& UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
& ) United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
ENTOF O P.0. Box 1450

Alexandria, Virginia 22313-1450
WWW.uSpto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/188,396 09/19/2017 9768339 111848-0002-101 1083
1473 7590 08/30/2017

Haley Guiliano LLP

75 Broad Street

Suite 1000

NEW YORK, NY 10004

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

1QE, plc, St. Mellons, UNITED KINGDOM;

Robert Yanka, Kernersville, NC;

Seokjae Chung, Oak Ridge, NC;

Kalyan Nunna, High Point, NC;

Rodney Pelzel, Emmaus, PA;

Howard Williams, St. Mellons, UNITED KINGDOM;

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

IR103 (Rev. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/188,396 06/21/2016 Robert Yanka 111848-0002-101
CONFIRMATION NO. 1083
28120 POWER OF ATTORNEY NOTICE
ROPES & GRAY LLP

IPRM Docketing - Floor 43 RO AT YA
PRUDENTIAL TOWER 000000093627652

800 BOYLSTON STREET
BOSTON, MA 02199-3600

Date Mailed: 08/25/2017

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/21/2017.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sleutchit/

page 1 of 1

0002



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/188,396 06/21/2016 Robert Yanka 111848-0002-101
CONFIRMATION NO. 1083
1473 POA ACCEPTANCE LETTER

Haley Guiliano LLP
RO AT Wi
000000093627 76

75 Broad Street
Suite 1000

NEW YORK, NY 10004
Date Mailed: 08/25/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/21/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sleutchit/

page 1 of 1
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

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

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

28120 7590 052212017 I hereby certity that this Fee(s) Transmittal is being deposited with the United
ROPES & GRAY LLP States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
IPRM Docketing - Floor 43 transmitted to the USPTO (571) 273-2885, on the date indicated below.
PRUDENTIAL TOWER —
800 BOYLSTON STREET Depositors name)
BOSTON, MA 02199-3600 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/188,396 06/21/2016 Robert Yanka 111848-0002-101 1083

TITLE OF INVENTION: OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A LATTICE
PARAMETER NEARLY MATCHING GAAS

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 08/22/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
YUSHIN, NIKOLAY K 2893 257-186000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list .
CER 1363, P ( printing P o P 1 Haley Guiliano LLP
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ’ . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
IQE, plc St. Mellons, Cardiff, United Kingdom

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (X The director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number _ 06-1075  (enclose an extra copy of this form).

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

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

(I Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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

Authorized Signature Miaping Liu, Reg. 71506/ Date August 21, 2017
Typed or printed name Jiaping (Charlene) Liu Registration No. 71,506
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 15188396

Filing Date: 21-Jun-2016

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A

Title of Invention: SUBSTRATE WITH A LATTICE PARAMETER NEARLY MATCHING GAAS

First Named Inventor/Applicant Name: Robert Yanka
Filer: Jiaping Liu/Pamela Harrison
Attorney Docket Number: 111848-0002-101

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 960 960
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Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960

0006




Electronic Acknowledgement Receipt

EFS ID: 30137277
Application Number: 15188396
International Application Number:
Confirmation Number: 1083

Title of Invention:

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A
SUBSTRATE WITH A LATTICE PARAMETER NEARLY MATCHING GAAS

First Named Inventor/Applicant Name:

Robert Yanka

Customer Number:

28120

Filer:

Jiaping Liu/Pamela Harrison

Filer Authorized By:

Jiaping Liu

Attorney Docket Number: 111848-0002-101
Receipt Date: 21-AUG-2017
Filing Date: 21-JUN-2016
Time Stamp: 17:43:16

Application Type:

Utility under 35 USC 111(a)

Payment information:

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

RAM confirmation Number

082217INTEFSW00004616061075

Deposit Account

Authorized User

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

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
64871
1 Post Allowance Communication - 111848-0002-101_Comments. no 5
l ncomi ng pdf 05eadBe662a7e4ed009d10702c08c5aealdl
Warnings:
Information:
203940
2 Power of Attorney 111848-0002-101_POA.pdf no 2
3d9d76d2e39c6d 1521ff1f73f094ad 904 76¢]
eefp
Warnings:
Information:
245621
3 Issue Fee Payment (PTO-85B) 1 1848—0002—101_Ic515fue_Fee_P no 1
aymen p 598e8e717c685b1a71aff2d0a80b282dea7
Warnings:
Information:
30967
4 Fee Worksheet (SB06) fee-info.pdf no 2
0bf460de6a1b998ba%6c5a8f0b8103149fb:
37a6
Warnings:
Information:
Total Files Size (in bytes){ 545399
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/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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Docket No.: 111848-0002-101
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Yanka et al.
Application No.: 15/188,396 Confirmation No.: 1083
Filed: June 21, 2016 Art Unit: 2893

For: OPTOELECTRONIC DETECTORS HAVING A  Examiner: Nikolay K. Yushin
DILUTE NITRIDE LAYER ON A SUBSTRATE
WITH A LATTICE PARAMETER NEARLY
MATCHING GAAS

COMMENTS ON STATEMENT OF REASONS
FOR ALLOWANCE UNDER 37 C.F.R. § 1.104(e)

MS Issue Fee

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

This application was allowed on May 22, 2017. The Notice of Allowability included a

Statement of Reasons for Allowance.

While applicant appreciates the allowance of this application, applicant notes that in the
Statement of Reasons for Allowance, the Examiner paraphrases certain limitations of each of
applicant’s independent claims as the reasons for allowance of that claim and all of its dependent

claims. Applicant states for the record that:

First, to the extent that the Examiner's reasons for allowance refer to certain claim
limitations, applicant does not necessarily agree that the paraphrased or referenced claim

limitations are the only reasons that the allowed claims are patentable; and

0010



Docket No.: 111848-0002-101

Second, to the extent, if any, that the actual limitations of any of applicant’s
claims differ from the claims as paraphrased by the Examiner, each claim is limited only by its
actual language (including the language of any claim from which it depends), and limitations are

not to be read into any claim.

Dated: August 21, 2017 Respectfully submitted,

/Jiaping Liu, Reg. 71506/
Jiaping (Charlene) Liu
Reg. No. 71,506
HALEY GUILIANO LLP
75 Broad Street
Suite 1000
New York, New York 10004
(646) 973-2500
Attorney for Applicant
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Doc Code: PA..
Document Description: Power of Attorney
PTO/AIA/82B (07-13)
Approved for use through 11/30/2014. OMB 0651-0051
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorey by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application nhumber and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 15/188,396

Filing Date June 21, 2016

First Named Inventor Robert Yanka

Title OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON
A SUBSTRATE WITH A LATTICE PARAMETER NEARLY MATCHING GAAS

Art Unit 2893

Examiner Name Nikolay K. Yushin

Attorney Docket Number | 111848-0002-101

SIGNATURE of Applicant or Patent Practitioner

NJiaping Liu, Reg. 71506/ Date (Optional) August 21, 2017
Name L i Registration
Jiaping (Charlene) Liu Number 71,506

Title (if Applicant is
a juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If more than
one applicant, use multiple forms.

*Total of 1 forms are submitted.
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PTO/AIA/82B (07-12)

Approved for use through xx/xx/xxxx. OMB 0651-0035

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

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

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the above-identified patent application.

| hereby appoint Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s) and to
transact all business in the United States Patent and Trademark Office connected therewith for the application referenced

in the attached transmittal letter (form PTO/AIA/82A or equivalent):

01473
OR

| hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s), and to transact all business in the United States
Patent and Trademark Office connected therewith for the application referenced in the attached transmittal letter (form
PTO/AIA/82A or equivalent):

Name Registration Number Name Registration Number

Please recognize or change the correspondence address for the above-identified patent to:

The address associated with the above-mentioned Customer Number:
OR

|:| The address associated with Customer Number:

OR

Firm or
Individual Name

Address

City | state | | zip |

Country

Telephone | Email |

SIGNATURE of Applicant for Patent

Signature M% Date Z0 AVGuST— Lo/ F

Name Rodney Pelzel Telephone | +/—4/0 - 7AZ~/Y+~L

Title and Company | Vice President, Group Technology, IQE, plc

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

“Total of 1 forms are submitted. ,“ O
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

28120 7590 05/22/2017 | EXAMINER |
ROPES & GRAY LLP YUSHIN, NIKOLAY K
IPRM Docketing - Floor 43
PRUDENTIAL TOWER | ART UNIT PAPERNUMBER |
800 BOYLSTON STREET 2893

BOSTON, MA 02199-3600
DATE MAILED: 05/22/2017

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/188,396 06/21/2016 Robert Yanka 111848-0002-101 1083

TITLE OF INVENTION: OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A LATTICE
PARAMETER NEARLY MATCHING GAAS

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

nonprovisional UNDISCOUNTED $960 $0 30 $960 08/22/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

28120 7590 052212017 I hereby certity that this Fee(s) Transmittal is being deposited with the United
ROPES & GRAY LLP States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
IPRM Docketing - Floor 43 transmitted to the USPTO (571) 273-2885, on the date indicated below.
PRUDENTIAL TOWER —
800 BOYLSTON STREET Depositors name)
BOSTON, MA 02199-3600 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/188,396 06/21/2016 Robert Yanka 111848-0002-101 1083

TITLE OF INVENTION: OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A LATTICE
PARAMETER NEARLY MATCHING GAAS

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 08/22/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
YUSHIN, NIKOLAY K 2893 257-186000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1

(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

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

[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3

Number is required. listed, no name will be printed.

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

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

(I Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP[O.gOV

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
15/188,396 06/21/2016 Robert Yanka 111848-0002-101 1083
28120 7590 0512212017 | EXAMINER |
ROPES & GRAY LLP YUSHIN, NIKOLAY K
IPRM Docketing - Floor 43
PRUDENTIAL TOWER | ART UNIT PAPERNUMBER |
800 BOYLSTON STREET 2893

BOSTON, MA 02199-3600
DATE MAILED: 05/22/2017

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

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

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

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

Page 3 of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
15/188,396 YANKA ET AL.
; i i i AlA (First Inventor to File)
Notice of Allowability ET;S‘:’A‘:{YUSHIN 2;;;’"“ Statuis
Yes

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

1. X This communication is responsive to Amendments filed on 03/02/2017.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

; the restriction

3. [X] The allowed claim(s) is/are 1.4-16 and 19-32. 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. [[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

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

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

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[ 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 humber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

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

2. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 04/12/2017

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

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

/NIKOLAY YUSHIN/
Primary Examiner, Art Unit 2893

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170504
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Application/Control Number: 15/188,396 Page 2
Art Unit: 2893

The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AIA.

DETAILED ACTION
Status of Claims

Applicant’s cancellation of claims 1, 3, 17, and 18 in the reply filed on 03/20/2017 is
acknowledged.

Applicant’s amendment of claims 1, 4, 16, and 19 in the reply filed on 03/20/2017 is
acknowledged.

Applicant’s addition of new claims 31 and 32 in the reply filed on 03/20/2017 is
acknowledged.

Claims 1, 4-16, and 19-32 are under consideration in this Office Action.

Allowable Subject Matter

Claims 1, 4-16, and 19-32 are allowed.

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

In re Claim 1, Sakai et al., US 4,682,196 discloses all limitations of claim 1 except for
that “a dilute nitride comprising InxGa; x\NyAs,.,,Sb,, (0 <x <1; 0 <y <0.1; 0 <z <0.1667), an
In/Sb ratio of at least approximately 6.” Therefore, the claimed device differs from prior art
devices on this point and there is no evidence it would have been obvious to make this change.

In re Claim 16, Sakai discloses all limitations of claim 16 except for that “a dilute nitride
comprising InxGa_«NyAsi.y.,Sb,, (0 <x <1; 0 <y <0.1; 0 <z <0.1667), an In/Sb ratio of at least
approximately 6.” Therefore, the claimed method differs from prior art methods on this point

and there is no evidence it would have been obvious to make this change.
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Application/Control Number: 15/188,396 Page 3
Art Unit: 2893

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

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NIKOLAY YUSHIN whose telephone number is (571)270-7885.
The examiner can normally be reached on 8 AM - 5 PM PST.

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, Tom Thomas can be reached on 571-272-1664. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
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Application/Control Number: 15/188,396 Page 4
Art Unit: 2893

like assistance from a USPTO Customer Service Representative or access to the automated

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

/NIKOLAY YUSHIN/
Primary Examiner, Art Unit 2893
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Docket No.: 111848-0002-101
(PATENT)
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Yanka et al.
Application No.: 15/188,396 Confirmation No.: 1083
Filed: June 21, 2016 Art Unit: 2893

For: OPTOELECTRONIC DETECTORS HAVING A Examiner: Nikolay K. Yushin
DILUTE NITRIDE LAYER ON A SUBSTRATE
WITH A LATTICE PARAMETER NEARLY
MATCHING GAAS

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION
UNDER 37 C.F.R. § 1.111

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

Alexandria, VA 22313-1450

Dear Sir:

In response to the Office Action dated December 2, 2016, please amend the above-identified
U.S. patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of
this paper.

Remarks/Arguments begin on page 6 of this paper.
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Application No. 15/188,396 Docket No.: 111848-0002-101
Amendment dated March 2, 2017
Reply to Office Action of December 2, 2016

REMARKS

Summary of Examiner Interview

Applicant thanks Examiner Yushin for the courtesies extended during a telephonic interview
on February 6, 2017. During the interview, Examiner Yushin and the undersigned discussed claims
1, 2, and 3, proposed amendments, and the Sakai and Tan references. Examiner Yushin agreed that
amendments substantially the same as those contained herein would overcome the references of
record. Applicant thanks the Examiner for his time and has prepared this Reply to be responsive to

the discussion during the interview.

Summary of Applicants’ Reply
Claims 1, 4, 16, and 19 are amended herein. Claims 31 and 32 are added. Claims 2-3 and

17-18 are canceled. No new matter is added by the amendments, which are supported by the
originally-filed specification at least at paragraph 6, 28, 38, 57 and Figure 8. Applicant respectfully

traverses the rejections and requests the withdrawal of the objections.

Response to Prior Art Rejections

Without conceding the patentability of the claims, but solely to advance prosecution,
Applicant has amended independent claim 1 based on the discussion with the Examiner during the
Examiner interview dated February 6, 2017. Amended claim 1 recites “a dilute nitride comprising
InyGa;«NyASsiy.,Sb, (0<x<1;0<y<0.1;0<z<0.1667)” and “an In/Sb ratio of at least
approximately 6.” The cited references, alone or in combination, fail to describe at least these
features.

Sakai relates to a semiconductor device with an i-layer between n- and p-doped layers.
Sakai at 3:54-4:63. While Sakai describes an i-layer of Ing s3Gag 47As, Sakai at 3:68-4:2, Sakai does
not show or suggest a dilute nitride containing N and Sb, let alone one with an In/Sb ratio of at least
approximately 6. Thus, Sakai does not show or suggest “a dilute nitride comprising InyGa;.\NyAs;.
v-25b, (0<x<1;0<y<0.1,0<z<0.1667)” and “an In/Sb ratio of at least approximately 6,” as

required by independent claim 1.
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Tan fails to remedy the deficiencies of Sakai. Tan relates to GaInNAsSb p-i-n
photodetectors on GaAs substrates. Tan at Abstract. However, Tan describes that mass
spectrometry analysis of the GaInNAsSb layers shows mole fractions of 10% In and 4.4% Sb in one
device (A) and mole fractions of ~9.5% In and 4.89 % Sb in another device (B). This results in
In/Sb ratios of 2.27 for Tan’s device A and ~1.94 for Tan’s device B. Accordingly, Tan, alone or in
combination with Sakai, does not show or suggest “a dilute nitride comprising InyGa;.\NyAsi.,.,Sb,
(0<x<1;0<y<0.1;0<z<0.1667)” and “an In/Sb ratio of at least approximately 6,” as required
by independent claim 1.

Campbell, Baribeau, and Dargis fail to remedy the deficiencies of Sakai and Tan. Campbell,
Baribeau, and Dargis are alleged to relate to other dependent claims and are not relevant to amended
claim 1. Accordingly, Campbell, Baribeau, and Dargis, alone or in combination with Sakai and
Tan, do not show or suggest “a dilute nitride comprising InyGai.«\NyAsi.y.,Sb, (0 <x<1;0<y <
0.1; 0 <z<0.1667)” and “an In/Sb ratio of at least approximately 6,” as required by independent
claim 1.

Accordingly, amended claim 1 is patentable over the cited references. Amended claim 16
recites similar features as amended claim 1 and is patentable over the cited references for at least the
same reasons. Claims 4-15 and 19-32 depend, directly or indirectly, from claims 1 or 16 and are
allowable for at least the same reasons. Applicants therefore request that the rejections of the

pending claims be withdrawn.

60446311_1
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Conclusion

In view of the above amendment, applicant believes the pending application is in condition
for allowance. The Director is hereby authorized to charge any deficiency in the fees filed, asserted
to be filed or which should have been filed herewith (or with any paper hereafter filed in this
application by this firm) to our Deposit Account No. 18-1945, from which the undersigned is

authorized to draw.

Dated: March 2, 2017 Respectfully submitted,

By /James F. Mack/
James F. Mack
Registration No.: 74,196
ROPES & GRAY LLP
1900 University Avenue, 6th Floor
East Palo Alto, California 94303-2284
(650) 617-4000
(617) 235-9492 (Fax)
Agent For Applicant
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AMENDMENTS TO THE CLAIMS

The following listing of claims, if entered, will replace all prior versions, and listings, of
claims in the application.

Listing of Claims:

1. (Currently Amended) A semiconductor, comprising:
a substrate with a lattice parameter matching or nearly matching GaAs;
a first doped III-V layer over the substrate;
an absorber layer over the first doped III-V layer, the absorber layer having:
a dilute nitride comprising InyGa;.xNyAS;.y.,Sb, (0 <x<1: 0<y <0.1;0<z<

0.1667),

an In/Sb ratio of at least approximately 6.

a bandgap between approximately 0.7 eV and 0.95 eV, and
a carrier concentration less than approximately 1 x 10'° cm™ at room temperature;
and

a second doped III-V layer over the absorber layer.

2-3. (Canceled)

4. (Currently Amended) The semiconductor of claim [[2]] 1, wherein the dilute nitride comprises

In,Ga . NyAs|y.,Sb, (0 <x <0.55; [[0<y <0.17]0<y <0.1; [[0<z<0.1]]0 <z <0.1).

5. (Original) The semiconductor of claim 1, wherein the carrier concentration of the absorber layer

is less than approximately 5 x 10" cm™.

6. (Original) The semiconductor of claim 1, wherein the carrier concentration of the absorber layer

is less than approximately 1 x 10" cm™.

60446311_1
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7. (Original) The semiconductor of claim 1, wherein a thickness of the absorber layer is between

approximately 2 micrometers and approximately 10 micrometers.

8. (Original) The semiconductor of claim 1, wherein a thickness of the absorber layer is between

approximately 3 micrometers and approximately 5 micrometers.

9. (Original) The semiconductor of claim 1, further comprising a multiplication layer between the

absorber layer and one of the first and second doped III-V layers.

10. (Original) The semiconductor of claim 1, wherein the substrate comprises GaAs.

11. (Original) The semiconductor of claim 1, wherein the substrate comprises:
a silicon substrate; and
a lattice engineered layer over the silicon substrate, the surface of the lattice engineered layer

opposite the silicon substrate having a lattice parameter that is matched or nearly matched to GaAs.
12. (Original) The semiconductor of claim 11, wherein the lattice engineered layer comprises a
SiyGe, layer, with x graded from 1 at a surface of the SiyGe, layer nearest the silicon substrate to
0 at a surface of the SiyGe;.x layer opposite the silicon substrate.

13. (Original) The semiconductor of claim 11, wherein the lattice engineered layer comprises a rare
earth containing layer, the rare earth containing layer comprising one or more of Sc, Y, La, Ce, Pr,

Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu.

14. (Original) The semiconductor of claim 1, wherein the first doped III-V layer is n-type and the
second doped ITI-V layer is p-type.

15. (Original) The semiconductor of claim 1, wherein the first doped III-V layer is p-type and the
second doped ITI-V layer is n-type.
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16. (Currently Amended) A method of forming a semiconductor, comprising:
forming a first doped III-V layer over a substrate with a lattice parameter matching or nearly
matching GaAs;
forming an absorber layer over the first doped I1I-V layer, the absorber layer having:
a dilute nitride comprising In.Ga;.\NyAs;.,.,Sb, (0 <x<1;0<y <0.1;0<z<

0.1667),

an In/Sb ratio of at least approximately 6.

a bandgap between approximately 0.7 eV and 0.95 eV, and
a carrier concentration less than approximately 1 x 10'° cm™ at room temperature;
and

forming a second doped III-V layer over the absorber layer.
17-18. (Canceled)

19. (Currently Amended) The method of claim [[17]] 16, wherein the dilute nitride comprises
InyGa;xNyAS1y-,Sb, (0 <x<0.55;[[0<y<0.1]]0<y<0.1;[[0<z<0.1]]0<z<0.1).

20. (Original) The method of claim 16, wherein the carrier concentration of the absorber layer is

less than approximately 5 x 10" cm™.

21. (Original) The method of claim 16, wherein the carrier concentration of the absorber layer is

less than approximately 1 x 10" cm™.

22. (Original) The method of claim 16, wherein a thickness of the absorber layer is between

approximately 2 micrometers and approximately 10 micrometers.

23. (Original) The method of claim 16, wherein a thickness of the absorber layer is between

approximately 3 micrometers and approximately 5 micrometers.
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24. (Original) The method of claim 16, further comprising forming a multiplication layer between
the absorber layer and one of the first and second doped III-V layers.

25. (Original) The method of claim 16, wherein the substrate comprises GaAs.
26. (Original) The method of claim 16, wherein the substrate comprises:

a silicon substrate; and

a lattice engineered layer over the silicon substrate, the surface of the lattice engineered layer
opposite the silicon substrate having a lattice parameter that is matched or nearly matched to GaAs.
27. (Original) The method of claim 26, wherein the lattice engineered layer comprises a SixGe1.x
layer, with x graded from 1 at a surface of the SixGe;.« layer nearest the silicon substrate to O at a
surface of the SiyGe;. layer opposite the silicon substrate.
28. (Original) The method of claim 26, wherein the lattice engineered layer comprises a rare earth
containing layer, the rare earth containing layer comprising one or more of Sc, Y, La, Ce, Pr, Nd,

Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu.

29. (Original) The method of claim 16, wherein the first doped III-V layer is n-type and the second
doped III-V layer is p-type.

30. (Original) The method of claim 16, wherein the first doped ITI-V layer is p-type and the second
doped III-V layer is n-type.

31. (New) The semiconductor of claim 1, wherein the absorber layer is p-type.

32. (New) The method of claim 16, wherein the absorber layer is p-type.
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Examiner Art Unit
NIKOLAY YUSHIN 2893

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

(1) NIKOLAY YUSHIN. @) .

(2) James F. Mack. 4.

Date of Interview: 06 February 2017.

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

Exhibit shown or demonstration conducted: [] Yes No.
If Yes, brief description:
Issues Discussed []101 [J112 X102 []103 []Others
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1 and 31.

Identification of prior art discussed: Sakai, US 4,682,196.

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

See Continuation Sheet.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or

thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

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

[ Attachment

/NIKOLAY YUSHIN/
Primary Examiner, Art Unit 2893

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20170206
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

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

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

Itis desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Continuation Sheet (PTOL-413) Application No. 15/188,396

Continuation of Substance of Interview including description of the general nature of what was agreed to if an
agreement was reached, or any other comments:

Draft claim amendments have been discussed.

In re the amended claim 1, Examiner indicates that

1) According to Specification ([0028]) "The dilute nitride is a IlI-V material that includes low concentrations of nitrogen,
concentrations that are LOW alloy-level concentrations and are higher than doping-level concentrations." Therefore,
the limits for x, y, and z should be corrected.

2) As far as the thickness limitation is concerned, experimental evidences in the Specification as filed or an Affidavit
signed by the inventors should be presented.

3) If the new claim 31 "The semiconductor of claim 1, wherein the absorber layer has an In/Sb ratio of at least
approximately 6" would be incorporated in to claim 1, no evidence needed because Fig. 8 of the Specification
demonstrates this limitation.

It seems that proposed amendments overcome the prior-art of record but a full search should perform..
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 06/21/2016.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

B Claim(s) 1-30 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) _____is/are allowed.

7)X Claim(s) 1-30 is/are rejected.

8)[] Claim(s) _____is/are objected to.

9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hite/vwww. usplo.aov/patenis/init_events/peh/indax.jsp or send an inquiry to PPHisedback@uspio.qov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[T] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.
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U.S. Patent and Trademark Office
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Application/Control Number: 15/188,396 Page 2
Art Unit: 2893

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

first inventor to file provisions of the AIA.
DETAILED ACTION
Claim Rejections - 35 USC § 103

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

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

Claim 1, 5-8, 10, 14-16, 20-23, 25, 29, and 30 are rejected under 35 U.S.C. 103 as being

unpatentable over Sakai et al., US 4,682,196,
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In re Claim 1, Sakai discloses a semiconductor, comprising: a substrate 10 (Fig. 4); a first
doped III-V layer (11,12) over the substrate 10; an absorber layer 13 over the first doped III-V
layer (11, 12), the absorber layer 13 (being Ing 53 Gag47As (column 3, line 68 —column 4, line 1)))
having: inherently a bandgap of 0.75 eV, that is within the claimed range of between
approximately 0.7 eV and 0.95 eV, therefore anticipates the range (MPEP2131.03.1), and a
carrier concentration of 10" cm™ (column 4, line 1) that is within the claimed range of less than
approximately 1 x 10'® em™ at room temperature, therefore anticipates the range
(MPEP2131.03.1); and a second doped III-V layer (14, 15) over the absorber layer 13 (Figs. 2
and 4; column 3, line 28 —column 4, line 64). It is inherent because according to Takeda et al.,
“Electron mobility and energy gap of Ings3 Gag47As on InP substrate”, 1976, Journal of Applied
Physics, Vol. 47, No 12, p.5405, Abstract , published Dec. 1976. Let’s note that Takeda’s
reference is presented here only as an evidence of inherency (MPEP2131.01.1).

In an embodiment related to Fig. 4, Takeda does not discloses that a substrate 10 (Fig. 4)
is with a lattice parameter matching or nearly matching GaAs. However, in an embodiment
related to Fig. 4, Takeda teaches a substrate 1 (made of GaAs (column 3, lines 27 -51)) with a
lattice parameter matching or nearly matching GaAs.

Due to high level of knowledge and skills of personal capable to operate very
sophisticated and expensive equipment in semiconductor technology, it would have been an
obvious matter of design choice of one of ordinary skill in the semiconductor art to substitute the
substrate 10 of Fig. 4 made of InP with substrate 1 of Fig. 2 made of GaAs, since it has been held

to be within the general skill of a worker in the art to select a known material on the basis of its
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suitability for the intended use as a matter of obvious design choice. In re Leshin, 125 USPQ 416
(See MPEP2144.07).

In re Claim 5, Sakai discloses the semiconductor of claim 1, wherein the carrier
concentration of the absorber layer 13 is 105 cm™ (column 4, line 1) that is within the claimed
range of less than approximately 5 x 10" em™, therefore anticipates the range (MPEP2131.03.1).

In re Claim 6, Sakai discloses the semiconductor of claim 1, wherein the carrier
concentration of the absorber layer 13 is ~10" ¢m™ (column 4, line 1) that is touching the
claimed range of less than approximately 1 x 10 em™ (MPEP2131.03.11).

In re Claim 7, Sakai discloses all limitations of claim 7 except for that a thickness of the
absorber layer 13 is between approximately 2 micrometers and approximately 10 micrometers. It
is known in the art that the thickness is a result effective variable — because a mass depends on it.
Due to high level of knowledge and skills of personal capable to operate very sophisticated and
expensive equipment in semiconductor technology, it would have been an obvious matter of
design choice of one of ordinary skill in the semiconductor art to use the specified thickness,
since it has been held that where the general conditions of a claim are disclosed in the prior art,
discovering the optimum or working ranges involves only routine skill in the art. In re Aller, 105
USPQ 233 (MPEP2144.05.1).

In re Claim 8, Sakai discloses all limitations of claim 8 except for that a thickness of the
absorber layer is between approximately 3 micrometers and approximately 5 micrometers. It is
known in the art that the thickness is a result effective variable — because a mass depends on it.
Due to high level of knowledge and skills of personal capable to operate very sophisticated and

expensive equipment in semiconductor technology, it would have been an obvious matter of
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design choice of one of ordinary skill in the semiconductor art to use the specified thickness,
since it has been held that where the general conditions of a claim are disclosed in the prior art,
discovering the optimum or working ranges involves only routine skill in the art. In re Aller, 105
USPQ 233 (MPEP2144.05.1).

In re Claim 10, Sakai discloses the semiconductor of claim 1, wherein the substrate 10
(Fig. 4) being substitute with the substrate 1 of Fig. 2 comprises GaAs (column 3, lines 27 -51).

In re Claim 14, Sakai discloses the semiconductor of claim 1, wherein the first doped I1I-
V layer (11, 12) is n-type and the second doped III-V layer (14, 15) is p-type (Fig. 4, column 3,
line 28 —column 4, line 64).

In re Claim 15, Sakai discloses all limitations of claim 15 except for that the first doped
III-V layer is p-type and the second doped III-V layer is n-type. Due to high level of knowledge
and skills of personal capable to operate very sophisticated and expensive equipment in
semiconductor technology, it would have been an obvious matter of design choice of one of
ordinary skill in the semiconductor art to use a reverse order of doped layers, since it has been
held that a mere reversal of the essential working parts of a device involves only routine skill in

the art. In re Gazda, 219 F.2d 449, 104 USPQ 400 (CCPA 1955) (MPEP2144.04.VLA).

In re Claim 16, Sakai discloses a method of forming a semiconductor, comprising:
forming a first doped III-V layer (11, 12) over a substrate 10 (Fig. 4); forming an absorber layer
13 over the first doped III-V layer (11, 12), the absorber layer 13 (being Ing 53 Gag47As (column
3, line 68 —column 4, line 1))) having: inherently a bandgap of 0.75 eV, that is within the claimed

range of between approximately 0.7 eV and 0.95 eV, therefore anticipates the range
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(MPEP2131.03.1), and a carrier concentration of 105 em™ (column 4, line 1) that is within the
claimed range of less than approximately 1 x 10'® em™ at room temperature, therefore anticipates
the range (MPEP2131.03.1); and a second doped III-V layer (14, 15) over the absorber layer 13
(Figs. 2 and 4; column 3, line 28 —column 4, line 64). It is inherent because according to Takeda
et al., “Electron mobility and energy gap of Ing sz Gag47As on InP substrate”, 1976, Journal of
Applied Physics, Vol. 47, No 12, p.5405, Abstract , published Dec. 1976. Let’s note that
Takeda’s reference is presented here only as an evidence of inherency (MPEP2131.01.1).

In an embodiment related to Fig. 4, Takeda does not discloses that a substrate 10 (Fig. 4)
is with a lattice parameter matching or nearly matching GaAs. However, in an embodiment
related to Fig. 4, Takeda teaches a substrate 1 (made of GaAs (column 3, lines 27 -51)) with a
lattice parameter matching or nearly matching GaAs.

Due to high level of knowledge and skills of personal capable to operate very
sophisticated and expensive equipment in semiconductor technology, it would have been an
obvious matter of design choice of one of ordinary skill in the semiconductor art to substitute the
substrate 10 of Fig. 4 made of InP with substrate 1 of Fig. 2 made of GaAs, since it has been held
to be within the general skill of a worker in the art to select a known material on the basis of its
suitability for the intended use as a matter of obvious design choice. In re Leshin, 125 USPQ 416
(See MPEP2144.07).

In re Claim 20, Sakai discloses the method of claim 16, wherein the carrier concentration
of the absorber layer 13 is 10" em™ (column 4, line 1) that is within the claimed range of less

than approximately 5 x 10" em™, therefore anticipates the range (MPEP2131.03.1).
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In re Claim 21, Sakai discloses the method of claim 16, wherein the carrier concentration
of the absorber layer 13 is = 10" em™ (column 4, line 1) that is touching the claimed range of less
than approximately 1 x 10"° cm™ (MPEP2131.03.11).

In re Claim 22, Sakai discloses all limitations of claim 22 except for that a thickness of
the absorber layer 13 is between approximately 2 micrometers and approximately 10
micrometers. It is known in the art that the thickness is a result effective variable — because a
mass depends on it. Due to high level of knowledge and skills of personal capable to operate
very sophisticated and expensive equipment in semiconductor technology, it would have been an
obvious matter of design choice of one of ordinary skill in the semiconductor art to use the
specified thickness, since it has been held that where the general conditions of a claim are
disclosed in the prior art, discovering the optimum or working ranges involves only routine skill
in the art. In re Aller, 105 USPQ 233 (MPEP2144.05.1).

In re Claim 23, Sakai discloses all limitations of claim 23 except for that a thickness of
the absorber layer is between approximately 3 micrometers and approximately 5 micrometers. It
is known in the art that the thickness is a result effective variable — because a mass depends on it.
Due to high level of knowledge and skills of personal capable to operate very sophisticated and
expensive equipment in semiconductor technology, it would have been an obvious matter of
design choice of one of ordinary skill in the semiconductor art to use the specified thickness,
since it has been held that where the general conditions of a claim are disclosed in the prior art,
discovering the optimum or working ranges involves only routine skill in the art. In re Aller, 105

USPQ 233 (MPEP2144.05.1).
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In re Claim 25, Sakai discloses the method of claim 16, wherein the substrate 10 (Fig. 4)
being substitute with the substrate 1 of Fig. 2 comprises GaAs (column 3, lines 27 -51).

In re Claim 29, Sakai discloses the method of claim 16, wherein the first doped I1I-V
layer (11, 12) is n-type and the second doped III-V layer (14, 15) is p-type (Fig. 4, column 3, line
28 —column 4, line 64).

In re Claim 30, Sakai discloses all limitations of claim 30 except for that the first doped
III-V layer is p-type and the second doped III-V layer is n-type. Due to high level of knowledge
and skills of personal capable to operate very sophisticated and expensive equipment in
semiconductor technology, it would have been an obvious matter of design choice of one of
ordinary skill in the semiconductor art to use a reverse order of doped layers, since it has been
held that a mere reversal of the essential working parts of a device involves only routine skill in

the art. In re Gazda, 219 F.2d 449, 104 USPQ 400 (CCPA 1955) (MPEP2144.04.VLA).

Claims 2-4 and 17-19 are rejected under 35 U.S.C. 103 as being unpatentable over Sakai
as applied to claim 1 and 16, respectively, above, and further in view of Tan et al.,
“GalnNAsSb/GaAs Photodiodes for Long-Wavelength Application”, IEEE Electron Devices
Letters, Vol. 32, No. 7, pp 919-92,1 July 2011 (listed in IDS filed on 06/21/2016).

In re Claim 2, Sakai discloses all limitations of claim 2 except for that the absorber layer
13 comprises a dilute nitride. Tan teaches a semiconductor wherein absorber layer 13 comprises
a dilute nitride (page 919, left column).

It would have been obvious to one of ordinary skill in the art at the time of the invention

to substitute Sakai’s absorber layer with Tan's absorber layer made od dilute nitride, for long-
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wavelength detection in high-speed low-noise GaAs-based APDs as taught by Tan (page 921,
right column).

In re Claim 3, Sakai taken with Tan discloses the semiconductor of claim 2, wherein the
dilute nitride comprises Gao.gs Ino.12No.037A80.962 (page 920) corresponding to InyGa;.xNyAs,.y.,Sb,
with x=0.12; y=0.037; z=0 that are within the claimed range of (0 <x<1;0<y<1;0<z<1)
therefore anticipates the range (MPEP2131.03.1).

In re Claim 4, Sakai taken with Tan discloses the semiconductor of claim 2, wherein the
dilute nitride comprises Gaggs Ing.12No.037A50.962 (page 920) corresponding to InyGa;.xNyAs;.y.,Sb,
with x=0.12; y=0.037; z=0 that is within the claimed range of (0 <x <0.55;0<y<0.1;0<z<
0.1) therefore anticipates the range (MPEP2131.03.1).

In re Claim 17, Sakai discloses all limitations of claim 17 except for that for that the
absorber layer 13 comprises a dilute nitride. Tan teaches a semiconductor wherein absorber layer
13 comprises a dilute nitride (page 919, left column).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to substitute Sakai’s absorber layer with Tan's absorber layer made od dilute nitride, for long-
wavelength detection in high-speed low-noise GaAs-based APDs as taught by Tan (page 921,
right column).

In re Claim 18, Sakai taken with Tan discloses the method of claim 17, wherein the dilute
nitride comprises Gag gs Ing.12N0.037A80.962 (page 920) corresponding to InyGa;.xNyAs;_y.,Sb, with
x=0.12; y=0.037; z=0 that are within the claimed range of (0 <x<1;0<y<1;0<z<1)

therefore anticipates the range (MPEP2131.03.1).
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In re Claim 19, Sakai taken with Tan discloses the method of claim 17, wherein the dilute
nitride comprises Gag s Ing.12No.037A80.962 (page 920) corresponding to InyGa;_«NyAs;.y,Sb, with
x=0.12; y=0.037; z=0 that is within the claimed range of (0 <x<0.55;0<y<0.1;0<z<0.1)

therefore anticipates the range (MPEP2131.03.1).

Claims 9 and 24 are rejected under 35 U.S.C. 103 as being unpatentable over Sakai as
applied to claim 1 and 16, respectively, above, and further in view of Campbell et al., US
2003/0047752 (corresponding to US7,045,833).

In re Claim 9, Sakai discloses all limitations of claim 9 except for that semiconductor,
further comprising a multiplication layer between the absorber layer and one of the first and
second doped III-V layers.

Campbell teaches a semiconductor comprising a multiplication layer 142c between the
absorber layer 142b and one of the first and second doped III-V layers 142d (Fig. 73; [0383-
0385)).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to combine teachings of Sakai and Campbell, and to use the specified multiplication layer for
low excess noise as taught by Campbell ([00384).

In re Claim 24, Sakai discloses all limitations of claim 24 except for forming a
multiplication layer between the absorber layer and one of the first and second doped III-V

layers.
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Campbell teaches a method comprising forming a multiplication layer 142c between the
absorber layer 142b and one of the first and second doped III-V layers 142d (Fig. 73; [0383-
0385]).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to combine teachings of Sakai and Campbell, and to form the specified multiplication layer for

low excess noise as taught by Campbell ([00384).

Claims 11, 12, and 26, 27 are rejected under 35 U.S.C. 103 as being unpatentable over
Sakai as applied to claim 1 and 16, respectively, above, and further in view of Baribeau et al.,
"Heteroepitaxy of Ge on (100) Si substrates,” Journal of Vacuum Science & Technology, A 5
(4), pp. 1898-1902; Jul/Aug 1987 (listed in IDS filed on 10/07/2016).

In re Claim 11, Sakai discloses all limitations of claim 11 except for that the substrate
comprises: a silicon substrate; and a lattice engineered layer over the silicon substrate, the
surface of the lattice engineered layer opposite the silicon substrate having a lattice parameter
that is matched or nearly matched to GaAs.

Baribeau teaches a semiconductor wherein the substrate (Fig. 1) comprises: a silicon
substrate Si; and a lattice engineered layer over the silicon substrate Si, the surface of the lattice
engineered layer opposite the silicon substrate having a lattice parameter that is matched or
nearly matched to GaAs (Fig. 1a; pages 1898-1899).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to substitute Sakai’s substrate with Baribeau’s substrate, and to use the specified for growing

high-quality semiconducting layers as taught by Baribeau (page 1898, left column).
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In re Claim 12, Sakai taken with Baribeau discloses the semiconductor of claim 11,
wherein the lattice engineered layer comprises a Si,Geix layer, with x graded from 1 at a surface
of the SixGe; « layer nearest the silicon substrate to 0 (i.e. Ge) at a surface of the SixGe;« layer
opposite the silicon substrate (Baribeau: Fig. 1a).

In re Claim 26, Sakai discloses all limitations of claim 26 except for that the substrate
comprises: a silicon substrate; and a lattice engineered layer over the silicon substrate, the
surface of the lattice engineered layer opposite the silicon substrate having a lattice parameter
that is matched or nearly matched to GaAs.

Baribeau teaches a method wherein the substrate (Fig. 1) comprises: a silicon substrate
Si; and a lattice engineered layer over the silicon substrate Si, the surface of the lattice
engineered layer opposite the silicon substrate having a lattice parameter that is matched or
nearly matched to GaAs (Fig. 1a; pages 1898-1899).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to substitute Sakai’s substrate with Baribeau’s substrate, and to use the specified for growing
high-quality semiconducting layers as taught by Baribeau (page 1898, left column).

In re Claim 27, Sakai taken with Baribeau discloses the method of claim 26, wherein the
lattice engineered layer comprises a SixGe, x layer, with x graded from 1 at a surface of the
SixGe; « layer nearest the silicon substrate to O (i.e. Ge) at a surface of the Si,Ge; « layer opposite

the silicon substrate (Baribeau: Fig. 1a).

Claims 13 and 28 are rejected under 35 U.S.C. 103 as being unpatentable over Sakai and

Baribeau as applied to claim 11 and 26, respectively, above, and further in view Dargis et al.,
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"Growth and application of epitaxial heterostructures with polymorphous rare-earth ox des,
Journal of Crystal Growth, 378 (2013) 177-179 (listed in IDS filed on 10/07/2016).

In re Claim 13, Sakai taken with Baribeau discloses all limitations of claim 13 except for
that the lattice engineered layer comprises a rare earth containing layer, the rare earth containing
layer comprising one or more of Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, and/or Lu.

Dargis teaches a semiconductor wherein the lattice engineered layer comprises a rare
earth containing layer, the rare earth containing layer comprising one or more of Sc, Y, La, Ce,
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu (Fig. 1; pages 178-179).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to substitute Sakai-Baribeau’s lattice engineered layer with Dargis' layer comprising a rare earth
containing layer, for close matching of lattice constants as taught by Dargis (Abstract).

In re Claim 28, Sakai taken with Baribeau discloses all limitations of claim 28 except for
that the lattice engineered layer comprises a rare earth containing layer, the rare earth containing
layer comprising one or more of Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, and/or Lu.

Dargis teaches a method wherein the lattice engineered layer comprises a rare earth
containing layer, the rare earth containing layer comprising one or more of Sc, Y, La, Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu (Fig. 1; pages 178-179).

It would have been obvious to one of ordinary skill in the art at the time of the invention
to substitute Sakai-Baribeau’s lattice engineered layer with Dargis' layer comprising a rare earth

containing layer, for close matching of lattice constants as taught by Dargis (Abstract).
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Conclusion

The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.
1. Tlegems et al., US 4,127,862;
2. Iguchietal., US 2010/0072457;
3. Rajavel., US 8093559.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NIKOLAY YUSHIN whose telephone number is (571)270-7885.
The examiner can normally be reached on 8§ AM - 5 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Tom Thomas can be reached on 571-272-1664. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NIKOLAY YUSHIN/
Primary Examiner, Art Unit 2893
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Office is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully
requested that the information be expressly considered during the prosecution of this application,
and that the references be made of record therein and appear among the “References Cited” on any

patent to issue therefrom.

This Supplemental Information Disclosure Statement is filed before the mailing date of a

first Office Action on the merits as far as is known to the undersigned (37 C.F.R. § 1.97(b)(3)).

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted a copy of the U.S.
patent publication. Applicant submits herewith copies of non-patent literature in accordance with

37 CF.R. § 1.98(a)(2).
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Application No.: Not Yet Assigned Docket No.: 111848-0002-101

In accordance with 37 C.F.R. § 1.97(g), the filing of this Supplemental Information
Disclosure Statement shall not be construed to mean that a search has been made or that no other
material information as defined in 37 C.F.R. § 1.56(a) exists. In accordance with
37 CF R § 1.97(h), the filing of this Supplemental Information Disclosure Statement shall not be
construed to be an admission that any patent, publication or other information referred to therein is

“prior art” for this invention unless specifically designated as such.

It is submitted that the Supplemental Information Disclosure Statement is in compliance

with 37 C.F.R. § 1.98 and the Examiner is respectfully requested to consider the listed references.

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be
filed or which should have been filed herewith (or with any paper hereafter filed in this application

by this firm) to our Deposit Account No. 18-1945.

Dated: October 7, 2016 Respectfully submitted,

By /James F. Mack/
James F. Mack
Registration No.: 74,196
ROPES & GRAY LLP
1900 University Avenue
6th Floor
East Palo Alto, California 94303-2284
(650) 617-4000
(617) 235-9492 (Fax)
Agent For Applicant
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/188,396 06/21/2016 Robert Yanka 111848-0002-101
CONFIRMATION NO. 1083
28120 POA ACCEPTANCE LETTER
ROPES & GRAY LLP

IPRM Docketing - Floor 43 RO A LML
PRUDENTIAL TOWER 00000008437062

800 BOYLSTON STREET
BOSTON, MA 02199-3600

Date Mailed: 07/15/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/01/2016.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/zmoguss/
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/188,396
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A N/A 280
SEARCH FEE
(37 CFR 1.16(K). ), or () N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR1.16(0), (p), or (a) N/A N/A N/A N/A 720
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 30 minus 20= 10 OR |«x 80 = 800
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 2 minus 3 = x 420 = 0.00
It the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.18(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2400
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE®) FEE($)
E AMENDMENT PAID FOR
[im| Total . nus | ** =
= (37 CF?R ?16(0) M OR |x
a Independent Minus b =
E (37 CFR 1.16(h) OR [x
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE(S)
EE AMENDMENT PAID FOR
w Total * Minus ** =
= (a7 CF(F)z ?.160)) OR |«x
a
Independent Minus o =
Lzu (37 CFR 1.16(h)) OR |x
<§E Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/188,396 06/21/2016 2811 2540 111848-0002-101 30 2
CONFIRMATION NO. 1083
28120 FILING RECEIPT
ROPES & GRAY LLP
IPRM Docketing - Floor 43 RO RGO LI LA0 W
PRUDENTIAL TOWER

800 BOYLSTON STREET
BOSTON, MA 02199-3600

Date Mailed: 07/05/2016

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

Inventor(s)

Robert Yanka, Kernersville, NC;

Seokjae Chung, Oak Ridge, NC;

Kalyan Nunna, High Point, NC;

Rodney Pelzel, Emmaus, PA;

Howard Williams, St. Mellons, UNITED KINGDOM;
Applicant(s)

IQE, plc, St. Mellons, UNITED KINGDOM,;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/183,060 06/22/2015

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

page 1 of 3
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If Required, Foreign Filing License Granted: 06/30/2016

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/188,396

Projected Publication Date: 12/22/2016
Non-Publication Request: No

Early Publication Request: No
Title

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH
A LATTICE PARAMETER NEARLY MATCHING GAAS

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

Document Description: Power of Attorney
PTO/AIA/82B (07-13)
Approved for use through 11/30/2014. OMB 0651-0051
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B}) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 15/188,396
Filing Date June 21, 2016
First Named Inventor Robert Yanka
Title

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A
SUBSTRATE WITH A LATTICE PARAMETER NEARLY MATCHING GAAS

Art Unit 2811

Examiner Name Not Yet Assigned

Attorney Docket Number | 111848-0002-101

SIGNATURE of Applicant or Patent Practitioner

Signature /James F. Mack/ Date (Optional) July 1, 2016
Name Registration
James F. Mack Number 74,196

Title (if Applicant is
a juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If more than
one applicant, use multiple forms.

*Total of 1 forms are submitted.

57395061_1
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Doc Code: PA.
Document Description: Power of Atiorney
PTO/AIA/G2B (07-13)
Approved for use through 11/30/2014. OMB 0651-0051
1J.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required o respond to a collection of infarraticn unless it displays a valid OMB controt number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke alt previous powers of attorney given in the application identified in either the attached transmittal letter
or the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided or form PTO/AIA/82A.)
| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s),
and to transact all business in the United States Patent and Trademark Office connected therewith for the application
referenced in the attached transmittal letter (form PTO/AIA/82A) or identified above: 28120

OR

| hereby appoint Practitioner{s) named in the attached list (form PTO/AIA/82C) as my/our attomey(s) or ageni(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter {form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/B2C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR
I:I The address associated with Gustomer Number:

OR

Firm or
Individual Name

Address

City [ state | [z |

Country

Telephone I Email |

I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

1QE, plc

D fnventor or Joint Inventor (title not required below}
D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign {provide signer’s title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Proprietary Interest {e.g., a petition under 37 CFR 1.46(b)(2) was granted in
the application or is concurrently being filed with this document) (provide signer's titie if applicant is a juristic entity)

SIGNATURE of Applicant for Patent

The undersigned (whose fitle is supplied below} is autherized to act on behalf of the applicant {e.g., where the applicant is a juristic entity).

Signature [%M Date (Optional) | S™ Tone 2ol

h,

Name Rodney Pelzel, Ph.D.

Title Vice President, Group Technology for IQE, plc.

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications. If more than one applicant, use multiple forms.

Total of 1 forms are submitted.

57163456 1

0096




PTO/AIA/96 (08-12)

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

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

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

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: IQE, plc
Application No./Patent No.: 15/188,396 Filed/Issue Date: June 21, 2016
Titled: OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE

WITH A LATTICE PARAMETER MATCHING GAAS

IQE, plc ,a Corporation

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

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

2. D An assignee of less than the entire right, title, and interest (check applicable box):
D The extent (by percentage) of its ownership interest is %). Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

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

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

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

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

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

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

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was
recorded in the United States Patent and Trademark Office at Reel 039046 ,
Frame 0343 , or for which a copy thereof is attached.

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

1. From: To:

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

Reel , Frame , or for which a copy thereof is attached.
2. From: To:

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

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

[Page 1 of 2]
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PTO/AIA/96 (08-12)

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

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

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

STATEMENT UNDER 37 CFR 3.73(c)

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

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

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

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

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

/James F. Mack/ July 1, 2016
Signature Date
James F. Mack 74,196
Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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Electronic Acknowledgement Receipt

EFS ID: 26246110
Application Number: 15188396
International Application Number:
Confirmation Number: 1083

Title of Invention:

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A
SUBSTRATE WITH A LATTICE PARAMETER NEARLY MATCHING GAAS

First Named Inventor/Applicant Name:

Robert Yanka

Customer Number:

28120

Filer:

James Francis Mack/Pamela Harrison

Filer Authorized By:

James Francis Mack

Attorney Docket Number: 111848-0002-101
Receipt Date: 01-JUL-2016
Filing Date: 21-JUN-2016
Time Stamp: 19:37:07

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
126345
1 Power of Attorney 111848-0002-101_POA.pdf no 2
68238e8c60f8aB094d216ddad0f1ch68bac

6bf2b

Warnings:
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Information:

71105
) Assignee showing of ownership per37 | 111848-0002-101_Assignee_St no 2
CFR3.73 atement.pdf
1b09b5c0886da3d7ce35ff871d8beef1241d
Warnings:
Information:
Total Files Size (in bytes)1 197450

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/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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DECLARATION {37 OFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

§Title of QPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A
invention LATTICE PARAMETER NEARLY MATCHING GAAR

(Ax the below named inventor, F hereby declare thatl

This declaration [ j The attached spplication, or
mdiradted tor T

X United States application or BPCY international application numbar 186{188,388
fed on June 21,2016

The above-identfiied application was made or suthorized 1o be made by me.
| belisve that { am the arigingl iventar or an aniginat joint inventor of & clamed invention in the application,

L heraby ackoowisdge that any willtfal false statemant made in this declarationis punishable under 18 U882, 1001
by fine ot imprisonment of not more than five (5) years; or bolh.

WARNING:

Petiionerfapplicant is cautioned fo avold submitting parsonal information in documents fled in 8 patent application that may
contribute to identity theft, Parsonalinformation such as socisl securty nurmbers, baok acoount numbers, or oredit card numbers
{other than = oheck or credit card authorization form PTO-2088 subrnithed for payrmsat purposes] is never required by the USPTO
o suppet a pelifion or an spplication. if this type of persoral information is inclided In documents submitied to the LISPTO,
patiivnersfappliicants should consider redacting such personad information fram the documents before submitting therm tothe
USPTO. Petifioner/spplicacd Is advises that the recerd of a patent applination is availatle 1o the public affer publication of the
spplication (unkews g norepublication request in compliance with 37 CFR 4, 213(a) ia made in the application) of issuance of a
patert. Furthermore, the racord frony an abandened application may aise he avallable 1o the public if the applicstion is
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DECLARATION (37 CFR 1.683) FOR UTIITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.78)

P Title of QOPFTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER OM A SUBSTRATEWITH A
| invention LATTICE PARAMETER NEARLY MATCHING BAAS

iAs the below nanved inventor, | hereby declare that

§ This declasation E The altachad application, or

}is directad to

United States apphisation or POT international application number
Hedon

The shove-identified application was made or suthonzed to be made by ma:
{ beliave that | am the original invenior or an ariginal joint inventor of a claimed invention invthe application.

Phereby acknowiledge that any willful Telse statement made in this declaraion is punishable under 18 ULS.C 1008
by fine or imprisonment of not more than five {5} vears, or both,

WARNING:

Petitionerapplicant is cavtioned to avoid submilling personal inforraation in documends fled in a patent application that may
cantribute o identtly thell. Personal infonmation such 35 sotiad security numbens, bank actount numbers, or credit card numbers
{other tham a check or cred card suthorization form PTO-028 aubhnitted for payirent purposes) is naver required by the USPTD
fo-support @ pefition or an application. if this type of patsohal information s inclided in documents submitted to the USFTQ, |
petitioners/applicants should consider redacting such personal information fronite documents before submilting therm tothe
USPTO. Petitionar/applicant is advised that the record of a patent applisation Is avadable io the public siter publication of thie
appiication {unless a norepublisation reguest incoraplianos with 37 CFR 1.213(a} s made in the appiication) or issuance of a
paterd. . Furthennore, the recond front an abandoned applicalivn may also be awadiable to the public if the application i
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | OPTOELECTRONIC DETECTORS HAVING A ILUTE NITRIDE LAYER ON A BURSTRATEWITH &
Invention LATVICE PARAMETER NEARLY MATOHING BA&S

Asthe below namead inventor, T hereby declare that;

This declaration (x| The attached agplication, of
is direrted 10 ‘
1 United States application or PCT intermational spplication number

fited of

The ahove-identified application was made or authorized o bs made by e
1 believe that | am the criginal inventor or ancoriginal joint iventorof a claimed invention in the apphcation,

i harsby acknowiedge thal any witul false staternent made in this declargtion is punfshable under 18 U.S.C: 1001
by fine or imprisonment of not mors than five {8) years, arboth

WARNING:
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DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)
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§ hallave that am the orginal inventor or an onginal joint inventor of a claimed invention in the application:
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37T CFR 1.76)
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Optoelectronic Detectors Having a Dilute Nitride Layer on a Substrate With a Lattice Parameter

Nearly Matching GaAs

Inventors

Robert Yanka, Seokjae Chung, Kalyan Nunna, Rodney Pelzel, Howard Williams

Cross Reference to Related Applications

[0001] This application claims priority to U.S. Provisional Application Serial No. 62/183,060,

filed June 22, 2015, the entire contents of which are hereby incorporated by reference.

Background

[0002] III-V materials are the materials of choice for fabricating optoelectronic emitters and
detectors for a variety of applications. One reason for this is that the bandgap of the II1I-V
material can be chosen for the specific wavelength of interest. Fiber optic systems typically use
the 1.33 um (micrometer) and 1.50 pm wavelengths because of their transmission characteristics.
[0003] Historically, the vast majority of 1.33 um and 1.50 pm emitters and detectors employ
indium gallium arsenide (InGaAs) alloys as the emitting and detecting medium. To generate
high quality InGaAs needed for an emitter or detector, it is preferred that the material be as free
as possible of crystalline defects. The alloy composition and thickness of the InGaAs layers
needed for functional devices necessitates growth on an indium phosphide (InP) substrate since
InP has the same in-plane lattice parameter as Ing 53Gag47As (Eg = 0.75 eV at 300 K which
corresponds to a wavelength of 1.65 pm).

[0004] From a cost perspective, it would be preferable to grow optoelectronic detectors and
emitters on a less expensive substrate than InP, such as gallium arsenide (GaAs), germanium
(Ge), or silicon (Si). However, the lattice mismatch between less expensive substrates and
InGaAs alloys of desired composition results in highly defective material when grown
sufficiently thick to fabricate a viable detector or emitter. Substrate cost is a significant portion
of overall manufacturing cost, and therefore, finding a route to grow a material of sufficient

bandgap on a less expensive substrate is of significant technical and practical interest.

57543646_2
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Summary

[0005] Optoelectronic detectors having one or more dilute nitride layers on substrates with
lattice parameters matching or nearly matching GaAs are described herein. A semiconductor can
include a substrate with a lattice parameter matching or nearly matching GaAs and a first doped
III-V layer over the substrate. The semiconductor can also include an absorber layer over the
first doped III-V layer, the absorber layer having a bandgap between approximately 0.7 eV and
0.95 eV and a carrier concentration less than approximately 1 x 10'® cm™ at room temperature.
The semiconductor can also include a second doped I1I-V layer over the absorber layer.

[0006] The absorber layer can include a dilute nitride. The dilute nitride can include
In,Ga,.«NyAs,.,.,Sb,, with X, y, and z falling within the following respective ranges: (0 <x < 1;
0<y<1,0<z<1). Insomeexamples, X, y, and z can fall within the following respective
ranges: (0 <x<0.55,0<y<0.1;0<z<0.1).

[0007] The carrier concentration of the absorber layer can be less than approximately

5x 10" em™, or it can be less than approximately 1 x 10"° ecm™. The thickness of the absorber
layer can be between approximately 2 micrometers and approximately 10 micrometers, or it can
be between approximately 3 micrometers and approximately 5 micrometers.

[0008] The semiconductor can further include a multiplication layer between the absorber layer
and one of the first and second doped ITI-V layers.

[0009] One or more implementations can result in a substrate with a lattice parameter matching
or nearly matching GaAs. The substrate can include GaAs. The substrate can include a silicon
substrate and a lattice engineered layer over the silicon substrate, with the surface of the lattice
engineered layer opposite the silicon substrate having a lattice parameter that is matched or
nearly matched to GaAs. The lattice engineered layer can include a SiyGe, ., layer, with x graded
from 1 at a surface of the SiyGe,.x layer nearest the silicon substrate to O at a surface of the
SiyGe1 layer opposite the silicon substrate. The lattice engineered layer can include a rare earth
containing layer, with the rare earth containing layer including one or more of Sc, Y, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu.

[0010] The first doped ITI-V layer can be n-type and the second doped I1I-V layer can be
p-type. The first doped III-V layer can be p-type and the second doped III-V layer can be n-type.

57543646_2
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Brief Description of the Drawings

[0011] The above and other features of the present disclosure, including its nature and its
various advantages, will be more apparent upon consideration of the following detailed
description, taken in conjunction with the accompanying drawings in which:

[0012] FIG. 1 depicts a semiconductor comprising a p-i-n diode, according to an illustrative
implementation;

[0013] FIG. 2 depicts a semiconductor with a p-i-n diode and a multiplication layer, according
to an illustrative implementation;

[0014] FIG. 3 depicts a semiconductor with a GaAs-based p-i-n diode, according to an
illustrative implementation;

[0015] FIG. 4 depicts a semiconductor with a GaAs-based p-i-n diode and a multiplication
layer, according to an illustrative implementation;

[0016] FIG. 5 depicts a graph that shows the characterization of the semiconductor shown in
FIG. 3 by x-ray diffraction (XRD), according to an illustrative implementation;

[0017] FIG. 6 depicts a graph that shows XRD scans of intrinsic InGaNAsSb layers of
different thicknesses epitaxially formed on GaAs, according to an illustrative implementation;
[0018] FIG. 7 depicts a graph that shows XRD scans of InGaNAsSb layers grown on p-type
and semi-insulating GaAs substrates, according to an illustrative implementation;

[0019] FIG. 8 depicts a graph showing the effect of the In/Sb ratio on carrier properties of
InGaNAsSb, as measured by the Hall effect, according to an illustrative implementation;

[0020] FIG. 9 depicts a graph showing the effect of the In/Sb ratio on optical properties of
InGaNAsSb, as measured by photoluminescence (PL), according to an illustrative
implementation;

[0021] FIG. 10 depicts a graph that shows the effect of growth temperature and As flux on the
carrier concentration of InGaNAsSb, as measured by the Hall effect, according to an illustrative
implementation;

[0022] FIG. 11 depicts a graph that shows the effect of growth temperature and arsenic flux on
the bandgap of InGaNAsSb, as measured by photoluminescence, according to an illustrative

implementation;

57543646_2
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[0023] FIG. 12 depicts a graph showing the effect of rapid thermal annealing (RTA) on the
carrier concentration of InGaNAsSb, as measured by the Hall effect, according to an illustrative
implementation;

[0024] FIG. 13 includes a graph showing the effect of RTA on the bandgap of InGaNAsSb as
measured by photoluminescence, according to an illustrative implementation;

[0025] FIG. 14 depicts a graph that shows a photoluminescence spectrum of a 0.5 pm layer of
InGaNAsSb grown on a GaAs substrate, according to an illustrative implementation;

[0026] FIG. 15 includes a colormap that shows cross-wafer variation in bandgap of a 0.5 um
layer of InGaNAsSb grown on a 150 mm GaAs substrate, according to an illustrative
implementation; and

[0027] FIG. 16 illustrates several examples of p-i-n diodes formed over substrates with lattice

parameters matching or nearly matching GaAs, according to an illustrative implementation.

Detailed Description

[0028] Systems and methods described herein include processes for the growth of high quality
optoelectronic detectors on a substrate with a lattice parameter matching or nearly matching
GaAs. Detectors described herein use a dilute nitride layer, typically an In,Ga;..\NyAs;.y.,Sb,
layer as the absorbing medium, where x ranges from 0 to 0.55, y ranges from 0 t0 0.1, and z
ranges from 0 to 0.1, herein referred to as the InGaNAsSb layer. The dilute nitride is a III-V
material that includes low concentrations of nitrogen, concentrations that are low alloy-level
concentrations and are higher than doping-level concentrations. The dilute nitride layer may
have trace amounts of dopants or contamination, but in amounts that do not prevent the layer
from functioning in a detector. In some examples the optoelectronic detectors use a p-i-n
structure. In a typical p-i-n, the absorption medium is an intrinsic semiconductor (i) is
sandwiched between an n-type semiconductor and a p-type semiconductor. The n-type region
has electrons as the majority carrier, usually due to doping by donor dopants. The p-type region
has holes as the majority carrier, usually due to doping by acceptor dopants. In operation, the
diode is reverse biased which serves to “sweep” out carriers generated by photons of sufficient
energy.

[0029] The substrate with a lattice parameter matching or nearly matching GaAs may comprise

a GaAs substrate, a Ge substrate, or a lattice engineered substrate. Examples of lattice
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engineered substrates include a substrate comprising a graded SiGe layer on a Si handle wafer
and a substrate comprising a rare-earth containing layer on a Si handle wafer. The lattice
parameter is a dimension of a unit cell in a crystal lattice. The substrate with a lattice parameter
matching or nearly matching GaAs may have a lattice parameter that is the same as or slightly
different than the lattice parameter of GaAs (5.65 A), but is similar enough that high-quality
GaAs can be epitaxially grown on the substrate surface. High quality GaAs can include a defect
level that is comparable to or lower than a defect level of an Ing 53Gag 47As layer grown on an InP
substrate. This can mean the substrate has a lattice parameter different than that of GaAs by less
than or equal to 3%, less than 1%, or less than 0.5%.

[0030] An InGaNAsSb absorber layer of high quality enables low cost, high performance
detectors. One reason for this is that the absorber layer can be grown coherently (i.e., crystalline,
non-relaxed and with minimal defectivity) on a substrate with a lattice parameter matching or
nearly matching GaAs. The composition of the InGaNAsSb layer can be tuned so that a layer of
desired bandgap and thickness can be coherently grown on a substrate with a lattice parameter
matching or nearly matching GaAs with minimal defects. The bandgap is the energy difference
between conduction and valence bands of a material, and can be direct (where electronic
transitions between the bands can occur with only emission or absorption of a photon) or indirect
(where electronic transitions between the bands require emission or absorption of a phonon in
addition to emission or absorption of a photon). III-V materials generally have direct bandgaps,
but the layers described herein can have direct or indirect bandgaps.

[0031] FIG. 1 depicts a semiconductor 100 comprising a p-i-n diode. The semiconductor 100
includes a substrate 114, an n" III-V layer 112 epitaxially formed over the substrate 114, an
intrinsic dilute nitride layer 106 epitaxially formed over the n” ITI-V layer 112, and a p” III-V
layer 102 epitaxially formed over the dilute nitride layer 106.

[0032] The III-V layers 102 and 112 can include any III-V material, such as GaAs, InGaAs,
AlGaAs, InGaP, InGaAsP, InGaAsN, InGaNAsSb, or another III-V material. The substrate 114
can be a semiconducting, conducting, or an insulating substrate. The upper surface of the
substrate 114 has a lattice parameter that matches or nearly matches GaAs. Examples of the
substrate 114 are described below with reference to FIG. 16. The dilute nitride layer 106 is an
intrinsic layer in the p-i-n diode and serves as an absorption medium. The terms absorber layer

and absorption medium can be used to describe any layer that absorbs photons.
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[0033] The dilute nitride layer 106 has a lattice parameter that is compatible with the I1I-V
layers 102 and 112. The dilute nitride layer 106 can be lattice-matched to the III-V layers 102
and 112, or it may have a lattice parameter that is relatively close (nearly matched) to the I1I-V
layers 102 and 112. Thus, the dilute nitride layer 106 has a sufficiently low defect level such that
it has good optical performance. Such a sufficiently low defect level can include a comparable
or lower defect level than would occur in an Ing 53Gag 47As layer grown on an InP substrate.
Each of the layers 102, 106, and 112 and the substrate 114 can include one or more layers that
improve lattice-matching, interface quality, electron transport, hole transport and/or other
optoelectronic properties.

[0034] FIG. 2 depicts a semiconductor 200 with a p-i-n diode and a multiplication layer. The
semiconductor 200 is similar to the semiconductor 100, but also includes a multiplication layer
to amplify the photocurrent generated by the intrinsic layer of the p-i-n diode. The structure of
the semiconductor 200 can be described as an avalanche photodiode (APD) structure. In an APD,
the addition of the multiplication layer results in an additional p-i-n or p-n junction. This allows
a higher reverse bias to be applied, resulting in carrier multiplication via the avalanche process.
As a result the gain (number of electrons per photon) of the device (as compared to a standard p-
i-n) is increased. This results in a higher sensitivity device. The semiconductor 200 includes a
substrate 214, an n” ITI-V layer 212 epitaxially formed over the substrate 214, a p-type
multiplication layer 208 formed over the n” III-V layer 212, an intrinsic dilute nitride layer 206
epitaxially formed over the p-type multiplication layer 208, and a p” III-V layer 202 epitaxially
formed over the dilute nitride layer 206.

[0035] The IMI-V layers 202 and 212 can include any ITI-V material, such as GaAs, InGaAs,
AlGaAs, InGaP, InGaAsP, InGaAsN, InGaNAsSb, or another III-V material. The substrate 214
can be a semiconducting, conducting, or an insulating substrate. The upper surface of the
substrate 214 has a lattice parameter that matches or nearly matches GaAs. Examples of the
substrate 214 are described below with reference to FIG. 16. The dilute nitride layer 206 is an
intrinsic layer in the p-i-n diode and serves as an optical absorber layer.

[0036] The dilute nitride layer 206 has a lattice parameter that is compatible with the I1I-V
layers 202 and 212. The dilute nitride layer 206 can be lattice-matched to the ITI-V layers 202
and 212, or it may have a lattice parameter that is relatively close (nearly matched) to the I1I-V

layers 202 and 212. Thus, the dilute nitride layer 206 has a sufficiently low defect level such that
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it has good optical performance. Such a sufficiently low defect level can include a comparable
or lower defect level than would occur in an Ing 53Gag 47As layer grown on an InP substrate.
Each of the layers 202, 206, and 212 and the substrate 214 can include one or more layers that
improve lattice-matching, interface quality, electron transport, hole transport and/or other
optoelectronic properties.

[0037] The multiplication layer 208 can be a p-type III-V layer that amplifies the current
generated by the dilute nitride layer 206 through avalanche multiplication. Thus, for each free
carrier (electron or hole) generated by the dilute nitride layer 206, the multiplication layer 208
generates one or more carriers via the avalanche effect. Thus, the multiplication layer 208
increases the total current generated by the semiconductor 200.

[0038] FIG. 3 depicts a semiconductor 300 with a GaAs-based p-i-n diode. The semiconductor
300 includes a substrate 314 with a top surface having a lattice parameter matching or nearly
matching that of GaAs. The substrate 300 includes an n-type GaAs layer 312 epitaxially formed
over the substrate 314, and an n-type GaAs layer 310 epitaxially formed over the GaAs layer 312.
The GaAs layer 312 can be more heavily doped than the GaAs layer 310. The semiconductor
300 also includes an intrinsic InGaNAsSb layer 306 epitaxially formed over the GaAs layer 310,
a p-type InGaNAsSb layer 304 epitaxially formed over the intrinsic InGaNAsSb layer 306, and a
p-type GaAs layer 302 epitaxially formed over the p-type InGaNAsSb layer 304. The p-type
GaAs layer 302 can be more heavily doped than the p-type InGaNAsSb layer 304. The
InGaNAsSb layer 304 and the InGaNAsSb layer 306 can each have the composition
InyGa;«NyAsiy,Sb, (0<x<1,0<y<1;0<z<1). The mole fractions X, y, and z can have
different values in the different layers 302 and 304. In some examples, x ranges from 0 to 0.55,
y ranges from 0 to 0.1, and z ranges from 0 to 0.1.

[0039] In some examples, the p-type GaAs layer 302 can have a thickness of approximately
0.2 um and can be doped with Be or C to result in a free hole concentration of approximately
1.5x 10" em™. The p-type InGaNAsSb layer 304 can have a thickness of approximately

0.25 um and can be doped with Be or C to result in a free hole concentration of approximately
7x 10" em™. The composition of the InGaNAsSb layer 304 can be selected to result in a
bandgap of approximately 0.8 eV. The InGaNAsSb layer 306 can have a thickness of
approximately 3 um and can be unintentionally doped (UID) with a free carrier concentration of

approximately 6 x 10'* cm™. The carrier concentration of a material is the number density of
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charge carriers such as electrons or holes in the material. The carrier concentration of a material
is sometimes expressed in units of electrons-cm™, holes-cm™, or atoms-cm” (referring to the
atomic dopant density), but more often, the name of the particle is omitted while referencing the
same quantity and the carrier concentration is simply expressed in units of cm™. UID
semiconductors do not have dopants that were intentionally added, but can include a nonzero
concentration of impurities that act as dopants. The InGaNAsSb layer 306 can act as an absorber
layer to absorb incident photons. The InGaNAsSb layer 306 can have primarily holes as the free
carriers, making the layer 306 p-type. The composition of the InGaNAsSb layer 306 can also be
selected to result in a bandgap of approximately 0.8 eV. The InGaNAsSb layer 306 can have a
bandgap between approximately 0.8 eV and approximately 0.95 eV, corresponding to
wavelengths between 1.3 pym and 1.55 pm.

[0040] With the appropriate concentration of In, InGaAs alloys can have bandgaps within the
wavelength range 1.3 — 1.55 um. However, the lattice parameters of such InGaAs alloys are
similar to that of InP, but not that of GaAs or Si. Thus, InGaAs absorbers are not readily
compatible with epitaxial growth on GaAs or silicon substrates. However, the addition of N to
InGaAs can reduce the bandgap while resulting in a lattice parameter that matches or nearly
matches GaAs. Addition of Sb to InGaNAs results in improved crystallinity and lower
background carrier concentration for a given bandgap. Sb can mitigate some defect types or can
act as a surfactant to enhance device performance. Sb can improve the incorporation of N,
allowing a lower N flux or flow to be used to grow a material of a given N concentration and
correspondingly bandgap, thus reducing the background carrier concentration. Accordingly, the
bandgap of InGaNAsSD can be tailored to the appropriate range while maintaining good
crystallinity and lattice matching to GaAs.

[0041] The GaAs layer 310 can have a thickness of approximately 0.5 um and can be doped
with silicon to result in an n-type material with a free carrier concentration of approximately

2x 10" em™. The GaAs layer 312 can have a thickness of approximately 2.5 um and can be
doped with silicon to result in an n-type material with a free carrier concentration of
approximately 5 x 10'® cm™. The substrate 314 can include one or more layers, and the top
surface of the substrate can have a lattice parameter matching or nearly matching GaAs. This
results in a high quality interface between the GaAs layer 312 and the substrate 314, and reduces

defect levels in the semiconductor 300. Some examples of the substrate 314 are described below
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with reference to FIG. 16. Accordingly, the semiconductor 300 includes a GaAs-based p-i-n
diode that is optically active in the 1.3 — 1.55 pm range and is formed on the top surface of a
substrate with a lattice parameter matching or nearly matching that of GaAs.

[0042] FIG. 4 depicts a semiconductor 400 with a GaAs-based p-i-n diode and a multiplication
layer. The semiconductor 400 is similar to the semiconductor 300, but also includes an
avalanche multiplication layer to amplify the photocurrent generated by the intrinsic layer of the
p-i-n diode. The semiconductor 400 includes a substrate 414 with a top surface having a lattice
parameter matching or nearly matching that of GaAs. The substrate 400 includes an n-type
GaAs layer 412 epitaxially formed over the substrate 414, and an n-type GaAs layer 410
epitaxially formed over the n-type GaAs layer 412. The GaAs layer 412 can be more heavily
doped than the GaAs layer 410. The semiconductor 400 also includes a multiplication layer 408
epitaxially formed over the GaAs layer 410, an intrinsic InGaNAsSb layer 406 epitaxially
formed over the multiplication layer 408, a p-type InGaNAsSb layer 404 epitaxially formed over
the intrinsic InGaNAsSb layer 406, and a p-type GaAs layer 402 epitaxially formed over the
p-type InGaNAsSb layer 404. The p-type GaAs layer 402 can be more heavily doped than the
p-type InGaNAsSb layer 404. The InGaNAsSb layer 404 and the InGaNAsSb layer 406 can
each have the composition InyGa;\NyAsiy.,Sb, (0<x<1;0<y<1;0<z<1). The mole
fractions x, y, and z can have different values in the different layers 402 and 404. In some
examples, x ranges approximately from 0 to 0.55, inclusive, y ranges approximately from O to
0.1, inclusive, and z ranges approximately from O to 0.1, inclusive.

[0043] In some examples, the p-type GaAs layer 402 can have a thickness of approximately
0.2 pm and can be doped with Be or C to result in a free hole concentration of approximately
1.5x 10" cm™. The p-type InGaNAsSb layer 404 can have a thickness of approximately

0.25 um and can be doped with Be or C to result in a free hole concentration of approximately
7x 10" cm™. The composition of the InGaNAsSb layer 404 can be selected to result in a
bandgap of approximately 0.8 eV. The InGaNAsSb layer 406 can have a thickness of
approximately 3 pm and can be unintentionally doped (UID) with a free carrier concentration of
approximately 6 x 10'* cm™. The InGaNAsSb layer 406 can act as an absorber layer to absorb
incident photons. The InGaNAsSb layer 406 can have primarily holes as the free carriers,
making the layer 406 p-type. The composition of the InGaNAsSb layer 406 can also be selected
to result in a bandgap of approximately 0.8 eV. The InGaNAsSb layer 406 can have a bandgap
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between approximately 0.8 eV and approximately 0.95 eV, corresponding to wavelengths
between 1.3 um and 1.55 pm.

[0044] With the appropriate concentration of In, InGaAs alloys can have bandgaps within the
wavelength range 1.3 — 1.55 um. However, the lattice parameters of such InGaAs alloys are
similar to that of InP, but not that of GaAs or Si. Thus, InGaAs absorbers are not readily
compatible with epitaxial growth on GaAs or silicon substrates. However, the addition of N to
InGaAs can reduce the bandgap while resulting in a lattice parameter that matches or nearly
matches GaAs. Addition of Sb to InGaNAs results in improved crystallinity and lower
background carrier concentration for a given bandgap. Sb can mitigate some defect types or can
act as a surfactant to enhance device performance. Sb can improve the incorporation of N,
allowing a lower N flux or flow to be used to grow a material of a given N concentration and
correspondingly bandgap, thus reducing the background carrier concentration. Accordingly, the
bandgap of InGaNAsSb can be tailored to the appropriate range while maintaining good
crystallinity and lattice matching to GaAs.

[0045] The GaAs layer 410 can have a thickness of approximately 0.5 pm and can be doped
with silicon to result in an n-type material with a free carrier concentration of approximately

2x 10" ecm™. The GaAs layer 412 can have a thickness of approximately 2.5 pm and can be
doped with silicon to result in an n-type material with a free carrier concentration of
approximately 5 x 10'® cm™. The substrate 414 can include one or more layers, and the top
surface of the substrate can have a lattice parameter matching or nearly matching GaAs. This
results in a high quality interface between the GaAs layer 412 and the substrate 414, and reduces
defect levels in the semiconductor 400. Some examples of the substrate 414 are described below
with reference to FIG. 16. Accordingly, the semiconductor 400 includes a GaAs-based p-i-n
diode that is optically active in the 1.3 — 1.55 um range and is formed on the top surface of a
substrate with a lattice parameter matching or nearly matching that of GaAs.

[0046] The multiplication layer 408 can be a p-type III-V layer that amplifies the current
generated by the dilute nitride layer 406 through avalanche multiplication. One example of a
p-type I1I-V layer is a p-type GaAs layer. For each free carrier (electron or hole) generated by
the dilute nitride layer 406, the multiplication layer 408 generates one or more carriers via the
avalanche effect. Thus, the multiplication layer 408 increases the total current generated by the

semiconductor 400.

10

57543646_2

0118



111848-0002-101

[0047] In some examples, the bandgap of one or more of the layers 106, 206, 304, 306, 404,
and 406 is between 0.7 eV and 0.95 eV. In some examples, the bandgap of one or more of the
layers 106, 206, 304, 306, 404, and 406 is 0.7 eV, 0.75 eV, 0.80 eV, 0.85 eV, 0.90 eV, or

0.95 eV. In some examples, one or more of the layers 106, 206, 304, 306, 404, and 406 is up to
10 um thick. In some examples, one or more of the layers 106, 206, 304, 306, 404, and 406 is
0.001-1, 0.05-5, 0.5-5, 0.1-1, 1-10, 0.001-0.005, 0.005-0.01, 0.01-0.05, 0.05-0.1, 0.1-0.5, 0.5-1,
1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10, 2-10, 3-10, or 3-5 pm (micrometers) thick. The layers
106, 206, 306, and 406 have a free carrier concentration caused by unintentional dopants. The
carrier concentration at room temperature of one or more of the layers 106, 206, 306, and 406
can be below approximately 1 x 10'® cm™, can be below approximately 5 x 10"° ¢cm™, can be
below approximately 1 x 10" ¢cm™, and can be between approximately 1 x 10" cm™ and

5x 10" em™. Room temperature can include a range of temperatures that the layers 106, 206,
306, and 406 will experience during normal operation, such as approximately 20 °C, between
15 °C and 25 °C, between 0 °C and 30 °C, and between -20 °C and 50 °C. Because the layers
106, 206, 306, and 406 are unintentionally doped, carrier freeze-out will occur at higher
temperatures than for semiconductors with higher doping levels. Because of this freeze-out
effect, a sample measured at a reduced or cryogenic temperature will exhibit a lower carrier
concentration than the same sample measured at room temperature. Thus, measuring carrier
concentrations at room temperature provides an accurate indication of carrier concentrations to
be expected during device operation, as opposed to measuring carrier concentrations at reduced
or cryogenic temperatures.

[0048] One or more of the layers 106, 206, 304, 306, 404, and 406 can have In molar
concentrations between approximately 10% and approximately 20%, N molar concentrations
between approximately 3% and approximately 7%, and Sb molar concentrations between
approximately 0.5% and approximately 5%.

[0049] FIG. 5 depicts a graph 500 that shows the characterization of the semiconductor 300 by
x-ray diffraction (XRD). The graph 500 includes a scan 502 which has peaks 504, 506, 508, and
510. Each peak corresponds to a material of distinct lattice parameter. The peak 504
corresponds to the intrinsic InGaNAsSb layer 306, and peak 506 corresponds to the p-type
InGaNAsSb layer 304. The p-type dopant adds tensile strain to the layer 304 and thus shifts the
peak 506 away from the peak 504 by approximately 26 arc-seconds. Peak 508 may correspond
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to GaAsSb forming at the interface between the p-type GaAs layer 302 and the p-type
InGaNAsSb layer 304. The peak 510 corresponds to the substrate 314. The narrowness of the
peaks 504, 506, 508, and 510 indicates that the epitaxial layers 302, 304, 306, 310, and 312 have
high crystallinity and low defect levels.

[0050] FIG. 6 depicts a graph 600 that shows XRD scans of intrinsic InGaNAsSb layers of
different thicknesses epitaxially formed on GaAs. The layers were grown using molecular beam
epitaxy (MBE) at a growth temperature of 440 °C and a Group V element to Group III element
ratio (V/III) of 42:1. These layers are coherently strained (non-relaxed) with a bandgap as low as
0.78 eV. The graph 600 includes a scan 602 of a 4 pm layer of InGaNAsSb and a scan 604 of a
0.5 um layer of InGaNAsSb. The scan 602 has two peaks, 606 and 608, indicating the presence
of two different lattice parameters. The peak 608 corresponds to the GaAs substrate, and the
peak 606 corresponds to the 4 pm layer of InGaNAsSb. The peak 606 is shifted by -114 arcsec
from the peak 608, indicating that the 4 pm layer of InGaNAsSb layer is slightly compressive as
compared to GaAs. In contrast, the scan 604 only has one peak 610, indicating the presence of
only one lattice parameter. The XRD peaks from the 0.5 um layer of InGaNAsSb and the GaAs
substrate overlap, indicating that the InGaNAsSb layer and the GaAs substrate are lattice
matched or nearly matched. Furthermore, the narrowness of the peaks 606, 608, and 610
indicates that the InGaNAsSb layers have high crystallinity and low defect levels.

[0051] FIG. 7 depicts a graph 700 that shows XRD scans of InGaNAsSb layers grown on
p-type and semi-insulating GaAs substrates. The graph 700 includes a scan 702 of a 0.5 pm
layer of InGaNAsSb grown by MBE on a p-type GaAs substrate and a scan 704 of a 0.5 pm
layer of InGaNAsSb grown by MBE on a semi-insulating GaAs substrate.

[0052] Effective substrate temperature control can improve the quality of low-bandgap
materials such as InGaNAsSb when grown on semi-insulating substrates. As the temperature of
a semiconducting substrate is increased, free carriers are thermally generated and its absorption
edge shifts to a lower energy. This shift can be measured and used to calculate substrate
temperature.

[0053] Epitaxial growth systems are often heated using radiant heaters that rely on substrate
radiant absorption to raise the temperature of the substrate. Absorption is a function of both
doping and bandgap; more absorption occurs as bandgap decreases and/or as doping increases.

Layer absorption also scales with layer thickness. As such, growth of a sufficiently thick low-
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bandgap material such as InGaNAsSb on a semi-insulating higher-bandgap material such as a
GaAs substrate can result in a situation in which the low-bandgap material dominates radiant
absorption. Changes in thickness of this low-bandgap material can thereby significantly affect
the substrate temperature.

[0054] If a constant heater power which would result in a constant equilibrium temperature for
a semi-insulating substrate is maintained while growing a sufficiently thick low-bandgap
material, the increase in substrate absorptivity increases the amount of heat absorbed at the
constant heater power, resulting in an increase in substrate temperature. Thus, both open-loop
temperature control and closed-loop temperature control that is based on indirect measurements
of the substrate temperature can be inaccurate when growing sufficiently thick low-bandgap
materials on semi-insulating substrates. These effects are not as pronounced when growing low-
bandgap materials on more conductive substrates, because doped substrate absorptivities are
higher than those for semi-insulating substrates and tend to dominate radiant absorption.

[0055] The layer grown on a p-type substrate (scan 702) was grown with closed-loop
temperature control that simply regulated the temperature of the substrate holder using a
thermocouple positioned to be sensitive to the temperature of the substrate backside (opposite the
epitaxial layer growth surface). However, the layer grown on a semi-insulating substrate (scan
704) was grown with modified closed-loop control. A feedback loop regulated the temperature
of the substrate holder using the thermocouple and a first closed-loop control algorithm, but the
temperature setpoint of the first closed-loop control algorithm was adjusted by a second closed-
loop control algorithm. The second closed-loop control algorithm measured the substrate
temperature using the temperature dependence of the substrate’s optical absorption edge, and
then adjusted the temperature setpoint of the first closed-loop control algorithm to maintain a
constant substrate temperature. In this way, the modified closed-loop control algorithm
maintained a constant substrate temperature despite changes in the absorptivity of the substrate.
[0056] The scan 702 includes a peak 710, and the scan 704 includes peaks 706 and 708. The
peaks 706 and 710 are aligned, indicating that temperature was held constant with effective
closed-loop control during the growth of the low-bandgap InGaNAsSb material. The peak 708 is
a secondary peak on the scan 704, and is due to changes in composition resulting from

temperature variations during initial growth of the InGaNAsSb layer. However, the scans 702
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and 704 are well-matched, indicating that with effective temperature control, high-quality
InGaNAsSb can be grown on a semi-insulating GaAs substrate.

[0057] FIG. 8 depicts a graph 800 showing the effect of the In/Sb ratio on carrier properties of
InGaNAsSb, as measured by the Hall effect. The graph 800 includes a carrier concentration
curve 802 and a carrier mobility curve 804. Decreasing In/Sb ratio during deposition below
about 6 results in higher carrier concentration, as shown by the curve 802. Increasing the In/Sb
ratio during deposition above about 6 does not significantly affect the carrier concentration, also
shown by the curve 802. However, hole mobility, as measured by the Hall effect, increases
consistently as the In/Sb ratio increases during deposition from 2 to 14, as shown by the curve
804.

[0058] FIG. 9 depicts a graph 900 showing the effect of the In/Sb ratio on optical properties of
InGaNAsSb, as measured by photoluminescence (PL). The graph 900 includes a bandgap curve
902 and a PL intensity curve 904. The bandgap varies between approximately 0.811 eV and
0.803 eV as the In/Sb ratio varies between 2 and 14, with a minimum bandgap at an In/Sb ratio
of 10. The PL intensity varies non-monotonically as the In/Sb ratio varies between 2 and 14,
with a minimum at an In/Sb ratio of 2 and a maximum at an In/Sb ratio of 6. A higher PL
intensity indicates a higher quality InGaNAsSb layer.

[0059] Lower In/Sb ratios result in lower bandgaps, which can be desirable for certain
applications. However, decreasing the In/Sb ratio below about 6 can result in increases in
background carrier concentration, which can result in increased dark current. When the
InGaNAsSb material is used in p-i-n diodes as a photodetector, higher dark current can increase
the background noise level, thus reducing the signal-to-noise level. Accordingly, it is desirable
to decrease the bandgap while maintaining low background carrier concentrations.

[0060] FIG. 10 depicts a graph 1000 that shows the effect of growth temperature and As flux
on the carrier concentration of InGaNAsSb, as measured by the Hall effect. The graph 1000
includes curves 1002, 1004, and 1006, showing the effect of 25% increases and 25% decreases in
As flux on carrier concentration at growth temperatures (i.e., substrate temperatures during
growth) of 420 °C, 440 °C, and 460 °C, respectively. Higher growth temperatures result in
lower background carrier concentrations. In this study, a growth temperature of 460 °C resulted
in a background carrier concentration of approximately 4 x 10" ¢cm™, as shown by the curve

1006. The As flux has a smaller impact on the background carrier concentration, but in general,
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a lower As flux results in a lower background carrier concentration, as shown by the curves 1004
and 1006.

[0061] FIG. 11 depicts a graph 1100 that shows the effect of growth temperature and arsenic
flux on the bandgap of InGaNAsSb, as measured by photoluminescence. The graph 1100
includes curves 1102, 1104, and 1106, showing the effect of 25% increases and 25% decreases in
As flux on bandgap at growth temperatures of 420 °C, 440 °C, and 460 °C, respectively. The
bandgap of InGaNAsSb exhibits only a weak dependence on growth temperature between

420 °C and 460 °C, ranging from a low of 0.79 eV to a high of 0.82 eV. The bandgap of
InGaNAsSb also exhibits a weak dependence on As flux, with an As flux of 1 (nominal value)
generally resulting in the highest bandgap within the range of fluxes in this study.

[0062] FIG. 12 depicts a graph 1200 showing the effect of rapid thermal annealing (RTA) on
the carrier concentration of InGaNAsSb, as measured by the Hall effect. The graph 1200
includes curves 1202 and 1206 corresponding to an RTA temperature of 780 °C, curve 1208
corresponding to an RTA temperature of 800 °C, and curves 1210 and 1212 corresponding to an
RTA temperature of 820 °C. In general, short anneals of InGaNAsSb at lower temperatures
result in lower background carrier concentrations, within the RTA parameters examined in the
study. For a given RTA temperature, a shorter RTA duration resulted in a lower carrier
concentration, as shown by curves 1202, 1206, 1210, and 1212. For a given RTA duration, a
lower RTA temperature resulted in a lower carrier concentration, as shown by curves 1202, 1206,
1210, and 1212. The reduction in carrier concentration with RTA temperature is especially
significant. Decreasing the RTA temperature from 820 °C to 780 °C reduces the carrier
concentration from 3 x 10'® cm™ (curve 1212) to 7 x 10" em™ (curve 1202), a decrease of more
than an order of magnitude.

[0063] FIG. 13 includes a graph 1300 showing the effect of RTA on the bandgap of
InGaNAsSb as measured by photoluminescence. The graph 1300 includes curves 1302 and 1306
corresponding to an RTA temperature of 780 °C, curve 1308 corresponding to an RTA
temperature of 800 °C, and curves 1310 and 1312 corresponding to an RTA temperature of

820 °C. The effects of RTA on bandgap are similar to the effects on carrier concentration. For a
given RTA temperature, a shorter RTA duration resulted in a lower bandgap, as shown by curves
1302, 1306, 1310, and 1312. For a given RTA duration, a lower RTA temperature resulted in a
lower bandgap, as shown by curves 1302, 1306, 1310, and 1312. Decreasing the RTA
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temperature from 820 °C to 780 °C reduces the bandgap from approximately 0.81 eV (curve
1312) to approximately 0.797 eV (curve 1302).

[0064] FIG. 14 depicts a graph 1400 that shows a photoluminescence spectrum of a 0.5 pm
layer of InGaNAsSb grown on a GaAs substrate. The graph 1400 includes a scan 1402 that was
measured on a 0.5 um layer of InGaNAsSb grown on a GaAs substrate. The scan 1402 includes
a peak 1404 at a wavelength of 1.5429 um, corresponding to an energy of 0.8036 eV. The scan
1402 includes a full width at half maximum 1406 of 121.3 nm, a narrow width that indicates
good material quality.

[0065] FIG. 15 includes a colormap 1500 that shows cross-wafer variation in bandgap of a 0.5
um layer of InGaNAsSb grown on a 150 mm GaAs substrate. The bandgap of the layer ranges
between a minimum value of 0.799 eV at a center location 1502 and a maximum value of 0.813
eV at an edge location 1504. The average bandgap is 0.806 eV, and the standard deviation is
0.408%, or approximately 0.003 eV. These variations can be due to variations in precursor flow,
substrate temperature, and/or other factors. However, the variations are relatively small and
illustrate that the uniformity is good.

[0066] FIG. 16 illustrates several examples of p-i-n diodes formed over substrates with lattice
parameters matching or nearly matching GaAs. FIG. 16 depicts semiconductors 1600, 1630, and
1660. The semiconductor 1600 includes a p-i-n diode 1602 epitaxially formed over a GaAs
substrate 1606. The GaAs substrate 1606 thus provides an ideal substrate for homoepitaxy of a
Ga-As-based p-i- n structure such as the p-i-n diode 1602. The substrate 1606 can include any of
the substrates 114, 214, 314, and 414. The p-i-n diode 1602 can include any of the p-i-n diode
comprising the layers 102, 106, and 112; the p-i-n diode comprising the layers 202, 206, 208,
and 212; the p-i-n diode comprising the layers 302, 304, 306, 310, and 312; and the p-i-n diode
comprising the layers 402, 404, 406, 408, 410, and 412.

[0067] The semiconductors 1630 and 1660 each include a lattice engineered layer over a
silicon substrate. Each lattice engineered layer has a first surface nearest the silicon substrate
and a second (top-most) surface opposite the silicon substrate. The first surface nearest the
silicon substrate has a lattice parameter that is matched or nearly matched to that of Si. This
results in a low number of defects and/or dislocations in the lattice engineered layer. The
semiconductors 1630 and 1660 can include one or more layers (not shown) between the lattice

engineered layer and the silicon substrate. The second surface opposite the silicon substrate has
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a lattice parameter that is matched or nearly matched to that of GaAs. This results in a low
number of defects and/or dislocations when epitaxially growing p-i-n layers and/or dilute nitride
layers that have lattice constants that are matched or nearly matched to that of GaAs. A low
number of defects can include comparable or fewer defects than would occur in an Ing 53Gag 47As
layer grown on an InP substrate.

[0068] The semiconductor 1630 includes a graded SiyGe .« (0 <x < 1) layer 1634 formed over
a Si substrate 1635. The graded SiyGe;.x layer 1634 is a lattice engineered layer. The
semiconductor 1630 also includes a p-i-n diode 1632 epitaxially formed over the graded SiGe,.
layer 1634. The Si fraction x of the graded SixGe;.x layer 1634 varies from 0 to 1 through its
thickness. At the interface with the Si substrate 1635, x = 1 and the graded SiGe,.« layer 1634
substantially only contains Si. At the interface with the p-i-n diode 1632, x = 0 and the graded
SixGe, layer 1634 substantially only contains Ge. Thus, the graded SiyGe; layer 1634
provides a transition in lattice parameter from that of the Si substrate (5.43 A) to that of Ge

(5.66 A), which nearly matches to that of GaAs (5.65 A). The lattice constants of Ge and GaAs
are matched well enough that high-quality GaAs can be epitaxially grown on a Ge surface. Thus,
the graded SiyGe;.« layer 1634 allows growth of GaAs layers on Si substrates. Together, the
graded SiyGe,.x layer 1634 and the silicon substrate 1635 comprise a substrate 1636 having a top
surface with a lattice parameter nearly matching GaAs. The substrate 1636 can include any of
the substrates 114, 214, 314, and 414. The p-i-n diode 1632 can include any of the p-i-n diode
comprising the layers 102, 106, and 112; the p-i-n diode comprising the layers 202, 206, 208,
and 212; the p-i-n diode comprising the layers 302, 304, 306, 310, and 312; and the p-i-n diode
comprising the layers 402, 404, 406, 408, 410, and 412.

[0069] The semiconductor 1660 includes a rare earth (RE) containing layer 1664 epitaxially
formed over a silicon substrate 1665. The RE containing layer 1664 is a lattice engineered layer.
Rare earth elements are a specific class of elements on the periodic table (Sc, Y, La, Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu). The RE containing layer can contain one or
more of the rare earth elements. The semiconductor 1660 also includes a p-i-n diode 1662
epitaxially formed over the RE containing layer 1664. Generically, the RE containing layer can
be a rare earth oxide (REO), a rare earth silicide (RESi), or a pnictide (RE-V, where V represents
a group V element from the periodic chart, namely N, P, As, Sb, or Bi) or any combination of

REO, RES;i, and/or pnictide. The composition of the RE containing layer can be selected to
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result in a lattice parameter matching or nearly matching GaAs at its interface with the p-i-n
diode 1662. For example, the layer at the interface could be ErAsyN,.,, where x 1s approximately
0.9, which is lattice matched or nearly matched to GaAs. The rare earth containing layer can be
of constant composition or graded throughout its thickness. When graded, the layer can be
engineered so that the portion nearest the Si is chemically and mechanically compatible with
silicon. For example, gadolinium oxide could be employed at or near the interface between the
silicon and rare earth containing layer due to its lattice match with silicon. Thus, the RE
containing layer 1664 provides a template for epitaxial growth of the p-i-n diode 1662. Together,
the RE containing layer 1664 and the silicon substrate 1665 comprise a substrate 1666 having a
top surface with a lattice parameter matching or nearly matching GaAs.

[0070] The substrate 1666 can include any of the substrates 114, 214, 314, and 414. The p-i-n
diode 1662 can include any of the p-i-n diode comprising the layers 102, 106, and 112; the p-i-n
diode comprising the layers 202, 206, 208, and 212; the p-i-n diode comprising the layers 302,
304, 306, 310, and 312; and the p-i-n diode comprising the layers 402, 404, 406, 408, 410, and
412.

[0071] FIGS. 1-4 depict p-i-n structures with an n-type layer over a substrate, an optional
multiplication layer over the n-type layer, an intrinsic absorber layer over the n-type layer or the
optional multiplication layer, and a p-type layer over the intrinsic absorber layer. In some
examples, however, the order of the layers may be different. For example, the p-type layer may
be over the substrate, the intrinsic absorber layer may be over the p-type layer, and the n-type
layer may be over the intrinsic absorber layer. In addition, a multiplication layer may optionally
be included, either between either the p-type layer and the intrinsic absorber layer or between the
intrinsic absorber layer and the n-type layer. The substrates depicted in FIGS. 1-4 and 16 may be
n-type, p-type, highly doped, unintentionally doped, insulating, conducting, or a combination of
these.

[0072] The layers of the semiconductors 100, 200, 300, 400, 1600, 1700, and 1800 can be
epitaxially formed with semiconductor processing techniques such as molecular beam epitaxy
(MBE), metalorganic chemical vapor deposition (MOCVD), halide vapor phase epitaxy (HVPE),
physical vapor deposition (PVD), and/or sputtering. All of the layers of a semiconductor can be
formed in a single chamber, or different layers of a semiconductor can be formed in different

chambers. For example, epitaxial layers of the substrates 114, 214, 314, 414 1606, 1636, and
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1666 can be formed in a different chamber than epitaxial layers of the corresponding p-i-n diodes.
The semiconductors 100, 200, 300, 400, 1600, 1700, and 1800 are then laterally patterned using
photolithography, etching, and metal deposition techniques to produce detectors.

[0073] From the above description of the method it is manifest that various techniques may be
used for implementing the concepts of the method without departing from its scope. The
described embodiments are to be considered in all respects as illustrative and not restrictive. It
should also be understood that the method is not limited to the particular examples described
herein, but can be implemented in other examples without departing from the scope of the claims.
A first layer described and/or depicted herein as over a second layer can be immediately adjacent
to the second layer, or one or more intermediate layers can be between the first and second layers.
Similarly, while operations are depicted in the drawings in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or in

sequential order, or that all illustrated operations be performed, to achieve desirable results.
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Claims
What is claimed is:
1. A semiconductor, comprising:
a substrate with a lattice parameter matching or nearly matching GaAs;
a first doped III-V layer over the substrate;
an absorber layer over the first doped III-V layer, the absorber layer having:
a bandgap between approximately 0.7 eV and 0.95 eV, and
a carrier concentration less than approximately 1 x 10" cm™ at room temperature;
and

a second doped III-V layer over the absorber layer.
2. The semiconductor of claim 1, wherein the absorber layer comprises a dilute nitride.

3. The semiconductor of claim 2, wherein the dilute nitride comprises InyGa;.«NyAs.y.,Sb,

0<x<1,0<y<1;0<z<I).
y

4. The semiconductor of claim 2, wherein the dilute nitride comprises InyGa;.xNyAs;.y-,Sb,

(0<x<0550<y<01;0<z<0.1).

5. The semiconductor of claim 1, wherein the carrier concentration of the absorber layer is less

than approximately 5 x 10" cm™.

6. The semiconductor of claim 1, wherein the carrier concentration of the absorber layer is less

than approximately 1 x 10"° cm™.

7. The semiconductor of claim 1, wherein a thickness of the absorber layer is between

approximately 2 micrometers and approximately 10 micrometers.

8. The semiconductor of claim 1, wherein a thickness of the absorber layer is between

approximately 3 micrometers and approximately 5 micrometers.
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9. The semiconductor of claim 1, further comprising a multiplication layer between the absorber

layer and one of the first and second doped III-V layers.

10. The semiconductor of claim 1, wherein the substrate comprises GaAs.

11. The semiconductor of claim 1, wherein the substrate comprises:

a silicon substrate; and

a lattice engineered layer over the silicon substrate, the surface of the lattice engineered
layer opposite the silicon substrate having a lattice parameter that is matched or nearly matched

to GaAs.

12. The semiconductor of claim 11, wherein the lattice engineered layer comprises a SixyGei.x
layer, with x graded from 1 at a surface of the SixGe;.« layer nearest the silicon substrate to 0 at a

surface of the SiyGe;. layer opposite the silicon substrate.

13. The semiconductor of claim 11, wherein the lattice engineered layer comprises a rare earth
containing layer, the rare earth containing layer comprising one or more of Sc, Y, La, Ce, Pr, Nd,

Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu.

14. The semiconductor of claim 1, wherein the first doped III-V layer is n-type and the second

doped III-V layer is p-type.

15. The semiconductor of claim 1, wherein the first doped III-V layer is p-type and the second
doped III-V layer is n-type.

16. A method of forming a semiconductor, comprising:

forming a first doped III-V layer over a substrate with a lattice parameter matching or
nearly matching GaAs;

forming an absorber layer over the first doped III-V layer, the absorber layer having:

a bandgap between approximately 0.7 eV and 0.95 eV, and
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a carrier concentration less than approximately 1 x 10'® cm™ at room temperature;
and
forming a second doped III-V layer over the absorber layer.

17. The semiconductor of claim 16, wherein the absorber layer comprises a dilute nitride.

18. The method of claim 17, wherein the dilute nitride comprises InyGa..\NyAs;.y.,Sb, (0 <x <1,

0<y<1,0<z<).

19. The method of claim 17, wherein the dilute nitride comprises In,Ga;.\NyAs;.;.,Sb, (0 <x <

0.55;0<y<0.1;0<z<0.1).

20. The method of claim 16, wherein the carrier concentration of the absorber layer is less than

approximately 5 x 10" cm™.

21. The method of claim 16, wherein the carrier concentration of the absorber layer is less than

approximately 1 x 10" cm”.

22. The method of claim 16, wherein a thickness of the absorber layer is between approximately

2 micrometers and approximately 10 micrometers.

23. The method of claim 16, wherein a thickness of the absorber layer is between approximately

3 micrometers and approximately 5 micrometers.

24. The method of claim 16, further comprising forming a multiplication layer between the

absorber layer and one of the first and second doped III-V layers.
25. The method of claim 16, wherein the substrate comprises GaAs.

26. The method of claim 16, wherein the substrate comprises:

a silicon substrate; and
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a lattice engineered layer over the silicon substrate, the surface of the lattice engineered
layer opposite the silicon substrate having a lattice parameter that is matched or nearly matched

to GaAs.

27. The method of claim 26, wherein the lattice engineered layer comprises a SiyGe, layer,
with x graded from 1 at a surface of the Si\Ge, . layer nearest the silicon substrate to O at a

surface of the SiyGe;. layer opposite the silicon substrate.
28. The method of claim 26, wherein the lattice engineered layer comprises a rare earth
containing layer, the rare earth containing layer comprising one or more of Sc, Y, La, Ce, Pr, Nd,

Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and/or Lu.

29. The method of claim 16, wherein the first doped III-V layer is n-type and the second doped
III-V layer is p-type.

30. The method of claim 16, wherein the first doped III-V layer is p-type and the second doped
III-V layer is n-type.
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Abstract
Optoelectronic detectors having one or more dilute nitride layers on substrates with
lattice parameters matching or nearly matching GaAs are described herein. A semiconductor can
include a substrate with a lattice parameter matching or nearly matching GaAs and a first doped
III-V layer over the substrate. The semiconductor can also include an absorber layer over the
first doped III-V layer, the absorber layer having a bandgap between approximately 0.7 eV and
0.95 eV and a carrier concentration less than approximately 1 x 10'® cm™ at room temperature.

The semiconductor can also include a second doped I1I-V layer over the absorber layer.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: 111848-0002-101
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Yanka et al.
Application No.: Not Yet Assigned Confirmation No.: N/A
Filed: Concurrently Herewith Art Unit: N/A

For: OPTOELECTRONIC DETECTORS HAVING A  Examiner: Not Yet Assigned
DILUTE NITRIDE LAYER ON A SUBSTRATE
WITH A LATTICE PARAMETER NEARLY
MATCHING GAAS

INFORMATION DISCLOSURE STATEMENT (IDS)

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

Dear Sir:

Pursuant to 37 CF.R. § 1.56, 1.97 and 1.98, the attention of the Patent and Trademark
Office is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully
requested that the information be expressly considered during the prosecution of this application,
and that the references be made of record therein and appear among the “References Cited” on any

patent to issue therefrom.

This Information Disclosure Statement accompanies the new patent application submitted

herewith.

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted a copy of the U.S.
patent. Applicant submits herewith copies of non-patent literature in accordance with 37 C.F.R. §

1.98(a)(2).

57583656_1
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Application No.: Not Yet Assigned Docket No.: 111848-0002-101

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure Statement
shall not be construed to mean that a search has been made or that no other material information as
defined in 37 C.F.R. § 1.56(a) exists. In accordance with 37 C.F.R. § 1.97(h), the filing of this
Information Disclosure Statement shall not be construed to be an admission that any patent,
publication or other information referred to therein is “prior art” for this invention unless

specifically designated as such.

It is submitted that the Information Disclosure Statement is in compliance with 37 C.F R.

§ 1.98 and the Examiner is respectfully requested to consider the listed references.

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be
filed or which should have been filed herewith (or with any paper hereafter filed in this application

by this firm) to our Deposit Account No. 18-1945, under Order No. 111848-0002-101.

Dated: June 21, 2016 Respectfully submitted,

By /James F. Mack/
James F. Mack
Registration No.: 74,196
ROPES & GRAY LLP
1900 University Avenue
6th Floor
East Palo Alto, California 94303-2284
(650) 617-4000
(617) 235-9492 (Fax)
Agent For Applicant

57583656_1
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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.. Attorney Docket Number | 111848-0002-101
Application Data Sheet 37 CFR 1.76

Application Number

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A

Title of Invention | | "ar1\cE PARAMETER NEARLY MATCHING GAAS

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Robert Manka | El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City ‘ Kernersville State/Province | NC Country of Residencd | s

Mailing Address of Inventor:

Address 1 QE-North Carolina

Address 2 494 Gallimore Dairy Road

City | Freensboro I State/Province ‘ P\IC

Postal Code | praoo | Countryi | us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Beokjae | Chung | El
Residence Information (Select One) (® US Residency Non US Residency Active US Military Service

City ‘ Dak Ridge state/Province | NC | Country of Residencd | s

Mailing Address of Inventor:

Address 1 QE-North Carolina

Address 2 M94 Gallimore Dairy Road

City | |3reensboro | State/Province ‘ F\IC

Postal Code ‘ |27409 | Country i | |US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Kalyan | Nunna | El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

EFS Web 2212
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Attorney Docket Number | 111848-0002-101

Application Data Sheet 37 CFR 1.76

Application Number

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A

Title of Invention | "1 1icE PARAMETER NEARLY MATCHING GAAS

City | High Point State/Province | NC Country of Residencd | S

Mailing Address of Inventor:

Address 1 QE-North Carolina

Address 2 194 Gallimore Dairy Road

City | |3reensboro | State/Province ‘ F\IC

Postal Code ‘ |27409 | Country i | |US

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Rodney | Pelzel | El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City ‘ Frmaus State/Province | PA Country of Residencd | US

Mailing Address of Inventor:

Address 1 QE-Pennsylvania

Address 2 119 Technology Drive

City | Iaethlehem | State/Province ‘ FA
Postal Code | 18049 | Countryi | |US

Inventor |5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Howard | lNiIIiams | El
Residence Information (Select One) () US Residency e Non US Residency Active US Military Service

City bt Mellons, Cardiff ||Country of Residence i &3 |

Mailing Address of Inventor:

Address 1 QE, plc

Address 2 Pascal Close, IQE plc Head Office

City | Jpt. Melions, Cardiff | State/Province | |
Postal Code | [cFaoLw | Countryi | loB

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

generated within this form by selecting the Add button. Add

Correspondence Information:

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

EFSWeb 2212
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 111848-0002-101
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A
LATTICE PARAMETER NEARLY MATCHING GAAS

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

Customer Number 08120

Email Address LSPatentMail@ropesgray.com | Add Email | |Remove Email

Application Information:

Til of the Invention | | 0L DO D T NTRIDE LAV O A SOBSTATE T
Attorney Docket Number| [111848-0002-101 Small Entity Status Claimed [ ]

Application Type Nonprovisional v
Subject Matter Utility v
Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication (if any)

Filing By Reference:

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

For the purposes of afiling date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N

filed application

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

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

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

Representative Information:

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

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

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

Customer Number 08120

EFS Web 2.2.12
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L Attorney Docket Number | 111848-0002-101
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A
LATTICE PARAMETER NEARLY MATCHING GAAS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Claims benefit of provisional -+l 62/183060 P015-06-22

Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign applicaticn
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)}(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date {YYYY-MM-DD) Access Code (if applicable)

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

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

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

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

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

18, 2013, will be examined under the first inventor to file provisions of the AlA.

EFSWeb 2212
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L Attorney Docket Number | 111848-0002-101
Application Data Sheet 37 CFR 1.76

Application Number

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A

Title of Invention | "1 1icE PARAMETER NEARLY MATCHING GAAS

Authorization or Opt-Out of Authorization to Permit Access:

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

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of autharization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2} any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(M-

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFSWeb 2212
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L Attorney Docket Number | 111848-0002-101
Application Data Sheet 37 CFR 1.76

Application Number

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A

Title of Invention | "1 1icE PARAMETER NEARLY MATCHING GAAS

Applicant Information:

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

Applicant 1

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

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name QE, plc

Mailing Address Information For Applicant:

Address 1 Pascal Close

Address 2 IQE plc Head Office

City 5t. Mellons, Cardiff State/Province

CountryI | B Postal Code CF3 OLW
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFSWeb 2212
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Attorney Docket Number | 111848-0002-101

Application Data Sheet 37 CFR 1.76

Application Number

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A

Title of Invention | "1 1icE PARAMETER NEARLY MATCHING GAAS

Assignee |1

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

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province

Countryi I Postal Code

Phone Number | Fax Number

Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by ad

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTQ/AIA/81) on behalf of all joint inventor-applicants.

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

Signature |/James F. Mack/ Date (YYYY-MM-DD)| [2016-06-21
First Name | [James Last Name | Mack Registration Number | [74196
Additional Signature may be generated within this form by selecting the Add button. Add

EFSWeb 2212
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L Attorney Docket Number | 111848-0002-101
Application Data Sheet 37 CFR 1.76

Application Number

OPTOELECTRONIC DETECTORS HAVING A DILUTE NITRIDE LAYER ON A SUBSTRATE WITH A

Title of Invention | "1 1icE PARAMETER NEARLY MATCHING GAAS

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFSWeb 2212
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2} furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. 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 informaticn, 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.5.C. 552) and the Privacy
Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

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

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

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

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of Naticnal Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recemmend improvements in records management practices and
programs, under authority of 44 U.5.C. 2604 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., GS5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

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

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