch 1, welche ferner 
45 einen Schottky-Gate-Kontakt umfasst, um die La­

dung in dem leitenden Kanai zu regeln, um einen 
MODFET zu bilden. 

3. Halbleiterstruktur nach Anspruch 1, wobei auf dem 
50 frei liegenden Abschnitt der relaxierten 

Si1_yGey-Schicht Elektroden (60, 61, 64, 65) ausge­
bildet sind, um einen Photodetektor zu bilden. 

4. Halbleiterstruktur nach Anspruch 1, wobei die Quan-
55 tentopfschicht unter Zugspannung steht und aus Si 

besteht. 

5. Halbleiterstruktur nach Anspruch 3, wobei die Elek-
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troden zwei oder mehr ineinander greifende Schott­
ky-Elektroden umfassen. 

Si1_yGey-, Pufferschicht durch Photonen erzeugt 
werden, seitlich Ober die tiefen Graben hinaus dif­
fundieren. 

6. Halbleiterstruktur nach Anspruch 3, welche ferner 
einen Graben umfasst, der sich durch die Flache der 
frei liegenden relaxierten Si1_yGey-Schicht hindurch 
erstreckt und den Photodetektor umgibt; gegebe­
nenfalls ist der Graben mit einem dielektrischen Ma­
terial gefOllt. 

5 13. Halbleiterstruktur nach Anspruch 1, welche ferner 
Drain- und Source-Zonen, die einen Abstand von­
einander aufweisen und sich bis zu der Quanten­
topfschicht erstrecken, eine Gate-Dielektrikums­
Schicht oberhalb der Versorgungsschicht zwischen 

7. Halbleiterstruktur nach Anspruch 3, wobei Elektro­
den mit positiver Vorspannung des Photodetektors 
Er, W, Ti, Ni oder Co umfassen und Schottky-Kon­
takte (60} einer Barrierenhohe fOr Defektelektronen 
bereitstellen, die gr6Ber ist als die Halfte des Band­
abstands der frei liegenden relaxierten 
Si1_yGey-Schicht, und Elektroden (61} mit negativer 
Vorspannung des Photodetektors Pt oder Ir umfas­
sen und Schottky-Kontakte einer Barrierenhohe fOr 
Elektronen bereitstellen, die gr6Ber ist als die Halfte 
des Bandabstands der frei liegenden relaxierten 
Si1 _yGey-Schicht. 

10 der Drain- und der Source-Zone und eine Gate-Elek­
trode oberhalb der dielektrischen Schicht umfasst, 
um einen MOSFET zu bilden. 

14. Halbleiterstruktur nach Anspruch 1, welche ferner, 
15 eine Ober der anderen, eine erste und zweite dotierte 

Zone umfasst, die einen Abstand voneinander auf­
weisen, wobei sich zwischen diesen ein Abschnitt 
der relaxierten Si1_yGey-Schicht befindet, um einen 
Photodetektor und einen Ohmschen Kontakt zu der 

20 ersten bzw. zweiten dotierten Zone zu bilden, um 
zwischen diesen eine Potentialdifferenz anzulegen, 
und wobei wahlweise eine der folgenden Bedingun­
gen erfOllt ist: 

8. Halbleiterstruktur nach Anspruch 5, wobei Elektra-
den (61} mit negativer Vorspannung des Photode- 25 

tektors Pt oder Ir umfassen und Schottky-Kontakte 
einer Barrierenhohe fOr Elektronen bereitstellen, die 
gr6Ber ist als die Halfte des Bandabstands der frei 
liegenden relaxierten Si1 _yGey-Schicht, und Elektra-
den (64} mit positiver Vorspannung einen Ohm- 30 

schen Kontakt zu einer n-leitend dotierten Zone (63} 
bilden. 

9. Halbleiterstruktur nach Anspruch 5, wobei Elektra-
den (66} mit negativer Vorspannung des Photode- 35 

tektors Ohmsche Kontakte zu einer p-leitend dotier-
ten Zone (65} bilden und die Elektroden (64} mit po­
sitiver Vorspannung des Photodetektors einen Ohm­
schen Kontakt zu einer n-leitend dotierten Zone (63} 
bilden. 40 

10. Halbleiterstruktur nach Anspruch 1, wobei das Sub-
strat mit mehr als 1018 Atomen/cm3 stark dotiert ist 
oder wobei es sich bei dem Substrat um ein SOI­
Substrat handelt, welches eine dicke Si-Schicht, ei- 45 

ne SiO2-Schicht und eine Si-Deckschicht umfasst. 

11. Halbleiterstruktur nach Anspruch 3, wobei es sich 
bei dem Substrat um leicht dotiertes Si handelt und 
die Zone des Substrats unterhalb des Photodetek- 50 

tors mit mehr als 1018 Atomen/cm3 stark dotiert ist. 

12. Halbleiterstruktur nach Anspruch 3, wobei die absor­
bierende Photodetektorzone van tiefen Graben be­
grenzt ist, welche sich van der Photodetektorflache 55 

aus nach unten bis zu dem Si-Substrat erstrecken 
und mit einem dielektrischen Material gefOllt sind, 
um zu verhindern, dass Ladungstrager, die in der 

10 

a} sie umfasstferner einen Graben, welcher sich 
in die frei liegende relaxierte Si1 -yGey-Schicht 
erstreckt, um eine Barriere fOr eine elektrische 
Ladung zu schaffen; 
b} wobei die erste dotierte Zone eine Zone der 
Quantentopfschicht, der undotierten 
Si1_yGey-Abstandsschicht und der dotierten 
Si1_yGey-Versorgungsschicht umfasst; oder 
c} wobei die zweite dotierte Zone eine Zone des 
Substrates umfasst. 

15. Verfahren zur Bildung einer Halbleiterstruktur, wel­
ches die folgenden Schritte umfasst: 

Auswahlen eines monokristallinen Halbleiter­
substrats (1 }, 
Bilden einer Si1_xGex-Pufferschicht (2), welche 
einen Gradienten van x = 0 bis y im Bereich van 
0, 1 bis 1,0 aufweist, 
Bilden einer Schicht aus relaxiertem Si1_yGey 
(3), welche eine Dicke im Bereich van 0,25 µm 
bis 10 µm aufweist, 
Bilden einer Quantentopfschicht (4), 
Bilden einer undotierten Si1_yGey-Abstands­
schicht (5), 
Bilden einer dotierten Si1 _yGey-Versorgungs­
schicht (6), 
Bilden van Drain- und Source-Zonen, die einen 
Abstand voneinander aufweisen und sich bis zu 
der Quantentopfschicht (4} erstrecken, derart, 
dass es sich bei der Quantentopfschicht (4} um 
den leitenden Kanai eines Feldeffekttransistors 
handelt, 
Entfernen van Abschnitten der Quantentopf-
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schicht (4), der undotierten Si1_yGey-Abstands­
schicht (5} und der dotierten Si1_yGey-Versor­
gungsschicht (6), um die relaxierte 
Si1_yGey-Schicht frei zu legen, und Bilden von 
Elektroden (11} aufderfrei liegenden relaxierten 
Si1_yGey-Schicht, um einen Photodetektor zu 
bilden, wobei es sich bei der frei liegenden 
Schicht aus relaxiertem Si1_yGey (3} um die ab­
sorbierende Zone des Photodetektors handelt. 

Revend ications 

1. Structure a semi-conducteur, comprenant un subs­
trat (1} en semi-conducteur monocristallin, une cou­
che tampon (2} en Si 1_xGex, dans laquelle x = 0 a y, 
avec y dans la fourchette de 0, 1 a 1,0, une couche 
(3} en Si1_yGey relaxe, ayant une epaisseur dans la 
fourchette de 0,25 µma 1 0 µm, une couche de puits 
quantique (4), une couche d'espacement (5} en 
Si1_yGey non dope, et une couche d'alimentation (6} 
en Si1_yGey dope, des regions de drain et de source 
(9} espacees, s'etendant vers la couche de puits 
quantique ( 4 }, de maniere que ladite couche de puits 
quantique (4} soit le canal conducteurd'un transistor 
a effet de champ; dans lequel ladite couche d'es­
pacement (5} en Si1_yGey non dope separe des 
dopants, situes dans ladite couche d'alimentation (6} 
en Si1_yGey dope, vis-a-vis dudit canal conducteur; 
et dans lequel des parties de ladite couche de puits 
quantique (4), ladite couche d'espacement (5} en 
Si1_yGey non dope et ladite couche d'alimentation 
(6} en Si1_yGey dope sont eliminees pour fournir une 
partie exposee de ladite couche (3} en Si1_yGey re­
laxe, de maniere a former un photodetecteur et dans 
lequel ladite couche exposee de couche (3} en 
Si1_yGey relaxe est la region absorbante dudit pho­
todetecteu r. 

2. Structure a semi-conducteur selon la revendication 
1, comprenanten outre un contact de grille de Schot­
tky, pour commander la charge dans ledit canal con­
ducteur, de maniere a former un MODFET. 

3. Structure a semi-conducteur selon la revendication 
1, dans laquelle des electrodes (60, 61, 64, 65} sont 
formees sur ladite partie exposee de ladite couche 
en Si1_yGey relaxe, de maniere a former un photo­
detecteur. 

4. Structure a semi-conducteur selon la revendication 
1 , dans laquelle ladite couche de puits quantique est 
placee sous une contrainte de traction et est com­
posee de Si. 

5. Structure a semi-conducteur selon la revendication 
3, dans laquelle lesdites electrodes comprennent 
deux electrodes de Schottky interdigitees, ou plus. 

6. Structure a semi-conducteur selon la revendication 
3, comprenant en outre une tranchee, s'etendant a 
travers ladite surface de couche en Si1 -yGey relaxe 
exposee et entourant ledit photodetecteur; ladite 

5 tranchee etant, en option, remplie d'un materiau die­
lectrique. 

7. Structure a semi-conducteur selon la revendication 
3, dans laquelle des electrodes, polarisees de ma-

10 niere positive, dudit photodetecteur sont composees 
de Er, W, Ti, Ni ou Co, et tournissent des contacts 
de Schottky (60} avec une hauteur de barriere pour 
des trous superieure a la moitie de la largeur de ban­
de interdite de ladite couche en Si1_yGey relaxe ex-

15 posee, et des electrodes (61 }, polarisees de maniere 
negative, dudit photodetecteur sont composees de 
Pt ou Ir et tournissentdes contacts de Schottky avec 
une hauteur de barriere pour des electrons supe­
rieure a la moitie de la largeur de bande interdite de 

20 ladite couche en Si1 -yGey relaxe exposee. 

8. Structure a semi-conducteur selon la revendication 
5, dans laquelle des electrodes (61 }, polarisees de 
maniere negative, dudit photodetecteur sont com-

25 posees de Pt ou Ir et fournissent des contacts de 
Schottky avec une hauteur de barriere pour des elec­
trons superieure a la moitie de la largeur de bande 
interdite de ladite couche en Si1 -yGey relaxe expo­
see, et des electrodes (64}, polarisees de maniere 

30 positive, dudit photodetecteur sont composees de 
Er, W, Ti, Ni ou Co, et forment un contact ohmique 
avec une region (63} a dopage de type n. 

9. Structure a semi-conducteur selon la revendication 
35 5, dans laquelle des electrodes (66}, polarisees de 

maniere negative, dudit photodetecteur torment des 
contacts ohmiques avec une region (65} a dopage 
de type p, et lesdites electrodes (64}, polarisees de 
maniere positive, dudit photodetecteur torment un 

40 contact ohmique avec une region (63} a dopage de 
type n. 

10. Structure a semi-conducteur selon la revendication 
1, dans laquelle ledit substrat est tortement dope, a 

45 plus de 1018 atomes/cm3, ou dans lequel ledit subs­
trat est un substrat SOI, comprenant une epaisse 
couche en Si, une couche en SiO2, et une surcouche 
en Si. 

50 11. Structure a semi-conducteur selon la revendication 
3, dans laquelle ledit substrat est en Si legerement 
dope, et la region dudit substrat situee au-dessous 
dudit photodetecteur est fortement dopee, a plus de 
1018 atomes/cm3. 

55 

11 

12. Structure a semi-conducteur selon la revendication 
3, dans laquelle ladite region absorbante de photo­
detecteur est delimitee par des tranchees protondes, 
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s'etendant a partir de ladite surface de photodetec­
teur en descendant vers ledit substrat, et remplies 
d'un materiau dielectrique, de maniere a empecher 
que des porteurs photogeneres, generes dans ladite 
couche tampon en Si1_yGey, diffusent lateralement, 5 

au dela desdites tranchees profondes. 

13. Structure a semi-conducteur selon la revendication 
1, comprenant en outre des regions de drain et de 
source espacees, s'etendant vers ladite couche de 10 
puits quantique, une couche dielectrique de grille, 
situee au-dessus de ladite couche d'alimentation, 
entre drain et source, et une electrode de grille, si-
tuee au-dessus de ladite couche dielectrique, pour 
former un MOSFET. 15 

14. Structure a semi-conducteur selon la revendication 
1 , comprenant en outre des premiere et deuxieme 
region dopees, espacees, l'une au-dessus de 
l'autre, avec, entre elles, une partie de ladite couche 20 

en Si1_yGey relaxe, pour former un photodetecteur 
et un contact ohmique avec lesdites premiere et 
deuxieme regions dopees respectives, pour appli-
quer entre elles un potentiel et, en option, l'un des 
suivants : 25 

a) comprenant en outre une tranchee, s'eten­
dant dans ladite couche en Si1_yGey relaxe ex­
posee, pour fournir une barriere a une charge 
electrique ; 30 
b) dans laquelle ladite premiere region dopee 
comprend une region de ladite couche de puits 
quantique, ladite couche d'espacement en 
Si1_yGey non dope et ladite couche d'alimenta-
tion en Si1 -yGey dope ; ou 35 

c) dans laquelle ladite deuxieme region dopee 
comprend une region dudit substrat. 

15. Procede pour former une structure a semi-conduc-
teur, comprenant les etapes consistant a : 40 

selectionner un substrat (1) en semi-conducteur 
monocristallin, 
former une couche tampon (2) en Si1_xGex, dans 
laquelle x = O a y, avec y dans la fourchette de 45 
o, 1 a 1,0, 
former une couche (3) en Si1 _yGey relaxe, ayant 
une epaisseur dans la fourchette de 0,25 µm a 
10 µm, 
former une couche de puits quantique (4), 50 

former une couche d'espacement (5) en 
Si1 -yGey non dope, 
former une couche d'alimentation (6) en 
Si1 -yGey dope, 
former des regions de drain et de source espa- 55 

cees, s'etendant vers ladite couche de puits 
quantique (4), de maniere que ladite couche de 
puits quantique (4) soit le canal conducteur d'un 

12 

22 

transistor a effet de champ, 
eliminer des parties de ladite couche de puits 
quantique (4), de ladite couche d'espacement 
(5) en Si1_yGey non dope et de ladite couche 
d'alimentation (6) en Si1_yGey dope, pour expo­
ser ladite couche en Si1_yGey relaxe, et former 
des electrodes (11) sur ladite couche en 
Si1_yGey relaxe exposee, de maniere a former 
un photodetecteur, dans lequel ladite couche (3) 
en Si1_yGey relaxe exposee est la region absor­
bante dudit photodetecteur. 
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THE H·HERNAT!ONAL SEARCH REI'ORT AND 

THE WRlTTEN OPINION OF 11-IE !NTERNXfiONAl.­
SEARCBING AUTHORITY OR THE. DECLARi\T!ON 

(FCT Ruk 44. l) 

--1,. 

Ti\e sppH<:;it,t is h~reby n~1ti'fted that the intc:rr~tis..~tJ~l ~earch n~_pc;t m~d ·rht, ,,-riH.en <..1pi.nkm f~fthe In!'crn~ti0nil 3{-~f~:hit:g. .:\-.i'r:{1-rh.y hi.i,.,:f; been e~t&hhshx:d and arc t-an1.sn~itt::~d h-::r..~with. 
'fl!io~ uf :imtndme11ts and s.tMcmtM nuder Artk!t 19: 
1bc ~ppH-c~nt 3:. e.n:tith-:d~ -~ffo'.:. sv ~Ni:-.ihes~ 1~1 i!~Ijtnd th~- d~l.n-1:i- l)f th-:- i"r2!-.:::rm1t~:.-rrn! ~~pplit,:.=tti:r>n tsee Ruh~ 46). 
\Vhen? The tfa-o.e J~n:nt frH Hhne: ~u,;,h an..1..endn1enr~ 1s ;J(1;:nrnHv t'.-v~ rnmnh:, fr0n1 tht d..:~tt· oftstinsn-Httul ttfth~ ri~k~n1r.tfrmat $.t~2rCh H':p<Jr.t. ... • 

L L~J 

3.o 

.~)fre~:Iy to ti,i~; ink~rnations1 .. .s:sr~1: :prt:t~r;:;My t~~cugh ~f_;~~-l~ ~}r t~H f:~P.~.r t.o: .... .-:.. , 
fhe ~uwrr,~tmn;::1 Bun~au ,)t \~: rpo~ j4~ c:-:.em.u~ i.1(:!s;; C{JJ.•nnt·H,:gi:is( ~ 2: ~ uencva .'c.~.t v·v<itz,cr!ix-.:d 

Vormore detaikd iti*tt·utthJH~, se..::: the ?CTAppli<Yint"i(h;,;'{J'<:. hiterni.tlon:j,1. Ph~:-it~ psrag.rap.hs 9.0H4 ..... 9J)l1. 
Tht~ apph:..;:;>fH. fa hi$tiby t:t:t3fied th~t .n,1 ~nt~tn;itkin.af S-i.-'.:"n-~:-h rcp{.1:rt wiU be t:stabLb:ht-d. an,;J. th~t the f}tds..ratk1~~ _unJ~:t Art.$\;".!~- 17(2)({).} t~) u~~t eff~t~t <tu.<l th-.:.: ;,\:fiucn np.U1i-ou oftht~ lritcrn:::.Uonat ~1es.rch.h1.& Au1h.onty ~ .. re tr~nsm.:.tted. he.s~\V$~.h.. 
\Vhh 1·fg~rd t<J ;H1y prot-c~t ~gainst payn>ent f)f{an) a<l<i.~ti:.)n.ai_ fr:~~{-s:) ttndt>r Rufo: 40,2,. th~ app:Hc~u-!t i~ n:)tifi!!li th~,t. 0 tI'1e pr<.::te:a ti~gt'·:th~r wid.) ihe deci-skm th~rt-t.X:. hu:r_ bc~n tt-:1ns>n.~tt1--xt w the lnt:.~~atin11al Rn.rems t◊g.:;tt:.er ".><ith ;:t11y rc~1u,:st to frffv, .. ~rd th~ texts cfb1)th th<= prc\tcst ttnd th~- tfuci:-:::i'.">n thf:-rt{>n to the de:::_gYt::-:ted Ot'Bcef, D tif~ f1~..::i~frm.h~s b~tn rn::ide yu <Jrr ;.he. r.,rot.e::a: tho:: app.tk.asH. '.,},:Ui b~. rmtHied r~s. 5t)Of) f!$ ;s. dt-cisi,::in 3:t n~ade 

-1. Rt<JJsimkn 
The <1!),>!i~3JJl ;r,;,y ~ubmh ti1m me11ts. Ml asi: i11formal !:>asi~ 011 the wriHe11 <l(linh111 t1fth~ fotenrntiMl:il !karr.hingA ~thoi·ity t,, th~ hH:-:=rss;::tfrmal Bure3U, Th:::~:;{~ :..x•n1rn1-.Q1t:; >\·iH h::~ rnade. availa~k t.::. tht p~1bhc after h1.h'.:I'f:<1tlfinf!1 pnblfr.:-ation. The Intt~n1~ttxm.sl Ri~r.e~i;,l .. wi;i Sr;!n.d a f:opy cf s--..1ch c(,mnier)t~\ tc~ ?.11 {~csignaied O·ffk:'.!:s :.mk~;$ ;:m h-;tf.:::".n_:,tj<};;.o3 preHrninary ~x&t;.1~n:.-:.r.k1n rc1-,~rt h~s 1>ct--::t ,:::,t ·.t;i;; tfJ ~~ m;r;;Mi:=:hed. 
Sh,wtiy ~Jh.:r ,ll,. expiration <J.f lS lll()n!.ll5 from the prfori!J dat~, lht, ifstt'J'!HtiiOlHll appli£ati-,~ will be rmbUshed hy th,: lntt~nm:.k.--miil Bureau. lfthc ~ppfo:.·-ant v,:-S..-..hes tQ ;}\:'(>id (ff pc$~f◄Dne puMicfthO~\ ;i n,Jtice l.)f vv:thdrff~"~i ~r::h~ intents1iQ.n1,! appHciitio:: .. •.J-r ,1f th.e_ pn,)rity ~faisiJ-. .m.u~t N~1cb. the hrf,t_~inati<,.'l-:.31 ,B.ut~»T! hcf.}r:e:: the ccm.pJ~~j\)51 cf the tt~d1nkal proJ;p!1n1t':t):~.s ftir 1ttt>::tn:~t3~mr:! p:Uhfic~h(ff~ (R\'!l~s ~)~)bit,:. 1 :.:).lJ.d 9l>bi.s,::n. 
\1/ith.:rt 19 JlH.lUtb.!t fron.'1 th,~ _p.r-:.t.1rjty d~t~~ but ~)t~~y iu tt~:::;pt~t~~ ;_cf~~)me d::~sig:tl~!t~"!d C>ii\ce::~ a d0.n1.::as;_<l i~1r intc.rn~tional pn~~imisrnry e.x;,rnirHitSi;n .must be iikd iftht appHciint Vt{~ht~i- to poslpcr,.-::: lh-: entr_y-{ntt,. l1st- ns.tionsl p:b.a~c untJl J(f month~ fr(Ht\ i.h~ p;-k~dt.y i.fat,:. (in sc~ne Offrct:s -evl;.n later)~ ~~:h~rvlfat\ u~ apphcsnt n.,-:.::s:, -..~·Hhin 20 mouth~ ftusn ~.h~ pricrity date~ p~:rfr"t<-n"t. the pres-.:.ribed ~~ts f:.)t tnh:y $~Jo ~ht- naH~n~l pha.i,;t bcfr>r~ thc,se <le~~g:n~k~d Oilk~s. h: rt:specr ,:5.f (1:ther desigtH:ttd Offic--c~, the tim~. ;3mJ1 r:f 30 m-0.utts (or fat:e-t) ,,·.Ul ~_ppty ,~ve-H ifnc demM:-cl is fHz...'1 v•dthi.n 19: -:.rt:..)nths. F\Jr ,·ktsiis abfrnt ~hf;-3:ppHc~b'i~ tfrn-::. Hmit~~ ()ffict by Oi'°fif.'.{!! ~~c- )\''<YVl.-..:1.:-rr.1f~.int/p'-t/~n/t~:<ts/Hrnt.~ .. hn~it~:.htrni a11d the }~c:.r Apph'cant ~~ Chiide .. N~:u.fon~i Ch&~)tt.rs. 
\Vifoi.:) 11 month~ from tht prlorlty date, the ;,pplk:1nt ma~' :·••VltSt that a rn.l-'plemeiitiiry lutern:itional s1:anl! h~ ,~~rrfod oat hy ;j d!ffi~n-=-•-nt. Intr.::nH:':forrnl $t"";-archh-:.g.P .. uthL)ri:.y !hJif. off'5r;; this s.-ervi,~~ (Rt-:.l-e 45his, l ). 'i'ht-- pn)c-c<lure tbr.requestfrig $;.lppkmtntmy int~~rr.~~nk:nal ::~3s.t:.h i;; dt-s;;,,-:rilx~d j;). tJ1~ PCT ..4.p;.">;'ita.n-t :r f."iu:...-.fo:, h.-i.temati:>nci Pha--i¢~ pMagrayhs K nnt>---& (} 32, 

l 

,-------~-------------..------------------------"1 .N.:irf~e ZJl<l maHing ~ddr.-.::ss ,:-:.fthe lSA/t~S t'\.uth,nizt":d €:4fict-T 
M(l:t Sk-:.p P:.)l. Attn.· tS.4!US 
cf~,m~ri~~~k1.ner for P~t~nt~ 
P,O. B◊>: 14fi◊, Ai<;;,($~i~iria, v:rg:n!a ;:23·;3A14~◊ 
i f;jG'.$frnik No, ,s71 .. ~.1:_:-.._ssoo 

Lee Young 

TckphmieNt,. PCT H.e!pdesk: 571-272--4300 

~st ::.~-t:~ \-:' ;::~::.-~ 
~ .. ,<~rt~{ t: t~~J~~}~i~~,~ 



.PATENT COOPERATION TRlfATY 

PCT 
INT£I~,J'\lATlONALSf:.ARCH lU:PORT 

,-,-------------«"-'"'"'"''"'''""'"""'-----------.-----------------------------, 
Appii~ant'.s ,.;; ag,mt';; m"' t.::kt@i.'.! I ·Fon .!i'l:RIBKR .ACTION 

_____ _, ___ ....................... \ s:~ form PCT!lSA/22U ,is wdl a5,_whcN: app!icabk\ item 5 bd<Jv,\. 

fui.x::rn;.11k:1;_;jl ;.rppH'-:~~tion N~). f Jrn,en~3)km.a~ filing da:..e (;;J.;2:;~<"'n~~)nf.h1>'€:'tif:} ~ {.Earh:;-st) Prinrity Dat{; f~ia_.t:/m(mth.-~-.,:e1..-:-r:} 

! ll ~'"- s"~'"m""'' 2"1'' ,;,,l <il1 '.><)<«) PCT/US 20!5·!733 ! 2i s~rs~f-'.:::~be:4 2020 {2i.G9.2020} ~ ..... '-'!-°""'-·-.. -v .... -. ..... ~ \_,,,..,.-, .................. ... 
I ___ .................................................................................................................................................................... _______________ 1 

'This fnt{:::m1tif.ln.:31-sefn-ch rc:p-orthas bc,t:n prepr.1n':.j by tl:ti.s %ntt":n}stion;$1 ~,;ar,::hing/'..uthnrity 3nd 1$. t:-a:}smhted ?.<t th;;; apphc2r:t ac<:nrd~tlg 
to AJiic-k~ lS. A ,;◊p)' is be-hig tr~ .. n~tnhted k~ tb .. e li:~ternath)iu~~ B\lre;~l>. 

4 
This int~~rn~<tk~n~:d t}ean::h. rep-or;. <--::1"!$iSt5 l~f ii tt\t~: :)f l~- $ti0tts 

h. 

\,':._ 

2 .. 

□ 1·i ''" -~l:,;;<, •.>;',"•",'\''"'""l'l·,.._,4 I)'.,',;:, ,..f>f•F ,.,,r»,,,,.,h >"l•{qf '"!~ ~.:t,,~,••1•1· ... ·~• ·•i•._ •• 1 ; ••• t .. 1':, .. <'0:"<''-'."\f\ , } ),J- ,;H,. • ~ .. .,_,,_,~ ~:j:•~{ \ ._.,_~;,, / ._l \.• _,) ,_., ••H t'' 1-,. ~ \ ,,\..,,,!,..'-!J:i,'-,-;i_', '-'-~'-s>,..t U~ ~~ .~ '- •l••~• 

C 
□ 

□ 

s tr~::..asi r:tSHn fJf :.ht~ lnten:~Hk1nal s.p_p1k;3;tk-.r.; ini.t"t .......................................... " ........... ".._ ............. " .................. " .. """" whidt is the hn\~U~1g~ ;,.,(f 
& tr~rnshi:.ion tlrruhhed ftir the pi.i:rp<J:Sl::.'S ofintttnath:::-rsal se~(:}1. (Hw1~s 12,3{a) and 23J(b)). 

'rhis intr:r.:-K1h,:n~i scRn,~hH'f•~.1rthc~s bt·:.~n ~Sttibli~htd h~klJ1g 1nt.•1 act·:c,unt the rei~tifitatt.;:ni t1f ~n nbviGu.s. fft$st~ltt autiicrii.ed 
by or n,)tifif;d tl~ thfr~ /\U.th•)rity und~r Rule 9'l (Ruk 41 Sbis{a)). 

4. \.Vi!h. rc-gard t,:.< the tiU~~ 

fZ1 ;1;-~ !ext is ,ipprovc<i sr. submitted t,y the appli.c;,nt. 

□ th.;;: t;;:xt has b~;)::.n cs\;:;.b1bhcd by this 1!\w~}3-::<rity to r~..:1d ;:..:-; fCH:...r"':-v.s:: 

lZl 
□ the text hs~ heene:::tahh8-ht:d_ ;>i:;.cGrdfr}_g ~f,. R:t.~h-: 38.t bv thisAm.ht.1rh\' 3!1 it ~r:p.ears in Re)); No . .i.V. T.b.-e iffff}1it:~1nt:r!:::1y 

v..:":tt"iSn r;n,;: rnf}nth frorn tht- d:::te of n1aiiing t:,f this fM~niiitktn~f se3rch· rept1;t .. ;ub1;,,th .-.-:.)nn11,-:n.'t'$ ;.,,( thi~ A~!'tl{o-rii.y. 

6, Vhth reg,,r<l w !he dl'a wl!i~~-

ii. the figure :)f!h:: dnrwh1g~ to ht~ pubhs,hs.::d v.,..ith ti~t· abstract i~ Figure .No._5_~ ____ _ 

12s) S!i sugge,ted hy tht~ sn.1g,,;mt 

I b. n B :::::;: ::::~::: ::: :,'.~;:::::•:::~: :~•::,.,,,, L:. MM'"" '>o~ ,, ,, i. ,,blolcd wiU. >h< ,i<tr,'1 



JNTERNATH)NAL SEARCH REPORT i hlt<'m~h,~Ml :ipplic~ti@ Ne,. 

j PCT/US 2Qi517::l:?, 

A CLASSlflC.ATlON 01' stmmcT ~-!A'i'l'f-:'.H 
IPC, H01L 27/146, 3V1Dl, 311102 (2020.01) 

CPC • H01L 27/14609, 27!'146i2. 27!'.i4643, 31/101, 31/102 

B. r-:JELDS SE.-·\RCHED 

1\1in:-:-:-:um \.k~(;.t:~;t{~t\tfJ~fr:,n S<!::&n:hed (d~1s:·;Jf:~$1.i{;n sy~;tt-:m fi,)lkr-.~,~d b-y ,~l~ss:ifo::alktn ~y;;;CulN) 
See S~&Xh HiMt':ty t'k~C:tJ)~l'\$jrt 

! D(x.~urne.m~tfr:-11 sean.-::he~1 f>!h-:~rihan rn•mmum C.,x-=i..lrne-rn_a~;u:i tt1 th:::~ e:-.tt:~i tb;!t ~3J(;:h d;,.K:umem.s are md~Jde<l in ~h~ fidds ~~rcht~d ! See S&arcl1 Hlstorv Cocurnent i ' 

' ! Ehx1:u1)$~ :.fat:: b--'-lt:{~ ,:1.•0:s:.Jht'>:i duririg the ::-1.teas~t~fm:.t~ :=-.{~:ar,·-h (n&me •-..◄f J.iJ.ta b~se &nd~ \·Yh~~~ ~:.:·::~c~fr~.::<blt\ S;;;;~f:H.:-h tcnns ust:.rl) 

it==: Semcch Hlst~~:..~cc;;msn, _________________ ........ .. 

C i_X.lCUMENTS CONSlDERED TO BE .RELEVANT 

___ :-_:;,,~::~:~..!... C i,,ni@ Md,~'''~'.'.:'.~'.:_:~'.~::_ ind~~~'.~'.'.'..~~'.'.~:e ~pprnpr~3-t<l, of th: , t'~~'.~~'.'..'.'.'.~s,agc, _________ :~;~:~~~~~-;~:-:-;~-;,~~-~~~------

: )•' p,.;s201amrn244~, A1 (\N&V1'S€.NS, l)f;.V!C~S !NC) 12Apr"2.◊1B (12 .. 04 2l)18) s,;itn, ] 1, 2. L~-11, 13--16. 20, 1 j df-'ctm1tmt ~sp~~:Ja::tr F:~. 8: fl9. 45; par« tnG~·rn\ ~1an::. {0Zt~~-·{U2~H·'1, p:at:3 f{J3.'.$3}-{0'336]. piar)3 . 22<~:~> 3--1 t Jt;, 37; 3-S"':~ 1 
~ .. ~. : {:Q;,+a.~:] .............. ...., ............................................................... ,. 
\A ! \ ~-0: tz< ·l 7~·19 1 21~ 33( 'j;tJ, 

:~a .. 42 

I I 1, i?, ll-11, 13-1t:, 10, 
y 

A 

y 

A 

A 

\is 201'1:'015f>Hl5 A1 (T:VARUS et as,)'.!.0 Jum, 2011 ('.'l0.0il.20ti) e:-,tire ,iocumeri!; e5;--,:,.:,ally \:t<-;:;2, 34, 3S. 37, 3!H1 
Fig. 13~ pa~a D)l)01J~ ~OD~)2], fV062J ~ ........................................... ,....,_ .. ..-... ......... , ., ..... 

ii :,_.s, 12. F-H\ 21, :n. :i6, 
:.Hl,42 

I 1ci j vs 2012.ltHc·:H27 A1 (H!R!GOYEN t:!t aL) <:1 ,j~~~ 2012 t11.Qtt~:Ui2) ~nli~ dtx~u:~{tHlt: ! espec!al:y Fig, 4: pBr,, ({;M:.?J, [i}%7J i i 7 • • 

I '11~2 
\us 2.M,~,!(>(>12,,1.:3 A1 {flfn!LUX CORPORATION):: Jam.:my ZO'Hl (:·LO"i.20"!1l}<>ntim 
j ti;_,,K~}ment, t•Sp$c.ia!1y par-a [UQS:Hl 
I l3~4 .. ~3 
US 20i 9!0't633i} A 1 {8RiL; .. .NtCS ~ l t,JC} 30 M~y i'3)1~':l {2,0 O~,,~:'.D 1 S) )~ttU~ d◊t·~m1e-rit; ~$fJ~.sda~ly ! 
p;;r;3 ron1nj~(0◊12J ! 

• \J, 5, 12 

r:g. 10~11; pz~ra i0064}~ [O!JS9j i 
us 2n1;untli2741 A 1 (VASYLYEV} 19- Janu~r1 2Di2 (:9.0i.2012} -0:1t:r0 ck)ctn11l'Sn_i_~ es.p~:e:~iy· 1 ! 

---...:....--- ...... , ........... . 
-□- F~~::~:-~~~~~~~~~'.~~~~~~~!'.~~;;~l in \Ji~ ~,,i,th~~~:h,n ,Y~~~~-~---- □ .. See p~t~nt fomiiy_:;;w<o:<. --.................... - .... -----• 

"ff' 
"E" 

Splx:ia: <.-:a-re~n·ne:S 1)f ti~~tl G<.<~::u;;s-cnt'5. 

f;1t~:;;1~~1ii~~i~r~]~.J:r:~t1l :;~:s~:': -.,f the 2rr v.~~i~':}i ~s n:)t ,;.J.1t~~iv~rttl 

dz~,:~~:~R'1lt cit.xi b:/ th$ ::tpµlkallt Sn th~ i~ie.rrl{!tion-,~i ~.~:,pii,~~~i~}.U 
~f!:\e,.~tf P!-k.s;:fon vr f.~t~nt h:1t:pubhsh~:{: on<-: aUt:> th.::~ fott~m.;stfotrn~ 
thm~,• v.=l.,{:: 

<k:cui•~1t;.n \~fw::h m::..y ~hr;._·•\\'· ~s.">~1b~.?. ►)l.~ 1:-fn.1t1t-; t"J~Jm(~_: f}t wh~d:­
is drc<l i,• ~su1bfr:h the. fJlih:k:~::h.1.•.t f.faif- il &mJ~~er ,-:iti:tHX~ l:r o~h:-:r 
Sf.lt.X:}~l ;~$!$(,.\~ {~-; 1p,e.::lfit<l) 

,3~:um-et:t:ref.::r:~i'.'i.B if--' a:: urn1 \hs.d:)$)Sl"~':. \1~: e>;J-ubi"!:ic:n ,:-; f:faermt:..•.:m~­
<.i<Q~··,.n-J:~~i.\t fY.i.hE~.he.f! p;\:.)s 1.11 the. hitHt:::'ttkihi\l f1~1flg d:~ie. bu:. fah.:.r ~har~ 
th~. pricri~· .:jit-e )::lafri~!~<l 

·""'NE1:1~ and .ma.ui;ig ~-..JJre;s cftht lSA.tiJS.····--------,,.,,,"'' 
ih~:\ S.,,:•~· PCT. Atm; lt,A./'iJS. (::.~,mm,ss\cn~r fm P,1!1:-,nls 
PJ). Sox '!4SO, AiH:t.andrl~. V!flJinia z.z:,ViJ~·l,15-:) 
r;::ti.~ssm~J-e N~>. 57·~ .. ,273._.a:300 

'T' !-st,x<l-:.1,;_i.~.m:~nt rsuhhi;ht~J a(~;,;'.r fat~ mten"i-~tion~l Ming ~lltr1 <.i> fff:.:ni~'t­
<l:!it~ ~~:i<l t1~)t in C•~nfiict v ... ~fa. \b17::- &pph~o.t5i:'>:-: b'-'r. d?t~,:: tc:, i:nd-.:rstil:~4 
t11f: rsrindph: <.<t th)"::cry tt:1tledyfr1g t,~~ rn.v~n~i\m 

---------------·····-------------·--~-------------A 1..:.~ .. h<.1tiz~J .Qffi~.r 



PATENT COOPERATION TREATY 

Frnm th<~ 
rN·rEltNAT!ONAL SEARCHfNG- ~\t:T}K)RlTY 

PCI' T-1.· 1\/N~ S. K/WRUKOV 
COOPER. ,& DUNHAM LLP 
30 ROCKEFELLER PL1\ZA 
NEW YORK, MY 10142 WRITTEN OPINION OP THE 

lNTE!U-:fATlONAL SEARCH!NG AUTHOR!TY 

(PCT Rule 43Ns.l) 

• ,. • ' '" ' I l•' .. ',· ,, V'.ll"f1:IT::!',~l"'.'['l')"'.,'' . . i,'!i,4~PJ ;.:..:.ant ·s or ag:::nt s n_te reteren.ce i , :c,x. i: ~ '\. - -\. ..... , ~, 

5 .. 17£/91538~ PCT ~ Se*· par:\gr~r,h :-:. '?''Jt-1o\v 
............. ·-·-········--·-.. ----·-·- """"'""'···---.. - ' ,...-................. """'"""'""' _________ "' 1ntcrn~1tic:-n~~ ap-phcati,;,,':n N<.'= ! Jnternali<);~;1f fiUng d:.."-!_;;.~ ~~JiiJ.$·~nonth-j~<•r} \ Prii>thy <ls~e (dt.z»-~''J} .. 1t:th/yo£:~"'J 

PCT/US 20/5'1733·--·· ........ ~•-....121 _ September 2020 (21_09.2020} I 24 Se_~:.~:~.~:!: .. ~~-:-~-~~-09.2019) 
Intt:rnali<.:Jl;jl Patent Ct:!S2.-U1~:.~ti:)a (!PC} ,)r bf.1th B;j!k,nf:1 ~h'iss..rfi~-~llon and !PC 

lPC - H01 L 27/i46, 311101, 3H1Q2 (202CL01) 

CPC - HO·i L 27/14609, 27l'146i2, 27/14f343, 31/'1(1'1, 31/'102 

r7 
LJ 

W,iWSENS DEV!CES !NG: 

K71 
k::::::,l Re3$.0ne<l.S:tat;;;m.{;'-rit·undcrRil!-.:: .. ~Jb-::Y. i(.a){i) "}'\•ith n~gaI~..i torH)VC:]ty: inv~n:tiv..: :wep:and i~Jdu~tris-11 ~~ppilc;,tJjJiry~ 

citati-ons i.it:cl t:i-q.·aana.ti:..'ms ~upp,1rtirsg :::n,di trtatcn.-:.-t~nt 

[H•J B<.(}; N:-,. ·\n Cf:.rt;ji.u d~•.;cuments ,~ited 

D Box No. vn Ct~ttain defrci~ ·in t}N. fr~:~:rn;!:iunr:·: &pp!i:::~uk·n-l 

~ l'ltrx Ne. vm Cen.\i.n ,>tY;,,rv,itions ◊l\ th¢ hJKn\tfa,ntl a;1pli1::,tiun 

1f s dcxriao.d "fr.<r 1ritcn.cr~tiu:rwi prdit1lina:ry ex:t:::frrntS:~n i> ins.i}:~ thi'.$ r:pi:-:.1.ion :..~:iH be t':CH1si<.foted tn b1: . .;5 v..-.3:itten 0.pini'.::•ri cf ~hi::. 
h1terr~atfr>J}~~l Prdii:!1in&r;,·· Exan.1.HYing At,thnriry ('~~PEA") cxc<f<t th!!t thi5. d1..1e:~ 1~t~t tipply \.~·h:::--H': th;::. app!gaat cfl(tO::.ts ~n A.u,JJ.,J;.ity 
o·tht-:r: than 1his c>:c .. e to hi~ ·tht~ 1}'El\ ~n.J t.he ch.::,sen. rPE-~ h:}$. noh1"1c..:..i rhc- fr>~-:.·m,:s.~km~·; il'ut-e.;:n ).m:fr:1· .RHfo: 66. lbssib) ;.h~;.~ Vlri:tten 
~-Jpinicnx of;J1.:Z h.:~,~rn:s..tk<n:W Se~r.:..-:hing A.t~th◊r.i~.y v;tH n0t be so .::onsid~-rcd. • • 
if th~s. <}_pinkr~~ i$~ as Pf◊\"idcd ;j.hf)'.'-.,:·i:::., {Xm'.)ids:-R-d t~;, b~ a V<'t.ttt~:). {JJ.ii.i.tk~n ,}fth,~ lP£A. the: appUt:-ai::.t is 3nvfte-d. to $Ubn1it to th~- 1f'"i:.:}\. 

tt~'.:t.;1f~f t0~'k1~:~ ;~!'~,~f.J,~~~1;.;;:/~!~::1:,'.~;;;~\~;i.1~~:::~; t!,1\~~~:;/;::;}~~'.~-~~~~~':!t!:~,m the <lat<: (, f mailln;I, i;f F,1n:-, 

F,)r fnrther (Yptif:n~~ .St-t"'= f\Y.:-m PCT!!SA/22.n. 

}~at11:e and ni;jiH.ug afJdr~ss .:3ftb.-e ISA/US! i):ltf: t~f (-t:n-r;:\1f:t16!l of thb op-iuiefi 
M~~i Sk1~1 PCT, }\Un: ;s .. ~ .. l'U$ l, 
C:>m,~1:•;$a,,rn;, /,,,- Pat,,n:~ 15 Nov~rnbsr 2020 
P',{). a0x "\-45-0, {\l~¥3n•~rJ.a, \.~~:~i'.l~l 2.2313-~ i ite;n PCT Mt-i~ Bask 
F<\C;:~n:ik Nr~. ~71 .. -L•·,t?, .. t;JCK~ Tdt•phcn1e N.:) 571 ... ").71--4-3{}0 
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V\.'RlTTEN (Jf'lNTON O.FTH.t 
.INTERNATIONAL SKARClHNC AUTHORITY 

a t::-ansfati<:in cfth.,.: lr:t:.~rnatfr;nal ::tppH-c3tkm 3ntc· ----~-. ............. ,. ______________ , ........ , .... ,, .. \~'hich i~ the l~f~g\l::1.g~~ Gf& trfn:slstion 
f:..t.rr~is}wcl fe<r the ptnT:f!::.t:s nf ijJt~r.t\:jt:J)F~1l St~~.rch (Ruk-:;~ 12.J(u) and ~~3J{h}), 

Thjs Bpfr,imi ll;J, bee;\ ,~.t~bbh,d taking mt,; ;;.,:~,)Um lhe rettliit:itlm-i f>f :HJ ,~b,·ious mist;ih aullwri:t~d by ,1r MtinNl !n 
thi~Aw.hority under t<.ufo ~t1, (T<::..1J.e 43J;1•)c.l(b}}. 

\Vith reg2:r<.1 to .arJy niu.·l~otl<le ~ndior· :nnin~) ~dd S<':qu~nee tii~;.~k)~~d in tht~ .lnk~natk)ns.l ~pp]k::1tii:m. t:.'1i~ OJ)in.i;)n ha::: httn 
cit~b!i:?;Md en.. the ba~is of a $1'.;{~m~m.;e. h~ting~ 

.. ,_ O .k~n~:ing p~ri. '-Jfth.e intern.&tional 3pph-...~;:sti\;n ;ss tHctt 

□ ir, !he iom1 d an Ann>c:>, CiSTJ,S k~l file. 

D ·C-n p~pc.r ot ln ,:h{;: fonn nf ~n mh1,g_,: t~k-

tu atkHik:n~ in tht~ c~se that n1i!r~ thrm ,;Jn~ v:::.rs!-l)n (>f ;..x,py ,.:1f a sequ~:r~~e hstin~ h~1s ht~{:"-fl: tikd ,or fun1ish;:;:::J_. th-s requi.~d 
~tat>:::rncm:s th;jt the .Uitl}nn.(lJj_Qn in the :.;ubs(:qu~11t fJt" a,,kijlk}noJ cnpi~s is h.km.kal ti,::f that tl)ttr>ing p~rt <)ft"ht apph~:afren ~::; 
fn~~d lX doc-s nGt g(i bey0nC tb.e ;lppH:-:~1h,)n ii~ fik;d, as ai~rcpriate 1 ,~·ere fi.1.r·msh~d 



WRrfTEN OPINtoN (ff THr._: 
!NTl,RNATlONAl..StAROU~GAVTH<.HUT\' 

Hi::u~iut'{l Sl.3h~mcrrl tmdcr Ruk 43-(>/,;.1(3.){i} with n~g~rd tr, mivdty, htwt1.ti~'c s!qi 3.11!! iud11Wfal af!plkabi!Hy; 
diallt>n~ atttl tcq1!a;rnH;:,n1 suppMth1;,1 ~ueh ,tateme:ut • 

2. C3tati•.>nJ> mid exphln.◊tjo.:.r.;: 

Chiims 

Ch,im,; 

C!~im?; 

142 YB 

NONE. 1~0 

___ )_:~_?____________________________________________________________________________________________________ '\"TS 

__ NONE________________________________________________________________________________________________ NO 

Ci{-"!~rn,;; 1~ 2\ B~G, 11 .. "! 3,. 1B. 20, 22-.3.1, 34, 3:S, 37 .. ilnd 39-41 tack ar, :n,fentCv-B ~U:1p 1:.1nde-r PCT l\rticle: 3:~\3-) ;35 b~'..:(ir~g eibvk:u;5 t:•V&r 
us .2018/010~~442 A"l h'"J VV&~VS:t!f'i~t De\•'k-es Inc. (h6N3i:1BftBr ·~\:s.&ns''} in ·4~~:-W ;,,)! us '<.011/015€1195 Ai t:) ThianJS ~t Bt (fl~f<t;1bhflf6f 
""f:''-.lt3i"U!S'~}. 

Regardi~)g t~ai-rn: 1: VVsens C;$dCSB.::: a photose:nscr ·.us,fo.t nf cty-staH:r:$: Sf Bn-d ~ Gt~~os Li)g:f; Pri..)..';{$l~sor (CLP) wr~for fiack~J Qn )$acr~ 

t:.-ther ft~r ~l~z.t:ic81 :nte~"t=t.tioa _$);(1 funning;, s-tri;f_.'hjf8 {Fig.B~ pm·;3 {nGS8}• an ~f)t:e:gra~*d ccn-,bi~1a~)t;ti t;~' a mk:ro$1rt.i:ch.:re-e:::h<rt~c~d 
.phi:tnd~tec.tG.r {MSr-·O) f.snd &:"l ~ctiv,j i:-5~e;c-trol):c ,~ff(,u:t; para P2U~t}• smc(fn. f.:.hip OGU csn any t.ornb-ktaticn of th'3 k1Ht~'I-\A:'\ij dt:-vlc<3,s~ ;-,.:~SPD;.:-; 
MSA?D-s~ ve:n~a~ t:;:-;vity !$Urf~c~ i:sm~tting ~~:s>.:rn (VCSE.L) that a~ either WBfer bo~xi<3d to th<.~ ch~p ::1rcd1or htr.i~ a p,1~:t::s:tJ-n t':avi~y frJr 
dffsf.\pin9 the VG$i:\,. h1k> ~s ~n ~ :$HiCt;<ti pl~tt'o®: crv-i0$.:'BH.::~-10S AS:Cs confl~t.-r~d fr.,r !t.mt..--tlons -such~& s.:gnai p:c(;e:;s~r:g, r1fnpHty:ny, 
~:an2-mi~$~•0:-,. :st(tr$Q~r ,~(ltl•'.:::1Uon:ng~ i.:tnB;1/z::ngt 3nd/cr ccnfh~~-ff~tJ t;...q lasi5r dr1Vftff3, :Srni/c:,: p,:-;wer fffnpiifiJ?r3~ Fkr45 sfR}'.N3 r.:t-r}os :;3',JHf .3nd 
MSPC layer stact\f:d c-n e&di oth€r; pa~a f0336}-- F:G. 115 t{:: ~ C-!"DSS ❖-:.:sl';'fa)n v:~s-i..~ ~:sh nGS . .ri,tPr44C iHustraU:)9- some further ssp€cte, ::>t 
MS!~O-i\S1C f•~r.Gl!thk: lnt~grafox~~ :1,~1:ra f0-4$9} .. ~his mi<;ros~n.:c\:J:~e n0:1es c-an be Vff:'f romptexf as f•:Jr e>~rn~;1E: b s~r~ri~~thot et ai< 
Fabrication nf :~{) fn:·R-::t~l struct~H"es ltSi:)g na:10E:ic&!e a.rti~t•tr-::,p.fc etcnm~ t•f s:ngi€ c:y&ta~w~~:. ~Hk;nn) c-t:rnpr!sLng.: 
-..:i:n a~y of ii:it..::<r~~1>{ sp3o~d pix-et$ ft-rmed ln s:ai-d ph,ofo{)f;n~{1r wafo~ ~Fi9. ~~o &nd 2.1 &°}ti\"•tS atray cf k~~~.r~~ly sp.aced p;:<eis {the sttttc~u:r-~u 
co:m:;t!St':S r~~SPD 11 MSPD2 er MSPD3) in ~~"!fer; F"~- .r.t5 shows a sln'd~e: pl:xe~ strw-:::turo Vfith a CMO~~ tayer1 para fQ24Hl- F:G, 2·1 is ;3 
·S!r:~pk~ sc!·Ismr1t:c d:aijf.a;n showin~1 },ASPtVMSAPO ~rray~ ~·-r·:ono-nthk.aliy :nt~gt~t!7:.•:$ \.\"'ith CMOS ~nii/Dr s.:CMQS ~!ei~tn.1nk:s)~ 
v~,here-:n sa1~j p!xe!?; .-:.o-mp:ise phclC.$~-IR1t~ffi ~~i.".:h iridtRiklg ,~n,~ <;,; ;n-:..rr~ ~n:r.;:-9:it:-uf;tu:-s ~ii)les {4412} exteno;nij mW sa:rj p~1oti:..1:;~t!S◊f 
~"•ater ff1g. 45 shov ... ~ h◊l,a:s 4.:►i2 f,~ter.dki~} int~ ... th,:~ sa:k! phctc waferG Si~tidl~r G$:Sjlayer}: Pl=~ta I0..133]-- m:ctr:S;tn:du:·<1 hoiG» 4412; f.-an=~ 
[03..1f]~ F!G. 45 i~ a CW$..~ se~k~n vt~:tl ~s ir: FlGS, 44t'\·A4C i!~W:$.tf.f!1t~ng sOf:nG furUx~t a:;.p<;;<;ts of MSPO~A$iC mr:m,1~ithic h-it•~dF'atiti-f1) ::.~n1 
b:ttm:- J!"}ch.tding p.hifal N-dcp~ct ~n~l~1r P ·dnpe~ tt-_tl{◊ris {448-2, .. 1~184) of th"B t.:h<.~.<.,:%~msor wa.t~r t:.:G-n:f5Qur~l..1 t>:.• fnte,r~e-t 'h•'ith l~M phokm$ 
;r~'!µfrig•ing })11 ~~:o pt<€)lS, ~n-::~uding en ~i:d hr~~~s (F~g, •~5: por~ [0:?.:30]-. :,)n fl°Nplantatk:n tt-r fon-n regicn 4482 e:~, t .. * ~rny:en~<:mt,3d f)Om trs~:: . 
bottom surf0:c~; p;3ra {0333-1- a d,:-,pth ~t(J1 moni~t'ff ~a!l~f ~~4€,e. .;J~at c:a:r 00 imp;2:mt~1.i \'-'itn ti'3rR1 s:.Jch 85 .¼~ Ne, Xe-1 O, ar~d/f;t N ... At~t: ~:fr~J.:"~~~i • 
ar~ t~pyet ~c-n knp~r;nt~,:d tt::gir:t: 44~~~ par~ fC-34-9}--L:gbt anC!cr opHt-:-1! s~ijn~1 can :rnpin(JG f:cm m~ $J.1,irf$,-ce '.>vHh thf.i hr;k:--:s ~~nd in $J.Offi~ 
Ca◊~~ ~i,ght/<.Jpiir,;tit ~igflai can ~rn>-,iifliJ~ frc,rn t.1'1~ substrat-e s~dr:: thr!73: .. k]r1 f: via Th~ 0~1tk~l s~n, .. 3j ~s brought i<) the MSPD!M&,\PD via ::1n 
t~ptic.{j} fiber ti1~t cart hav~ ~ ~ens Bnd ;~ fo:::userj cnto ~~H; ~t~tfo:·;e wf:'~i ~ cer:-ain nume~ka~ a;:>e:i~h~ &ti::.:.b that ther~ rna;,• bB ;.,n f>t5{f31i'!r 
di❖tfihutl(>t) of h~j}:1\ f~YS tha~ are lrnpinglf'iij )Jt'> u·.--e $.U:~~t~~ ~.)"{ :.h~ t-..•iSP!)iMS-t\F'D.): 
-one rrr rno:re ~1efo..-~ Gf..,1()S Cltcti~ts lontt$-d :;) ~g;d CLP ';,V;;it\•r (F~g.~!5; 1~1~ra t00-3-Eq~ {0248). I0336J& f~G. 45 is a croos ~t""x':::.k.:n i...·1-ew as :t1 

PH]S, ,4.4.t\~44C 1i!~k{!tlng s-orn-'3 fu.{th.<:l:J a:s~~(;t$ of MSF'D--ASlC mi:3!1►~J!~th::c lti!~9-ra~:t.,tt. . .f~if~f:..)r{';~n1en:. t)f :.ha MS.Pn;'M$A~lt) ,~tru~~tUtt; and 
CMOS!BiCMOS iC ~l<drnnic,s ); ant.i 
~:<>ctt·J.cat :r~mrcr.\rm~:::t~ b~w,10-en s-a~ti pt<e~s -3n<l ~--bJ.ki one- or n-:nrB activ~ C&·iO~t dr~~ift$: ),_.'.-f1~~re!f! saiC tnt€lC•.:mne~$ &n:: r:-(.--;)fi,~Bf<:ld le 
;,,-s;rN··eY ek~,:.~rfca: $l~t:~~:s bet...vE::c.:n sak~ p~x~ls an-d ~~ld {_)t~ or :":"}Ore act~v~ ct .. ~OS cfrcu:ts {Fig, 21; parct f0148}, 1hf5 MSPDfslMSAPD~ 
{MS?D1: ~%P02l ~ ... ~S.rl03, MSPD4, e~:-;.} &r15 r;ol"lnected tc the C~ ... ~OS:'B!CtviOS e:€c!:cf1~cs with a trf1!'1$mt~½lon :h~.s 2142 .. :n,~ 
m.-.~~~:ri;th:-ca~y ~nt-egrste<l c~~µ 2100 Gan b-e ~1;pped c:m.': tt~e ef~~tr~::filcs ear: t,e so::der bun1pec.i K~ ~xli=;rnal cin .. -::uiv; SlJCh a!S tJ:n a pnntt:d c:rcu~t 
bG?Sfd {PC8) (i1~.J! ~nc-wn} ~'c! &:b"C~ft:ai l$~fJfi~; traNS:r'r"!~~~lon and Gf~ctttca: PCV..-'f:f'.)., 
\Nsen& fr~Hs tc dl:,.ciof.-~$ rn•$p~x~~ive lenses ,:.ver &::):(i t--'1>:f:1s; l~g!""!:t pho-"l.lx1:~ :H:p1:1g1rig on $a!d pfxe~s tt,row::;m t.<1ki le:n.ses:; wh~'fain s&::d CLP 
V...'&fa:r i:s ;31. a ~4~~·d¢ ot s~;d phutusenscr v-Hfit}r !liB:t is t1p~-:1.,1~~e- s::1~;:..,i l'!'nses. 
Ti,,t~r-:..ss. Cr$wn to ~ stacke(l CMOS senso;~ d::r>f;!ns~B r,s~p~cth-'~ lenses { ·10,04} ov~r p~>:~~ts { 1204 1 12c~tit Ht,tt1t fJ~ifJ~tJns imp~Pging on sa~.-J 
f)\~et~ thf':"J~gt, sa~d k~n:..~""-:-s~ t'i''fH'5H~in CLP waier {1 :.k3i5-} :s tii ~ ~~de ot sa~ µth•:(ttl$iensc-r ,---::Bfr;r {13{x)~ tnat ;s opposite $~~d lens~~ {'t3;)4) 
(f;g. 13 shows ~,t} W&f<::r 1 J06 is :1~ ~1 ski~ (d ~~3d r>!"}c>tos-errs,:;r ,,,,.~fer i 300 ·that ls rsppr.1s-ik~ th1$: :,:sr~tes i304: o:sra tU-CtlH l--more oartic~l~r;y 
ti:i cr-..-~os ima,gG 5-~nsrn"S havjng ~N:J Qe;parm\S $t~CkeC :Si:tm:i;o-n:ducifJr V,.•~:fers 1:.:-..iUt eich \.~'Qf'6f inciuC~flg ~ pCrtk.n i:tf :!"'>~: ·~1~ctd<:.~;: t'"3n.i"\.fitr~·; 
p~rH f00-32}-- li~1h~ ~{l~~ from ;3 :::uh}ecl $();'"!t:e is iripHt to£:>:"~ :~ging ~tag~ 304 ... l:nagir.g $~~(s.e 3{14 earl t!1<.:kKie conv:smional e•iem~nt:S s~K~h 
as a h:Sr:$; par-a lC062}•· S6n:'1-tR"waf~r 1300 hK~Ud$S pt~ctcti-e1el""ti.1t~ i2D2, 120~, 1206, 1:2.t),'3., transfer g.a~►:::-~ 1214> i2it\ ar::d c!"l»:g{S~l-o-­
vdt~~ t◊nv~;-sk;0 H3,J~or~s i 2 i 8. A cok.1: fi:te:t a:r❖y {CF'.:\} ·1302 anC rnk;ro!ens~~ 1 :31)4 aro ~\spose<3 -en » :":-·W-f!>re t.~f se:nsw· \"'t.fer 1300-; 
~)ara f:)063}"· Cfrf;:;it ~11.--afer 130>~:). n -.,vo:J!d ha:v~ ~jf;:ts:-, ot~vit{>JJ$ l:J a pe-rson havit~~ t:•fdlt:<1tY s.krn ki the 3,tt h..1 (:.{Jtnbif!E5 the ~ens~:$ ar1d ~he 
~tacked stttictu:~ d:sc~cs~:~ hy Tiv.$;:J$ b"; .tti;; m:-uct-,ffe, d;sCi})$-OO by ~.b}sarn,: fur M9hf~r image resdutitms and rrrore n:!fa3bk$ f[li:trl-t:at~o:< 
p..-cr: .. ;:ss {S~~ T;~._.,~l1J$} parft ft005]r!00061}. 



\-VRiTTBN ONNION ornrn 
t•.rnrn.NATlONAl. SEARCJ-HNC ACTHORlTY 

thn Nt>, VHl C,~rfair, <J!.>.~c-rvlltimu 011 th~~ intcni:itiws~I :ipplka!kni i 
-----.................................................................... ••'-'-••••••---------

-••-••••••••••••••-••••H••••••••••••••••••••••••••••••••••••••••••
•••••---------nmuu t 

Tht• f;__~ikr~>1:-ing obs~.rv~tkm~ <m. the cir.rity nf rhe. dahns~ des..::~·iptio:.\, and dr;lW":t1gs or en thi~ qd.~sti.1..){t \Vhether the diii:ti::: ~re fuUy 

~t.;pJx.;rted hy the <lt-scsiptinu~ fH''i::, mad~. 

t~:atms '1.7 ~mj, 35 ~&ck ;3;ntec»dfjrn basts fo; t~rrn8 <>said 1{-!ns*:l'. For p~1rpt.1-$:eS :..1f th:s s.earch, t~!;;kns ?.7 ~nd 36 ~re ~rik~JprBted ~s 

de:pe:ndhg frr.>rn c.la~,n 2{;,. 



WRlTTl~N (Wl}H(}N OFTUf.c 
!NTERNATlONAt SIARCRING A OTHOlfffY 

ln ~3,;,:: HI£ :<pa<:<'. it; ttlly of the prf~e,fo1g: b,J:N~ l~ not suilkit'Ut. 
Cmiiinuali<lt, <>!'. 

Sa-x V ,2 .. C5t;}Uons a~1d €xpk~;1i:i~t'•tiS< 

PCT!US 201517:'l:3 

R~.gat\~ing t-::faskn 2~ V'J$ens in vt~w cf T~Vf::Y3:; ti~Si.~O~e the ~tiut.-::tur~ ,of t.!s.~m ·t Ti...•:c1rU& tJtth&r t1~S.i..~k~::w.s in,.~}tJti!r:g resp~cth:e cc!~◄t mte:-f.i 
b,~~,\reen ~a'td l&n:se·s ~nd p:xal~:$ Go:n.figi..tred k,1 ~>$~~ct :-especu· .... ~ wavt:.l~rlgth ;~tlg~s {Fig .. 13 J;:hc;w~ \.,;t;•ior t1:tws tJ02 betl/iet:n k:ln.st"3!i t3G4 
eSfici phokxietectors 1202 .. 12D4, i2C6i 120{3; p.a:--a f02473~ s~n~t1r w::1iQf 1:::00 ~nciud~~ ;_;tiotc,detezto:-s 1202: f204, 1:2.06, ::.?0:8, ~rBUs1e~ 
~1~:s 12:-14, 1216,. anti charge-t~-:.;:c:~tage: ccr:ve:5lt"in re~cns 12.~B, A tvlo:- t1lter ,array {CFA) i302 <}fRi rr:k;:•ol{:(;rusr5s i304 are dt~f.Jt .. ~?.;~d on a 
su~fac~ •:J:f ~ensot>vi3f'3r 1800 }. 

R<.ig~rdln~ r::laln: ~t \:V~~Sf1$ ir. vi~":-...,,~ ot r:-;.•i:3,;;;;s d:st:!cse tr~"! stn:-ctu~e cf ~¾a:m 1{ V"..Jsens fu:tH-3f d{:7:-doses in -...v:h:;c~f sBki ai. lvi>St smne tJf %i~d 
hoi~s in the phck~S~f:-sor \\'afer &rf: ;J~nar~--1~ly r:y~ini:-Jnt:a: {F~. 24; pBr::l ~02551..- Micrr)$:tri:-t'"!h.ff<-"! he~es 24 ri !tt gene-1\~~¾ can fmv~ ZH\V shap-0t 
and in some c~s-s~ ~~.'3 pyt'~rnkiaf. funni:5! 2h{-:~C .. cy~i~Cric~;. pc,!yg<.~niil. andh.x ~} eumh!i1Hlfrjft of ~J1~pes,). 

Regarr1\ng c~:3ltT, 7. \•Vs~"!n-S ~!~ v~ew cf T};..:~rt.is dlsc:t~e tha sttuctiJrB ~-1f ck:i~m 1, \:Vs~:t$ furth:t!t d:s◊:cs:~& ~n ·tAsi-ch ~a:d i5l ~est :Sl' .. •-rne.- :-:-,:.f sa:c 
hcif:s ln tht~ pt~fJ~JJ$enscr".i'l-'~f~r are tnvert"f;ti r.~yr1-1.:nid~ ((:lg. 2-'1; p.;-.ffa [01S6)- ~cant~i~~g Gk:.(;tron rr1k.~n .. 1~Jt~:phs of n,:.1;~ J.n the sn:3:p-:; t.:..f 
frN-erte~i py~amids: p{1.r;S {r)2&6}, M:t--:n.1stn.K;:~;_ue h;,.1:~~5 2412 :r~ 9en,:3-r-ai t.~n have ~3rW ~h;;.:pe, and ~n i$>-'fnfi c3s,es Br<::· py:aml 1'.:!~!> tunn:e: 
½h<>p-ed. cy~kx.iric-at, i{~Jyg(x~a:~ ar~dh::r ;5 t:◊~-}bln-atkm of th~p~s,} 

Reg2rdir.~ da~m ft V'•isen:s m \~ew vt" ·nv&r\iS -dl~dos-e- tl~H ~~ruLtt:re c>f c~im i, VV~t:ns i\.:rthat i.iiscl{:~~s ;n whk~h s(>~d at !~8~t some ot s .. ~~►:$ 
ht)!~s fri ·~~>e photo-sens-:tr :.,v~tet ..1r~ fi;r}nt".:! s.h~~~t~ {Fig, 24: Pe.St:S [02~53~ Mlc.ruslru::-,tt.:~e h:c.Ji»s 24 i 2 in generet run t~~ve any Sl'l~r,...3, WtR'! ln 
scm.s wses are ~)yram;Q;,l, ftuwiei $hiiitJ~..-j~ C)~ln:J:if:::~t~ po!y•;f!>t,.at► and:'r..~ a i.~.:-mb~naticn ci ~:~tJ:;jts.$,), 

Rf3fJB:-dlng C!~im 9, ~V~t=ns ir. Vff;.).\' -o: Thnm;s riisc1r:.s~ the stn,.-ctu:e cf da:n'~ 1. \iVst~m> ftHH1f:if -c..iisck1~"j.5 in w~~:c:h said ~lC1~ t.-f each ot at 
t~cst son-:e cf siS:ct ptXel~ c-ornp:iB(3:~ a du:st;sr of m:lntiti,1t~s {92.-1"2.} ~nto r5-n,h.i pht1tos~n.sfJf ,.-..•ater fflg, n2 ~~how::,~ ch.isiGr cf nm1crst.M:$. 92ll, 
pi.,rs {OE.iE.~Of Th~ n.ancln~icro. -str~Jcture ho~e~ 9lt~ t:at1 h~W'> ff.H~r;:$: s:..t~1'~\.;:~ i'Jfrrmnsk:n~ fi3:19-ffl~J ft\"J:11 3{} ~:rt) t6 50DD nm er n:r~re l"!nd 
:S~~1-dn,g bi,:twee~ the nanc rnit:t•~ ~iru~-:km:: hc,h~s et,r~ range frfJm 10 :):":":: to l{}OCO nm c~ n-:cre, Th~ fK)!~ c~t"l be sht~peU a:S <~ t.irci!S, ~·~wat 
~quere~ pciygon. hf.\:~~tiJ:~ssi frac.t1:( S!'HC.tBb~. st~r or a con:b~n~.un-n 0-f stiapes). 

Reg3;ding daim 11, V'is-sn~ ln ·vtew ot Tivarus d:;,1,~k)Sf.l nm ~.tr~cture of ctakn 1, ~¥$:&ns furth:et dls,:-~Jl":~a◊ inckv..i~ng Hght i-e~¼x.~tiJrs i ... md~·f sa~d 
f,h<.e~~ (Fig. Q.:3~ p~f~ [Q'!OS)~ tS v~a ~Km c~n b6 ;:.;,tr;hed to re-mo-Ye m,:,1;.;t or ~!l ot th~ :-!>ut...~trf}te tt) tl'J.e t--:-tch ~tti-~ .. l«yer whk-h can :n i3d<l:Hon be 
~)~~-~rned \•vHh nan:.)•~:lcro shtK':tur-bv& 914 an::tio:- t";a:') be ccat\,}~':l \·vm~ dit~&ctdc di~k:buted 6:-;jgg f(jJfectors.}. 

R.€{~-e)rcling f:la~m 13, \t"l%fJt1$ in v;i:;w cf nv!J'NS ,j·:scfr.:$:e the s:.Jut~tur~ ..:-rf ~-l~im ·';, Vi./sens fsrttH~r <H~t~~s»~> :n \.vhfr5-~ ~'!t tea~t some e>t sai,j 
hok;s ditt&~' ~n shapf3 from ~ .. .:ne ~fit:•th€:r {fl~. 24 ~ht)w-B tt}e, ct:ftere:nt shiS's:.:S c,f httt~s; para [0-2.55}· r,~:crfJistnJr;h1n, holes 2.:1. ·12 m ge:ner<)! can 
ha~"B any sh*Per and ;f'i so:11e ca~~:;. ~re pyrarr:id~i. fur;nal shsp-Gd,. cyiind:k.:at pv~:l({fir>~i.. an,"!!or a ccrnblnt3:Uc-n ~r shap{:~$.} 

Regarding c~~!n: i4, vv~ems [n '.Ji,ev-l QfTivarus d.1·sdose lh~ stnJf..:tur~ of da;rn t, ~Vs~ris tucthet l"Hsck•~{-;s ~n ·wh:,;h ea,:.~ri of sa:Q plx~ls 
Q"'.'-fnptis-a-s l&t.e:-<~Hy ?;pated dop-ed reg:<)ns (42Bt~){F~~J.. 41~42; ~:'.i:'P {03.1':3}, ;~ft~: ~t;>i rn!en .. ~tn.:,;t:.Jre hoiG ~~-:t!. the P+ {C1 N+ .J.i~lh P arn.i N 
jnterchanged frorni.:t P4

~
4 N to N,!vP} tay~r--i~~6--~ c~nt,* fi::.,r:n¼d C01'lk'>rma:~ttoth-e mk~t1.stfi.1:►::tUN$ht~t~s42·12 by b:"J tn-:pto·n~:.bn CJfthe P (i:;f 

N) typ~ tons aad!o:' by o:m..:gtfm r:f P or N typ~ Ocp-;Jn!~: J.)f'tt~ f033GH. 

Re-gi>rC~rsg d~tnl 1 t.-, W:sen~ i:~ \:i~~..,,, ◊t Tl¥;3flt::: dh?.ck1~s the s~ruct::.:re cf ctc,kn ·1, V'v's~ni::. flJn.h~r di"sc!csG~ ~n wn~~:-h e&th of Si>id p~x~fa 
eGrnp.rigf.is vertt:c--iJity $p:$t~d dt')pt!d rt-:gbn◊ {l;~~E•Cl~ {F:9 . .'.Vi--42; p3ra {C3·l 9} fa. ft~ conn-ecf-ng we:i:! 42(:D fcrrn0d by i.r.~ irnp!antatio."1 anC;'cr 
d~tYuslo-n can c~~:1:n~:•:.t the i.~ath<_xj~ t)P tr1e; s.urtace to th-a N+ :~ycyrJr~:~1k1n 42S2 and ~n ihe ca5t:: of ~1r; N sub~l:"i>!e thfj ~thode c~ .. m ~"€3. t,n fut: 
boitcni \.Jf ~hs ~:hsh~te wtth or wimo;Jt ~{".S:l°':HHonai c~·J:">nect ~v~H~,: p;sr~ [:):33-0J), 

R¾,:)t-:-rrJ!ng t-:!BSm 16~ VVt.-ens in v:ev,,- cf Tiv~nJs ,dls~~:)Se trte st:ucwt~ of eLakn i. ~V~fS~s fJr!he:- disck:.;:'cies in ¼tii~h s;)~ri ph•J~!s ;nt;.:LJdiJ ()e 
r&g:r;ns tn sa;rJ fJh-s:•t~sen.scr v,~ff,r, f..Ut:fig:.i~d to e>:t~rni ~. re$pt-nse of ¾f:ild p~x~is to t~nt ~n a 2 n1i:eror!~et<:!rs W~\.;elt---:ig~J1 r;j~~~ \Fig. 41: 
r.nv·~ (0:319) 4 The microskuch.Re hd€-s 42 i 2 ca:1. be ~c~►~d f:r::!t pmtta:~y hno th~ h:::◄,\( dcpaC i3J~<J/c.:r :..u1.-dcp'Q·d i :Si ~n:jf.-::4.r G~S~ .!<1yer; pa1t1 
to:~44J-- or ... etatkig wa\:·e1en~1th r-ar:ge fer S~ i lay6r c»ll rf5ntJ6 frr.:-rn 750 n.m 'lu ·HJ70 nrn ~r~d frs: GeSl t:an rw1ge fxt.f:1 750 iv11 t::.) 1 ~me~ nni ~1nd 
;n s-0-r:1~ cB:*-S 90{} rm1 t\J 13fa{} nm ~nct in son~B-- ,;fS,;::.es 1 ·1 (Kj nm ,:-J 1350 11:-n a:1d ir~ %f.1-me ca$e::s 125)) Nff: h.1 1550 t)m a:1d tn ½o~~ e:~~~~ 
12~~0 tlh"! to i650 nm ~nd m sc,rne cssl3~ tl) 2000 r:rn dep~nd;r;g on U1s Ge fr&eHf>n :n the (3Jj[ii ?.S!~o,y,}, 

Rt:ga:tii:~~J -r,.:J~im 20t v,·,.tsens H1 vi,sw c.11 T;-Yarus: tH:st:!os;s ~h.-B t::trut.tu:~ ;)t dalni i. V•i~IDl"}S further o:sd◊s-e-s ~:'$t~udin-g ,Jop6d Si >..::>ntormalty 
Hr:lng. at ~e~st scme ti ~~id hol,e,-J afHi hyper-doptng cv.br ~-e1ki dope.d St ~b:ng {F~g. 42~ p3ra {0"3·J~ ... Th~ mk:roE~rtH.:.tur~ ho~s 42·12 writ-a 
~tt.:hed first p:~ttf8Hy in!:) n~* !O\>V {fr .. •pS:d «nd.iOf lH:dt:pl=!d t s: -:;-:r-:dlcr G~Sj l·~Sr··er ... Zlfu'!r th~ n)iC:l'\.1i$t•tK~'-·.ffiS hf:(~e eh:h} ~he P+ (f.if N+ \l.V5~b P 3.rid 
N ~:\t*rchar~ge-d frcrn a :P+N lei N~l~PJ la-y~r 428.-~ c~n ~ f..:;:m~~ ,::.onf:..)rn1at:y ta the mt~tO$UiJcture ho!~s 4212 by ~0n :rr:p{:;:v1:..~ti::,n ol the P 
(r.1:- N} typ;s ;c-ns and/or by diffl;stt:n :..1f P or N ty% fJ-o::◄~nt& ~tt is t:mtr.td P~- ('rf hl·~ ctvpin:g is hypBrctt-:.~plng.)). 

Ht:q&i\':.~ng i.1B~m 22. \·V~,ens ~n view \."tf Th~nJs dtsc.~ose tn~ S!f:J>::.tur~ of ci;3$m t fur~~i~)t" incctuct;t;~ ~ first lay~t of e~fir...!r!catly k~:s•).fa:~~ng 
mateJ~l)i t:rH..ier s.::..:id p;xe.ls {f:g.4€ H~~ov'ls eo;< tay~t t.mct~:: thG ~ttxe:; p»r,1 (0215]-. btm~d 1)xk:ie:{SOX) i~yer of 2000 nr:'l on $lliccn ~wbst:«te 
\Ti·K~~~tcre the 80)( 1&y-er :s ~.:102:~ wh;ch :s Bl1 ~n:::;ul:.:)ting rnat;:-3ri~:.)) and e sec-:.:rn§ :~yer of an a:Gc~rh'~aH1: bst:!;_~tint1 mz.it~~a~ ov~r %t.,:ki &ct:',··~ 
CMOS ckc~it& ~f..~t~ ft.-442}- en"tir-e mcnoHhlcaJty hta,g.-at~d K·t$PDiAMSPC w~th CM()S ~:m .. i/r:r B~ct .. ~OS ~ectronf~~.s. c~lp. can ba wi:..\r-sty 
:.1,r:~"ct.1or p:&r)ifl!ly h,-;n-;,!i:lnC{-"!Hy ~.ea:eti wlth diatsGtrics :Bu!';b ~s sH:o"J:n c,:<k::e: smccn rm:-SO-e. ~~mnit~t.lm t:•:<kie, -::i~umfr'Mm rutrki~, p,·.1iymers s,Rti 
~& ;.10::.,..~·:-iki~, aru.i;;,_1r spiri~r..,n-g;i3.$S.}, 



\\'RlTT.EN Ol'fNWN m· Tlff 
INTERNATIONAL Sf'.AkCHH\G Al.iTHORl'fY 

fo ;_a,;,~. the ~pact' hi ~ny of the pn>(,:ding: lmJi.~S is B,,t stifikient. 
Cor:.tinu.atk)u of: 

Str:< V.2 .. Cit3tinm:1 ~1rH_i €.xplanat"icn~: 

PCT/US 20/5i733 

Rfi!J~:-ding ct~~m 23~ \lV$et1s in vft,v-i :Jt T~-...•.:3r;.H$ dl:sc~vse the !>trl.:C~i.J:e ci dakn .122- VVs.-a.rt--s fLS:-U16r r.Sfs,ck.vs~$ w~mJ€in ttm f:~1t and sec(;~;j 
;a~ve:-~" ot -e~£cttlt~at~y h:su~zting rn~te-fiai ar~ sef;;;:cted ftt')~t a sr~~,,t:p f:i..'Hl&'t&-t:ng t1t St O:<fde and S~ Nrt.t!rh: {P~>ra F.lg.<,O ~ho~ .. vs BOX :;;;,yur Ufi-j~r 
the r.-ixei: pBr;;; [{)215}- bu:k~~ -~x~de (BOX) :~3:Y*r of 20iPJ nm en ~ffax~n 1$i..it.s:tr-at$- cn,~r(3fOrf3 ttH3 SOX iay~r is Sf02, ~vhfch :!) m1 msuiai..~ng 
m;>t~·:-1a:}-; m442}· entire monoi~tt·Jlea.ijy fntegrM~ti MSPD/}\MSPD ~~iiith CMOS 8i"~l1l,:»· BfCMOS electr{1nts:s chi:J :tan be entirely ~t"'lfl:'r.-t 
p<1ttla!~y' h~1t!T>~1k~aify s~al~d ',Nith Ciek:.ctrk-:s sut:h as siHCfJl"i: f1kk!e, sifa-::on nitr;Oe,, &~umimJr.~i t<)dde~ a:u.n1~:ns:n =~itrki~, p,)l:frn*:-s sue~ a:s 
po~ytn\d~, ~ndA.1r sp:n,0:n-gta~s,). 

R:~~rdlflg drdm 24. \tilse:1~ k~ v:i3\..t.:' r~! T:~·anJs dlsd,:.'l:Ss- Tha, ~-;tru..-:tur& ot cia:r:-: 22. \"ii~e-f':$ i:,.trth~r ,'fos,:::,~oses ,~.:heroin o:~ or :lXHe addhit:fm; 
k~f-2f:$ t:-f eleciriCe"j!ly m!:i:~&tl:~ ;n::l.;,~rta! ~ft~ {fJfnli:~ i:::•n said ffr:;.t t}t}tib)r set;n:1d !rsyers <)t ef~•:lr:i:alty :nsu:at~n~ rr~:~:ed-A~ {Fig. 2.-~ s.hiJV\~s .a 
BrB~ij ~.flt1i.:tor lay,:;t en aox !~y~~; para [U2·15{~ btH·i'3<l ~J~td~ {Box·) i;3y*: f)f 20:00 :)rn on smccn ~~.n-;~.ttf$te tTh€rvftw~ \h~ 8():X ta.y*r h~ 
S102{ 1;.~tik:h !:; &r~ tns};{gtl:-,g m::"lteria}; pa~1 }J1255J-- S~:,r~kH) vi.~h a $;~1:t'..ON sub-st1st€ th;.3t e:.&n h~1v-e a buri-b'G iJXi:de {BOX} t~~:er aritj/t:◄t bi.>rfoW 
hol~ f~yar (SOM ~l:O':)n \3!'1 tlcli£:), ;j(d:'or \\~lh -..1:r without en €ten: ~top la'ic3r; pa1a tOL.5{:;J-.. "!n ac.kJ;tk1n a d~!ectric Sragg ro.~1ectcri pa~1 {031HJ;. 

R&gardlng c!~~m 25, '91\fsen$ dL%Ci◊S-'.H u h~~Jh•s;>e:.~d ph,;l1Jdfst~ctor a:1r~y tHSPA} wafer- cf cty~1tati1!1s Si Bn{J a CMOS lc9fc PrcCG3$0f 
{CL?) <..'.:-e:fer sra,~x~ct on each o~ha:' k)r et~:..~lric::i: ~nt~:-:ac~l):1 and tormlng o: strud:J:6 {:Fig.8: fJfJra tn·n3\3}~ nGs. 1~\-iH art~ top~·\~i~v ... sGanHin~1 
f3l:e<,:tt(!t~ ~~kJ):•~r;-s:;:it--~Sc of ht)~as in H1tc5 sh~-ip-e of ~n:vert~fl py:~tn1,ds U~f:d tn a rn:cN'.:%~rvr:.t,!re n:~h sp;-s~d p:")•:-):t•~"i':Sk'Xie (~ .. ,':SPD) andfrJr -? rngh 
$-p-e,ed mf-:.r!'::•&tn ... tdurr: ava!an.c~>f3 phc;;todl<>de {riSl,PO}; {JarB {D2rn)}-· P.rr~sy-:s --:..~i MSPD/MSAPO ~~<"ln ~~ mono:~)~ik~ti)" int~~1n .. ~tezi v .. ·m1 
Cf'..,iQS/8lCMV8 ~~dn .. 1nk~~~ fJ<cff~ (033~3)- FIG. 45 is .3 CffJ~s st~'.:Uon \~a,~: as in f1GS-. 44A-44C must:«U:19 ~f.>ff1$ furt~:~r aspoct~ .;Jf MSPOv 
t\SlC rn-on,)~it~;b ~nte-Jn,t~cn; para {C'4BB; ... \:(\,~ m~crostn.:ctur:e he;~ ca~ ha v»r>' ffi.)mp•kt;-c, ~s tor exam;)!e in Bere0sch~1:: f:t f!t F«h~itafa)r:. i;f 
30 fr-;~.-.:~a: strt.1ct;J!'GS w1:i~9 :1anosc.Hie- ~·.n)~)$:'...1i.1t1~k: etchln~ t-=f ~1i~G crys.t~~ur~8 sl!~r;:on} C(~~l~pM~ing~ 
~r~ 3:n-ay <)f f~t~till!Y sprjcc:.d ph:)!odele(:tcrs k1:ined frI s~k~ }i.SPA w«i~r (~:g. 20 and z·~ ~C/')'{S array cf ~»l-r;ral!y $iJ3(;f:;d ?b:.is\s {H'm 
stn .. '(.t!Jr~1~. e;.1:np~t~~e, ~ ... x3PO t ~•;$PD:.?. er t ... iSPDJ) h~ ::,,,._(afer~ t~g, 45 si~OViS: $: sin~tt"! pixi3~ ~tng:tt:re with a CMOS :ay~r; p:3:a {0/448]--· FtG" 2·~ 
~~ ~~ s~nip~s s,;h~~ll.;.lti:.':· di~gram S~◊V'\1tng ~·1SPQ!MSAP.D ;srrt=:y~ mone:t:thk:t1Hy ~~t-t:gus~s'd wl~h CMOS fffH:Yor 8iCP-.•10S e!Gr..°'tfiJ:">ies); 
t.'<lf>e:re:n eac~, ,:.r s~ki }'°'hct,X1~te-<.~tr.:t% ~'idud-s;s at l<?!S:st t,n~: mic~c,stri.H.-:ture: :K1ifj {4412) ~xtending in~<: is.:1ld HSPA w,:c1ff:r {FJt.f, 45 2ho'N5 t1,:;Aes 
4412 e:..,tendin~ lnti.) the satd photQ v-.<ater HS~ ~ndh)t G~Sl ~ay1?rt para t{f~r3.i} n1~c:.f>::;-&tructum ho~-e:s. 4412; fffsf;; PJ336} f1G, 45 ~s a o.-csr.: 
:::~c~:cn V1t~w ag ln F!f:'iS. 44A•l~4C mu:.st:atfr.,)J so:~cG- fur~h~~ as.p..-s.-..:~s ot MSPO·t,S~C mD::H.:~ithic :nter~rat:t:n} ~n<l further inc1tJ~f:z :;)!ur&t NL 

d:·Jr~:l1 ~-irn.ih.:r P~rjr..◄f~d f•:$~:t.'f:& (448.:{, -4:484) n{ th~ BS.Pl\ water •ccnfi~.HJr»d to JntetfK":t \'lJ$th C~ght ~{~lt1;.,J::i~ l~1p:nginij t:.r) sa:d t,--f~()tf;d~t~f;to:­
from a first :s:tie of the HSPA •,.•\<'.afsr (:=::ig. 4e.: pa~ BX3~~:J}· ton lmp:ar:tzfh~}fj to form rt;glo~ 4482 c~n !3r; ttr:p~~~'l~~-.l<:icl from ~ht• bt~~~t'•ffi 
S1Jris-ce: P»rB [C"333J ... a d>ipt.h ~u:.n rnon:tor \;fff:t 4466 t:""~t c«n b~ kn~l&nted \;>i,,·!th lons r5Ltth a$. Ar, Nel Xe, i)f i=md}'Jr N ... A~o s:1o'ivn a:r,e 
upp,~r k•:n frnp:anteC regk:n 44e4: para {034i~] ... Ught a:1-d::'Of op,t:cBl si:g::1.a~ ~r~ impi!t\~6 fr.iJ~n H-1~ $W'fate w;th tt:~ holes and ~n ~t1me ca~t{£. 
ll~-t>Hioptical s:g{13t ~1f: lrrlpinge t:\)tn tha s{.:bstmte ski-a mrcugh :1 :..-ia. The t:ptk::sl slgna1 ts br0t:,ght to the MSPDlMSl,PD vla an ,~pt~•~al fiber 
that i~n hav~ a ~f.m~ and is fi:.'l:•:.~$ed on:t::> fo-& siJrfar~~ -...v:th ;; r..:..~-rlah~ rn;rr:eri<"..-:s: apertur~ ~tit':h that then3 m~y b~ an angutar dlsi:3~:J~lt-t: t":-f 
~:ght t~ys \bat as-e ~rnp:c~tn9 en t.h<3 s~i:ia,-;t: tithe M$PD;MSA~W.}; 
en~ :)r m11ro at~:ve ct .... iOS drcuil.s fo:-rnfJf3 ~n s~iQ CLP wBfot (F~,:i5; para ((}(~:JB1. {<):~~36}· f;G. 4:S ts a cr<Y.35 see.ti0n ,~ew f~S in flGS, ,4./4·A-
44C mustrat:ng $i.:(int: furtfis: 3Sfjf)C,t'$ {)f ~-~SPD,}\,StC rr:t)llt)litfi~C in~ag~a:1.k~n.,,r~-1nfor•:::~ff~0n:t of the: r ... ~SPDlMSAPD ~ttU'7:,t:..1:-~ &nd 
CMOS:'B~C!\.1QS !C elec~foni.cst ~Jrtd 
,~1e:::trtci3\ lntefton.n<:,'Cts bB:'.-v~en s;~~~d high sp-3~"~ ;::-f'i.t.,tt-lit:t~cto~ array and ~'ltd ::>ne or rnom at"::fo..-a CMO~: citt.·,unsi v~'fi,;;if~itr sa:d 
!ftte:-i:::C>,').'1:ects ~t» t.l'"lnf.•w.H-eli tu c,1rw~y electric:~! s~~n~:R b·abt,tf5~n saki HSP:l\ and sakJ otif: c•:- mr;rt~ ;;;.ctiye CMOS c:lrcui~~ (F~,;j. 2i: f.,flffs 
(024SJ~ ~ni~ ~/~PDf)~tSAPt:·s {MSPP i > MSP02,, t~1srn3, MSPt}4~ etc,) are C◊~t~-eCti:'.d tt') the CMC)S/BiGMCS •:2-l~ctr})nk:» ',\.':1.h B 
~:;3n:1rr:lss!'."'~--: line 2142, .. Th~ trn::.n,:iltthk:a;~y •in)f:--Jfi3l>.:1d ch~p 2·10:0 -::-an he n:pped Bnd :~~s ~&-..~trunt~-s •can be $i':.~det btimp~d t,-1 e:t1~1na; 
dn:::uits su,~h ~.$ on a prl:1ted drc,;f: tlf:.f:ffd {PCB} {net $:1~\<n:} kx t':!ac.triq.:1! -:s~na! trar1sm::s::io~ a:xi ~le<.:trlc:ai pQ:'i.l..{fH'}. 
VVsen:s faHs to dtsdOS6 V.fhe:~::frt sa{d CLP 1.\1arer :s J?t fi ~tda of ~a~d r·JSP/"-.. w~f'er that ~s opp:;~tte ~akJ t1rsi sk~~, 
"t:~un..:s, dt2v.:n tea ;$t;_H::ked G~·10S ·:s~:s~nr~ t:Hsdc}s~}:s CLP water (i~~QU) ls ata :.jide t_:fa :_,l;_:afer {11\00} tnr3~ ~ t~pµo~H" trH, fast ~td>..5 {flg. 13 
shC\l\iS the ,,~(afer 13t36 is :ai E stde nf foe v·v~for 1300 th&~ :s ~r;~:~}~it& th,~ ~idf:. with r:,hot:)detect:cxsr p;3ra ((}(~(}1},inare pa:lk'ti~a~y t.c CMOS 
l1~;agfs ~ .... ~nscrs r,1::..~~19 hN·o %:::-r:-::~:;;~~ ::;:ta<:k~tl t•ern:c,:.mdW(":.tnr ~v:xk~r~ 1."•·:th etK';ri, '-'''fler :nc:t~\ikig a pl1rtk,1n -Jf ;.Me ~1~cMc~l cin::u~trf~ o~ra 
{{J0::'12)· S-en.scr w~~fer i_~1'00 lr:c:\~fj~.s phc-t◊dEit?-CtGrr~ : 202, i 204 1 ~ 2G6e 'i 2.08, ~r;3nfsf~t t~ates · 1214 1 -12 ·) 6( Gnd c1·k1rg~ ... ti; .. v◊:t~ge 0:,1~v.~f~~o:1: 
re-gi\"j!J.~ ·ilia. ,I), c,1tQ:r fm~r i".5-tray {CFA} 1:~02 ~nfj mforo!<::ns?.?.% 1304 rnt,1 dis~":i-~~d on & s~rfac~ of ::.:·,f:f'~orw2f~r 1300: ~~.:::!fa (Q,:},3.3-1· ClrcuH 
\vati;:.:r t:30$;}. !t l;\.~~J:d hi:)v\':l b%n. ob-vltx:-s ki a },<~r~~tH1 ha-.,<ing crd:nary sfdjl :n the ~rt tc 0.-.1:r,htne the s:t;:1:1..i-:M str-JZ-:h.m,~, dfr~dc-s~d t;y T:v~rus 
tG trm :,::Jn::11,.,;~ure di:sr:ios-Gd t:y V'-/-sGn:; for rsi9i~er kn~giS re~-:'{utio:1:s ;3rcrJ ff!fJ[l? rei;ab~e fatr~•-:.~tion y111c&ss {~ie* 1~~varu.~~ para JJJCGS]&[~J06-J) . 

. Regarding •:~aln1 2.6-( \:VsGns in vt~w of T~v?:rus <i~~t:os~·, tht' structure of d<1~m 2~S and th,3 HSPA w;:<.f~r as ,:.,t;s:::t:s~~li i.ibO'.-"~·, Tlv;3rur;; ftfftl~t-r 
-:Jjsz~f;;ses i~d:..id:r.9 .;,n f5Hay -Qf ll"Jt:ses { 1304} lorrnad t1:VQr th-£ ph~h~tietei..~tors {1 ~:o.~ 

1 12{)B) ,:.1B -~aki t:rst !fa-:it"! ,.:f the w;,f;jr {1~(1JQ) {i:~g. 1~-~ 
.t:.•~:~ IDl162}- s~nwr w.sfer 1JOtl tnc:udes ph\.~>.•f.Jt~t>1cto:-s 1202-c l 204, : 206, '120St transfer gate·s ·: 2: 4, 12'1 ft ~:"ld charge--to,¥cit;3gG 
t:◊~v<S:rnk>n regions 12·1 a. /\ cckJ: f;!Wr f}:r;,y {CF.'~) ·13D2 and rni.cr◊!i:lns.es ·130~~ t~re d~:::p◊s-ed on a $Uff;,3r;* of se~$O:' \~-a fer i~10tn. !t ..,vo:..iM 
tw:ve b.~n Dbv:oll:s t~ :a. i::t~rsr;n t~fN~ng \JrCimsry sk;H in: th-0 a~t k.'1 \.".f~•rnbh·'le the t-2n~~.s di$dt1~($d. b--:1 Tfva:-us to the sm.:ctuts :iJsdrJ::~~d ~y 
\-\~ens fer higr:ef2:f lr:tc:ge r~~l">kitk1~~ &tid ff:bffi r$:~l&t)(fj fabrlcetkm >J:'~US \S~~~ Ti,ian.i~ .. p:1n,~ {U(K}Sj~{t:t:Dt.J}. 

B~gc3td!ng cl;3!m 27. \►¥sens tn Vff':",\' of Tiv~:i;s dit:;,:.~ose th-s ~tr!JG~Jf~ of dain~ 26, ~V$~ns tll)'ihe:r ti~SCk)se~ p-iura! hol-es :ii p~x€f5 !n sa:d 
HSPA waf;sr {~~:g. 45 r-.rv:-ws pi~.:ra: ha~s in 13: singfB pix~i ;~tructu:-~~: p~ra (03~t3}· mltJt:st.n.ic.tur~ t,,~es 44 f2}; s2id fJflo!~)deteci:...1;--s and ~aid 
~c!:ive CMOS t}:-cvgi ar* t::t:.~figured to operatG at 56. Gbi~ ~.,rr greater dat& rat~s t.h;;t bd:xi~ 112 Gbls {par.:1 rni~a]--V•.tfl.ti thtnne: ~ ~;sy .. ~t so 
Gt-;·s, tsu Gb/5. 80 Gb!.?, ~0{) Gt>!s can ~J~ Bth~v:6d) T!varus tu-rth~t tiisc:oo~s. ~n v~hkh each of st)~tl !ens~s o,terH~s ~aeh pixe; {SeQ 
·1} .. af:i!SI Ftg. 1:3: P~fa {0002} A cof?t mt~r array {C~A) 'l 3-02 ~t'"!l~ mk-.r-..1).;Jn$eS ·1304 ara Ci~posad o;, a ~urfa;r;~ of' s<::nsc: wafor i~~OO~, 
1?1>H>:for-i:.2- the l~:1S<S5 ffiS.:..~k;s~,d in ";:v~n .. :s (!;Ve:il~-s the h.Dl*s of ¥¥sens $h'l:C~ ~h~y o-...·~d~: thE, substrate ot T1va,rus t,nd the $UP~tr~te cf 
V'•l:ie~s has t~c,:~s.. 



\\'Rrl'l"J::~N 0J'lN10N OF THY 
iNT.tR'.\ATiONA1., Sl.U,RCH!.NG ,\ UTHURlTY 

ln c~se Hie .span l11 irny oftlle pn,~eding ~<JH,~ ls not suffideut. 
Contimmti>:m d; 

Be>: \l:2 ... Cit&ti-0-.'1$ :3r>d f:~>=P~m1fjt!ons.: 

Rr_1gastfa:~ f;:ah~, Zit Vis~n,s. In ,~e~v of 11¥ar~;s <fa.Rios-e the s;.n..:c~L:r;s -._1f c~a:m 25. \\/sen~-" f• .. nthijr ~ti$r;k.1Se~ h1 whk1; ot >ea:s~ Stl:~~..s c"f iia:Q 
h:)ies in the MSPA v~{Jt~r are ge~~raHy cy~:ndrk:ai (i=ig, ·:::.4; para ~025:Ji-- ~ ... ~i•:.~tt~t:rJ~~ur.::,'!. ht:•les 24 l2 ~n "J~n~ra:l ►:::an h~ve ~1y ~apu~ ~nd :n 
sorne ~~es are pyra:n:<ia1. fun:n~: f~ha~"-Ot cylkt<kicat( ~,;;i;ygona:< an<if,;;.;.t a et':,tMt~natk)n <)f $h~~f2:~.). 

P~garthn.g cki!m 29, V"/1:Wns ~n vl~-w ot TiY~n.:s dfsclosG t:v::. ~truf::turf::. c;t' c~a~rn 15. V'/$~~1 h~f:h~r •~1~sckJ:.$>:?& :n v,~iith at ~3$t ~◊rn~ ot S3~d 
hd~'? k1 the !4SPf.. -:Nater &1'-::. ~nver!:ed pyrarn.kfa {Fig, 24; pa:a {O·H3.{i} $,::;:annir.-g e~ectt(-1n rn1cmg~i~h$ ot hoie•s U1 th~ shape ot inv~ri:~d 
P>•·r:armt.:s; para 10~~55} MicrostrJ:ctur-e hok~524i:21n ga:1aml ('..,1n ~mVf: any sh;,pa~ Bml ~: s:..:n:~e t:3¼~~ are f.\yr~,rnh.iat ~unn~{ ~hapf:ti. 
cyHn<ir:c~.s:. pi1l~:~un~( a:H1lc,r E fA~!n~natk•n ,.,f J5h::~rsi:~s.). 

R:~::-~~rd:rK1 clafrn St\ ~V~mns- ~n vfE~>\:. of Tlv;sn,m tJ\s:::k..1~~ th~ &tructur~ ot d:S!m 25. VVr;c:ns tu:ih&t disch1S:~s. in wr:tc.h: at ies~t &◊me ot s;3~~ 
h~l~s in the HSPA w3fo:r &r~ fLlnn~l shi3~ecl {Fig. 24: p.c,t2. {0255]-- Mkx(.~tn:r:kir~ hf..:~es 24 i 2 ln ~ener~! r:;,,~n ha,:e :3ny srW-p~r and i·n f...f>tn* 
m~~s BH.~ p:u:3m~d:,L 'P.:nnei ::-h3pi:1-d, ~;yt:r.<Jrii;al. p~y:J'."1:flt.."'t a!"}di:x ~ corr:bin:it°f~:n tif sbe-pes.}. 

Regarding {:ia:r:'} ~-i 1 \l'.f:::-:en-s in v~ew of Ti:va~.J:$ li~sc;~-::~a th& structure of ct~kn 25. \Nsens kirth')Y :.:frsclose-s ~ndud~r1Q an array of cptit:al tHt~-t:S 
(2Q14, 2l)il\ 2t318) fi)ftnt.it! t""it said first »id& of tha HSAA \~c:fur t:\·n1r saifJ ~hotr.tdet;,r.-1r:.-r$: (Fl9. 20:. pm"& [0246} f?.:a:~dp.a❖s mters cgn 8:So b~ 
fubr·lc&ted on t~,B tcp Si~tfi5r;~. "'--'he:a ha m.:cros~ruct~JrBd tm*"!S k1~ ~hsorp~i,:-;n ~5Hfmrsc:ement ~:re etched; p~r~: {02.-H}· Nt.1t,;i th:.s~ ~~om-e or (1:l 
fif thf: MSP"Ds C3.i1 a!$() he MSAP-C~;$, Tn~ f-.,:~$P~~)$ fcrm ~n array wh~t;_; ~w~h MSPD·1, ~1l.SPDZ. h1SPD3~ ... ~,iSPDn has 3 bandpass filter 
with ~ts own s.3J1;qt.s,~ :X1tKipe:s~ \·'•/-a,·E*.sng~h. Hav~ng ~ ~tffer€:·<rit tmr:dpus-s v~-aveiength fc} GBC!,_i -:<f th~ MSPO ~n U\(~ r~nay tla◊\•V!;- fl."..'f tN~ 
set€•::Uo:1 ot specmc v-.. ~v&t.ength·s ln t: cvvwt .. ~ opUQ11 stgn;jl/. 

~B,gBr<l~nc~ .dairn 34, \f;,l::;Jifl% ;n \.·i~'~<.' of 'livan..!S dfsc!os~ th-s ~tti .. H::tur~ ,:l c~alm 2:5. \•Vs,3r,,z ftH'thi::r- .::;!sdo~.::'i in \-V~>lth s;;i!d ~•:',-)t,:::itlt:t~d◊:'S 
hK·,kide- \~e reg~Qns in sa~d HS.PA vfater~ conf~iju:eC tc ~n:,~:;:~;j;! a tf:ft;.x>n:se of fx~};d photodatect<Jrs to li9hl ~q a v~.,.Bvt,:1ength range that 
indudes 1'350 nm and:/ rit ~n tt ""''3.Vi3lt":°"'2-t~\ t~lit~B ttm~ :nc:t::d6s"1550 nm ~Flg. 42~ para j031f!}~ lhs m:crostn1cture he~~~ 4212 c~n be ek~f;Bd 
tirs? pifffai!~y into ':he k1"vli rjr)pfid ~nd!or v~rl:>p~d l SI GTTf)!c,r GeSi ~ayei~ pilra {C<}/44}· Oper;_~fa~~ w~vek~ngth range f:or $i ! iay-::c: c~o i:3~~~-::: 

fr'-.1-m 1.e-,D nm to '1070 n:-n a:1d tor GeSi ca~~ rang:e:1 tmm 750- :·H)1 to f350 nm f3!1d :n s.om~ ca:3-r:~ 900 nrn tn "1.3SO n:-n arid :n :1t.1r:1e e&$Gs i iDH 
nm t~ i ~~on nm ctr'ld in ~w:m~ i:~s~s ! 250 nm t~J i 55;) rsrn ~rHi irt S"l'J-;-.1-.s. r:.._~$~s 1 ~~5-t, r1{t1: :f_. 1€,50 nm rsnd lr~ s~rnt:: ca~os to 2GOtl nrn 
d~p~~nding -on. the Gt.:: fracfa~: in thl:{ Gf:1'::{~ ,:;;jJoy). 

Rega:r<.iin~ ;:.?aim 35< V~'sens :r1. view ~•fT!'i&tl1& di.sc1t1s& tht~ sti-:..:cti>r~.:; f_;f dah:i 2~- 'l{s>$nz further {Jfo-ck1~r3s p:l;rality t.~f hfJfe,s in pixe:s {f-ig. l;ti 
shO\U~ pl:...'faH;:y ,::,f hi1-~&s in B 5tt~g~-e pJx-t:t s.tn .. i,~t~rre~ para f03~1a3.., rnk:ffJsiruCT'Jre- hol:es 4~ViZ}. TiviJn.m i\.lt~~~~: di.:S~~lose'.$ ln whi~h a.1 least 
some cf $~Id ~~nSB-s ov~tHe:s €Bc~s p:x~: {See 1'h,anJs, Fig. 13.; :.~;-.:;r~ tCl1::f.2}- /), col ►-::,f fm0-r ~rray {CFA~ f302 s:nO n~i~"6l~t:s.es ":304 nra 
d~spcs~'ij on ~1 s.wfa~ ~)f ::;~n~:x w~far i 300}. th~rnf>::-r~ ;~;~ !~i1ses O\'eli~es th,s he~~~ s:no:s- t!·"">~-Y ove:iy UH$ ~~JbMnle ~{:ti th~ SuiY4tr;3tf:l. of 
V'V»~t:S ha::;. ho~e2. V"·J::;.ens further -ct::s.:.~oses ::x~d phi)tt.-:.ietactcr an'<)y an<l -:3~ld c~ ... ~OS :;1.clJ,·'e cin~U:ils 8rf; conng:.Red to op~t~te ~t dat~ !'~~*:; 
(l-f 56 Gb/$'$ :Jf tiigher {r:.~t~ t(lZt8} \.'Vith tMr}nst l ;.t"s-y'er, &O Gh:'s, BO Gh/$_. ao Gbfs~ "100 Gbls -..:a~ b~ ac:.hk~v~~-:L) 

Rc~2Stdlr:g t;!aim 37, V·t/~~ns "ln vitlw· ct Tivan .. 1s -:J1sc~c~u ~he ~trtltt:.:r& ot c~Blm 25~ V\f5~ns turth~r ti~sck,-s~s. inc!ud~ng d:.::ped Si c.<Jr-ff;rr,1aily 
i.in~r~g sa:<: hf))$, .... ~ &nd hyp·~rdr:p:r~g !'":i'-··~r ~:d Ccp-ed s: ~J.r,fng th& hok~G (Mij. 42; pera {0319}~ The mkz~::;tnff:h.trt>"! h~e~~-212 t:~:'"l be ~"!1¢h{.K~ 
fast pan38~Y intr; trse low ,:3,-.,~sJ•:s.--~ ru:tUQr tJ:r,,;:lt;,pt:,j ! S~ ~n:d/-:,r t.¼:-Sl tayar ,..at~u th~ a:1k:r<)strut1\1re hf>:e etch( th~ P+ ~tit N+ wi!h P iln1 N 
fr1~~-ff•:..~(lflged tron: a P~~ .. -?'i-J tlJ N--! .. P} tayer 42g4 fA"1n be fun"™:"x:! o..1nfi:..1n~v3ny t-o lhe mk:frt~tru:•::turt!. ht".•i~s 4212 by ~nn 1rnpt:3,r.tatic):) of the P (n~ 
N) tyµ& :en;:; fi!")CUDr :°"J)f difiusl~.:n Llf t-c (<r N type ◊q,pants {!l is ot.,t&d i:_,{+ ,:,: N+ t~np~ng is hyl~errlo,p:ng.}} . 

. l~t,"!-g~·?rCh19 ~$:lrn :;~l: V'4s.e-r:s ~n ,..-~w of 1} .. •'&nJ$ discic1S;e ih~ ~~J:..Ktur~ t•f tia~rn :.:.~~.:. \tVsen5 f~r;~~'Z>i dls.:::!c,:;.~,(~ ~n \~·hh:h s.a:c CLP v.-afe, ~:lChsdes 
t:loc.k. r.s,:-0very d:cSJ~ts an:d tr::1nsirnpf.!dr~nce an:p~if~,:3~g {p<.;r-;1 {0<)45J~ Th~ ~1jtm~na1 i3CHve -ei~c:rcn!-t; cjrc<JIT& Gan C:(i~nprbf, nt'h'?. er mora 
tt:3-11.$lrnp-ed~{~CG Bmp!lfa~-rs (n.i\s): p~H·rs [0273}-, Th~ C:'<.-~OS:'BK:MOS }!\SJ-Cs cn:1 lf:t.~u-de <;r,e er ~iore -of :JK~ :"~JHowin~· li.A.:s; '-.°3t1C-k data 
r~rovery {CDR} c.frctsitry: equat:z~:-s: an,1 !~rnitJ:1-::J amp:~f;~r~ (li~.\h and v_.t~~:~elti ~aki H.SPA ;:jf>f1 GLP waf~:-~ ~re o-.m.fi;:Jurt>;rl tl) o;:>~rat~ &t 
~g.~regf~t~d dl1ta ra~·es t}f .-!C!C~- ~ O(K: Gl'r/t- or tt~:•t(t (p8ra {02.e~]-.· ~nr .. rf;::::-,:~w: th~ a99:"l-:~Ht~d :..~a~a rates i., ... 1 ,g.re:s~:s;- th'-=m 40: Gt•/$ ;;"J::)d in !2:-.:.'<m~ 
:.:as.as grBD~Br t.han i~){} Gb-ts- 3J~C ~!1 ~~•ft:€: taSGS ~rB;StBl th.3r. ! Tblr.>.), 

~~~'!93:-(!i~~~~ ~~a:m 40, Wsens d;s:ick:$t:5 a rn:.xio:itMe- w;3fo.r of •.:ry:?,-k:1Hin~ Si ha\~tn9 :a flrnt :S;k!e .;:.nd e $~0.~•nd s.:d..s {Fig, 2t~~:. p,.;ra {(i325}, ~rvJ/c_.r 
rsi)lycry$ta:~:rii: s;Wcon layers; p»ra [C:4BB}·· tht~ mh":.fl°:•$tfUct:..ffB' holes --::~n 0-~ \,•erf c~m:::<!t~x> as fr;r BX_;jrnple ln SsrfSn:tl-chot e~ ;,,~i. ~\,t-1~katior: cf 
30 fra-ct;s; sttuc:t;.in1s u-0h'}9: n~n◊${.;a[~ a~isotropic ~t-:.ti~n-g ot s~:;ylt1 t~r)$laHir.;e .si:kx.m), (~:i-;1npd£in9: an ;sn~ry cf fat:sr~~>( sp;3;:.>:-~"f_j pht:•¾c-se-nsQr 
tJt f-tht~:d~tactor pixel-s it,:n::B{,i at s;.~;d t1rst sld~ ,,f m~ ·wat(;1r {Flg. 20 &n:d .21 -r~hG\'itS ~~-:ay oi i;st~r;s1ly s~·Hsei-~~ p~x:,e!$ {the ::-:trw.i~tw.,_--:~1 
c:.1mpd;5ufi MSPD 1~ MSPOZ ~Ji' ~_;f$?l}3} :n Vl-:1fut; fk1. 45 .shn~,v~ ~ slng~E> pixe; str-w~"-!ur~ v~tn il CMOS ~ayer; p&r& 10~'::~$}- FtG. "2:1 :~ f~ 
shnp~$ scn~m~Ut.. di;3gram ShC\Ving r..-tSPOiMSAPD ~rray~ r:1~uo~itbk<1Uy :ntegt-e1tt~-ct ).\<ith CMOS ~:rRi/or B.SCMOS e~et~tf\.Vlit's }; 
V'/h-t'.'i:f~lf'i S!&Ch of Bi3~d ph.:.B::s :ndv.d~-g at :east {1!'1~ ho/:€: (441~J fr'.1rm,3.d :nto said first ~Jd'3 of th~:5- \\~fer (Flg. 45 show:S. htJtes 44'i2 fnnrnsU Ft:tt".! 
\:~ s~ki pht1k1 waf-cr (l .Si ~n•'J/~1.r G~Si lay&:"): p&tB {033-3}· mlcrostn,1(~~-..;f~ ~1t.-i::e:s 4412; ps:r& iU3J5}· fKl. 4t~ lr~ B r...r:J$S s~c!":O{~ v:'6.-..·V es in 
Fios. 44A--44C lH:.iSl(&ting 50rne ft,rtb~:-r a&p~cts :...1f t ... isPr:i..AStG mc-noi~tt1;t integrat:c-n) anC funh;,.~r tnch.sde-s pklr~t N-dt►ped andlor P-Cc:::•!',2,;;3 
re91:t•tiS {44H2> 4484) t:f the waf~r i.-YJnfigured to lntersct v.-ith :~grs: t:,:,!'Jc.,rons :nipfr5g;ri9 on sa:d pfxe~::;, hlch .. H.img ~n ~a~d hof-s::- (F~1- 45; p&ra 
{03.30} fD:"> 1n:ptan~:3.tfr;n 1:J f,""Jrrr; r-;;;:glon 4 .. ~·62 :::an be ~mp:t:mi!~:tad frt~m th~ b;.1:\\;,.1m 5Urfa,-.::,$~ p3:r~ }ttt3~3}~ ~ d:c.:pth :e:tch r~10n~tG:' isyer 446-.."'1 

• tl'm:t .~:&n b~ k:1p~f5n~ed wbJi $Gf'SS· such ~s Ar1 N~, X<31 0, tJr~d/ot .N .. Aisc %hown ~~,~ upper ion lfr:f::•lantOO :~19:ion 4~~·8-4; para .tti-:~4!'3},,i..)ght 
;li5d:'t)f r;pt:cai Bigna! ciSn Impi~·}& tr::>!11 tiw sun~aca «.1th th€: h.-.~:fss- 0:~d in ~(:<me case$ !ightlopt:ca: s~n.;;;f can ~rnph~~ fr\.1m t~;,.J s::ubslrate sl~~ 
~JJtcugh ~ via .. rhe cptirat s~gn~l ls. b-n.xight k1 tha MSPD!MSAPC v1a an cpti-t&l tib<3~ that cs0 ~sa:ve a !~n~ 8nd is tocti$~d c-ntc the st:rlac-3 
'.-~th tS t.ettS:!n nw11~ri:c.cs~ 9fJerWr>3 such that there ~nay t:e ~n e,:rigu~&r di~1.cfbu~k>:-, of H::,h~ rays that are knp:ngi:>~ tJi"i t:i~ ~m1~1ta of th~ 
MSPDl~tSAPD.); 
CMOS lr;14lc pn>cei:::$1.)ffi {f.if.if~ fOOS8]. !0248}- FiG. 21 i~ ;.i %;-mp~~ ~t;hemat:c ~;;ugr-t"S~:1 showlc}g ~-1SPD/~,~~~APD ~)rf'f>}'S mcnc~thical;y 
tnt:eg:~ateti with CMOS ~ndlr,r P.,:CM{)$ e!e,~trcnk:s); and (daim 40 ,:.~-::~:tk~ued} 



\\'RlTTl':·:'l OPINION OF THE 
INTERNATIONAL SEARCHlNG AUTHORITY 

In C8:;e tilt Sl)&,'e in any of the pf(~edi11g boJ>e~ is not sufficient. 
C,)ntin\1atkm cf 

Bex V,2 • Cha:fa~1s and Exp~;~~nai..)Of1$: 

{cfrjln"! 40 t"$..mrJn~1f>d) ~tectnca; fnh~rt:-0nnt)cts tr, said Vt?.ff::r CQnngu:~d t:.J l:o.m.?fi)( eh~~,~tr;~.:a! s:f.}na~s b-et\.vW-n said pl>:~ts and sa~t! >:::•tl~ t.~ .. mr1rG 
acnve C~ .. iO.S drcuH~ (Fig. 2i: t>~ta {024f3J .. The .MSPD~/~·lSAPO-s {MSPO:, MSPD2, MSPD~. MSPD4i etc .. ; :;ire ccn~r;{~:{i tr~ the 
GMQt3ttJfCMOS ~f~•::Jt)::,,t·itcs with <1 tn:m~mk::s::ion i:f;)5 2142 ... The; mono:ithl~~liy lt:h-:-9t<1t~d t..hlp Z·i◊O e:i:> br:. fHpped and th•~ (~~rn:Jrr.>n:r:s. <.:fjn 
t;s 3c,lder .b:.H-:)ped tc 6>.t-t7!"trmJ dn .. ~ut:.:~ such RS on~ prmted c~rcu~t ~r.-.:"1r1 (PCB) (r:c.-t &hovt:i} for G!rsr;trleai f)tgnf,! transrni~s:or: and el~•jricat 
p:Jwtu'). Y\i:'l-t;u1s faifa- to d~~-;:Jose r~spec~!ve ◊pt:c~l !~nsG·❖ rJ-...1t,1r ~f4~d ~lix:.:,!~ ,~~;.-;:"imsr9.td to direct tc st~1tf t•lxe~~ .:j.GtJ s«kl hot~~ Hgh~ .imp!t;.g.lng 
}JH :::-akJ ffr~t siQe of m~ \~iatet~ C~·lOS iO.:Jk pt!>::~ssc)g• fcrmerj at sa:d s:.s~~•n-d siCe cf tt1-:$ \.\'&fer. 
Ti\."3:rus{ rjr;.=:.v_.-n tQ ~ sta\.':j,':t=!,d CMOS S*n~l"Jt, dis:)1C~~-$ resp,ecH,~~ t•pticai :t.:n~l:1S {1J(:-4}oV<$t th':- p$xels p~O~\ 12d~i} o:.1~1~g1..H'•S-d !£; ri~ro~::.tto 
said ph:.t::l:$ l!~1ht lmp-lng:~1g on the t:rst $]d~ fl th& waf6r {uppr~f' side)~ CMOS k19k fKoces»:.1::s n:o:Km} lcr:ne<l at the seet:i.nd sid<3 of thG iA~fur 
(tO-'-''.:fSf "~Kie}. tflg, 1]; para }0001),..,f'r>t~g p-~itllt;u~ar\~ tr; GR·~OS 1~11a9{~ sansors h3v1.ng t,-.,.,c S•:$P:tlm~~ ;;ttstkOO S<3rni~·;tJndutl◊i' \.!;:~fors wtth ~.:5ch 
~·l~f~r ft,,tk:d!.n-g ~ pmtlon nf the eh:K~t<k::~: cL:: .. ~Hry~ pam iGt..'G2}· ,iHht ~K~2 fro---n 3 sG-bJect so::t~ is ;nput to f,n irnaging st;,3~'3 :304. lri1~:1lr1~1 
stage 304 t-::an :nc:t.R~e t'~l'H'Nwt~fJHai e:~rnent~ '?Uth as a !ens; par& JGU62]~ s~n:;t".:f\.'.-'af~:r 1300 tnch.:de-s ph,:.1t;.,b:i~,~-:.;tc;rt~ 1202J 12\.34} 1206: 
1200, tf an~~f~r g~tes 121.-* 1 12161 and Cl1i$rge~tc,..vcH5g.t: to:cv~1r$.k;n r~t~io:l-s i 2 ia. A cnk"'t flUer ~rr~:, {CF"!\} 1302 arxi rnjct"~i&I:ses 1304 iSr0 
d:sr>oo~d en.;.~ surface ot senscr v,.·53for i 300~ r.1s..~:-~ {Di'3-63J .. Ci~~t~H wat~r KKi6;}. :t v1,.::,w!d have bGan cbVlt":t.!S: k) a o~-u~on bnvinr: (rn,i[na~y $¼m 
\r- ihf$ a:t lo corr:bin~ -tr,~ !~ns.&s a:X!: UH~ ~ti:;ckw..i str:..K:tui~j d1sd►:.1:~ed by Th,.3n..:s to t!"",'!1- stttJt':tU:~ tiisclt:S&..i hy' \Ns~n!$ tf.;r hfgh*; r.nage 
~~s,:-.:,tti~lons t'l!"l1 tr.v.:\rt$ NSH~b~e fabrk::;itlan prl-';:,!;e$S {See 1ivarus( pi3?a [O(H)5},{C-t.-ti€.J}, 

R~9('.itti~ng ,;~~im 4 ·1, V¥'s~m!S !fl vi-ew (;):f Tiv::1:ru& d~s~.:lt1SJ:} ~:e m{mr;~:tht:...-:: ~~Jter of c~:;.1trn 4G. VVsE:ns turther rHsck,~~:s p!uraitt-y et h,1l,3s ~n: fJix~!s 
b the ,.,v~fof (F~~- 4S show~ p:urg;;~y of hcl~j~. in a ~~l1g:e pb,:~t strt~ch.xe; par& i03J3]:--' r~1;:crcs:::-,;ct~1:-r:1 r>;;l~~$ .. ~.·i 1 t). --nvamt; fur~~~er d~~closes 
1n w:1:c.b at }B*-t son~ vf ◊~3Sd le,r}Ses ~ . .r .. ~ernes e3ch p~-i:-~ {S&t1 l1v:s.-rus~ r:g. ):3: p~:-;3 {t)U0-2}" A c~.11ot mter an"ZlY {CF A} ·1 S02 i3nd :nh'}f:•!&~Sb'i> 
i304 ;.~t~ dlsp:;se-d en;.~ ~u~·'f;.~c,a cf s~r.-sor ,v3fer 1:300), iha::-efi.x~-:: the :~n::;-;~% dls~ot..ed by Ti'v'tffiJ~ ~\i$~lies t112 h~les dis::-.-t;.1sBC frs "'f./'-l's.<3n~~ 
~incfj t!'}~!:Y t1\."i.:tt!y· the st1bst:-ate ~n nv--2.H\J:s and th~ sul~~:;trBt,c, 0fV'-/i$~f1s has i~d;s~. 

Ci.fllin 1 U f»t.ks 2n ~~venth.N~ ~t~sp U!:der PCT Arf.c:~ 33{3) ~t hekia ob~1i.::,~,q r:-vi..~t \r'\fsens fn vievl c--f Tiva:'i~S &:xi tv:iht1-t in vh:.w o: 
us 20121,)15:).127 A, 1 to Mitigcy".ltl ".lt "" (h~~H,a!tat 'H:r:\J'·'Y"n'/ 

Regar·d~ng Cltt~m -~ C\ VVs~n~ ~n v·!e\.V ·of T:varus di$ti::>se th~ ~ti .. !.Jct~~~"t$ r;f da:rn 1, t;H~ fo:l~1S. t,.1 >1~&<!kc::,~s f:;:ihe-r 1nch;C~n@ light bk':cket.:1 
ti~t~\'$$:-1. aCjrj!::*nt ph<~l~ to red~$:::@ cros~1~!k. H.:tfgoyer:; Crawn tL~.- frn~g~ i$.~P.%tsr. &sck-s~s t~ht h1ot:ker {40} bet.veer. ~rjjr,~:ent p:xr;:l~ {S1 ~ 
S2) t◊ ~dUG:f3 r..:r>Jgsla~~ (fit.;. 4: p;3:a f000$1, {005::U--~t,n~at:cn re~iir;fJ i1 .. r~rli.J> .... ~s opt~,:.~l C~◊S$t;.;lk tha:-1k$ ~•~ :'.3n f..\f>fa:.:1l Vl~"ry~gu:di'$ fr;nn:~J by 
~hf!! ::J:ff·erer:ce~ k1 rE:ft~ci:ive inct:c~s be-t\V~f.:t,- th(: sub◊!r;;;t.fj : 0, tr\~ co:1-0uct~v-~ rr:atectai 2-C, and ~ht$ oplh~.at ls:)i-e.tor 4-0. :)Sf& {GG:5)'}- h:uage 
e:enscr IS3 differs frcm ~:·-rll>f.~~ $t::ns,1r ~$2 ~n that me ew:or nr.:{:)rs Fi~ F~:} F~} f!nd the rni-;rr)}ense$ l 1 ~ LZ,. LS. :$!-S arra:1g&d O."l tna bscksidB ot 
th~ s~i00~~3~a 'tO ... n~ °'1-1;,~cal Joolator <H) ex~~n~s ~nli~1:l1r ~hrcvgh thf.:i ~r~n<;h 15}. n wcu:rj· have, b-e&n o:>vkri.J5 to<) pt:~'£bn h&·1/fr~g f.srdfrmry 
~k4l in: thi.:l art ~r.- c:omb:~1e the Hght b1◊cKers thtn.;i{;Sf~d b)· hi1·lgoyen to th~ :::,tr-udt~~: d~sc:t.sied U)· V'-.1$.tW~S ~:Q ~nf►an,;e the perkxman:c-e by 
redud~ tt"'.u corssh3lk bet¥-.:<3<3n pb(~l& {S~e Hirit¥?l~:'}. P3r-a [005-2H, 

CJ.:'1~:1;1 3-Z. fBf'"~ks ;3n ~nventivD ste:p ursder PCT Arik~e ~~3(3) ~s bet:1:g i..1bvlous cv•Jr \:\l's:an~ in vl€W ti-f T!v&n.Js arid fu-ih:;,.~r ~n vif.:W •Ji 
US 201 Bmtd 29i6 ,t...1 tc. ArtiHJ:< Corpor&tlo:l (h~:~tn:.,it"r "''A:-Hk.:::f'}, 

Regarct:ng C!::1lrn 3.2; VVs~ns $n \~t-'!W (Jf TiV<lfiJ$ di$d◊SG ~h-3 ftrLK-1bn~ fif -daim :31, V"/'$:-.STTS t:..~:thet disdtCStt!S an---t:y l")l op~:cf2l n1t<~:P$ (p;j:a_ 
{02:41]· ~llt:h MS.PQ/i\•1S/i,PD ~ft~~~ -:.Sfi3Y Q1f: h&ve a < .. H!:tlnCl b~3J~<Jp;;~s$ 1ij~-;Jr aS$◊Ci::3t~j ;,\i:th U1'3 at ray Ci \'-lith Bt"!Ch er lwo Of ms:,rn mcHvi,:j;J;3; 
f'>1SPDn"'~S.A?D h< tht~ ~nay). \>"Jsefls in vi&w of r~ .. ,...~ri3S fa:~ tf..: dist~/i::.$l?.- s~i-3 ;3rr3y of op:::t~::i:: fl:ters k1:dw'3~s NB:ar tnfr.aR~>::! (Nii~), fi:tt:r~ h: 
!!:~~&~1 Bpedfa; N!P. wt-=n .. ":~~e~~th ttln~~t. ArHltr:<1 d~-a~Nn ~o image sen:S'Ot .u::ray, dl~cic~s !\HR liit<::1r ~, .. ~ '.$~~ect SPGtW-c NH~ W't!Val-sr.gth ;an9'~·::: 
{p:sr;J [00"!:,~3}- the &-pt:C:3t ~igna! 406 .r:};3y be ·t:H.~rec b~· ~ wave~~ncs:h f:!te;- nnt !$J;t:;•.,rn ~!i ~n1s itguret sue~~ ?1~ <:)n NIR TI!t<.~► :n ~f:~s t:-:ier :ayer} !t 
v•tot1k3 M.s.Ne b-een cbvlnt~& tu a p€t:Sr:n ~~~ving oro~n:a-ry s;~Ji tc ~:-Jduda 8>.:~r:>J 1'.;f the NIR tmem d:sck~Er:d bi Attil~r~. k) the array of opt1):a~ 
rn~ers to lnc~:&se· tb£ p;:,rfotrn*nc-s: .::,f tM.e- mt-er hy <::nBb!~ng a~..:Ung: specmc N1R 'i'✓-~.v€!-~n,gth :ra~g:es {Se~ Armu=x,: par~ fCD"t:~i~-

C~i>ln'!s ~("5 .. 12: 17•·19: .. 11. 33. 3-S~ 38, HtRJ 42 :r.met the crite;r;~ s~tto:'th und~r PCT Ar~~c!e ~1~i{2}·('.3) tJ~•:~~~~~e the pd-or mt de~$ r«.'t. t~a,.:n or 
fui:ly $tlf);:;es, tM ;;ui;,Jec! mr.i\t»r dfl:m,sd. 

The prk)r art tor d21m 3 is l~X(.:irnplified hy Vfs-~ri~. T:varus, US .2019/{) 1 i)S317 .t, i U:• Brmni-C$~ ~:Jf;. (hf:.ff:,lrmtt~r '•f..hiltnics·'}1 :_)f}c$ 
U~; 2t:·\2JO{ft274i A! {Va~y~ye'.r}. 

~,;:gfir&n9 da1m 3: 
~t-ls~m; ~:'"l v;~\\< ot Ti'..,.~ti..:$ d~t~ic-r::f.5 the structure ot c~1~m 2, \iV~1t:ns f:..ulher tih.~i';,;os~~ ~t ~~ast Cf'H3 Near :rrft~R.~d {NJR) p:xel z_:,t;ti ~n N:R. 
op~:ca: i~lt~t f"~\.{~:- S.$:kj NlR pfae: '!o- ~~l>:Hi sp,ec;~c NlR \-'\ltJV~~er~gi.i1 r~ng-::.r:.:. {P:'.lia {01g2}• Thf$ ,,._,~1vai~:r1-s:t.h ran~1. tJ~.pt:.nt:Hng 0:1 th~ 
P!2:'~!":Th19~ ;.1! G~ fo St for 0'% G~ :'::an r-~r:ge frt.H;~ ,6.riG"96D nm 1 and v~ith 10~. Ge er if,ss \t1 o~s} ~!ioy that~~ elthe.:- ri:i~x&J iJf :rK1i. r~t=:t~ed, 
th~ wav~}ength C:lr.-: ra»i;.f-$ fr◊m B4(i ... ~~() nr-~1 f,:1-r ~l-:.1~ f(:;;a:<00 G<3Sl !z3y~r and B<,.G~960 nm tor n:~k~x: tor ~0% or ~a:s-s Ge. the \,V-ii'l.•·e:e.'1:Qth can 
hf!! extend~d t►::~ 1000 t:fn Strid kt $<.'l5r•~ cases k.1 ·l2SO nm fnr :">t.Jt t~l~).:~d G-i:~·~ii l4~fer and for 40~<l c..r :$:SS G~, t~)~ w'-.~V~leng!h csn te 
e:CenCed k"i ·i~·to i'}ffl (:: ls n:..1t~d fr~:e t.-l.•a-...·~engtn ,;3f 8-4G.-.i3i0 nm is :n ~h~ NIR W3Vi3lt.:ngth t~·mge); f;..q:-a {0241}• each !'..•iSPD.IMSAP-D its BH 
«tr~y ca:) hav~: f} distfr:1ct ba:1dpass fl~ter ~sso,?~t$!~~ },~Ith the array or ~v~m ~net t!'r t'-Ni..) -o,; ~1K~f~ ~n-~vi<!u:Sl MS.PD/MSAPD in the a:rr~y. 1 
VV:::~ns :r, vtew of nv-ar:;s fai~ ttj d:&ck~= fr~ wMch sa:d plx-$k1 aM tbn!igDra:J :r: -;; P.(;iy~jf .;:..nay an:,j ~t.i:•:::h or at i.tN:lst sever~t pixels in thi 
S;syer £1:-my enccn1p:tl~ses on~y ~ $!~~1g:6 tit:-~e :n ,sa;~ phc-tosen3r1r w~fer. 

Btil:ni-:::s~ dra::.1tn to~ CMOS ~,:-·.2-111c:,r, 1:!tsck;~.~$: p:xe:s ar~ ,~:,nftgtir~,:j in a S.;~yt:r f:r:-a-y (par~ f00:38]~·{{hen the un~: p!x;s:! gHJup·s arf! H·FB-n9€-d 
~nm~:: Boyer array) th~t ~nc!ud<3S nt :~~st one Ne;.x ~l)!:-aR.ad {N:R; p~xr.:l (par.;J fOO~)S} 'fh~:-- t:◊lor pixal$: ~n thtl u:~t RGS p~x-si go:::-up 2CO 
<:0r)f:9ured ss !'jt:-&crib6d .ab<y~,·t- n~'.Jt c,nly h-Svs cSri tnh¢~:-fmi pa:i.k:.;..:~ar F-i~p:::,ns:bmty i!1 :3 •-ils$tJ:E: ran~Je, (400 nm to i"OU n:-n)

1 
b:.it aisti ~h1\r~: a 

fi~gh ~sponz:bi:By in ti :H~~:--infran::d {NiR) r-r::"Jb:'1 {800 n:n to 1 :fJUO nsl~) }. Hth'.feV•~r r 8:-iHn:cs other· .. ~~& fail~ to :-smedy H1e Cefid$-nc~e~ t1 
v~lset)S amj Tlvart:s. 
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... ···································,! ·-·--"""""·-------·--· .... ·······----·········· .................. -------................................. ---- j 
in ,;m, !he ~fll!C~ in ,my ofth£ pr,~ted.in~ b,,1<:cs i~ rwi suffidfnt l 
C•.}r-.tinuati◊n o.f: i 

80."( V,2 • Citation$ ,t1(il~ E>;Ol&ri~tk1:{S' 

V~$yiy:;;.'v\ drr~w;< to a H9ht detectcr1 c~~)::.lose:; (t:1~ li::.:ns•es \~.-ith on<i3 h\.'~fr5 (FlB. iG--1 "!~ para £{)0{3Sl- f'fG. 10 sh::>Wt; ~ ~.otte•&hape ca ... ..-;t:y 
furr::~ng ito'ht input pert ·14; ps.ra {0084}-· Ught inr.,ut p:·>tts 1,t h~v.s \h;3 same, nu:nber a:s ~he nurnt:Gr of fon:;~s Hl kl fOCU$:ng «rr~)i 6 
dh;;prJ&e<l en tcp cf photvvf~Ut1.lc ~S3'y~t 4. Ught inµ;;\ p-c..1r\l6. t4 af>~ ~h-:.o <l~~tt~huted ov-er Sl-•rtaca iz b ~ra;t.m..iarv .. ~ \'-.1\th the di1$:lJ;bution ot 
k~:s.2.:e:s ~Din th~ :e.ns array SQ th~t th~rij is; a paim•}5e (:pti-c;3J :-i,Jt!'tk~n$J:lp be-t-..v;::.~~K~ e:act~ J:ens ·10 ~nd the a::!frespo~d:ng light inptlt p.i.-:(:t t4}. 
Ht1W'Q'"..•·er, Va~y!yev f~1Hs to re:1:)00y tht3 d~f:t}a:qde~ :of V•Jser:s ( TJ,,.ar1.J~ and 8riHnic5. 

Non.a cf th'3 prkq 3Jt Ci»d:..1❖~:r:; fjfjf;h i.."!f ~i !~a~t te'J·era! pi>:~~s tn mt:: !3.ayS:-: array -0rwx.i;~ip~$~~◊ , . ..r-:ty ~ sf;-;gte hole in s.:Stti photo-sense; Vltlf't:t. 
FurtfH3t1 thi3 r.:rk:r art ','<lb-ether t<$ke:) -a~cne or ccm~lti~Hon~ taH~ tt~ t:nsctesa -:..1• &t1gy~s$t ~he ?~rnct.:hl: arrangement ot tbes~ parts ti~ t-:-::q~!it~ti 
!'J~i t:Hfm 3. ther*to:~~5 c-!al;n :3: m~~is the :.-:.riteria S,$f ~3U: :n PCT ,.!\Jtide 3~{2►f3). 

Reg~rClti'.~~ .dairn 4., \:'VC:t'-ns tn vi~'\\•' ot 1ivarus Ok;c:ose ths $:ki.ictur~~ et t_;if:;lm 2. btJt fa.ii v:, d~sd,::<:.;i:: l:1 \•VMth sairl pi:-,;f~~s includ~ o:w or n:ore 
Brsyer :&rr-:5)'$ ~t l~a~t one l)t° whkh ton)pdse~ fj Naar infn--.iR¼-'l:J (Ni~~} p~:.-.J5l~ and Wh~:-s~n th€:! :M h:~~st {..)►~€ N:R. p-i>:i1: in ;:1t t,5;:1st o:if} !"J s~1~d 
,:ne er mere Bay-er art~ys l;> lflrger l.hBn ntfmr p!xet:s ~!5jteln. 

ErWnh·~~J <J:-awn tt$ a t:~MOS $G:'1~t:•t, ,:ns.-ctG~·,f~~ })txGf;> kK~iudf:S f}:1$ or :nc-re Ba~•sr .e.3:rray~ at l·e&st one cf \i-.,'hich ct.-rnori~f:~ a Ni:-j~: fHfr.aR~:-d 
{NU~} piY:-i~ {par-~ (OGU.3]-wh~n the unit p~itel gn .. :t:p~ ~:-€ ~rranged ~nth~ .aay;sr a:r-ray; psra (t)098]~ the: ~~h:ot<..1,JfrJdf5 PD22 serving a~ th!? 
~€:l-con<: t'.:roon (G.~} phr~t,~l~~~~fi}; cor:v'Sr~{;on p&rt ~t&◊ ◊:){:-'fate as h"',frgr»d {?,HR} phoi.,)~r.-d:lc ct1nv:6r;.sJon parts.}, Mov.:~ver, Br~ani-cs 
oth~:t-.,...•i;:;f; fo:ai:; K1 rern:;;:•j~: -~fm tit:Hc~end~s ct \:Vsens snd Tha~rus. 

Ncne ~f tt"'. .. ~- pt!t•t »:t dl:&:.~ics~::~ ..... vh~H.~:n Hin ~t l-east one N!R t,~x,.::~ in et:~~-::! one t'1f said crsB r.,r rrn--..rB 6~~-a• a:tTa)'S h; l9r~a,r U-mn 0ther p~x{3~~ 
u~~rek1: .. Fu:ih~~r. the p~1:..'H" ~rl 1,,•hethe~· tak:sn ;3Jvne: t•t ~:.xnblnaUon. f-t1ils t(: f . .H~l..':k~¼~ r>r suc~e$~ ihcy parfa.-::uh=1r :arn.n1g~nH:ent ,:;f th~t1~ pnrts as 
t.t~-C~tiked hy c:fl.hrt ,t, ~h:S:~·efcre ,cta\m 4 meets the criiet\~ s.~t fit-it la PCT .Arttt:l~ :~~3{:~:}--(3). 

B~.g~r,:-.Hng dt.3lm 33-. \~~:r~. in vS~w ot Tlv:..,r:. .. ~::;. disck:.~e: Um structure- cf ~&kn 32r b;.d. f:3!~ t~> dlsdo:.::.e 'N}K~t~in t•<1;d :::)tmY ot photcd-etect,:,:.r-:; 
ind:..Ries ~-':'_.\:"(,~- thtit ~ff~ t~rge:- tfmn othe:"S~ a:1:d s-3kl l(1fiJ~.r r.-ts0h:~dt!tect:.1rs. OHl :.mt.icy~ $:.~ifJ NiR 1'Hte:-s. • 

B.rit\t1k:s, ~rllWt\ to & CMOS :Yr::n~t>r, rfa::;:..-::tf;¾es N~R pho-t◊(.iet~-ci~·::<t t3!"G ~e,;rg~s: {p:::.ra tG-01 ~}Furti-}B-:\ tt-mrr~ bas he-en krt◊VlFl an ln:mlt>.;:.•j (lR> 
:'BR) s~-ti:&O:' ln w~;h'::h fo~ f~,)tff ptx.~b kt a tmlt p~x:e: group .are rep:-.;:.-c,3d w•:ih ot1\:i N~R <Ji:;'fJk~ted pi~.,;j{ h:c~v:ng a ~?.i.r9er pi>:.~~ sizs. }, H~wev?Sr. 
Sr~~:nics omB!"\'\~se: f;3Hs tr: n:-"!~-:-:.edy th~ -.:J~ffti-end?.:~ tif VVs-ens. a:1d -r:vgrU:s. 

Nlme ,::3f th'€:: pfit•:f' :>:l dlsek)Be~ °'1\.1'lf.;,"f~in S;flk-1 ~"lrr~~t of photode-teci~JtS inclu<l€!~ St1m& that a~ targar th~1?: ,:thers. and ~;~)rl larger 
photodet{:;"Ct•::Jt2 arB i;nrfr,r D~ki N~R f:h~ms, further} the pr~ act wh€1h~r i»ken f~lnne or t_";;..,,:nb.:r,i5U:>n} ta:t:s h:• r.Hsd•:3-~:t- t.•t $Ugg:~s\ the 
partlct:l3~ ;.srran~}~n~~fii ~~· 1nsse parts as requ.it{:xi by cta:iq< :?ri, tl~fjf"'~fQ:r;j i..i~:m "33 m-ee~s n:~ t:rite:ia set C{;t ~~ PCT Artlcfr, 33{2} .. {$). 

R.~,.~~t,:;~ng c~;,f:n 5, VV»f5-f}S in v~~sw ,:~ T~v.;.;tt.ts f:Hsck,~,) the st~ickire u! ds:in-t 1, but iaiJ io ct:-sdos-e :n v..t:h.-:-h e3<:l1 of !~Id at k~;3,•::>t ?,.orn~: nf 
Si3J,j p~x.el~ h<::s rml:l g s~n9l~ •.-Si."'$ r;.J saki ho~e~. 

Vasy\y·ev, dmv,-n to a 1tght det<,ct.o:-, d;~ek:~~s one !e11st:s wf~ .... , t:•~:~ h◊le (Fig. ·1(l, .. i 1 ~ par~ [OO~M]--- Ugh~ input pc-rt$ i4 h«'J·e th-a si3m•s 
numbi.:t ~$ the t~lif'ftbe• nf k~:1s{3g iO in k.1c:.J$lng arr~y 6 ct~spC:$:ed t1n top -:..1i p:x~t-.J"\~ottic ·1a:,/er 4. l~ght :nput perts ~14 »r0 a~~:t: dlstr:tiuhs;3 
tr._.y~t tt~tft4C* '32. in ;,r:,cnrOance wnh the -diGtr~!'..~l..tti◊n ~f te-ns~» i O in th~ i{jnt- army so th~t there is, ?l r.•~1t-..\'l»t3 ~>r>tit'::a~ rel$.irn1sh~p bcy~·~...,.-~e:-} 
i"::t;f:h ~~n~ H) a:-ni the cc-rrespon-Cmg f~ght inptit P<:i-•t 1.:1;. para tc~oe-9} F!G. ·10 show$ n :i.:t--.int1.-sh.:1p~ ;.~~vii)· k:n11ing }!ght input port 14, }. 
Mc;,11>t<ver1 V(isy!y<::v faHs to re;n,3fJy the defa .. -::ifjnc-:es t.l:! VI/sen~. 

Ncrif:! iJf th~ p:-hx art a;sc:>:.ises in t•vNch {3:3Ch r.<f $!f!ki :.'it :,jast sen:~ of ~..zt~d pi>.asl::t h&s ~~h_.. ~) ~~n~r; l;nti 0f s~td hdi~a;. F\:tt.!1~!, tne pl1~i mt 
wh,3tfj)jf lBY:-Bn &iom?. nr ccmtc~t~~on~ taifa. t,:::,. ti~s-:.~kJ~ l.~r surm~st ~;~ p::lftict:l;gr srr<1:n~Jen:1s:1t ◊1 lh'i$❖$:i p.?rt½ a~ :r£!.quired by da~m 5~ th:ereto:-e 
ci~$m 5 :neets the t-tH~t1<) set o:Jt !n PCT Arfa~lit $;?.{2~.-.(3). 

R~.J;;,r,·}ing c~a~m ·12. ··•J\is~:)~ ia vi~w t)f Tivan.1~ ci:1s,.ck.1~:E the st:-uctt..:n .. ~ or -C!:f:lm j, bm. iaH to o:sdt.-~'"e tn V"./'hk-:h -at fr.3:3:;t Sit)m$- :.l :said f.i!":(.a!::;:; 
h-a'l~ ,:'.m!t a s~n~!& hnt-s: ~ach anri $..~ld sir-igle hole is an t,ff-•:.~nt&t ht)t* 

Vr..-syiy~v> ctra°'~;n ti:;~ light Cet-eci.:::,r ( !:3:·&c1c5t::~ pht)tr~-:.iete:(:t-t~t hr-~\.:e only a ::;1ngt~ bo!,3 ,::i>d: {F~g. i0---1 ":: pa~1 JD089}- F~G. iO sho~ .... v~- t: f;0•)6'-" 
'.$h~pi:; c~vity form~~') :i~ht ltif•U1 ptn1 i4; p,,·trf1 (00$/4} Ught inpm ~it.i:: .. t~ 14 hav~ i..h~ imm~ number as the nw'tixsr of lensB~ iG ~n R,1,.;j;~it:9 
~rr-ay l:,( !:J:sposeC en tfJfJ of phrJt0v~ta:~:; k!j_y:er 4. Ught ;:: .. ~~ut p-t'":r:S 1 :i a:e ai:~l) disiributed •:tVt:t surf~t:e 32 it~ accord~.>th·;e V-liU: the ctlsldbutit•t: 
of :e:nses '10 k: the. !cyns ;_:xpt:ty ~r...; that there is a 9a;r1\~s~ ap;_ir..:r~i re!at~t,sh:p betv,.-een eath iGns i O Hrid tf1e -tX)rrespon<Hng :tght lnput pc~t 
i4). Hn\,v£ver, v~~y:y~·v· fa Us tc rern<::-c.!y l!"i8 (3:::-flc½nijes of vvsems .nr~ ·nvar1Js. 

Ncne of ti~~ p:~r.\:- »!i d;~dtiSjg$ satd s;ng!e hc~ij !s an on .. oo~ta► htiii->, Funn~ ( t!1G »:io: :a:t wt:ether t-t~ken ak1n~ Qt cw:TT}~~natizy~{ fB~lt~ to 
d~sclt~sa o:r s,JggBst the pa:-ticu~a: arrar~gernan:t of th:-3:~~ par-ts as re-quired tty dctiir. 12~- th~:-%ft~r~ -c.~aim l2 mee¾ t!"'i~ -t~tett& s~t o;_:t fr, PCT 
AnkJ~ 3:❖{:l;'--{3). 
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R»~fjrdirig d~im ~ 7, \''l'f=f:n$ in vi~.-:-;,,, ◊f T~v;3rus d~SJGki»~ the strt?cture of (:;~~m 1 ~ but t:a~~-:i to <fas,~c-s-es ~n which ~.m!d plxB~~ h~\-" .. ~ sff}nt~d 
Sfdf5w~tis ccnfi~il:~rj ~•:) :eCt..cCr:! CffJ~st«~'k bt;hve~n az~ac.ent pi>:~;s and :n~prove ~m:tal conf:rR:rnent 

H1rlgoyer\ <lr;S.w·r~ tt'). ima~1~ sf.ir,~or, tHSCk.\~€:s sh:fr.:~'-•a:i~ (40} r.i':.•nfiguu:d k~ rf:{k:ce Qrt<t-sfatK t~\\'v·ee:1 adj.:tc~:nt pixels and lrf'ipn.-:..ve opt~c:3l 
C1J!1f:r:*rnent {Fi~). ,~; ~K1re lOU521- ls~!lHt:-.n t~1on ~ 1-- ~duc.~s :;~;tlca! Cf(Y'}8tsik than.ks- to sn cplk.<'1! Wl3V-t:{;uld& fotm~d b}' the Ciff~:~nC€;$J ~:l \ 
~~fr~t~~Jve im.,if.::~s be-tVl~1.n th*• t:t~hstrate 10, tha ;.!~-..ndu~v~ :r~;,.;;ti:-srlzsl 30, and the opti~t :s~J:r:tor 40. pr.:1r;; {G051} [rna~;, $en:sr...1r t$3 differs l 
ihJn~ :m(lge sensor is::: in u-~at thB,;r..•k>r mters f1'< F2: F3 ar.c me rnk::::"c,:~nSJ:1S L ·:, t2, L3 are arrang&J QH th~ t~~..-..:-kskl~· i-;:.fthe substrate j 
·io .. .the l':pti-cgi h~<.1!;3t,-;r 40 ~:de-nds entir~iy t!1r-ougr) ~r,~ trt~r,c.:h i 5). i··k1'\"~(~v*r~ :--tir\~t1yen ◊theri..v{se fa~s t~-=J t-sm-sdy th~ d~fi-ch~nds-s of \lih:~enB [ 
~rJ.ti··nva:-u~. ' 

Non:s t-:.f t!l~ prlor LJ.rt d!$:;,,;(r;8-es sa}d pixe::s h:-.-we- slanted ~kiew11Hs co:~t:t~:>tf5d tfJ f6fJ:;;f.;e (.:n,:ss.taH-:.: b-f::i."Jli'-$~B alijacent p:xB!s an:d tmprov,3 
opt:<:s.:1! ~-::or{iir~Bff)nnt F"f;n.h'"::i.f ~ the ptjcr srt W!'l:3t!°">it:f M-k~n ~ktne <.1r· t~~1-•nbfr~(}~:(:-,'1 1 k-=tl1$ to dist:,tose er sugg'3'$t tht:- !Jtj:·Ht:.u~ar a:n1.n~ment of 
thesf:• p~r~<s as r-eqls:re<l by d~im 17> thareft)t"f! ck35m 17 :-m;::et$ the c:i\w;u ~.et out in PCT ArHct~ S~{2)--{.3}. 

Rf:9arijtn9 t'J~j:m 1◊~ V\~t-ens in vlew cf ::v~rus ti1sc~o:~e th~ =~~JLt(':.ti..!te c..:;· ~:talrn : , \.'Vsens fGttflf::!" dl;;eK1sf3~7}-1n wrud: ~ai{J h·;~~s t-ire 
~~:::>nfe>rrnaHy ;~nee ~v:th d~ped Si (~ig. 42~ p:a:-a f0319J· lfm m1crost.ructura hcMs 42 ~ 2 coo- bf$ f;~ched f:rsl partts~ly into the ~{t~~,,. doped and}or 
s;~:t!opt:d t s: ~ndh:r G~Si ia1·~r .... after the mh::~;..;~t:uct:.i:-e h;):e ekl1~ n--_1)j P+ \t1r f'.f,;, •:Nlth P and N ;nt:f~n:~zi:nged t'ti-:::.:t:-1 & P~-:~!'-J l~ N--~--P} io)'f;:r 
4284 can b-:s· f{Jfrn~d ,;c;nft-:-·rr,~Uy-to the mktc.-~tn~cturt:-: h:..1l<$':'.s 4212 by ten 1n-lf.:,la:~ta1:on cf m~ P (t)t N.} ty·pe lons t~n:(!/~)r ~fy di!f•.~t..-k>n of P or f'} 
typ~ tk1p8.n~:$). \l~isGr.-.:s; i:1 vl~w of Th-•anJs- fa.i~ to tfa;c3ose at ½ast son1e adf~o-::-:rit hc.•l&s ;s.r-e- Cc~Gd ~J_: f.:pf_:i:-;~:te p:c,k-'itWf$$. 

N,:;n~ ,::.-_ft~~~~ pth.1r ~rt .r~isG!fJ~es at ~e~ist -~ome adje..o-i:)t 1-If~•~&s :SJQ dr)ped \\.) <JP}'li~:½ite pot~~hies. Fur-ttit.:t, m~ ;::i-r~t<r ~rt v.th~ther t:&ken alon~ <;f 
c.._.·,n~bi:1~fa1n, faifa !f} t)isch)se or suggest th-3 p~:1:l-t':Uk~.r atrm:9~r:i~~r1t Qt the~~ pesrt'$ <5$ req:;lr~d b-y c:<1ttn i8> thett":~)-.., do;m iB meet~ the 
,~rl\<srla $et out in pc1· i~.tt~ci~ :.'}'S{2}·(3). 

Rt'!gf~}tiing-dei!rn if\ VYser:s ln: ,,.iew cf Tiv.f.mJs tiiscios.& th-.~ ~tr{x:~ut~ Qf c-l~irn 1. V~s<3n)J futtm1.: d;t:ck}SBS"! ~ftJfit">~nr,: (fJ~r;s 1Di95}-- H°)fi b3sstc 
s-h•~r.\$ ,x~n~fst ,1f etcn~ng hol~~$ 3n a de\~C0 w~if~r th~t c~n ;g,.;il.'Ce ep-ttax~a! 1sy8:~ ~.r,at ta~ inctude t1r~fi$!ti P Br>:il:-;r N ,=tm .. i!trr l kiy~rs~ so;, 
adoitkma\ -:n~:~""Ctnc t':◊atk~gs, mBtalfa~ :oyers/!H!fir:2, gr<1ph&n&), ~/\l:s~n:: kt './frf.'-' of TbiHf:.:s f~a tu dt6c!o:s~ ~t 1€:f~~::t some of ~~ld ho:e-s sre 
t◊:1tormaHy fa°K~d 1..-v:th ~)rB:pbene. 

N,)ni:- <;f u-)6 prior art tHsd(.~t:s at least. '◊t>rri:7: of said ht•Ies are ccnfcnna~ly ~;n,sC V:.•'Uh ~~·aph:~n-e rtJ~ther. the prior act whemer ta~:-~n ~:t~f':& or 
cr~mhiflaUo:1~ ts~i!S. it:• discit•&~ !)f ~t:-9gest "~~j p.~ttfcu:-ar -arrangerri&nt t":t tha:::f:l pBrt◊ 8$ req1.Jtre,i by t~iaim 19"~ the:-atott: tii3~:°'fi i9: m;fllit$ fo~ 
cr:te~iB ~~t ~)t.i! ~:): PCT Artld{:l $3{2}+?.}. 

R•Sijt3-!'"1h·ig: t.fa!m 21, \:Vs~ns in V!~Vi.< of 'fr,_::r3rus i:fa,efr)t.,.e the s:.~ii,~tt..m2: cf ct~~:n 11 bt:t fai! U} disc:ose ~n 1..~1h-k~h t:~~d ph-:e}s aro ~:1 an a:rt<~Y kt 
tNf>ich t~<intr;.,Uy l•'J•~tt·d pix{:l~i':- t1~s *ff}~t~ar in *1ze frm~ ,:.-.th~f p!:<:e-ls. 

None o~ the pf:,;r a:-t disclr:S~<$- ~ctid pixa:s am ln an S,r:""«y in whkJi t:~ntra~:y !~•c:ated p;>;e:s ate S:'~1aiff:-r b sb~i:s tllot Qth£tr pixet~. F~tlhGl: U';B 
pdnr Brt ,,._'1~elh<:,1r taki?.n aF::•t:❖ t:.1:r (:t:\:"f~f~rmUon: . .t';_;ils k.1 u;sck)~~ c,r S-.J~st the partk.ul-&:- arr;:,frg~rn~nt c,f thes-e p,;1.ris as tGqufrf:1d by d::1:irn 2 i, 
Uf~5:15for~ 1:,l~im z·t m~~t~ the t~dt~ria :$J$t t<Ut ln: PCT /~tli-:le 3'2,{2)--(3) 

RegarC~ng dain~ -~6, VVsGii% in vte:.,v ~•f ·nvQrus d~~-tJ-O:$s ~~~}) stnJclt:re ot c1~:m 25, v~l~e~1s furihe:- dtBi:-;losei;; fr~ which Sia:c hcfr'::t: art~ 
c.0-:1:lorma!}y t:m3{j ,,._..:th dcped Sl {Flg, 42.; pa:-a f0'.:'.1G}} The mk,r.;:,t.:trw~-tu~ hc~tas 4212 f~in be eh..--:h~:-J firci-t partl&lly tntr.:- tt:~ k:iN dt)f~:6 {"it:Cier 
~ndc-p~1d ~ ~ andit)t (;.-st:i ft3ye-r ... ~fi:~I t~'t€ mkrr~t◄ tn.~:.u;~ ~~;~ tHch, the ~+- (i'.Jt Nv 'i-vi~~~ j~• and N :nterct1t:t?19Gd fr<Xn 4 P~r-N to ~.J,,~~r) i.?.}'5:F' 
4284 can bG fr;nn~d co:1fo:1T:~Uy tc tr.e mh'::ro..~~rtn,itt~re ho!~$ -4212 Py kr> !n-!p~anlati!,:;r; f;f -~he P {,:.::r N) ~~ip~ ions :.=m-d;:\:1r b11 :~:ft:skJr~ ,.~- f 1 er ·t-,J 
type d,>pa~ts). ~·.tvs-.~.r1% ln v~-s\"'1 o,f ·nvarus raH to d~s<.:J.os~ ;.~dj<-~cent ho-k.~s ~re dcpr:H·J to r;p~~:.~ P•':.i'tar-1Ues. 

N.0~1:0 cf the prior ~rt £fs-ck•$t':t ad3ac.<ir:\. tmies are <!cpe-d tG m:,poslte p,1:a,:u~s. t-u:-!fm:-, the prbr ~rt whetb-e-r tak~-n al:1n-e :x :::om~ni3tit:,r:. 
·fail~ to disclose or s,:99{3st th~ par~cutar a:r:-angernent ◊f ~~se parts as re-q:.:i;--<Sd by da:rn 38, fhf5r~f< .. ;-r.s: :.:;~a:r:1 36 meets tr~ t:r1t&li~ s-Gl cut 
:n PCT Arfa.:~if; 3~{2}{3}. 

HBga_rril:")g ci::.5fm ~3B, vv~1ens :n v;~w (ti Tl•lar:~-u ct:sctc:,s-e t"le »ltu;;~Uf{Sc f_;.f ciah12.~f '.fJserm futhtt:t ti!$:i..":.k,:;B-es grauh<::t'"!e ioara HJ195_1~ the bask;. 
s~~ps- ccr.s:st of eilt1fog h-o:e~ ln ~.s. ~t::v~ce ~tater th<'::t t~~n i~duCe eph:3:<lal ~B)~tS6 that t:~n ~nduGe dop~d P and.ior N ;;·;5dfo-r -~ laye;~, $CH~ 
»ddltionai dle!ectiic r:oatings. mi3tamc ~zyet~ifi:i~rn, g~phen0}. t•\.<~.£':t:S :'n view of Tivarus f3.ij t~r ►:-§tsc~o~: s&kl h<.1lf$::s: ~·e :::,·mf~rmaHy lined 
·Ni:.~ graph:::<n~. 

Ncn<, cf m~ pr:o-r art cHsck;ses said h(Jie~ are conf,"JtmtsUy ht!t:d ',\~tf1 ttt.Bph~nn. F,;nh*t, th~ pt~t art vih~th:$:r ~r:1Ren ak'l:~•~ vr ~c-mbfna~cn, 
frci!~$ tr> dtsr.:k)sij or sugge:::-t !Me pertkiik{r axran-ger:-:€nt ,of m~::t: parts $:S :m.1t.~~r~d l11-' ~t3im 38, t:1t:.:"5;frJl"6 <i~1~m 38 ~~1.s~~s th~ criteria sa;; ::-i.i-: 
h1 PCT Arr:c;~ .:t3{2f~{3}, 
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in r,,S<' the ,p,t(~ iu ,my <lf !lie: pi~ct'ding h<lJW• is ll(}t suffic\eut. 
C'nmim.rn:tin.n (,.f 

Box V2 -- Clts~t:c-ns and Expt~n . .otlon~. 

Re9ardin~1 da:rn ,~2. v·Jwns h v~ew i:.-~f 1,h;~ru~ tHsd\:.}s~ ~h~ mo:1ol~tt-l!C: ~i-l~for cf da;rn 4.(L VVs-e:1s further disd::>ses fr~ ;.,;,•hi-ch ~fd ho1es me 
~ined v..-~th doped regiorrs cf ~~ld wafer {F~. 42; para [(33:19}· The micro·s?ructurn: holt:.t: 4212 car: be <3tc~~bd fif$t partl&l!y :nro the low ;j,;-j~i~ti 

~nwror unclcp~d ~ S! &ndlor G&S~ ~&t•~r . ._&ft~r the n:h.:NJStructs1re hn~8 et:i:~h, U~ P+ (Gr N+ w:ni P and N lnrerd:*~:sB~i frc>:YJ t) p..,: ... N t!J N-1-P) , 
i<1Vat ~2B4 -c~n bB forH;f~Jj <;:5nf0r-rrm~v t<.1 th:i..~ p~:ir;:-r;struc.t-..,:re hole~ 4212 by ion hnp!ari~<>l!◊r) of -the P (iJf N1 tyf>* iorrs a.m.th..1r bV dfff1.,~ir~n t:! P ! 
,;/ N typ-t- tk;p.ants), \:V:::~ti$ in vlf;::~\l ot'TivBru$ fa~l to dlsc!t:•&e adji3csra !lt:•~es are t~ned \\'ith CopOO rajcns C1r oppu-t~te-pcia!:ii;~$. : 

Nof1e :.4 !f~e prior art. 1Jfsc1<J:i>fj$· ~":,1~a'-~.;nt ht1fos ~r~ lined with do~(! ~i•.Jnt$ c,f c,ppl')~'te p;.,-:h1tl;\~$. F';;:·tti~-,.r.. ~t;~j pfiot ~rt wt:f.>thfsr t:3k~n ~!rina 
or comti.!naHon, taHs to t3isc1>::1&e or sugge$i the p-a.rtic!J!&r f .. '-t:;.n~ge~n~m tif ~ht:se pa:is as required b>' ci;:)kn 42 1 fueretore c!:aim 42 me-ets the 
c:H~.:~ s~t out in PCT Atfa-::e 33{2}~(3J 
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SUBJECT OF THE INVENTION 

SUBJECT OF THE INVENTION 

Improvement in the speed of a response speed can be achieved, and manufacture provides an 

easy near-infrared-light sensing element. 

PROBLEM to be solved 

The photoelectric-conversion part 6 which has a photodiode structure of a pin photodiode which 

forms in 1 surface side of the semiconductor substrate 1, and the i layer 62 which is a drift areal 

region interposes between the p form areal region 61 and then form areal region 63, absorbs near 

infrared light, and an electronic* hole pair generateloccurlproduces, 

With respect to the wavelength range of the near infrared light of the detection target which injects 

from the direction which is a slab typelmold photonic crystal which is laminated I stacked on the 

light-receiving surface of the photoelectric-conversion part 6, and has a refractive-index period 

structure in two dimensional surface inside parallel to said light-receiving surface, and intersects 

said light-receiving surface 

The slab typelmold photonic crystal 7 by which the refractive-index period structure was designed 

have a resonance peak is provided. 

DETAILED DESCRIPTION of the INVENTION 

[0001] TECHNICAL FIELD 

This invention relates to the near-infrared-light sensing element which detects near infrared light. 

DESCRIPTION OF RELATED ART 
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[0002] Conventionally, in the optical communication, the near-infrared-light sensing element is used as a 

light receiving element for receiving a light signal. 

As this kind of a near-infrared-light sensing element, the photodiode (pn photodiode, a pin 

photodiode, an avalanche photo-diode, the Schottky photodiode, etc.) in which the pn junction and 

the schottky junction were formed is widely used for a semiconductor crystal. 

It utilizes that the electric current which the electronic-hole pair generateloccurlproduced when the 

light which has the photon energy more than a band gap injects is isolatelseparated, travelldrivel 

works in a depletion layer (drift), and flows into an external circuit changes, 

A light signal is detected as electric current change or voltage change. 

As a semiconductor crystal material used for a near-infrared-light sensing element in here, there 

exists compound-semiconductor crystallcrystallization material (lnGaAs, lnGaAsP, etc.) other than 

Si or Ge, 

However, 

It is properly used by the wavelength range of the light used by an optical communication, the 

transmission speed requestlrequired, the price, etc. 

[0003] By the way, the optical communication is already widely used as a communication network 

between cities and in a city, 

Page 2 

However, 

In recent years, the motion which employladopts an optical communication also, for example in 

fieldlareas, such as SAN(Storage Area Network) which connects a highly efficient server and a 

router, DVl(Digital Visual Interface) which connects what is called an information appliance and a 

peripheral device, in-vehicle LAN(Local Area Network), a mobile phone, is activating. 

The high-speed optical communication is required also in such a fieldlarea, 

Progress of improvement in the speed of transmission speed changes with applicable fields, 

It is estimated that the transmission speed of 1 Gbps or more is requestlrequired also in either field I 

area. 
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[0004] Improvement in the speed and a lowering of cost of a response speed will be requestlrequired of 

the photodiode for optical communications used in the above various fieldlareas from now on. 

In here, it is known that the response speed of a photodiode will be fundamentally limited with two 

elements with the transit time t of the careerlcarrier (an electron, a hole) which carries out the drift 

of the inside of a depletion layer to CR time constant of a photodiode. 

In order to raise quantum efficiency (light-reception sensitivity) while making CR time constant 

small when the pin photodiode using Si as a semiconductor crystal material is considered for an 

example, the wide depletion layer is formed, 

Therefore 

It becomes impossible for the transit time t of the electron which carries out the drift of the inside of 

a depletion layer to ignore at the time of a high-speed response. 

[0005] For example, in order for quantum efficiency to be 80 % or more by the pin photodiode of Si, a 

depletion-layer width W of about 30 micrometer is needed, 

However, 

When cut-off-frequency fc (CR) decided by CR time constant sets the diameter of a light reception 

to 250 micrometer, the pn-junction area A will become A=4.9*10<-4>Cm<2>, 

30 micrometer, then junction-capacitance Cj of a pn junction are set to Cj=0.17pF by the depletion­

layer width W, 

Therefore 

It will become fc(CR)=1/(2(pi)CjR)=18GHz when the external resistance R shall be 50 omegalohm. 

[0006] On the other hand, it will become fc(ttr)=0.44/ttr when the frequency from which the amplitude of 

a photoelectric current becomes 1 /2<112> of the amplitude of a low-frequency areal region, and 

electric power becomes 1 /2 (-3 dB) is defined as cut-off-frequency f(ttr), 
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However, 

Since saturated-drift-velocity (nu)ds of the electron which carries out the drift of during Si crystal I 

crystallization is (nu)ds= 1*10< 7>cm/sec, transit-time ttr of the electron which carries out the drift of 

the inside of a depletion layer becomes ttr=W/(nu)ds=0.3nsec, 

Cut-off-frequency fc(ttr) becomes fc(ttr)= 1.5GHz. 

As mentioned above, the diameter of a light reception about 250 micrometer and the pin 

photodiode of Si whose depletion-layer width W is 30 micrometer 

Since cut-off-frequency fc (CR) decided from CR time constant was 18GHz, in this pin photodiode, 

above-mentioned transit-time ttr will limit a cut off frequency, 

It understandlindicatelreveals that the 1.5GHz vicinity is a limit of an operating frequency. 
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[0007] Here, in order to achieve improvement in the speed of the response speed of a pin photodiode, it is 

necessary to enlarge a cut off frequency, 

Therefore 

The drift velocity in a semiconductor crystal should just use compound-semiconductor material, 

Ge, etc. which are a quick semiconductor crystal material compared with Si, 

However, 

Like a silicon-semiconductor process, it is not excellent in mass-production property, and since the 

diameter of a wafer is also small, a lowering of cost is difficult. 

[0008] On the other hand, let the photoelectric-conversion part which has a pin photodiode structure of Si 

be a basic composition in recent years, 

Quantum efficiency can be improved though thickness reduction of i layer which is a drift areal 

region in which a careerlcarrier carries out a drift in a photoelectric-conversion part is achieved, 

The near-infrared-light sensing element which can achieve improvement in the speed by 

shortening of transit-time ttr of the careerlcarrier which furthermore carries out the drift of the inside 

of i layer is proposed (a nonpatent literature 1, 2). 

[0009] This kind of near-infrared-light sensing element as shown in FIG. 4 
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DBR(Distributed Bragg Reflector) 152 which consists of laminated film of the 1st SiO2 layer 152a, 

the Si layer 152b, and the 2nd SiO2 layer 152c, and reflects near infrared light on the 1 surface of 

the Si boardlsubstrate 151 is provided. 

The photoelectric-conversion part 160 which consists of a pin photodiode structure of Si which the 

i layer 162 interposes between the n<+> arealregion 163 and the p<+> arealregion 161 is provided 

on DBR152, 

A surface with the light-receiving surface which consists of a surface of air and the P<+> areal 

region 161 forms the reflective surface which faces DBR152 (each other) on both sides of the 

photoelectric-conversion part 160 in the thickness direction (vertical direction) of the Si boardl 

substrate 151, 

The vertical resonator which consists of Fabry Perot type resonator (Fabry-Perot Resonator) by 

said reflective surface and DBR152 is formed. 

Therefore, even if it makes thickness of the i layer 162 in the photoelectric-conversion part 160 

small (it is small about the width of the i layer 162 in other words), a light-reception sensitivity can 
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be improved, and the distance of a careerlcarrier can also be shortened by making thickness of the 

i layer 162 thin, 

Therefore 

Improvement in the speed of a response speed can be achieved. 

In addition, the p<+> areal region 161 is electrically connected with the p electrode 165 by 1 said 

surface side of the Si boardlsubstrate 151, and then<+> arealregion 163 is electrically connected 

with then electrode 163 by 1 said surface side of the Si boardlsubstrate 151. 

M.K. Emsley, et al, Silicon Resonant Cavity Enhanced Photodetector Arrays for Optical 

Interconnects, Proc. of SPIE Vol.5246,p409-421,2003 

M.K. Emsley, et al, Silicon Substrates With Buried Distributed Bragg Reflectors for Resonant 

Cavity-Enhanced Optoelectronics, IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM 

ELECTRONICS,VOL.8,NO.4,p948-955,JULY/AUGUST 2002 

DISCLOSURE OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0010] However, 

In order to manufacture the near-infrared-light sensing element of the structure shown in FIG. 4, 

it is necessary to repeat twice basic process (Hydrogen-ion injection I grouting work is a bonding 

process, a peelinglexfoliation process, and a surface grindinglpolishing process.) required of the 

hydrogen injectionlpouring peellexfoliating method known as one of the formation methods of an 

SOI wafer before formation of the photoelectric-conversion part 160, 

The manufacture process was complicated and cost reduction was difficult. 

Moreover, the manufacturing method of the above-mentioned infrared-light sensing element 

cannot be applied when employladopting semiconductor crystal materials other than Si as a 

material of the photoelectric-conversion part 160. 

[0011] This invention was comprised in view of said reason, 

The objective is to be able to achieve improvement in the speed of a response speed, and for 

manufacture to provide an easy near-infrared-light sensing element. 

MEANS TO SOLVE THE PROBLEM 

[0012] The photoelectric-conversion part which has a photodiode structure where invention of Claim 1 

was formed in 1 surface side of a semiconductor substrate, and the drift arealregion was provided 
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between p form areajregion and n form areajregion, absorbs near infrared light, and an electronic* 

hole pair generatejoccurjproduces, 

With respect to the wavelength range of the near infrared light of the detection target which injects 

from the direction which is a slab typejmold photonic crystal which is laminatedjstacked on the 

light-receiving surface of a photoelectric-conversion part, or is formed in said light-receiving­

surface side in the inside of a photoelectric-conversion part, and has a refractive-index period 

structure in two dimensional surface inside parallel to said light-receiving surface, and intersects 

said light-receiving surface 

The slab typejmold photonic crystal by which the refractive-index period structure was designed 

have a resonance peak is comprised, 

It is characterized by the above-mentioned. 

[0013] According to this invention 

To 1 surface side of a semiconductor substrate 

To the light-receiving surface of the formed photoelectric-conversion part 

With respect to the wavelength range of the near infrared light of the detection target which injects 

from the direction which is a slab typejmold photonic crystal which is laminatedjstacked, or is 

formed in said light-receiving-surface side in the inside of a photoelectric-conversion part, and has 

a refractive-index period structure in two dimensional surface inside parallel to said light-receiving 

surface, and intersects said light-receiving surface 

By providing the slab typejmold photonic crystal by which the refractive-index period structure was 

designed have a resonance peak 

Quantum efficiency can be raised even if it makes thin the thickness of the drift areajregion of the 

photoelectric-conversion part of photodiode structures, such as a pin photodiode and an avalanche 

photo-diode, without providing a conventional vertical resonator, 

Therefore 

Can achieve improvement in the speed of a response speed, without making a light-reception 

sensitivity reduce, and again 

The slab typejmold photonic crystal which was laminatedjstacked on the photoelectric-conversion 

part or was formed in said light-receiving-surface side in the inside of a photoelectric-conversion 

part can be formed using the thin film coating technology, lithography technology, and etching 

technique which are general semiconductor manufacture process techniques, 

Therefore 

It can manufacture easily. 

[0014] The near-infrared-light reflection part which invention of Claim 2 surrounds said photoelectric­

conversion part in 1 said surface side of said semiconductor substrate in invention of Claim 1 by 
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two dimensional surface inside parallel to said light-receiving surface, and reflects the near infrared 

light of said wavelength range in said photoelectric-conversion part side is comprised, 

It is characterized by the above-mentioned. 

[0015] By providing the near-infrared-light reflection part which surrounds said photoelectric-conversion 

part by two dimensional surface inside parallel to said light-receiving surface, and reflects the near 

infrared light of said wavelength range in said photoelectric-conversion part side according to this 

invention 

It can prevent that the near infrared light of said wavelength range that injected on said 

photoelectric-conversion part through said light-receiving surface leaks to the side of said 

photoelectric-conversion part, 

Therefore 

Quantum efficiency can be raised more and a light-reception sensitivity can be raised further. 

[0016] In invention of Claim 2, invention of Claim 3 said near-infrared-light reflection part 

It is a two dimensional photonic crystal which has a refractive-index period structure in two 

dimensional surface inside parallel to said light-receiving surface, and consists of a two 

dimensional photonic crystal by which the refractive-index period structure was designed reflect the 

near infrared light of said wavelength range in said photoelectric-conversion part side, 

It is characterized by the above-mentioned. 

[0017] According to this invention, said near-infrared-light reflection part can be easily formed using the 

lithography technology and etching technique which are general semiconductor manufacture 

process techniques. 

[0018] In invention of Claim 1 thrulor Claim 3, the shape of invention of Claim 4 of said p form arealregion 

in two dimensional surface inside with said photoelectric-conversion part parallel to said light­

receiving surface and each said n form arealregion is comb-shaped, 

Said p form areal region and said n form areal region are mutually complex, 

The said drift arealregion consists of an i layer interposed between said p form arealregion and 

said n form arealregion, 

It is characterized by the above-mentioned. 

[0019] According to this invention 
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The thickness (width of i layer) of said drift areal region that consists of an i layer which interposes 

the mask at the time of forming said p form arealregion with a spreadingldiffusion or an ion 

implantation and said n form arealregion between said p form arealregion and said n form areal 
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region with relative position accuracy with the mask at the time of forming with a spreading I 

diffusion or an ion implantation is decided, 

Therefore 

The precision of the thickness dimension of said drift arealregion can be raised. 

[0020] ADVANTAGE OF THE INVENTION 

Invention of Claim 1 can achieve improvement in the speed of a response speed, and is effective 

in the ability to manufacture easily. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0021] (Embodiment 1) 
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As shown to FIG. 1 (a), (b), the near-infrared-rays sensing element of this embodiment 

While the semiconductor layer 3 which consists of a single-crystal Si layer of low concentration 

(For example, 10<13>-10<16>Cm<-3> extent) via the 1st dielectric layer 2 which consists of a SiO2 

filmlmembrane on the 1 surface of the semiconductor substrate 1 which consists of a Si boardl 

substrate is provided 

The 2nd dielectric layer 4 which consists of a SiO2 filmlmembrane is provided on said 

semiconductor layer 3, 

The photoelectric-conversion part 6 which has a photodiode structure of a pin photodiode, absorbs 

near infrared light, and an electronic* hole pair generateloccurlproduces is formed in the center 

section of the semiconductor layer 3. 

In the center section of the 2nd dielectric layer 4, the light-receiving surface of the photoelectric­

conversion part 6 

With respect to the wavelength range of the near infrared light of the detection target by which 

injectionlincidence (In this embodiment, it injected from the reverse side with the semiconductor 

substrate 1 side.) is carried out from the direction which is a slab typelmold photonic crystal which 

has a refractive-index period structure in two dimensional surface inside parallel to (the upper 

surface in FIG.1 (b)), and intersects said light-receiving surface 

The slab typelmold photonic crystal 7 by which the refractive-index period structure was designed 

have a resonance peak is formed. 

In addition, in this embodiment, the material of the 1st dielectric layer 2 and the 2nd dielectric layer 

4 is SiO2, 

The semiconductor crystal material of the photoelectric-conversion part 6 is Si, 

Therefore 

The refractive index of the semiconductor layer 3 becomes a high value rather than each refractive 

index of the 1st dielectric layer 2 and the 2nd dielectric layer 4, and in (The refractive index of 
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about 1.5 and Si of the refractive index of SiO2 is about 3.4.) and the photoelectric-conversion part 

6 

The waveguide mode which confines the near infrared light which injected from the light-receiving 

surface in the photoelectric-conversion part 6 according to a refractive-index difference with the 

medium of the both sides of the photoelectric-conversion part 6, and waveguides it exists, 

Quantum efficiency can be raised. 

[0022] In here, the near-infrared-light sensing element of this embodiment is used as a light receiving 

element of an optical communication, 

A 0.8-micrometer beltjbandjzone is assumed as a wavelength range of the near infrared light 

(input-signal light) of a detection target, 

Si is employjadopted as a semiconductor crystal material of the photoelectric-conversion part 6, 

Si boardjsubstrate is used as a semiconductor substrate 1. 

[0023] The photoelectric-conversion part 6 is with the p form areajregion 61 where the shape in two 

dimensional surface inside parallel to said light-receiving surface consists of a comb-shaped P<+> 

layer, as shown to FIG.1 (b) and (c), 
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Then form areajregion 63 where the shape in two dimensional surface inside parallel to said light­

receiving surface consists of a comb-shaped n<+> layer is mutually complex, 

In the shape in surface inside parallel to said light-receiving surface, the i layer 62 of an undulation 

state (the shape of a winding path) is interposing between the p form areajregion 61 and the n form 

areajregion 63. 

In here, the comb-tooth parts 61 band 63b of multiple (the example of illustration three) which it 

was equally spaced and were spaced apart are continuously formed in the left-right direction of 

FIG.1 (c) at each of comb bone 61 a, 63a with circular arc-shaped p form areajregion 61 and n form 

areajregion 63, 

In the left-right direction of FIG.1(c), the comb-tooth part 61b of the p form areajregion 61 and the 

comb-tooth part 63b of the n form areajregion 63 are alternately located in a line. 

In addition, the shape in two dimensional surface inside with the photoelectric-conversion part 6 

parallel to said light-receiving surface is formed in circular as a whole. 

Moreover, in this embodiment, the i layer 62 is comprising the drift areajregion provided between 

the p form areajregion 61 and then form areajregion 63. 
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[0024] Moreover, the contact hole is formed in the region to which the near-infrared-light sensing element 

of this embodiment overlaps with the p form areal region 61 in the 2nd dielectric layer 4, 

The contact electrode Sa which consists of a metal material which was embedded at said contact 

hole and was electrically connected with the p form arealregion 61 is electrically connected via Pad 

1 0a and the metal wiring 9a which were formed on the 2nd dielectric layer 4. 

Similarly, the contact hole is formed in the region which overlaps with the n form arealregion 63 in 

the 2nd dielectric layer 4, 

The contact electrode Sb which consists of a metal material which was embedded at said contact 

hole and was electrically connected with the n form arealregion 63 is electrically connected via Pad 

1 Ob and the metal wiring 9b which were formed on the 2nd dielectric layer 4. 

[0025] Moreover, the slab typelmold photonic crystal 7 is arranged so that it may have a 2-dimensional 

period structure by surface inside (Two dimensional surface inside parallel to the light-receiving 

surface of the photoelectric-conversion part 6 in other words) which many holes 72 orthogonally 

cross in the thickness direction of slab 71 which consists of a region currently laminatedlstacked on 

the photoelectric-conversion part 6 among the 2nd dielectric layers 4, 

The slab typelmold photonic crystal 7 which has said refractive-index period structure by the low­

refractive-index medium which consists of air in the high refractive index medium which comprises 

slab 71, and hole 72 is comprised. 

When a unit cell specifically forms hole 72 in each location corresponding to each lattice point of 

the hypotheticallvirtual two dimensional triangular gratingllattice of an equilateral triangle in slab 

71, the slab typelmold photonic crystal 7 is formed. 

If it paraphrases, hole 72 is arranged by triangular gratingllattice shape in surface inside 

orthogonally crossed in the thickness direction of slab 71. 

In addition, the refractive index of about 1.5 and air of the refractive index of SiO2 which is the 

material of the 2nd dielectric layer 4 is 1. 

[0026] The said refractive-index period structure is designed in design of the slab typelmold photonic 

crystal 7 have a resonance peak in the wavelength range of the near infrared light of a detection 

target as mentioned above. 
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Specifically, a, then Period a should just set period (It is a period of the refractive-index period 

structure of the slab typelmold photonic crystal 7, and is the distance during the lattice point of a 

two dimensional triangular gratingllattice.) of the sequence direction of hole 72 in the slab typel 
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mold photonic crystal 7 to the half-wave-length extent (For example, 1/2 of the wavelength of an 

infrared-light) of the infrared-light of said wavelength range, for example. 

In addition, about the optical propagation part which is the principal part comprised in the slab 

typelmold photonic crystal 7 and the photoelectric-conversion part 6 among the near-infrared-light 

sensing elements of this embodiment 

The semiconductor substrate 1 and a reverse side have a refractive-index difference with the air 

(refractive-index =1) which is a medium of slab typelmold photonic-crystal 7 and slab typelmold 

photonic-crystal 7 just overhead, 

The semiconductor substrate 1 side has the 1st dielectric layer (refractive-index =1.5) 2 and 1st 

refractive-index difference which are the mediums of photoelectric-conversion part 6 directly under. 

When there exist the medium and the above refractive-index differences which said optical 

propagation part is touching by each of up-and-down both sides (both sides of the thickness 

direction of the semiconductor substrate 1) in such an optical propagation part 

There exist waveguide mode in which the near infrared light which propagates an optical 

propagation part satisfylfills the total-reflection conditions of a up-down direction, and is completely 
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confined in an optical propagation part, and a mode (It calls in-plane resonance mode hereafter) 

which does not satisfylfill total-reflection conditions but can be couplelbonded with ambient light. 

When near infrared light is injected on such an optical propagation part from the exterior, one part 

near infrared light will couplelbond with in-plane resonance mode, 

Any of in-plane resonance mode and waveguide mode, may not couplelbond another one part and 

it may be permeateltransmitted. 

However, 

As negate/ after couplelbonding with in-plane resonance mode / the near infrared light re-radiated 

and the near infrared light to permeateltransmit 

In this case, all the near infrared light which injected on the optical propagation part couplelbonds 

with in-plane resonance mode. 

Thus, the light couplelbonded with in-plane resonance mode propagates the inside of an optical 

propagation part according to Q value of a resonance peak, 

Therefore 

Without providing a vertical resonator like the conventional structure of FIG. 4, in the thickness 

of the i layer 62 in the photoelectric-conversion part 6, even if thin, near infrared light is efficiently 

absorbed in the i layer 62. 

Moreover, in this embodiment, all the near infrared light of said wavelength range that injects on an 

optical propagation part couplelbonds with in-plane resonance mode, 

Therefore 

It is not necessary to provide a reflection layer like DBR at a reverse side separately with the light­

receiving surface in the photoelectric-conversion part 6. 

In addition, in-plane resonance mode is reported as guided resonances in publication 1 (Shanhui 

Fan, et al, Analysis of guided resonances in photonic crystal slabs, PHYSICAL REVIEW B, 

VOLUME 65, 235112). 

[0027] By the way, the near-infrared-light sensing element of this embodiment is formed in the middle of 

the thickness direction what is called using SOl(Silicon On Insulator) boardlsubstrate which has a 

SiO2 filmlmembrane, 
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Si boardlsubstrate of the back side in an SOI boardlsubstrate comprises the semiconductor 

substrate 1, 

The SiO2 film I membrane of an SOI board I substrate comprises the 1st dielectric layer 2, 

Si layer of the main surface side of an SOI boardlsubstrate is comprising the semiconductor layer 

3. 

That is, the photoelectric-conversion part 6 in a near-infrared-light sensing element is formed 

by introduceltransducing an impurity to the region corresponding to the each of the p form areal 

region 61 and then form areal region 63 with a spreadingldiffusion or an ion implantation in the 

24.03.2021 08:54:33 



JP2007013065A 

semiconductor layer 3 which consists of a Si layer of the main surface side of an SOI board I 

substrate, 

Therefore 

With relative position accuracy with the mask at the time of forming the mask at the time of forming 

the p form arealregion 61 with a spreadingldiffusion or an ion implantation, and the n form areal 

region 63 with a spreadingldiffusion or an ion implantation 

The thickness (It is the width of the i layer 62, 

Comprising: 

The distance of a careerlcarrier) of the i layer 62 which consists of a region interposed between the 

p form arealregion 61 and the n form arealregion 63 among the semiconductor layers 3 is decided, 

Therefore 

The precision of the thickness dimension of the i layer 62 can be raised. 

[0028] Moreover, after the slab typelmold photonic crystal 7 forms the photoelectric-conversion part 6 in 

the semiconductor layer 3 which consists of a Si layer of the main surface side of an SOI board I 

substrate 

After forming the 2nd dielectric layer 4 into a film with thin-film formation methods, such as CVD 

method, to the whole surface of the main surface side of an SOI boardlsubstrate, the resist layer 

by which the region corresponding to each hole 72 was pierced using the lithography technology is 

formed on the 2nd dielectric layer 4, 

It can form by etching the region corresponding to each hole 72 by the dry etching apparatus 

among the 2nd dielectric layers 4 by setting said resist layer as a mask. 

In addition, not only SiO2 but Si3N4 may be sufficient as the medium which comprises slab 71, for 

example. 

[0029] The near-infrared-light sensing element of this embodiment demonstrated above 
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The slab typelmold photonic crystal 7 by which the refractive-index period structure of two 

dimensional surface inside parallel to said light-receiving surface was designed have a resonance 

peak with respect to the wavelength range of the near infrared light of the detection target which is 
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laminatedlstacked on the light-receiving surface of the photoelectric-conversion part 6, and injects 

from a reverse side with the photoelectric-conversion part 6 side is provided, 

Therefore 

Quantum efficiency can be raised even if it makes thin thickness (width) of the i layer 62 of the 

photoelectric-conversion part 6 of the photodiode structure of a pin photodiode, without providing a 

vertical resonator like a structure before shown in FIG. 4, 

Therefore 

Improvement in the speed of a response speed can be achieved without making a light-reception 

sensitivity reduce. 

Moreover, the slab typelmold photonic crystal 7 laminatedlstacked on the photoelectric-conversion 

part 6 can be formed using the thin film coating technology, lithography technology, and etching 

technique which are general semiconductor manufacture process techniques, 

Therefore 

It can manufacture easily. 

[0030] (Embodiment 2) 

The basic composition of the near-infrared-light sensing element of this embodiment is 

substantially the same as Embodiment 1, 

Comprising: 

The point currently formed as shown in FIG. 2 in the form where the p form areal region 61 and the 

i layer 62 in the photoelectric-conversion part 6, and then form areal region 63 are located in a line 

with the thickness direction of the semiconductor substrate 1 is different. 

In addition, the same code is attached to the same component as Embodiment 1, and description 

is abbreviatelomitted. 

[0031] The p form areal region 61 and the n form areal region 63 of the photoelectric-conversion part 6 

in this embodiment are formed in the shape where the shape in two dimensional surface inside 

parallel to said light-receiving surface notched partial circle as shown in FIG.2(c), (d), 
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The region interposed between the p form arealregion 61 and the n form arealregion 63 among the 

semiconductor layers 3 is comprising the i layer 62. 

In addition, the p form arealregion 61 and then form arealregion 63 are formed by introduce! 

transducing an impurity to the region corresponding to the each of the p form arealregion 61 and 

the n form arealregion 63 with a spreadingldiffusion or an ion implantation in the semiconductor 

layer 3. 
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[0032] Moreover, the p form arealregion 61 and then form areal region 63 space apart the near-infrared­

light sensing element of this embodiment in the thickness direction of the semiconductor substrate 

1, and it is formed, 

Then form areal region 63 is formed in the position distant from the 2nd dielectric layer 4, 

Therefore 

The spreadingldiffusion wiring 63c (refer FIG.2(c)) for connecting electrically then form areal region 

63 and the contact electrode Sb is formed in the semiconductor layer 3. 

In addition, each contact electrode Sa, Sb are formed in the region which overlaps with each 

circumference of the p form arealregion 61 and then form areal region 63 in the 2nd dielectric layer 

4. 

[0033] Thus, without making a light-reception sensitivity reduce, improvement in the speed of a response 

speed can be achieved, and the near-infrared-light sensing element of this embodiment as well as 

Embodiment 1 can be manufactured easily. 

[0034] (Embodiment 3) 
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The basic composition of the near-infrared-light sensing element of this embodiment is 

substantially the same as Embodiment 1, 

Comprising: 

A point provided with the near-infrared-light reflection part 11 which surrounds the photoelectric­

conversion part 6 in 1 said surface side of the semiconductor substrate 1 by two dimensional 

surface inside parallel to the light-receiving surface of the photoelectric-conversion part 6, and, as 

shown in FIG. 3, reflects the near infrared light of the wavelength range of a detection target in the 

photoelectric-conversion part 6 side is different. 

In addition, the same code is attached to the same component as Embodiment 1, and description 

is abbreviatelomitted. 
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[0035] By the way, the near-infrared-light reflection part 11 in this embodiment is a two dimensional 

photonic crystal which has a refractive-index period structure in two dimensional surface inside 

with the near-infrared-light reflection part 11 parallel to said light-receiving surface, 

It arranges so that it may have a 2-dimensional period structure by two dimensional surface inside 

which many holes 11 a orthogonally cross in the thickness direction of slab 11 b which consists of 

some semiconductor layers 3, 

The two dimensional photonic crystal which has said refractive-index period structure by the low­

refractive-index medium which consists of air in the high refractive index medium (here Si) which 

comprises Slab 11 b, and Hole 11 a is comprised. 

Specifically, when a unit cell forms Hole 11 a in Slab 11 bat each lattice point of the hypothetical I 

virtual two dimensional triangular gratingllattice of an equilateral triangle, the two dimensional 

photonic crystal 11 is formed. 

If it paraphrases, Hole 11 a is arranged by triangular grating I lattice shape in surface inside 

orthogonally crossed in the thickness direction of Slab 11 b. 

[0036] The said refractive-index period structure is designed reflect the near infrared light of the 

wavelength range of a detection target in the photoelectric-conversion part 6 side as mentioned 

above in design of the two dimensional photonic crystal 11 in here. 

Specifically, b, then Period b should just set period (It is a period of the refractive-index period 

structure of the two dimensional photonic crystal 11, and is the distance during the lattice point 

of a two dimensional triangular grating I lattice.) of the sequence direction of hole 11 a in the two 

dimensional photonic crystal 11 to the half-wave-length extent (For example, 1/2 of the wavelength 

of an infrared-light) of the infrared-light of said wavelength range, for example. 

[0037] Thus, in the near-infrared-light sensing element of this embodiment, it can prevent that the near 

infrared light of said wavelength range that injected on the photoelectric-conversion part 6 through 

said light-receiving surface leaks to the side of the photoelectric-conversion part 6 by providing the 

above-mentioned near-infrared-light reflection part 11, 
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Therefore 

Quantum efficiency can be raised more and a light-reception sensitivity can be raised further. 

Moreover, it comprises the two dimensional photonic crystal by which the refractive-index period 

structure was designed so that the near-infrared-light reflection part 11 might be a two dimensional 

photonic crystal which has a refractive-index period structure in two dimensional surface inside 
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parallel to said light-receiving surface and might reflect the near infrared light of said wavelength 

range in the photoelectric-conversion part 6 side, 

Therefore 

The near-infrared-light reflection part 11 can be easily formed using the lithography technology and 

etching technique which are general semiconductor manufacture process techniques. 

In addition, in this embodiment, the two dimensional photonic crystal 11 is comprised according to 

the period structure of two kinds of mediums of Si and air, 

However, 

It is substantial with the dielectric material (For example, Si02 etc.) into which a refractive index 

differs Hole 11 a from Si, and it is sufficient to make it form the two dimensional photonic crystal 11 

by said dielectric material and Si. 

By the way, in each said Embodiment, Si is employladopted as a semiconductor crystal material of 

the photoelectric-conversion part 6, 

Si boardlsubstrate is used as a semiconductor substrate 1, 

However, 

Not only Si but Ge and compound-semiconductor crystallcrystallization material may be sufficient 

as the semiconductor crystal material of the photoelectric-conversion part 6, for example, 

Not only Si boardlsubstrate but Ge boardlsubstrate, a GaAs boardlsubstrate, etc. may be sufficient 

as the semiconductor substrate 1, for example. 

Moreover, in each said Embodiment, the slab typelmold photonic crystal 7 was comprised 

according to the period structure of two kinds of mediums of Si02 and air, 

However, 

It is substantial with the dielectric material into which a refractive index differs the inside of hole 72 

from Si02, and it is sufficient to make it form the slab type I mold photonic crystal 7 by said dielectric 

material and Si02. 

Or it is good also as a period structure of the medium of 3 or more type, 

For example 

By forming Si3N4 filmlmembrane which coatlcovers the internal peripheral surface of hole 72 

provided at slab 71 which consists of Si02 

It is sufficient to make it comprise the slab type I mold photonic crystal 7 by three kinds such as 

Si02, Si3N4, and air. 
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[0038] Moreover, in each said Embodiment, the slab typelmold photonic crystal 7 is laminatedlstacked on 

the light-receiving surface of the photoelectric-conversion part 6, 

However, 

Instead of laminatinglstacking the slab typelmold photonic crystal 7 on the photoelectric-conversion 

part 6, it is sufficient to make it form in the light-receiving-surface side in the inside of the 

photoelectric-conversion part 6. 

Moreover, in each said Embodiment, the photoelectric-conversion part 6 has a photodiode 

structure of a pin photodiode where i layer was provided as a drift areal region 62 between the p 

form arealregion 61 and then form arealregion 63, 

However, 

As long as the drift arealregion is provided between the p form arealregion 61 and the n form 

areal region 63, the photodiode structure of an avalanche photo-diode may be sufficient as the 

photoelectric-conversion part 6. 

[0039] Moreover, to slab 71, the slab typelmold photonic crystal 7 in each said Embodiment is formed, 

when a unit cell forms hole 72 in each location corresponding to each lattice point of the 

hypotheticallvirtual two dimensional triangular grating I lattice of an equilateral triangle, 

[0040] 
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However, 

Not only an equilateral triangle but a square may be sufficient as a unit cell, for example, 

In this case, a unit cell should just form hole 72 in the region corresponding to each lattice point of 

a square hypotheticallvirtual two dimensional tetragonal lattice. 

Moreover, in each said Embodiment, in order to form the refractive-index period structure of the 

slab typelmold photonic crystal 7, many holes 72 are formed in slab 71, 

However, 

Instead of providing hole 72, it is sufficient to provide holes of another aperturelopening shape, 

such as a triangular-shaped hole and a rectangular hole, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1: Embodiment 1 is shown, 

(a) is a schematic plan view, 

(b) is the schematic perspective view fractured by A-A' of (a), 

(c) is a horizontal sectional view. 
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FIG. 2: Embodiment 2 is shown, 

(a) is a schematic plan view, 

(b) is the schematic perspective view fractured by A-A' of (a), 

(c) is a horizontal sectional view, 

(d) is an another horizontal sectional view. 

FIG. 3: Embodiment 3 is shown, 

(a) is a schematic plan view, 

(b) is the schematic perspective view fractured by A-A' of (a), 

(c) is a horizontal sectional view. 

FIG. 4: It is a schematic sectional drawing which shows a prior art example. 

DESCRIPTION OF SYMBOLS 

[0041] One semiconductor substrate 

The dielectric layer of 2 1st 

Three semiconductor layers 

The dielectric layer of 4 2nd 

Six photoelectric-conversion parts 

Seven slab typelmolds photonic crystal 

8a, 

8b contact electrode 

9a, 

9b metal wiring 

10a, 

10b pad 

61 P form arealregion 

62 I layer 

63 N form arealregion 

71 slabs 

72 holes 

JP2007013065A 

1. 1. The photoelectric-conversion part which has a photodiode structure where formed in 1 surface side 

of a semiconductor substrate, and the drift arealregion was provided between p form arealregion and n 

form areal region, absorbs near infrared light, and an electronic* hole pair generateloccurlproduces, 

With respect to the wavelength range of the near infrared light of the detection target which injects from 

the direction which is a slab typelmold photonic crystal which is laminatedlstacked on the light-receiving 
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surface of a photoelectric-conversion part, or is formed in said light-receiving-surface side in the inside 

of a photoelectric-conversion part, and has a refractive-index period structure in two dimensional 

surface inside parallel to said light-receiving surface, and intersects said light-receiving surface 

The slab type I mold photonic crystal by which the refractive-index period structure was designed have a 

resonance peak is comprised, 

The near-infrared-light sensing element characterized by the above-mentioned. 

2. 2. The near-infrared-light reflection part which surrounds said photoelectric-conversion part in 1 said 

surface side of said semiconductor substrate by two dimensional surface inside parallel to said light­

receiving surface, and reflects the near infrared light of said wavelength range in said photoelectric­

conversion part side is comprised, 

The near-infrared-light sensing element of Claim 1 characterized by the above-mentioned. 

3. 3. The said near-infrared-light reflection part is a two dimensional photonic crystal which has a 

refractive-index period structure in two dimensional surface inside parallel to said light-receiving 

surface, and it consists of a two dimensional photonic crystal by which the refractive-index period 

structure was designed reflect the near infrared light of said wavelength range in said photoelectric­

conversion part side, 

The near-infrared-light sensing element of Claim 2 characterized by the above-mentioned. 

4. 4. The said photoelectric-conversion part has a comb-shaped shape of said p form areal region in two 

dimensional surface inside parallel to said light-receiving surface, and each said n form arealregion, 

Said p form arealregion and said n form areal region are mutually complex, 

The said drift areal region consists of an i layer interposed between said p form areal region and said n 

form arealregion, 

The near-infrared-light sensing element in any one of Claim 1 thrulor Claim 3 characterized by the 

above-mentioned. 
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Claims (10) 

formed :.:n the semiconductor 

on :hi:: in1rirn;ic :8yn1 At 

~er::;,_ir. -c:t:s::·m::.,erm~ti in that at least one uneven The method of c!airn 1, At least mw trench is r or med in any 

o:ie cf the fast conductlw: conductive rhe method of c:airn 1, And an uppe:· 

and ,l 1, 



color filter rirrny. The method of claim 4) wherein Thr. adhesive layer is an image sensor) chmacterized in that formed of a thermal resin. forming ri metal wiring lriyer including a 

metcil wiring and an interlayer insulating film on the semiconducw :;i;bwate on which the CMOS circuit Ji; formed; Forming a first conductivity type conduc:ive layer or: the 

rnetalliz.a\ion Forming an intrini;ic layer on the first conductivity type conductive layer; And Forming a i;econd conduc\ivity type conductive laye1· on the intrinsic laye1·, At least 

one uneven portion is fo:rned on an upper surface of any one of the first conductive conductive intrinsic layer, and the second conductive conductive layer. The method of 

clriim 6: ~om1ing the uneven port:on en the upper surface of any one of thr. fast conductive conduct:ve layr.r1 the intrinsic layr:r rind the second conductive ccnductivr. layer formed 

on the metal wiring) Forming at least one mai;k pattern or: any one of the flri;; conduc:ivity type conductive l,1yer and the intrinsic !ayer; And forming at least one :rench on an upper 

su1face of any one of the first conductive type mnductive layer; the intrinsic !ayer1 and the second conductive type conductive layer by the mask pattern as an etching mask. 

The method of claim / wherein The trench is a method of manufacturing an image sensor1 charncterized in that formed by a dry etching method or a wet etching method. The 

method of claim i\ ~orming rin uppr.r electrnde on the second conductive conductivr. layei-; And And fo1·ming a 

Forming an adhesive !ayer formed of a thern1ai re:;in on the upper electrode. 

Description 

Image sensor and method for manufacwring thereof 

: to 5A rire d:agrnms :!!ustrating a rnanufactunng pmcess of the imagr. sensor of the fast embodiment. 

6 to 9 me dirigrnms illustrnting a manufacturing process of the ima[je sensor of thr. second embodrnent 

: 0 to 1 '.:i arr. d:agrnms :!!ustrating a manufactunng pmcess of the :mage sensor of the third embodrnent 

rhe embodiment discloses an image sensor and a method of manufoctu1·ing the srime. 

on the upper electrode. The method of claim 1) 

An image sr.nsor is a sr.miconductor device that converts an optical image into an eiectrica! signa!, and is classified into a charge coupled device (CCD) imagr. sensor 

and a complementary metal oxide silicon i:cMOS) imnge sensor do. 

CCD sensor has driving mr.thod, high power consumption) multi stage photo pmcess) and ma11ufactui-in[! has comp!:cated disridvantage. 

Therefore., as a next gener,ition im,ige sensor to overc:ome the disadvantage of the charge coupling device1 Mor:;e image i;er.sor is atirncting attention. 

The CMOS by sequen:ially detecting ,m elee:rirnl signal of each unit pi>:ei by ,l :;witching method by fo:n1ing ,l photodiode and a MOS 

transistor in the unit pixei. 

This CMOS image sensor is simpler to dri 11e than the CCD image sensor1 which is widely used as a conventional image sensor, and can realize various scanning rnethods1 

and can signal processing onto a singie chip1 thereby miniaturizing the product The use of compatible CMOS technology reduces manufacturing costs and 

lowern power consumption. 

The CMOS image sensor accord:ng to the relrited art m2:y br. divided into 2: photo diode rr.gion (not shown) that rr.ce:ves a light si[jnal and convr.rts the light signai into an 

electrica! signa!1 and a trnnsistor region shown) that pmcessr.s thr. electrical signal. 

the CMOS rnage sensor according tc the 1-r.iated mt has a structure in a photodiode and a transistor me horizontally en a semiconducto1· 

Of course; althot:gh the dirndvantages of the CCD im,ige sensor have been i;cived by the horil.On:ai CMOS im,ige sensor according to the prior mt1 there are i;:ill 

problems in the hori?.Ontal CMOS image senrnr according to the prior an. 

That is, according to the horizontal CMOS itnage sensor according to the prior ar( the photodiode and the transistor are formed adjacent to each other horizontally on the 

sut:strate. Accordingiy, there ls a need for an additiona: area tor fo:·ming a photodiode1 thereby reducing the fill factor area and limiting the possibility of resolution. 

In addition, according to the hori?.Ontal CMOS image sensor according to the wior art there ii; a problem that it is very difficult tc achieve the optimization for the process 

of manufacturing the photod:ode and h··~r.c,idr:r ::.t same time. That is
1 

in a ~""t ·t,..,n, .. ,:,t,., a shallow .iunction is for but such a 

shallow junction mriy not br. suitab!e for a photodiode. 



In addition, according to the horizontal CMOS image sensor according to the pnor c1rt, thr. size of the unit p:xel is inci-eased or deci-eased to mc1:ntain the sensor 

sensitivity of :he image sm;or cl:; additionai on-chip functions are added to the image i;er.sor. Should be 

the :;ensor is reduced1 and the area of the pholodiode decreasei; in the senrnr i;er.sit!v!;y of the !mage 

sensor. 

The embodiment provides an irnage sensDr and a method of rnanufactw'ir1g the same that can provide new integration of transistor circuit; and photodiilde:;. 

The present invention also provides an image sensor and a methild of manufacturing the same1 in which resoiutbn and senrnr sensitivity can be improved tDgether. 

In addifon; to provide im 

\
1ertkal photodiode. 

sensor and a m:thod of n1anuf actur!ng the same that can achieve cl light condenscltion rate and simplify the proce:;s while employing a 

An image sensor according to an embodiment includes a semicDnductor substrate Dn which a CMOS circuit ls formed; A metal wiring layer inciuding a meta! wiring and 

an insulating film fo;rned on the semiconductor P1. tirst conductivity type conduc-;ive layer fo;rned on the metal wiring iayer; An imrinsic layer formed 

on the f:rst conductivity type conductive luyer; And a sr.cond conductive conductive layer formed on the intrinsic iayei-1 whm:n any one of the first conductive conductive 

layer1 the intrins!c layer; ar:d the second conductive conductive layer has at least one uneven port!on formed :hereon. It ir:cludei;. 

In addilion1 :he mar:ufoclurir.g method of the image r;ensor according lo the embodiment comprii;er; the r;tepr; of: forming a metrJi wir!ng layer inc!uding rJ meta! wiring 

and an inter!ayer im;uiating mm on the semiconductilr i;ubstrate on which the CMOS circuit ii; formed; Forming a nr·st conductl'vity type conductive :ayer on the 

metallization :ayer; Forming an intrinsic on the fas1 conduc1ivity type conductive !aye;·; 1-\nd forming a second conductive conductive on the intrinsic and 

forming an unr.ven portion on an upper surface of any one of the first conductive conductivr. layei-1 the intrinsic iaye1·1 and thr. second conductive conductive iayel'. Steps. 

HP.re:naftr.r, an :mc1ge sensor and a method of munufacturing the same according to an embodiment wiii be dr.scribed in detail with reference to the accompanying 

drawings. 

In thr. description ernbodimr.nts1 where described as bein~J forn1ed / ove:"' of each the or:/ over may be directly or through c:nother 

ir:cludei; every:hing formed. 

In the drawings) the :hickness or size of each layer is e:<,iggemtedj omitted; or schematically illt:i;1rnled for cor:ver.ier:ce and ciarily of demi pt ion. !n addition) the :;i7.e of 

each component does not r:.l1't•<:(::11•11v reflect the actual size. 

In addition; the same code i symbol was used about the same part in demiptiiln of each Example. 

5.A is a cross-:;ectior.al view of :he image smor clccording to :he first ernbodimer::. 

5A1 the im:ige i;er.sor of the embod!menl inc!udei; a sen1icor:ductor i;ubstmte ·1 O on which a CMOS circuit li; formed; A me:al wiring layer 20 including a metal wiring 22. 

and an imeriayer insuiating mm 21 formed on the semiconductor substrate 1 0; A fast cDnductiv!ty type conductive layer 30 formed on the metal wiring layer 20; Ari 

imrinsic layer 40 for:ried on 1he fl:'st conduct:vny type conductive :ayer 30; And a second conductivl1y type conductive layer 51 having an uneven por1ion 53 formed on an 

uppei- surface of the :ntnnsic layei- 40. 

rhe lowN r.iectrodr. 25 muy br. formed on thr. !:nr. 22. 

An uppe1· eiectrode 60 and a co!or f:!ter array 80 may be formed on the sr.cond conductive ccnduct:ve layr.r S:. 

In addition, an adhesive 

resin. 

70 may be formed between the upper electrode 60 and the color filter army 80. For example, the adhesive :ayer 70 :s formed of a thermal 



A plurnlity of trenches :.i2 1-rrny br: forrnr:d in the second conductive conductive !ayer 51 so that the upper surfacr. of the second conductive conduct:ve layr.r S1 may have 

im uneven portion 53 hiwlng a plurnlity of uneven shapes .. 

A!:ernative!y1 ai: l!!ustr:ited in FIG. 581 one uneven per: ior: 53b mi:y be formed in the :,econd conductive rnnducl:ive !ayer 51 b rnnnected lo the metal wire 22 to form one 

pixel. 

As shown in FIGS. 5A. and 58, the photodiode formed on the metal wire 25 connected to the CMOS circuit (not shown) ii; formed to have at :east one uneven portion. 

Therefore; since the photodiode having at least one uneven portion is formed in one pixe: inc!uding the CMOS circuit and the photodiode1 the area of the photodiode can 

be to ilght sensing eff'iciency. 

A.n image senrnr according to an embodiment may provide vertical integration of a trarn;ii;tor circuit and a photodiode. 

In addition; the fill factor can be approad1ed to 100% by integration of the transistor circuit and the photodiGde. 

In addition, the integration can prnvide higher sensitivity at the same pixel i;ize than the prior an. 

In additiot\ each unit pixel can implement a more complex circuit without reducing the 

In addition, the rnrface of the photodiode formed in the unit pi>:e: is formed in a dome shape, so that the i;urface area per unit pi>:e: is increai;ed; so that the light receiving 

region of the photod:ode is enlarged: thereby 

In addition, the rnrface of the photodiode formed in the unit pi>:e: is formed in the shape of a dome such as a micro leni; to maximil.e the :ight co!!ecting rate. 

In addition: since the photodiode i:; fmrned in a shape similar to a !ens: a separate microlern; forming prnms may not be pe1formed1 thereby simplifying the process. 

A. method of manufacturing the image i;ensm of the first embodiment will be dei;cribed with reference to FIGS.1 to 5A. 

Ref ening to F!G. 1, a meta! wi:·ing layer 20 including a metal 2.2 and an interlayer ini;ulating film 21 is formed on a semiconductm substrate 10 on which a CMOS 

circuit (not is formed. 

A.!though not illustrated, an isolation layer (not shown:i defining an active region and a field region ii; for med in the semiconductor substrate ·10, and the photoelectric 

charges received by t:1e photodi:::des connected to a photodiode described later to form a unit pixel are used as electrical signals. A mos circuit (not shown) may be 

formed cf a transistor structui-r: for chang:ng the circuit into a trnnsistoL 

A!thc:ugh not show1\ the metal wiring :ayei- 20 rnay be formed of a plurn!:ty of connect thr. powr.r !:nr. 01· the signal line to the CMOS circl::t. 

The mr.tal wiring layer 20 is formed of a plurality of metal wirings 22 forrnr:d through the :nterlayr.r :nsul8ting film 21 and the interlayer insulating film 2: on thr. 

sen1icor:ductor i;ubstrate ·1 Q. 

For example) the interlayer insulnling fl:m 2'1 rn8y be formed of 8r: oxide fllr.11 and the meta! wire 22 may be formed of various conductive materi8ls lncluding met,111 alloy) 

or i;ilicide1 that ii;, aluminum, copper) cobalt, or tungsten .. 

The lower e!ectrnde 25 may be formed on the meta: wiring layer 20 to be elee:rirnlly cor:nected to the rne:al wiring n For e:Gimplej the !ower electrode 25 may be 

formed of rnetali; such as Cr, Ti: TiW, and Ta. Of course; the lower electrode 25 may not be formed. 

A. rnetal 22 connected to the CMOS circuit of the i;emiconductor substrate 10 may be formed on the interlayer insulating layer 21, and then a photodiode may be 

formed on the :riernl wiring layer 20 to form a unit p!xel. 

The photodiode is formed on the metal wiring 18yer 220 to receive and receive light incident from the outside to convert and store in an electrical form. In this 

embodirnr:n( a pin diode is used. 



rhe pin diode is formed of a structme in which an n type amorphous silicon layer1 an intrins:c amorphous silicon layer, and a p-type amorphous silicon layer are bonded to 

ecich o:her. The performcince of the photodiode is determined by the efficiency of cor:vertlng it into electrical form by recelvlng external ligh: and the 1:otrJi charge 

caoac1tcmce. The photodiode i:; depleted when heterojunctlon of PN, NP, NPN, PNP: etc. A!though the charge is generated and stored in the region1 the f:n diode i:; 

a photodiode a structure in which an intrinsic amorphous silicon which is a pure semiconducrnr, is bonded between a silicon layer and an 1"1-type 

layer. All of the intrinsic amorphous silicon layers formr.d therebetwr.er: br.come depletion rr.g:ons1 wh:ch is advantageous for gr:nemtion and storage of charges. 

As described above, in the r.xemplary r.rnbodiment a pin diode is usr.d as the photodiode1 and the pin diode may hrive a structure of f)-1-N or N-1-P. Prirticular!y1 in the 

ernbodin1ent1 ci pin rnucture hiwlng a PiN struc:ure is used as an ex.ample, ,md the n-:ype ,imorphow; !ayer include:; a first conductive ;ype conductive !ayer :~D ar:d 

the intrinsic amorphous in this intrinsic layer 40 and the p-type amorphous silicon layer are ref erred to as a second conductivity type conductive 

laye;· 50. 

A method of forming the photodiode pin diode will be beiow. 

A first conductivity type conductive is formed on the metal layer 20. The first conductivity type conductive :ayer 30 may i;erve as the N layer of the P-1+: 

diode employed in the present embodiment That is: the fast conductivity type conductive layer 30 may be an N type conductivity type conductive layer, but :snot limited 

the:r.to. 

The fast conductivity type conductive layer 30 may be formed us:ng n-doped amorphous sil:con doped with N-type impurities1 but is not iimited therr.to. 

rhat is1 the first conductivity type conductive 

or the like 

is a·Si: H, a-SiGe: Hi a-SiN: Ha· by add:ng ~Jerrnanium1 carbon1 nitrngen or oxygen to amorpnous silicon. SiO: H 

In addifon; the flri;t conductivity type conductive !ayer '.~fJ may be formed by chemical vapor depoi;i:ior: ir: partict:!arj PF.CVD. For example, the first conductive 

conductive layer 30 may be f onned of amorphoui; silicon by PWJD by mixing PH 
3

; P 
2 

H s, and the iike with silane gas (SiH 
4 

). 

[·~ext, an intrinsic leyer 40 is formed on the first conductivity type conductive layer 30. The intrinsic layer 40 may serve as an I layer employed in the embodiment. 

The intrinsic layer 40 may be formed using intrinsic amorphous silicon. The intrinsic !aye;· 40 may be formed by chemical vapo;· deposition 

FOi" r:x.ample1 thr. intrinsic layer 40 may be formed of amorphous silicon by PtC\/D using silane gas (S:H 4 ). 

in particula;·, PECVD. 

In addition: the intrinsic !ayer 40 is preferabiy for med to a thicknei;i; of about ·10 to 1,000 tirnes the thicknm of the first conductive type conductive layer 30. This is 

intrinsic layer ,10 is, the more the depletion of the photodiode is adva:ntac1eous for stoi'lr19 amoum 

of photochar9es. 

r·~ext, a second conductivity type conductive leyer 50 is formed on the intrinsic layer 1W. 

The second conductivity type conductive layer 50 serve as a P laye;· of the P+N diode employed in the embodiment. That is, the second conduct:vi1y type conductive 

layr.:· 50 may be a [.) type conductivity type conductive layer, but is not limited thereto. 

For example, the second conductivity type conductive layer 50 may be formed usinq P-doped amorphous s:!:con, but is not limited thereto 

1"he second conductivity typr: conductive may be fo1·med by chem:cal vapor deposition (CVD)1 :n pmticular, PECVD. Foi- example1 the second conductivity typr. 

conductive l,iyer 50 be formed of amorphoui; :,ilicor: by PF.CVD by mixing :l gi:i; :,uch as BH 3 or B 2 H 6 vvith :,ilane i:siH ,1 ). 

As described since the circuit region fotrned on the semiconductor substrate 10 and the photodiode ate vertically formed 1 the flii factor of the photodiode may 

Refe:-rin:J to FiG. 2, a mask pattern 1 O:J is formed on the second conductive conductive :ayer 50. 



rhe mrisk pc:ttern 100 is to form the second conductive conductive layer 50 in the form of :n-r:gu!arities. The mask pattern 100 is fo1·med by c:pplying and patterning a 

photorei;i:;t film 

At least one rnai;k pattern ·1 OfJ may be formed on :he ::ecor:d conduc:ive conductive l,:ye: 50 so that :he upper surface of the :;econd conductive conductive !ayer 5fJ h,:i; 

a step difference. 

Ref ening to FiG. 3, the trench ;52 is forrned by etching the i;econd conductive conductive layei· 50 using the rna:;k pattern ·100 ai; an eth mask. Then, the rnneave-convex 

portion 53 of the concave-convex is formed on the upper surface of the second conductivi::y type conductive :ayer 51 by the trench 52. 

second conductive conductive layer 51 be etched by a dry In particular: the etching second conductivity type conduc-;ive layer 51 

proceeds so that the :nt:·ins:c lc:yer :10 under the second conductivity type conductive :aye1· i.i1 :snot exposed. 

P1.s described above, since ::he uneven portion 53 is formed on t:1e upper su1·face of the second conductive conductive layer 51, the surface area of t:1e second conductive 

conductive i.il is rind thus the lifjht receiving area of the photodiode :s increased. 1'h:s can be extended to improve the !:ght detection mt:: of the imc1ge 

sensor. 

increase the light df!ciency of the photodiode. 

Ref ening to F!G. 60 is formed on the second conductive type conductive :ayer 5·1 on which the uneven portion 52. is formed. 

The upper e:ectrode 60 may be formed of a transparent e:ectrode having good light transrnittar1ce and high conductivity_ For mrnple1 the upper e!ectrode 60 may be 

formed of oxide or ca1·diurn tin oxide (CTO). 

By the shape of the uneven portion 53, the uppe: electrode 60 may a:so be formed in the uneven having a step. 

Ref ening to F!G. an adhesive !ayer 70 and a color filter 60 are formed on the upper e:ectrode 60. 

The adhesive layer 70 is to improve the adhesion between the upper e:ecti·ode 60 and the co:or f:ltei· 80. The adhesive layei· 70 is formed by depositing a thermal resin on 

the upper electrode 60 and then pe:'fol·ming a planarizatlon process. To form. 

In addition, a colo1· filter 80 ls formed on the adhesive layer 70. 

In the irnage sensw formed as dei;cribed above1 photodiodes having a plurality of dome diapes may be forrned in one pixet thereby improving light condensation. 

A:te1:nat1ve:v, as i::ustrated in FIG. 58, one uneven portion 53b rnay be formed in the second conductive conductive :ayer 5'lb fotrned on the rnetal wiring 22. 

As a result1 the light receiving area is extended by the uneven shape of the photodiode1 thereby increasing the photosensiti11e index. 

Second Ernbodirnent 

9 is a i;ectional view of an irnage i;enso: according to a i;econd ernbodirnent 

The image :;ensor of the 0n1b0dirnent with refomnce :o F!G. 9 includes: ,l :;erniconductor i;ubst:ate 1 Q on which a CMOS circuit ii; f orrned; A meta: wiring 20 

including a plurn:ity of rnetal wirings 22 and an interlayer im;ulating filrn 21 fo:rned on the semiconductor i;ubst:ate 1 O; A first conductivity type conductive layer 31 having 

a:: leas:: one uneven po!'tion 33 formed on an upper surface of the metal wiring layer 20; An intrinsic iayer 40 formed on the first conductivity wpe conductive iayer 31; And 

c1 second conduct:v:ty type conductive layer 50 formed on the inti-in sic !ayer 40, 

At least one trench 32 may be formed in the first conductive conductive layer 31 so thc:t one or moi-e uneven portions :f3 may be formed on an upper sui-facr: 

rnnductive ccnductive l:iyer :~1. 



rhe lowN e:ectrode 25 mriy be formed on the metc1! !:nr. 22. 

An uppN r.:ee:trc:dr. 60 and a cc:!or f:!tr.r array 80 may be formed on the sr.cond conductive ccnduct:ve layr.r 50. 

In addition, an adhesive :aye1· 7G may be formed between the upper electrode 60 c111d the color filter army SO. For example, the adhesive !ayer 70 is formed of a thei-mal 

resin. 

A mc1nufocturing process of the image i;ensor of the :;econd embodiment will be der;crlbed wl:h reference :o F!GS. 6 to 9. 

Rde:ring to F:G. (\ a metri: wirlng !aye: 20 :ind :i lower elee:rode 25 are formed on the :;emiconductcr rnbstrnte 1 Q. 

Since the sr.miconductcr substrate 1 G, the mr.tr:llization :ayN 2G, rind thr. lower electrode 2f.i me the samr. as :n the above-described fast embodiment1 description thereof 

will be omitted. 

After forn1ir.g the met,il 

metal wiring layer 20. 

22 connected to :he CMOS circuit of the semkor.ductor substrate ·10 on the interlayer insul,iling film 2'1 1 a photcdiode is formed or: :he 

The photodiode is f0:rned on the metal wiring layer 220 to receive and receive light incident frnrn the outside to convert and store in an foim In this 

embodiment, a pin diode is used. Since the photodiode used in the second embodiment is the same as the first embodiment, a detailed description thereof will be 

omitted and only the precess sequencr: will be descr:bed. 

A met:iod of forming Ihe photodiode using the pin diode will be described beiow. 

Nter fo:·ming the first conductive conductive layer 30 on the metal wiring iayer 20, at least one mask pattern 100 is fo1rned on the fast conductive conductive layer 30. 

The mask pattern 100 is fo1· forming the fast conductMiy type conductive ln the form of irregularities. The mask pauern 100 is formed by coating and patterning 

~ photoresist film. At !east one mask pattern 100 may br. formed on thr. fast e:onductivity type ccnduct:ve layr.r 30 so that the upper surface of thr. fast e:onductivity type 

conductive layer 30 has a i;;ep difference 

Referring to F:G. 71 the trench 32 Ji; formed by e1ching the fr:;t conductive rnnductive !ayer '.~fJ using the mirnk p,ittern ·1 DO ai; an e:ch mask, Then, the ccnrnve-convex 

portion 33 c□nc:;ne·~m1'J'ex ls formed on the upper surface of the first conductivity type conductive !ayer 31 by the trench 32. 

The first conductive conductive layer 3'1 may be etthed by a dry or wet etching process. !r. p,irticular1 the etching cf :he first conductivity type conduttive :ayer 3'1 

proceeds so that the meta: wiring layer 20 poi;itioned under the first conductivity type conductive layer 3'1 is not ex.posed. 

Referring to F:G. 31 an intrinsic and a second conductive conductive layer 50 are i;equentia!!y formed on the first conductive conductive :ayer 30. 

The!\ the intrinsic layer 40 f0:rned aiong the upper surface of the first conductivity type conductive layer 31 has a stepped upper surface by the uneven portion 33 of the 

first cc:nductivlw type conductive layer 31. The second conductive conductive layer 50 has a stepped upper surface by the intrinsic :a)'er 1+0. 

Therefore, the surface of the photodiode including the fast conductive condunive layer 3: 1 the imrinsic layer 401 and the second conductive conductive layer 50 is formed 

in an uneven sh2:pr. to improve the !:ght rntr. due to the :ncrease of the surface area. it becomes 

In additlo1\ since the photodiode has a shape such as a convex iens: :tis possible to improve the iight co::ecting rate. 

In addition, the photodiode may have at ieast one uneven portion per pixel to increase the iight detection rate of the photodiode. 

Referring rn FiG. 9, an upper elernode 60 is formed on the second conductive conductive layer 50. 

The upper e:ectrc:de 60 :riay be formed of a transparent e:ectrode having good light transmittance and high conductivity. For example1 the upper e:ectrode 60 may be 

formed cf :ndiurn tin oxide (ITG) or cardiurn tin oxide (CTO). 



rhe adhesive layer 70 and the color f::ter 80 are fo1·med on the upper electrode 60, 

The 2:dhesive layr:r 70 is to improve the adhesion between the uppeI· r::ectrodr: 60 and the co:01· f:lter 80, The adhr:sive I1:yer 70 is formr:d by depositing a them1al I-r:sin on 

the upper electrode 60 and ther. performing a planarization process. To form 

In addition1 a color filter 80 is en the adhesive layer 70. 

Thlrd Embodiment 

·: 3 is a t:ectional view of ,in image t:er.sor amlrding te a third embodlmen1 

rhe imrige sensor of the embodiment with reforencr: to F:G, 13 includes a semiconductor substrnte 10 having ri CMOS c:I-cuit formed thmon; A metal wil"ing !ayer 20 

including a plurn!l:y of me:al wirings 22 and an interlayer insul,iting film 2'1 formed en the semkor.ductor sub:;trate 'W; A flrt:: condur.:ivity type conductive layer 30 

formed on the metal wiring layer 20: An intrinsk layer 41 having at least one uneven portion 43 formed on an upper surface of the first conductive conductive 30; 

And a second conductivity type conductive layer 50 formed on the imrinsic layer 41. 

f.i.t least one trench 42 may be formed in the intnnsic layer 111: and at one uneven portion 1.1.3 may be formed on an of the intrinsic :ayer 41. 

The lower eiectrode 25 may be formed on the meta: :lne 22. 

t,n upper eiectrode 60 and a 80 may be formed conductive conductive 50. 

In addition, an adhesive !ayer 70 be formed between the upper electrode 60 and the color filter array 80. For ernmple, the adhesive iayer 70 li; formed of a thermal 

resin. 

A manufacturing of the image sensor of the second embodiment will be described with ;·eference to F:GS. 10 to 13. 

FiG. 10,ametal and a 25 semiconductor substrate 10. 

Since the semiconductor substrate 101 the metellirnion iayer 201 and t:Ie lower electrode 25 are the same as those of the first embodiment described above, description 

thereof will be c:mitted. 

After forming the meml wiring 22 connec-ied to the CMOS circuit of the semiconductor substrate 10 on the interlayer insulating film 21, a photodiode is formed on the 

metal wiring layer 20, 

rhe photodiode is formed on the metal wil"ing layer 220 to receive and recr:ive incident from the outside to convr:rt and store in an electrical form. In this 

ernbodin1ent1 ,l pin diode i:; w:d. Since the photodiode used ir. the second ernbedirner:: is the same at: the first embodlmentj a detailed dewiption :hereof will be 

omitted and only the process sequence will be described. 

A method of forming the photodiode using the pln diode will be dei;c;foed be!ow. 

The f:rin conductivity type conductive layer 30 and the intrinsic layer 40 are sequentially formed on the meta: wiring layer 20. 

The mask pattern 100 i:; formed on the ir.trir.sif. l,iyer 40. 

The rn,d: p,Htern mo is for f orrning the intrinsic !ayer 4() in the ferrn of irregu!aritles. The mask paUern rno it: f orrned by applying and patterning a photoresist film. At 

least one 100 may be fo;rned on tr:e intrinsk so that the upper surface of the intrinsic !ayer 41 has a step. 

Refening to F!G.11 1 the trench 42 ii; formed by etching the intrinsk layer 40 using the mask pattern ·100 ai; an etch mask, Then. the uneven portions 43 ha11ing the uneven 

shape are formed on the upper surface of the intrins!c layer 41 by the trench 112. 



rhe int1·insic lriyer 41 may be etched by a dry or wet etching process. In particu!ar) the etching of the intrins:c layr.r 41 pmceeds so thrit the first conductivity type 

conductive lciyer '.~O po:;itioned below the in:rim;ic layer 4·1 ii; not m:poi;ed. 

Referring :o F!G. 121 a i;ecor:d conduc:ivity type conductive l,:yer 50 is forn1ed on the intrinsic byer 4'! 

in the i;econd conductive type conductive l,:yer 50 formed along the upper surface of the intrinsic layer 4·1 1 :he upper surfoce is stepped by the uneven ponior: 43 of 

the intrinsic !aye:· 41. 

Therefore; the surface of the photodlode includl:19 the first rnnductive conductive layer 301 the intrinsic layer 41, and the i;econd conductive rnnductive layer 50 is formed 

in an uneven shape to improve the iight ra-;e due to the increase area. it possible. 

In addition, since the photodiode has B shape such ai; a convex ieni;, lt is possible to imprnve the iight coiiecting rate. 

Ref ening to F!G. 9, an upper electrode 50 is formed on the sernnd conductive conductive layer 50. 

The upper eiectrode 60 may be formed of a transparent eiectrode having good light transrnittar1ce and high conductivity_ For example1 the upper eiectrnde 60 may be 

formed of oxide or ca!·d ium tin 

The adhesive layer 70 and the color fiiter 80 are formed on the upper electrode 60. 

adhesive is to improve the adhesion between the 60 and the coior f!lter 80. layer JO is formed by a the!rnal resin on 

the upper elect!·ode 60 and Ihen performing a planarization process. To form. 

In addition: a color filter 80 :s formed on the adhesive layer 10. 

The embodiments desc!·lbed above are not limited m the above-described embodiments and drawings, and it is to be understood that various rnodif1caiions, 

8nd changes can br. made dep8rting frcm the technic81 spirit of the present embodiments. It w:!! br. obvious to those who have it. 

According to the image sensor 8nd the manufacturing method thereof 8ccordin[J to the embodiment, it is possible to pmvide vertical intr.grntion of the trnnsistor c:1-cuit 

,md the photod:ode. 

In 8ddifon; the fill foctor c,in be ,ippro8ched to ·100% integr,ition of :he trnn:;istor circuit ,ind the photodiode 

In addit:oi\ the vertical integrntion can provide hi9hr.r sensitivity at the same pixel s:ze than the pnor art 

In 8ddit:on, e8ch un:t pixel can implement a nwe complex circl::t without reducing the 

In addition: by adopting a vertical photodiode) insul8tion or.tween unit pixels is secured) therr.by preventing crosst8ik betwer.n pixels and the likr., thereby improving 

reli,:bility im:ige i;ensor. 

In :iddition1 in implementing the uni: pixe! of the photodiode; the light seni;ing ratio m8y be impmved by increasing :he i;urf:ice ,ire8 of the photodiode in the unit pixel. 
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Method for Manufocturing of Image ~:ensor 

Image sensor and method fo1· manufacturing thereof 



Priority Applications (1) 

Application Priority date Filing date Title 

2007-05·17 2007-05-17 Image sensor and method for manufacturing thereof 

Applications Claiming Priority ( 1) 

Application Filing date Title 

20fJJ.%17 image sensor and method for manufacturing thereof 

Legal Events -~ 

Date Code Title Description 

2007-05-17 A2.01 Requei;t for examim3tion 

2008-04-15 E902 Notification of :'ea son for refusal 

2008-10-20 E601 Decision to 

Concepts .,\ 

machine-extracted t Do,1vn:o,:3d Filtt:r table ,, 

Name Image Sections Count Query match 

~ manufacturing prncess tit!e1claims!abst:actidesCl'ipt:on 20 0.000 

53 rrnoo 

~ meta! c:aims)abstrnctdescription '"') :J,1 0.000 

~ sem:conductor 28 0,000 

~ substrate c:aims)abstrnctdescription 26 0.000 

~ !ayer 228 rrnoo 

c:aims)description 21 0.000 

;:1 0 000 

'14 lHJOO 



~ resir: t!airni;,descrlpl:ion 8 0000 

~ re:,in ciaims/ewiption 8 lHJOO 

~ etching t !airni;,descrlption 7 0000 I 

~ dry etching ciaims/ewiption 4 l\000 

~ metaiiisation t!ai1rn;,ciescrlption 4 0.000 

~ wet etching ciaims#i;c;·iption 4 O.:JOO 

~ method abstract,ciescrlption 16 0.000 

~ sensitivity 2.bi;tract1de1;c;·iption 8 0.000 

~ silicon abstract,ciescrlption 4 0.000 

~ silicon 2.bi;tract1desci·iption 4 0.000 

~ compiement abstract,ciescrlption 0.000 

~ insulation 2.bi;tract1de1;c;·iption 2. 0.000 

~ metai oxide abstrnct1descr:ption 2 0.000 

~ meta: oxides 2.bstrnc(desc:·Jption 
,., 

0.000 L 

Sho\i\1
' :3!! concepts fron1 t:-H: sect:on 

Data provided by iF! Cl.AIMS Patent Services 



( 19) ~ ~-1Il ~ ~ i5~ ::~ (KR.) 
( 12) ~71l~c.,S'j-=g-JJ_(A) 

(51) Int. Cl. 

HOIL 27/146 (2006.01) 
(21) ½-'i'l li'J.~ 10-2007-0047886 
(22) ½-'\'l ~7-} 2007\:!051117~ 

{l4~a T~7-} 2007\:!051117~ 

~DH=; o-l 10-2008-0101301 

(11) -=g-7flit!~ 10-2008-0101301 
(43) -=g-7fl~Ar 2008\:ill-%121~ 

(71) ½-'i'l'il 
'T~ :§'.IA} %1j!-t;}o] laj 

Ai%'=;~ Al 7J-'-a-T i::J-l~l % 891-10 
(72) ~"lg7.} 

{l ~ 'il-
Ai% ~ ~ ±-T ~~7% 1967 

(74) i::J-lcl 'il 
"B'J¾~ 

~",loj]~ 0 1°]7-.] ~AioJl TI~ -3:/-"'..-5'.., ,¼]£A ~-5'..7} "§";:JB 1s31-£~l 7]~; ,,._J-7] 1s3}£f·ll 7]~ ,,._J-oJl <'"i'l,,._,;lB ii-~BR 
-~ ~ c;;-Z!-~'i':l.c'.j-~ ±.~ii}~ ii-~BR.7,Jc;;-; ,,._J-7] ii-~Bl~c;;- ,,._J-oJl "§-"',;JB ~ll 5=.aj_"§ aj_5=.c;;-; ,,._J-71 -~ll 5=.aj_<'"i'! aj_ 
5=.c;;- AJ-oJl "§-"',;JB ~-"',;le;;-; ~ AJ-71 ~-"',;le;;- AJ-oJl AJ--'¥- K1i'ioJl ~°15=. ii}Lf O]AJ--91 _B_~-"f-7} "§A,;JB A7]2 5=.aj_"§ aj_ 

£~~ _¥_W~Ii-

53 

- 1 -

80 

70 
60 
51 

22} 
21 

-10 

20 



~DH=; o-l 10-2008-0101301 

'c:}7] ;,;,]l £~~ ~£¼, ~,,,2~ ~ ;,;1]2 5=.~~ ~£¼ "is'" 0,,1:::::_ ii}Lj--9] ~-2- i ,,_Jl\'- li1i'l.61] ~0,5=. 3}Lj- 0VJ 

'2-] R~l\'-7} ~A;.JB ~~ '=;~.Q_s'_ ii}~ 0]o]7'l -'lli"l-

J-J7] ii-:'-;-BB~ J-J61l ~/;,JB ;<;111 £"tl~ ~£t' ~A;.Jt ~ .,112 £"tl~ ~5=.~ "is'" 0,,1:::::_ ii}Lj--9] ~611~ ~0,5=. ii} 

Lj- o]J-J-9] E~_:'x.17} ~/;,j.:8_ 3i~ YWii}-:= 010]7'] 1flA7_ 

,,_J7l ;;s111 5=.~~ ~£~, ~,,,2~ ~ ;<;112 £"tl~ ~£~ "is'" 0,,1:::::. ii}LJ--91 --;;--91 ,,_J-'f- li1i'l.oJl~ ~o,£ ii}LJ- 0VJ-9] 

R~-','-7} ~Ads:1~ U7ll~ YW5}-:= 01Pl7'] .1JIA7-9] ;;sJl:3=:BJ'EJ. 

,,_J7l ii-¾BB~ 'c:}oJl r;P;.JB ,,_J7l ;,;1]1 5=.~~ ~5=.~, ;~l_A;.l~ ~ ;;sJl2 5=.~~ ~£~ "is'" 0,,1:::::. ii}Lj--9] ~-91 J-J_t,'-li 

1i'l. 611 _B_~-','- ~ ~ Ad ii}~ U7ll ~, 

- 2 -
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<5> 0lul;,;] AJl"'f~- ~"&~ "§--"J(Optical Image)i ~71 ?,,j_jts_ 'i'!~A]7'l-c- 1s1.£7fl _±_;,;(.}s_A7, 3..711 ~o}~~.±.A} 

(charge coupled device:CCD) 0 ]u];,;l -"illAiQ} 0]_5:,_J-(Complementary Metal Oxide Silicon:CMOS) 0lul-=<:] ,WA7 

(CIS)s=_ -=?--l:t--'8.tj-. 

<6> CCD o]u]7-] ~A1-:= -=?-%'clJ~ol ~~fi}.:il., ~~.±.l=l]7} ~ ¥'i'l- o}L-]4, tj-tf-711Q] -±£-=g-:x.:Jo] _B_-=i7-s=]E..s=_ _,;-J]3=:.:g­

:x.3o] ~~~ tt-1Ji ~.:il. 9}..Q..Ds=_, 3']2611-c- --"'J7] ~t,}~~_±_;,;(.}_9] i:a~i .C::.:-~t5}7l -'fl~ ~}.-\1li.:Jl 0 ]u]-=<:] ~A7s_ 

"'1 l/.]-2..A o]u];,;] -"ill"'77} T~i ~.:il. 91-cl-. 

<7> 0]_:s:i_A 01u]_;,_] illA1-c- t!-.!?1 ~.±. Ll-1611 -±£9-0].2_..1=..Qf 5'..AEil:B_;,;]AE7~ ·~PaAHJ..Q..s=_fiA] A-'fl~ BJ~..Q..s=_ Zr t! 
-'fl ~.±.Q] ~71~ --;-l_jt~ 'i?~}~__c,_s=_ 7i'J½ti}oj '11--"'Ji -'r-~~i:+. 

<8> o]c-j~ 015'..A 010]7-] ~"'7-c- ~t'-11 o]ul.-=<:l -"illA7s=_ \cl.cl A}-§--s=].:iI 91-c- CCD o]u];,;] ,WA761] l=l]fi}oj -=?-%BJ~o] Z} 

1B_f5}.:il. tj- 0J~ A7H1cJ BJ~.9i -'?-~ 0] 7}';:;"fi}uj, ?,,]_:it~-,21 ~ tf-~{161] -iJ~W T 91°1 _,;-J]¾Q] .±.q:j.§:}7} 7}-'c5-W 

¥'i'l- 0}Y4, jt~_;Il-91 .,y,l_s:i_A 7]~i A}-§--t,}us=_ _,-J]3'::tr7}~ '5:t½ 4- 9}.:il.,~~ .±.5'.. EE~ '5:t-cl--c- 7'J-1J i ;,;ly 

.:iI. S'l i:+ . 

<9> ~c.117]~611 .9i~ 015'..A 0]u];,;] ~A7-c- ~ ?,,j_jt~ ~o}"'i ~7]?,,j_jts_ l=l}'yo-j T-C- -±£9-0].2_..1=..(Photo diode) 

"§~(Til.£A]):iI} o] ~7] ?,,j_jt~ ~1clti}-:= Eil:B_-=<:]AE7 '1l~(u].5=_Al)..Q..s=_ -=r-l:t-w T >li:+. 

<10> .::L'i':111] ~t'-117]~61] u:j-~ .,Y,]5'..c::=: 0 ]u]7-] ,WA7-c- ±.£c} 0].2_cQ} Eil:B_7-]AE77} 1s1.£71] 7]otl-61] 4-:;i:J__c,_s_ BH5:.]s=]-c­

-y-3'::o]c}. 

<li> ~~, ~t'-117]~611 Q]~ 4-:;i:Jq:J 015'..A o]ul7-] ~"'761] Q]<'iH CCD olu]7-] ~A7.Qj tf--1Jo] iiH~s:]7]-:= fi}';J..Q..y-, ~ 

t'-117]~61] Q]~ 4-:;i:Jq:J 0]-2..A o]u];,;] ~A:Joil-c- ◊:j~<'>] -lt-.,;-J]~~o] 9}c}. 

<12> ~, ~t'-117]~611 Q]~ 4-:;i:8q:J Ml.:s:1..A o]u];,;] ~"'761] Q]<'>}1i'! ±.£ctol.2_..1=..Qf Eil:B_7-]AE77} 7]otl- --"'J61l --"'Jjt 4-:;i:8__c,_ 

£ '?.l 7i'j fi}oj "'§-"'a 8 c}. o] 61] u:j-2}' -±£qo] .2_..1=.. "'§-"'a i -'fl~ 4-7}~ '?.l '1l ~ o] _B_-y-s=] 9' o] 61] -91 ()H =\M. ~ E7 

(fill factor) '1l~i ~_±_J,17'].:il. i:-1]1I~1!(Resolution)Q] 7}'o";cli _,;-J]~<'>}-c- -lt-.,;-J]7} 9}q. 

- 3 -
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:c<joJ] t:110 ~31:§:J-~ ~Jjt,}~ ~ 0 1 °B-9- oJcl¾ -!f-~]7} ':Uc}. :::";-, "8c':;'0 Ei@A]AE7 y 7cJoj]A7~ ;sJ-2 1i'J.7-7<5J 

(low sheet resistance)i -'fl'oB J,)!_s_--'f- :c<j~(shllow junction) 0 1 R-'r.s=JLJ-. -±.s=..c} 0 ].2_coJ]~ 0 ]2,H} AJl_s_--'f­

:c<.3~(shllow junction) 0 ] 3j~ti}Al 'iti 4-- 9lct. 

<14> .:f.0, ~t'.117]~611 210 4"-2I,:3qsl /J.l_51_A 0 lo]Al i!!J,761] 21ii}1i'J. 4-7}3j'Z]_ _g.{Hon-chip) 7]'o~ 0 1 °1°1A] {ilA7oj] 

4'-7}.s=]1i'J.A7 B-'fl:§:J-~21 3.717} 0 ]u];;,;] /l,:1}7..721 .1;1}A7E]J::l-1El(sensitivity)~ %;;,;lt,} 7 ] -'fl'oB ~7}.s:]774 .:I:.~ 7cJ-~ 

.s=] oj 0 ~ 0ct. 

<15> 1 ttl11l. ~~1.} 0 17.7} ~7}.s=]tl. 0 lo]Al ~A121 i'1H'l.f~(Resolution) 0 ] 7cJ-~ti}711 .s=]uj, .:f.0 -±.s=..i::.} 0 ].2_£21 1i'l. 

31 °1 °1 Pl 7-] {ilJ..7 21 {ilJ..7 El J=J-1 El ( sensitivity )7} 7cJ-~ ti}~ -!f-,,;1]7} ~/.8 0ct. 

<16> {l_?..]cii]~ Ei@:,.]AE7 §Js_Q} -±.s=..i::.} 0 ].2_£21 J-Bs_¾ :fil3j i .,;1]y%)- 4-- 91~ 0 ]u];;,;] {ilJ..7 ~ ::r21 ~ls::BJ'EJ i ~l 

Y0ct. 

<17> .:f.0, i'.11¥-f~(Resolution):i!J- -1lHEJJ=J-1El(sensitivity)7} W-"11 7l-;1~ 4-- 91~ 0 lo]Al ~Al ~ 121 ."C\1ls::BJ'fl 

i _,;7]y0c}. 

<18> .:f.0, 4--31qsl21 -±.s=..c} 0 ].2_£~ ;,B-§-ii}'i'J.7..7 ~-'er~ ,,.J--"J:i!J- %?..]oJ] y:cz.:J B'i?:§:J-~ 0 1~ 4-- 91~ 0 1°];;,;] {i}A7 ~ 

7 21 _,;7]3=:1=1Ji:tj i ."C\1lyti}.:iIA} 0ct. 

<19> {l_ Al cii] oJ] u:} ~ 0 1°17-] J,.1}J..7 ~, l,,\l _51_A ~➔ £7} qsj Jj -'fl 1sll-5=..il] 7 ] -'t!-; --"J7] 1sll-5=..ill 7] -'tr --"JoJ] qsj Jj -'B. ii-¾ BB~ ~ 

~zl-~'i'::!c'fi ±Wti}~ ii-c':;'llB~~: --"J7l ii-c':;'llB~~ --"JoJl qsjJ.;.j-'8_ ,,;,]1 5=.ajqsj ~5=.~; --"J7l _,;7]1 5=.ajqsj aj5=.~ 

-'cl-oJl qsJ ~ B ~)j ~; ~ --"J7l ~H:.J ~ -'cl-oJl qsJ J.;.j-'8_ ,,;,12 5=.aj qsJ aj5=.~ i ± Wti} .::,:r, --"J7l ,,;,]1 5=.aj qsJ ~5=.~, ~ 

J.;.j~ ~ ,,;,12 5=.~qsj ~5=.~ ~ oj.:'::::.. ti}Lj--9] ~2, -'cl-4'- Ktl.oJ] 3joj5=. ti}Lj- oj--"J-9] R~l,'-7} qsjJ.;.j-'8_ -3:Ji ± 

w0cr. 
<20> .:f.0, {J.7..]cj]oJl u:}~ 0 1TI1Al {ilA7Qj ,,;7]3=:ciJi:tJ 2, ,¼]_51_A §Js_7} qsjJ.;.j-'8_ 1sl}5=.;"<1l 71-'t!- ,,.JoJ] ii-¾llB~ ~ ~zl-~'i'::! 

c'fi ±Wti}~ ii-¾llB~~ i qsjJ.;.jt,}~ BA]; --"J7] ii--:',-llB~~ --"JoJl ~ll 5=.~qsj aj5=.~ i qsjJ.;.jt,}~ BA]; --"J-71 

.,;1]1 5=.ajqsj ~5=.~ AJoJl -~P.:.J~i qsjA;.jt,}~ Ull]: ~ --"J7] -~P;.l½ --"JoJl ~12 5=.ajqsj aj5=.½i qsjJ.;.jt,}~ Blll~ 

±Wti}uj, --"J7] ,,;,]l 5=.ajqsj ~5=.~, ~/j~ ~ ,,;,]2 5=.ajqsj aj5=.~ ~ oj2= o}L}-9] ~21 --"J-4'- Ktl.oJl R~-1\'-~ 

qsjA;.jt,}~ BAl~ ± W0ct. 

<22> {l_J.]cJ1211!i:l:JoJl ~J◊-iJ..1. z]- ~21 "AJ/-$1(on/over)"oJl qsj--";.l.s=]~ -3:).Q..s_ 7],,;B.s=J~ 1-l-9-oJl 9loJ, --"J/-'fl(on/over) 

~ 31~(directly)Q} .:I:.~ c}~ ~i 7H,,;Bii}oj(indirectly) qsjJ.;.j.s=j~ -3:li _51_-'r ±W0c}. 

<23> £1i'l.oJ1"1 z.J-~21 -'r-"llLJ- 3.7]~ 1!i:l:J21 ~21 ~ i:l:J~Pa i -'flti}oj =4~.s=J71LJ- A,JJ~.s=J71LJ­

.s=J~ct . .:f.0 zj- -'r--";.lR~-9] 3.71~ {l_,,;113.7]~ aj3j.Q..s_ ~C§ti}~ -3:)2 o}i_:iq. 

<27> 5=. 5a~ %3'::ii}oj, {J.7..]cj]-9] 0 1°1,::,;] ~J..7~, l,,\]_51_A §]s_7} qsjJ.;.j-'8_ ~5=..ill 71-'t!-(lO); --"J-7] 1sll-5=..il] 71-'t!-(10) ,,.J 

oJl "§--";.l-8 ii-¾llB~(22) ~ ~zl-~'i'::!c'f(21)i ±Wti}~ ii-c':;'llB~~(20): --"J7] ii-c':;'llB-;1~(20) --"JoJl qsjJj.:,rJ_ .A1ll 

5=.ajqsj ~5=.~(30): AJ7l ~ll 5=.ajqsj aj5=.~(30) --"JoJl qsjJ.;.j.:,rJ_ ~/.;.j~(40): ~ --"J-7] ~--";.l~(40) --"JoJl AJ-1\'-Ktl.oJl 

R~l\'-(53)7} qsl.,j-8 ,,;,]2 5=.ajqsj aj5=.~(51)i ±W0ct. 

<30> .:f.0, --"J7] ,,.J-1f-aj~(60).:iI} ~2.-PiE1 oji'.1] 0 ](80) J,} 0 ]oJ]~ ~zl-~(70) 0 ] qsjJ.;.j~ 4-- ':Uc}. cJ]~ ~°7 --"J-7] ~Zf 
~(70).':'. ~ 4--Al(thermal resin)£ qsj--";.l.:8.c}. 

- 4 -
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<31> "2}7] A7]2 5=.ajq:j aj5=.~(5l)oJ]~ ~'4'-1HQ] Ei@_',;](52)7} q:j/-;;jS:]oj AJ-7] A7]2 5=.ajq:j zj_5=.~(51)Q] AJ-1\'-R1i1-2. ~ 

7"-7HQ] _8_{/q:jAJ-i ~~ _8_{!1\'-(53)7} qc]Jg~ T :Uri. 

<32> x~, 5=. 5boJl 5=.7']-8 ti}-"} :Q- 01 AJ-7] ii-¾BH,:.-1_(22):i!} zi.~.s=ioi .3}Lj-Q] '2:lAii 0]-'j'-~ AJ-7] •"7]2 5=.~qcj aj5=.~ 

(5lb)oJl ~ .3}Lj-Q] R{! 1\'-(53b)7} ''iP.:l ~ '4'- ?J ti. 

<33> 5=. 5a ~ 5=. 5boJ] 5=.7']-8 ti}-"} :Q- 01, ;,,q_s:i_A .§:]£(P]5=.7'l)Q} zi_~s=]~ ii-¾BH,:.-1_(25) AJoJ] qcj,,;,JB Ys..q- 0 ]-2..-'=.. 

7} ~o,5=. t,}LJ- oVJ--'"1 .B..{11\'-~ 7}715=.~ qcJ..1;,JBti. 

<34> rr}t.J-Al, J,{]_2_7-. .§:1£-"} .3t.s_qo]_Q_c£ o]-'j'-0,7]~ t,}Lj-Q] '2:l's"l.Oi] ~°15=. t,}Lj- o],,,sJQ] _8_{/1\'-~ 

-2..-'=..7} qcj/-;;l.s:1°£-¼] AJ-7] Ys..q-0].2.EQ] 'i'1~ 0l ~7}.s:10, %7cf7-.] 1L1ti ~7}Al~ T ?Jti. 

<36> .:E~, Ei.;'+[7]AE1 .§:]£-"} Ys..ti 0]_<;>__c:=_Qj '4'-~qcj .:fil~oJl -'"l~H =\M. ~E-j(fill factor)~ 100%0!] -2-~7'1~ '4'-

9Jti. 

<37> x~, '4'-3lqcj .:fil~oJl -'"l~H ~c1j7]~_1,l_q :Q--2. '2:j~ .A}o].::z.oiv:i ~-2. .7,,l}7'7Ejtl]E](sensitivity)~ ~l-'5W T 
:Uri. 

<39> .:E~, B.<i'l '2:jA;Jl_ i+!oJl '~P;;l-8 Ys..q-0].2.EQ] K1i1°1 % qc]El]S'.. qc]J;,l.s:1°7 B-'H '2:j~ rJ li'i'1~ 0] ~7}z,}◊:j ±£ 

q-0 ]-2..-'=--°'1 Y%~~ 0l ~rl1.s:1o, %1L1ti ~7}717'1~ '4'- :Uri. 

<AO> x~, B-'H '2:j~ i+!oJl qc]J;,j-8 Ys..r:.}0 ]-2..-'=..Qj K'i'1°l P} 0]3.£,ill.::Z._<,} :Q--2. %qcjElJ£ qcj..12.s=ioi .:fil%1ti .C::.:-i::l1:§:J­

Al~ T :Uri. 

<41> .:f.~, AJ-7] ys_qo]_<;>__c:=_.9.] qc]El]7} ,m.:z.54 -ltA~ qc]El]S'.. qcj/-;;l.s:1o.] ~5=.Q] P}0].=1£,@.::z. qc]J;,j-'57,:j i ~,sJjt,};:,;] 

*0}5=. .s:1°£ -'5 7ai B'i?:§:J- Al~ T :Uri. 

<43> 5=. 1i {,J-3'::3}◊:j, M]-2..A .§:]£(P]5=.7'l)7} qcj/-;;l-8 1sl}5=.ll] 7].>t!-(10) AJoJl~ ii-'.'.';-BH.,:.-1_(22) ~ ~D~'?'!cIJ-(21)i ± 
Wt,}~ ii-'.'.';-BHJd~(20) 0l qc]A.:J.s:1°1 :Uri. 

<44> 5=.7'-]t,};:,;]~ *S;};:;;;]'i'!, AJ-7] 1sl}5=.}J] 7].>t!-(lO)oJ]~ ~E]_t:!. ~~ ~ =\Mc ~~i 73-'"]z,}~ ~.:z}~t.]c'j-(o]5=_7'.l)o] 

''iP.:l.s:1°1 :U219, B-'H '2:l~i ''/P.:Jt,}7 ] .'fl~H 3f-~S1~ Ys..r:.} 0]-2..coil '?'!~.s:1°7 '4'-%-8 %ajt,}~ aj7],;-l.it£ 

Jt!:§:j-7'] 7 ]7] .'fl~ Ei@;:,;]AEj ~,~: .. ~-£ o]-'j'-oj~ M]-2..A .§:]£(P]5=.7'l)7} qc]Jg.s:10, :Ui T '.Ur:.}. 

<45> 5=.7'-]t,};:,;l~ *'.j;.}7]'i'!, AJ-7] ii-¾BH.,:.-1_~(20)-2. aj~t.}'?J .:E~ {l.itt.}'?]:i!} M]-2..A .§:]£~ ~¾Al7]7l .'fl~H ~yQ] 

~ 2£ qc]A.:J~ "'r :Ur:.t. 

<46> AJ-71 ii-'.'.';-BH,:.-i¼(20)-2. 1sl}5=.}J] 7].>t!-(10) "c}oJl ~TI~'?'!cIJ-(21):i!} AJ-71 ~TI~'?'!c'f(21)i :,;,r~t,}cxj qc]J;,l.s:1~ ~T 
si.] ii-¾BH.,:.-1_(22)2£ qcj/-;;l.s:1o, :Uri. 

<48> "2}7] ii-¾ BA .,:.-1_ ~ (20) AJoJl AJ-7] ii-'.'.';- BH.,:.-1_ (22) :i!} aj 7] ~ 2£ '?'! ~ S1 ~ z,}4'-aj C:::.:-(25) i qcj Ad W y 5=. ?Jr:.}. oll ~ 

~O,, AJ-71 3}1\'-~C:::.:-(25)-2. Cr, Ti, TiW ~ Ta:ic} :Q--2. ii-¾2£ qc]A.:Jw T :Uri.~~ AJ-71 z,}-'f-aj.C::.:-(25)-2. qcj 

,,2 S1 ;:;;;] * i "'r SJ. ti. 

<49> AJ-7] ~TI~'?'!c'f(21)oJl .,,_J-7] 1sl}5=.}J] 7].>t!-(lOl.9i M]-2..A .§:1£54 '?'!~.s:1~ ii-¾BH.,:.-i(22)i r;p;;j~ 3f- AJ-7] ii-¾BH 

/{i~(20) AJ-1\'-£ Ys..r:.} 0 ]-2..-'=..~ qcj/-;.jt,}cxj 1i±-'fl'2:l~i qc]A;.Jw "'r 9Jti. 

<.50> AJ-7] Ys..r:.} 0]-2..-'=..~ ii-¾BH.,:.-1_~(220) AJ-1\'-oJl r/'J.78.s:1°7 911\'-oJ]7'7 'iJA}.s:1~ 1cJJi ~ 0} aj7]~ qc]El]S'.. aj~ ~ _1,3_ 

:,;,rt,}7] .'fl~ ~12£ {!.7,]oJ]oJ]7'7~ Jt1. r:.} 0 ]-2..-'=..(PIN diode)~ A}-§-~ti-

<51> "2}7] Jt1. r:.} 0]_<;>_c~ nqcl tl] 7a~ {!9f~(n-type amorphous silicon). ~..,2 1=1] 7.:J~ {!9f~(intrinsic 

amorphous silicon), pqcl tl] 7a~ {!c~f¼(p-type amorphous silicon) 0l ~'tr-8 ~3'::£ qcl.7;,j.s:1~ ~ 0lti. Ys.. 

r:.} 0 ]-2..-'=..Qj Aa~-2. 911\'-.9.] 1cJJi ~o} aj7]~ qcj£11£ zj_~z,}~ 1L1r:i!J- ~ _l,3_3,'r 7}~ aj7]~(charge capacitanc 
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e )oll rr}t} ~ 73 sci~ 5l .Q.._s=_ 71 ~ S!1 Y_£c]- 0 l _2_ c ~ P-N, N-P, N-P-N, P-N-P ~ S!1 °1 ~ ~ ~J,l J-,!V,;J sci~ .=g-";'j "2J ~ 

(Depletion region)◊il aj3}~ J-JV,;J W _l_il__'\'r3}';J24, ,,,_J7l 31:! i::.J- 0 1_2_..1=..~ p"C§ {!t-lf'?-=4 n"C§ {!t-lf'? .-"} 0 1011 

"ii:-4-~ ~5=.,;;Jl~ zl_Jg l=lf"d~ {!2:Jf-? 0 1 ~~B -'r3'::S!1 % i::.J- 0 1-2._c_s=_J..7, ,,,_J7l pq,lci!} n"C§ .-'-} 0 ]011 qp,;Jsci~ zl 

.,2 l=ll Aa ~ {! 2:J f-? 0 1 £-¥- .:g-";'j "2l ~ 0 1 sci oi ~ 3}-°'1 AJJ .Jg w _l_il__ '\'1-◊il %-21 t,} 711 B cJ-. 

<52> 0 1Q} -Q 0 ] {!AloJl◊i]J..7~ Y_£c]- 0 l_2_..1=.._s=_.Z7 3/:! c]- 0 ]_2_..1=..~ J..}-g--t,}uj 3/:! cJ- 0 l_2_cS!1 -'?-3'::~ P-I-N S':.~ N-I-PS!1 

-'?-3'::£ "C§-"'d~ 4- 5'li::.J-. ""'-;31, {!AloJl◊ilJ,7~ P-I-N -'r3'::S!1 31:! i::.J- 0 1_2_..1=..7} "-}¾s=i~ 3-U:;_ oJl_s=_ t,}uj, ,,,_J7l n"C§ 

l=llAa~ {!2:Jf'?(n-type amorphous silicon)2 A-lll 5=.ajq,j aj.5=.-?(30), AJ7l zl_.Jg l=llAa~ {!2:Jf'?(intrinsic 

amorphous silicon)2 ~-"',;l-?(40), ,,,_J7l p"C§ l=lj:;,;j~ {!2:Jf'?(p-type amorphous silicon)2 ;;sll2 5=.ajq,j aj-5=.~ 

(50) 0 ] 4 ~ 3}5=.~ ~cj-. 

<54> "cJ-71 "6--:';'t1B~-?C20) ,,,_Joil ;;s111 _1__cajq,J aj£~(3oii q,J-"',;J~i::.J-. ,,,_J7l ;;s1]1 _1__cajq,J aj£-?(30)2 ~ {!Al◊il+"-i ;<] 

%3}~ P- I-N c]- 0 1 _2_..1=..Qj N-? 9i ~ w i w T 3J cj-. ~' AJ7l A-lll 5=.aj q,j aj-5=.-? (30) 2 NE}'fl 5=.~ q,j aj_l__c~- ~ 

4- 3J24 °1011 ~:;,;asci~ 3:12 °}1--]i::.J-. 

<55> "c)-71 A-lll 5=.ajq,j aj-5=.¼(30)2 N"C§ -lsr"ii:-~ 0 1 5=.-'l3B l=l]Aa~ {!2:j~ {!9f(n-doped amorphous silicon)i 0 1% 

3}◊:j q,l-"'cl~ 4- 3J21+, 0 1011 ~:;,;a sci~ 5! 2 °}L-1i::.J-. 

<56> ~, AJ7l ,:z-J]l 5=.ajq,j aj-5=.¼(30)2 l=l]Aa~ {!2:Jf◊il 71p:cu}-'§-, 18-:'i::.,~:'i::. S':.~ -;1-:'i::. ~i 1'J7}3}0:j a-Si:H, a­

SiGe:H, a-SiC, a-SiN:H a-SiO:H ~ .Q.._s=_ q,j_.,g~ 4-£ 5'1i::.J-. 

<57> S':.~, AJ7l ,:z-J]l 5=.~q,j ~5=.-?(30)2 ~~7lAJ~z1-(CVD) "=;31, PECVD ~oil Q]iiR q,l_.>g~ 4- 5'li::.J-. oj]~ ~oi, AJ 

71 Am 5=.ajq,j aj5=.-?C30)2 {!~7}A(siH4)◊11 PH3, P2Hs ~ i ~~3}0:j PEcvD◊il S!1iiR l=llAa~ {!2:Jf2£ <"/'J-"'.:l~ 

4- 5'li::.J-. 

<58> :i i::.J-%, "c)-71 A-lll 5=.ajq,j ~5=.-?(30) ,,,_J.Q.._s=_ zl-"',;l~(intrinsic layer)(40) g q,j-"',;j~c]-. ,,,_J7l zl-"'.;l-?(40)2 {I 

Al oJl ◊ilJ..i ;,;]-g--t,}~ I-? -'"1 ~ w g w T 3.l cj-. 

<59> "c)-71 zl-"'.:l-?(40)2 l=l]:;,;a~ {1_2:Jf(intrinsic amorphous silicon)i 0 l%3} 0 i <"/'J-"',;l~ 4- 3,lc]-. ,,,_J7] zl-"'.:l-?(4 

0)2 ~}~7VJ~z1-(CVD) "=;31, PECVD ~oil Q]iiR q,l_.>g~ T 3.li::.J-. oJl~ ~oi, "c)-71 zl-"'.:l-?(40)2 {]_~7}A(SiH4) 

~ g 0 ] ¾t,}O:j PECVD◊il -'"1 iiR l=l] :;,;a~ {!-2] f2£ q,j _.,tl ~ 4- 3J cJ-. 

<60> S':.~, -'-J7l zl_Jg-?(40)2 AJ7] A-lll 5=.ajq,j aj5=.~(30)Q] T~l _l_,l__cj- Q.jc 10-1,000BB 735=.Qj -¥-7JJ&- T~l_s=_ qsjA,;jt,} 

~ 3-l 0 l tl}~z;jt,}c]-. 0 ]~ ,,,_J7] zl.Jg-?(40)-'"1 -'¥-~]7} -'¥-77J%4-~ Y_£qo]_2_..1=..S!1 .=g-";'j"2J~ 0 ] ';;;.oj4 'i:'12 °JQ] 

%aj 3} ~ _l_il__'\'1- w .,_&_.,tl t,}71 oil %2:J 3}71 n:H-¥- 0 1 cJ-. 

<62> "c)-71 A-ll2 5=.ajq,j aj-5=.¼(50)2 {IAloJ]◊i].z7 }<]-g--t,}~ P-I-N qo]_2_..1=..S!1 P-?-'"1 ~wi w T 5'li::.J-. ~' AJ7l _:z-J]2 

5=.ajq,j aj-5=.-?(50)2 P E}'fl 5=.ajq,j aj-5=.-?~ 4- 3_l.Q..y- 0 1011 ~ 73sci~ 512 °}1--]i::.J-. 

<63> oj]~ ~o-i, AJ7l A-ll2 5=.~q,j ~5=.-?(50)2 p 5=.-'l3B l=llAa~ {I-2-lf(p-doped amorphous silicon)i 0 1%3}0:j q,j 

-"'.:l ~ 4- 3J24, 0 1 oil ~:;,;a sci~ 3:12 °}-y cJ-. 

<64> "c)-7] A-ll2 5=.ajq,j aj-5=.~(50)2 ~~7VJ~z1-(CVD) ~31, PECVD ~oil Q]iiR "C§-"'d~ T 3.li::.J-. oj]~ ~oi, ,,,sJ 7 ] A-ll2 

5=.aj q,j aj-5=.-? c5o) 2 {I ~7}_,,__ csiH4 Hl BH3 sr:. ~ B2H6 ~ S!1 7}.,__ ~ ~~t,}O:j PEcvD◊il -'"1 iiR l=ll :;,;a~ {I -21 f 2£ "C§ 

<65> "cJ-7lQ} -Q 0 1 ~5=.,;;J] 71,a(lo)◊il q,j-"',;JB ~_s=_"2J~-=4 Y_£c]- 0 ]_2_c7} 4":-3jq,J2_s=_ q,J_.,3~2_.s=_-'AJ Y£c]- 0 ]_2_..1=..S!1 ~ 

JBl E-l( f i II factor)~ 100%011 -2-~ Al~ 4- 3J cj-. 

<67> AJ7] u}A==r .rrJl'c!(l00)2 AJ7l A-ll2 5=.ajq,j aj5=.-?(5o)i __B__{l_q,lf11_s=_ q,j-"',;j3}7l -'fl~ 3:).Q.._s=_, Y_£i:--Jl-7.]AE ~';; 

g 5=.yt,}j2 TI"RE1'cJ3}0:j q,j.Jg~i::.J-. 

<68> ,,,_J7l u}A3. TIJ11c!(l00)2 ,,,_J7] A-ll2 5=.ajq,j aj.5=.-?(50) ,,,_J◊il 31°15=. t,}4 °1,,._J "C§-"'.:lsci°l ,,,_J7l A-ll2 5=.ajq,j aj-5=.-? 

(50)-'"1 AJ-'f- li1i'1°l 1iJ,:7;}~ 7}_;,;]5=.~ "C§-"'dW T 3.li::.J-. 
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