UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁ:ﬁ?&’g&?ﬂa 22313-1450
[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKETNOJ/IITLE |
16/851,044 04/16/2020 Dashen FAN K41090.P8C3
CONFIRMATION NO. 9885
51340 POWER OF ATTORNEY NOTICE
PELOQUIN, PLLC

PO Box 748

O A
VASHON, WA 98070-0748 0C000000061410730

Date Mailed: 09/06/2023

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/28/2023.

» The Power of Attorney to you in this application has been revoked by the applicant.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.

/elharris/
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Luxottica et al. v. Solos
IPR2026-00412

Petitioners’ Ex. 1002
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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.USPO.gov

| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/851,044 04/16/2020 Dashen FAN K41090.P8C3
CONFIRMATION NO. 9885
145340 POA ACCEPTANCE LETTER
Caldwell Intellectual Property Law
200 Clarendon Street O A AR
59th Floor OC000000061410895

Boston, MA 02116
Date Mailed: 09/06/2023

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/28/2023.

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.

/elharris/

page 1 of 1
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Doc Code: PA.. PTO/AIA/82A (07-13)
Document Description: Power of Attorney Approved for use through 01/31/2018. 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.

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 16/851,044

Filing Date 04/16/2020

First Named Inventor Dashen FAN

Title BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

Art Unit 2845

Examiner Name LAM T MA|

Attorney Docket Number |1537-001USC3

SIGNATURE of Applicant or Patent Practitioner

Signature /Keegan Caldwe”/ Date (Optional)
Name Keegan Caldwell ﬁﬁ%zté?tion 73731

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 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED
S m PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. 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 BY APPLICANT

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

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on 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:

OR 145340

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) 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 patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

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

|:| The address associated with Customer Number:
OR

|:| Firm or
Individual Name

Address

City [ state | Zip
Country

Telephone l Email |

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

Solos Technology Limited

El Inventor or Joint Inventor (title not required below)

I:l 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)

I:l 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 title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent
The undersigned (whose title is suppiienirei§igyedbsuthorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature Lot Fan | Date (Optional) |

Name Kenneth Fan “~--D409388C60EDACS...
Title Co-Founder

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.

I:lTotaI of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED

PTO/AIA/82C (07-13)
Approved for use through 03/31/2021. 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 BY APPLICANT

PTO/AIA/82B):

No more than ten (10) patent practitioners total may be appointed as set forth below by name and registration number.
This page need not be submitted if appointing the Patent Practitioner(s) associated with a Customer Number (see form

Registration
Name Number
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED

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 (6 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

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

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

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

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

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

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

EFS ID: 48500002
Application Number: 16851044
International Application Number:
Confirmation Number: 9885

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen FAN

Customer Number:

51340

Filer:

Keegan M. Caldwell/Rachel Riley

Filer Authorized By:

Keegan M. Caldwell

Attorney Docket Number: K41090.P8C3
Receipt Date: 28-AUG-2023
Filing Date: 16-APR-2020

Time Stamp: 14:17:21

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.)
268330
1 Power of Attorney 1537-001USC3_POA.pdf no 4
6644bcbcB87bfbdad3dB65690a33441ec cO)

eBeab

Warnings:
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Information:

Total Files Size (in bytes):‘ 268330

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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gmmons  UNITED STATES PATENT AND TRADEMARK OFFICE

83

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/851,044 08/03/2021 11082055 K41090.P8C3 9885
51340 7590 07/14/2021
PELOQUIN, PLLC
PO Box 748

VASHON, WA 98070-0748

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 hitp://pair.uspto.gov for additional applicants):

Dashen FAN, Bellevue, WA;
SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG
Joseph Yong KWON, San Jose, CA;

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

IR103 (Rev. 10/09)
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Electronic Patent Application Fee Transmittal

Application Number:

16851044

Filing Date:

16-Apr-2020

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen FAN

Filer:

Mark S. Peloquin

Attorney Docket Number:

K41090.P8C3

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE

2501

600

600
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Description Fee Code Quantity Amount Sull:’-s'l'g(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 600
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Electronic Acknowledgement Receipt

EFS ID: 43127370
Application Number: 16851044
International Application Number:
Confirmation Number: 9885

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen FAN

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C3
Receipt Date: 29-JUN-2021
Filing Date: 16-APR-2020

Time Stamp: 21:56:04

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type EFT

Payment was successfully received in RAM $600

RAM confirmation Number E202165L56290853

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.)
554752
1 Issue Fee Payment (PTO-858) 20210623 1&99P2$3NOAW'th no 2
e Sl'p 76bf2c0e1e0157abad5603ffaBbe507476bd]
dsso
Warnings:
Information:
30676
2 Fee Worksheet (SB06) fee-info.pdf no 2
75a8e56650fe8ccBacbcd00a874ee2eb5514
3alb
Warnings:
Information:
Total Files Size (in bytes)# 585428

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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Untren States Patent ano TrabeMaryg OrricE

LNTTED STATES DEEARTAIENT OF COMMERCE
Umited States Patent and Tradenark Oifice
ARNSEONER POR $2TENTS

NOTICE OF ALLOWANCE AND FEE(S) DUE

SE340 500 BN | Ehamme |
PELOQUIN, PLLC WAk LAM E
800 FIFTH AVENUE -~ ‘ - :
SUTEE 4130 ! ART UNET | PAPER NUMBER l
SEATTLE, WA 981(4-3100 2841

DATE MATLED: (40574101

i AEPLUIATION NO, FOING IATE FHIT NAMBEIINVENTOR ATVTERNEY DOUCKRET N 1 CONFIRMATION NG
685104 O EH72020 {rashen FAN RAING0 PR QBES
TITLE OF INVERTION:. BEAMPORSHNG USING PRACTIONAL TIME DELAY N DIGITALLY OVERSAMPLED SENSROR SYSTEMY,

APPARATUSES, AND METHODS

t APPLN. VYEE ENTVEY STATHS l ISSLIE PEE TMIE ! FURLHATION FEE DUE | PREV. PAID [SSLE PER TOTAL FERS: DUR IATE DOE
neRpevisiis SMaLL 8L Jn060 0.0 G 07062021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS 15 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 ANB MPEP 1308,

THE ISSUE FEE AND PURLICATION FEE (IF REQUIRED: MUST BE PAID WITHIN TIIREE MO0
DATE OF THIS NOTICE OR THIS w\PPl FCATION SHALL BE REGARDED AS ABANDONED. TE

CANNOT BE EXTENDED. SEE 35 U.5.C. 151, THE ISSUE FEE DUE INDICATED ABOVE DOES NOT RF‘I‘! ECT A CREDIT
FOR ANY PREVIOUSLY P.»\l!) 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, Wthe ENTITY STATUS is shown as SMALL or MICRO, verify whether satttleivent to that
entity stass still applies.

I the ENTITY STATUS is the same s shown above, pay the TOTAL FEE(S) DUE shown above,
I the ENTITY STATUS is changed from that shown above, on PART B - FEES) TRANSMITTAL, complete section nusnber 3 titled
"Chaage io Entity States (fom statas indicated above)”,

For purposes of this notive, souall entity fees are 172 the amownt of undiscounted fees, and micro entity foes are 1/2 the soount of small entity
fees.

i PART B - FEERY TRANSMITTAL, or irs agmvalent, must be completed aond retimed 1o the United Srates Patent and Tradentark Office
(USPTO) with vour ISSUE FEE and PUBLICATION FEE (G required). I you ave charging the fee(s) to your deposit aceount, section “$h”
of Part B - Feafs) Transmittad should be complered and an extra copy of the form shoudd be submited. If an equivaient of Part B is filed, &
vequest o reapply & previously paid issue fee must be clearly made, and delays in processing may oceur due © the difficulty in recognizing
the paper as an equivalent of Pat B

HL Al conmmnications regarding this applivation musr give the application number. Please direct all coramuatcations prior o issuaoee 1o Mail

Stop ISSUE FEE unless advised o the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issaing on applications filed on or after Dec. 12, 1980,
It is patentes’s responsibility to ensure timely payvment of maintenance fees when due. Mare information ¥s available at
www.usptogov/PatentMalntenaneeFees. ] o

Page 1 of 3
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PART B ~ FEEGS) TRANSMITTAL

Complete and send this form, wgether with gpplicable fee{s), by mall or ax, or via BEFS-Weh,

By muil, send to: Mail Stop ISSUE FEE By fax, send w: (37132732888

Comrdssioner for Patents
PO, Box 1430
Alexandria, Virginia 2231

(G vequisedd. Blocks b thmough 8 shoshid be compls
v. il i\z‘ n\nh,d iu th CRUTRIN £t YESPORASROT #

fusther ¢ .
ADDRERS" for maisien:

helow or dieciad

] mth B s

i be sl for any other B

'\1;’ shamessie massiiags of the

P 2 0 Ry
S p.l;v stk g suwrent o formst dwwang, st
Butvas B8 owvn o m."mmv ui’ musihing or KINERSHE,

Curtificate of Mailing or Trapsmission

IR0 TEG
K by certify that this Fee(s) hsm\n‘iimj i i\

PELOQUIN, PLLC
ROG FIETH AVENUE
SUFTE 4100

sed to the Mail Stap ISSUE FEJ
IO v BFS Web ov by Facsimile

deposied with e Unted
mail i an anvelope
i, o hetag wanswaiied o
32RES, on the date below,

1 )
SEATTLE, WA 98104-3100 MARK S PELOQUIN Fypedor s wonc)

MARK S PELOQUIN/ Sigaan

June 28, 2021 e

l APPEICATION X3 ' FILING DATE I FIRST NSMED INYE I STTORNEY DOUKET N I CHARNPIRMATION N i
HANAT 04 (R 3072020 Dushen FAN KS1000.P80C3 HRRA

AMPORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMVLED SE
METHRA

TILE OF INVE SOR SYSTEMS.

SN

APELN.TYPR ENTIY STATUS l iR&LD EDUR l PLBLICATUIN FEE DUR E PREV. PAID ISSURFEE l TOTAL FEES) £ I DATE DUE l
aoppravisional SMALL $E00 .00 JLOG 00 OTHN2021

l ENAMIKER ‘ ARTUNTE g CLASS-LURCLASS !
MALLAMT 2843 341 1R3000
s o cornaspondunee a0dwss oy wdiatiat of Thee Addvess” (37 Ao poanng o e paisal trond page, Tist

CFR 363

{1} The wames of up © 3 repistered patest Sovneys PELOQU !N . PLLC
o ageats OR, altorsstively. i .

§2) The wami of 3 % . thaving as a member 3

sl attosrey o wpened and the names of ap o e
orod pateat aHoracys or sgems. [ oo swne i
Tisted, s name will be peinied.

Mark 8. Peloquin, Esq.

=N '(N or mire m»tm M L.uhul Use of F) ( m»lomxr
\umhfr [ n\qmud.

3ASSEON AME AND REBIDENCE DATA TOQ BE PRINTED ON THE PATENT {(priat or type}
i i i

TELOT

{ieegd berdow, o gssigae il AP on the pateat. I an axsigace iy jdeantified bedonw, the dooument nust have been proviously
ot Sty f 37 CFR 311 and ":T COFR 3818 Comphdion of this fovm i WOT a substimde for ffing a5 dasignemeas,

LA NAME OF ASSIGNEE {81 RESIDENCE: (CITY and STATE OR COUNTRYY

SOLOS TECHNOLOGY LIMITED HONG KONG, CHINA

Please check the spproprise sssignes sbessay of Catirgmnax (nalf oo be primad on the patenty J baddiv idu;dﬁ Crupovation o oler privase o ontsy iud Cloveswmest
HHRTY 2 & ¥ 1 ¥ LUy ¥

hig, Foes subentissl Lo

s Matheed of Paviment: { Please fos

wdPublicatics Foe {3 requi

et By oy previousd ,u“.g 7

ud Enclossd cheek

iﬁ Hleetroate Paymest s EFS-Wab

‘o The Divcter 15 Beyeby authoehad o charge tae veguired feadx), any deficency, or oredit any oveeprvinest o Teposit Acoouwat Nis.

Change in Entity Sintus (S sy iodicased shove}
iJ Applivast coerifyi S ATCER 120

) cestifteanon of Micw Fuity Stuatus {soo fommns PROSHISA aad 158}, e
crrssegt R e miere etity arsount wild sol be at the sk of anﬂin Font abandonmens.
£ the: application we previonsty wrdde mere eatily stsus, checking i box will e takes

s of ontitlernein © e ““u\L status,

tag thes box will be taken o be @ wotificaion of kess of entthament o small ov e

s appicable.

iJd Applivant assorting stald ety satus, Ser 37 CFR 127

| Appliosst chanping b repolar sndisvouaied {oe sutus,

NOTE: This forn nuust be signed in accordaace with 37 CFR 1.3 and 1.33 3T CFR L4 for sigrutire requirennenis and certitications.

Authovized Sigusmace / MARK S PELOQUiN” ate June 28, 2021

Registoaion No.

Page Zof3
3 fov sse dwongh HLAE26G20 OMR 06310033 FRINAE o

PROLA-SSE Paet B (08-18) ppw et and Trademark Oftice: TS, DEPARTMENT OF COMMERCE

Page 15 of 344



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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/851,044 04/16/2020 Dashen FAN K41090.P8C3 9885
51340 7590 06/23/2021 | EXAMINER
PELOQUIN, PLLC
PO Box 748 MAL LAMT

VASHON, WA 98070-0748

| ART UNIT | PAPER NUMBER
2845
| MAIL DATE | DELIVERY MODE
06/23/2021 PAPER

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

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

PTOL-90A (Rev. 04/07)

Page 16 of 344



Application No. Applicant(s)

16/851,044 FAN etal.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
LAM T MAI 2845 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 16 June 2021 under 37 CFR 1.312 has been considered, and has been:
a) entered.

b) (J entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d)J disapproved. See explanation below.

e) [J entered in part. See explanation below.

/LAM T MAI/
Primary Examiner, Art Unit 2845

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20210619
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Receipt date: 06/18/2021 16/851,044 — GAU: 2845

Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 16/851.044

Attorney Docket No. - 101404, P8C3

Applicant : SOLOS TECHNOLOGY LIMITED
Filed : April 16, 2020

TCAU : 2845

Examiner : MAL LAMT

Confirmation No. : DRRS

Commissioner for Patents
PO Box 1450
Alexandria, VA 223131450

AMENDMENT UNDER 37 CFR 1,312

Dear Examiner Mai:
Applicant makes the following amendment under 37 CFR 1,312 to correct

informalities in the allowed clatms. No new matter has been entered.

The listing of claims hegins on page 2 of this paper.

Remarks/Arguments starts on page 19 of this paper.

OK TO ENTER: /L.T.M/

Page 1 of 20

Page 18 of 344



UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

P.O. Box 1450

WWW.uspto.gov

BIB DATA SHEET

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

Alexandria, Virginia 22313-1450

CONFIRMATION NO. 9885

Dashen FAN, Bellevue, WA,
Joseph Yong KWON, San Jose, CA;

** CONTINUING DATA **++swerersnsnrinsrssrk
This application is a CON of 16/399,867 04/30/2019 PAT 10651866
which is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

*k FOREIGN APPLICATIONS *hkkkkkhkkhkkkhkhkkkhkhkhhkhk

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **
04/22/2020

SERIAL NUMBER FILINgAgrrE 371(c) CLASS GROUP ART UNIT ATTORNPIJECY).DOCKET
16/851,044 04/16/2020 341 2845 K41090.P8C3
RULE
APPLICANTS
SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG
INVENTORS

VASHON, WA 98070-0748
UNITED STATES

Foreign Priority claimed ves MNo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met [ Yes bdNo | 4 Metafter COUNTRY |DRAWINGS | CLAIMS CLAIMS
Verified and JLAM T MAI/ Im
Acknowledged Examiner's Signature Initials WA 20 1 0 1
ADDRESS
PELOQUIN, PLLC
PO Box 748

TITLE

SYSTEMS, APPARATUSES, AND METHODS

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR

|Q All Fees

|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper

FILING FEE - -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT || 1:17 Fees (Processing Ext. of time)
3815 No. for following: U 1.18 Fees (Issue)
|EI Other |
|EI Credit |

BIB (Rev. 05/07).

Page 19 of 344




Electronic Acknowledgement Receipt

EFS ID: 43004114
Application Number: 16851044
International Application Number:
Confirmation Number: 9885

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen FAN

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C3
Receipt Date: 16-JUN-2021
Filing Date: 16-APR-2020

Time Stamp: 14:37:32

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.)
3869428
1 Amendment after Notice of Allowance | 20210616K41090P8C3AMEND no 2
(RUIe 31 2) M1 31 ZUSPTOVOZIpdf ce9d0adf35bf9cd2cce10eb07136023aca79)

Warnings:

Page 20 of 344




Information:

Total Files Size (in bytes):‘ 3869428

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.

Page 21 of 344




Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : H6/851,044

Attorney Docket No. - 101404, P8C3

Applicant : SOLOS TECHNOLOGY LIMITED
Filed : April 16, 2020

TCAU : 2845

Examiner : MAL LAMT

Confirmation No. : DRRS

Commissioner for Patents
PO Box 1450
Alexandria, VA 223131450

AMENDMENT UNDER 37 CFR 1,312

Dear Examiner Mai:
Applicant makes the following amendment under 37 CFR 1,312 to correct

informalities in the allowed clatms. No new matter has been entered.

The listing of claims hegins on page 2 of this paper.

Remarks/Arguments starts on page 19 of this paper.
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Appl No, 1R51.044
Response dited hune 16, 2021
Rephy 1o Corrsctad Notice of Allowability Madl Dage 04419

3

Amendments to the Claimy:

The listing of claims will replace all prior versions, and listings, of claims mn the

application:

Listing of Claims:

Claimy 1 (Currently amended). A non-transitory computer-readable storage

medium storing program code for causing a data processing system to perform the-steps
comprising:

outpuiting a first oversampled digital signal output from an analog~to-digital
converter (ADC), wherein the first oversampled digital signal is responsive to an analog
field and the first oversampled digital signal 1s created at a sampling clock fiequency;

delaying the fivst oversampled digital signal by a time delay wherein the time
delay 1s equal to an integer munber of sampling clock cyeles to produce a time delayed
first oversampled digital signal; and

combining the time delayed first oversampled digital signal with a second
oversampled digital signal to obtain the beamformed digital signal, wherein the second

oversampled digital signal 1s responsive to the analog field.

Clatm 2 (Corvently amended). The non-transitory computer-readable storage

medium of claim 1. wherein the combining is performed tn an oversampled signal

dormatn.

Page 2 of 20
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Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

Clatm 3 (Currently amended). The pon-trausitory computer-readable storage

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

medinm of claim 1, wherein the combining is performed af an intermediate sampling rate.

Claim 4 (Corrently amended). The pon-transitory computer-readable storage

medium of ¢laim 1, wherein the combining is performed in a baseband signal domain.

Claimy 5 (Currently amended). The pop-transitary computer-readable storage

medium of claim 1, wherein the first oversampled digital signal and the second

oversampled digital signad are obtained from different sensors.

Claim 6 {(Currently amended). The non-transitory computer-readable storage
medinm of claim 1, wherein the fivst oversampled digital signal and the second

oversampled digital signal are oblained from the same sensor,

Claim 7 (Corrently amended). The pon-transitory computer-readable storage

por

medium of elaim 1, further comprising:
applying a low pass filter with decimation to the time delayed first oversampled

digital signal to output a bascband digital signal that is delayed by the time delay.

Claim 8 {Currently amended), The pon-transitory computer-readable storage

medium of claim 7. wherein the time delay 15 equal to a fraction of a basehand sampling

period.

Page 3 of 20
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Appl No, 1R51.044
Response dited hune 16, 2021
Rephy 1o Corrsctad Notice of Allowability Madl Dage 04419

e

Clatm 9 (Currently amended). The pon-transitory computer-readable storage

medium of claim 7, wherein the time delay is greater than a baseband sampling period.

Claim 10 (Currently amended). The pon-transitory computer-readable storage

w”

medium of elaim 7, wherein the first oversampled digital signal s digitized to create

samples which are more than one bit desp.

Claim 11 {(Previously presented), A system to time delay digital signals,
COmMprising:

a digital sensor responsive 1o an analog field quantity, the digital sensor is
configared to outpot an oversampled digital output signal 8t a sampling clock freguency:

a first time delay element, the Brst time delay clement is configured to receive as
an wput the oversampled digital output signal and to output a time delayed oversampled
digital output signal, wherein the time delayed oversampled digital output signal is ime
defayed by a fractional delay, the fractional delay 13 egual o an integer number of
sampling clock cycles times the sampling clock period;

a filter, the filter is configured o receive as an input the thne delayed
oversampled digital cutput signal, the filter to low pass filter and to decimate to a lower
sample rate the tme delayed oversampled digiial ouiput signal and to ouiput a low pass
filiered decimated delayed digital onipot signal, wherein the lower sample rate is Jess
than the sampling clock frequency;

a second time delay element, the second thme delay element is configured to

receive, as an input, the low pass filtered decimated delayed digital output signal and o

Page 4 of 20
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Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

impart an integer delay, the wteger delay is an integer mamber of cyeles at the tower
sample rate times the {ower sampling rate period, the integer delay i applied to the fow
pass filtered decimated time delayed digital output signal; and

a controlier, the controller is configured to supply a control signal to set the

fractional delay and the integer delay.

Claim 12 (Previously presepted).  The svstem of olaim 11, wherein the digital sensor

atilizes o dgma-delta modulator and the oversampled digital output signal s a pulse

density modulated (PDM) signal.

Claim 13 {Previonsly presented). The system of claim 11, wherein the oversampled

digital output signal is a pulse density modulated (PDM) signal.

Claim 1 {Previously presented). The system of claim 1, wherein the digital sensor

18 a digital microphons.

Claim 135 (Previously presented).  The system of claim 14, wherein the digital

microphone utilizes a micro-electromechanical systems (MEMS) sensor.

Claim 16 (Proviously presented). The system of claim 11, wherein the analog field

guantity is an peoustic pressure fickd,

Page 5 of 20
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Response dited hune 16, 2021
Rephy 1o Corrsctad Notice of Allowability Madl Dage 04419

e

Clatm 17 (Previously presented).  The system of claim 11, wherein the nteger namber
of sampling clock cycles is selected from a range of one 1o the sampling clock frequency

divided by a baseband sample rate.

Claim 18 (Previonsly presented).  The system of ¢laim of ¢laim 13, wherein the filter

is a PNV recatver.

Claim 19 (Previously presented).  The system of elaim 18, wherein the flteris g
mtistage filter further comprising:

a first stage, the {irst stage 1o low pass filter and to decimate to a first intermediate
sampling rate the time delayed oversampled digital output signal; and

a second stage, wherein the second stage is configured to receive as an input an
output from the first stage, the sccond stage to decimate the input to o baseband sample

rate and {o filter the input to a baseband signal bandwidth.

Claim 20 {Previonsly presented). The system of elaim 18, wherein the Bilferis a
mnsltistage filter forther comprising:

a first stage, the first sfage to receive as a Hrst stage input signal the time delayed
oversampled digital output signal, the first stage to low pass filter and to decimate to a
first intermediate sampling rate the first stage input signal to form a first stage outpai
signal; and

a secemnd sfage, the second stage to receive as a sevond stage Input signal the first
stage oniput signal, the second stage to low pass filter and 1o decimate to a second

Page 8 of 20
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Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

intermediate sampling rate the second stage input signal to form a second stage onipot
signal; and

a third stage, the third stage o receive as a third stage input signal the second
stage output signal the third stage to decimate the third stage input signal to a bascband
sample rate and to flter the third stage input signal to g baseband signal bandwidth,
wherein the first infermediate sampling rate is less than the sampling clock rate, the
second Intermediate sampling vate is less than the first intermediate sampling rate, and the

haschand sampling raie is less that the second intermediate sampling rate.

Claim 21 (Corrently amended). The system of elatm 17, wherein the lower sample
rate is a baschand sample rate and the low pass filtered decimated thme delayed digital
cutput signal s used to @ beam fonming process with a second signal, wherein the sccond

signal 1s a digital measarement of the analog Bield quantity.

Claim 22 (Proviously presented). A sysiem o ime delay signals, comprising:

a sensor element. the sensor clement 15 respoasive to an analog field quantity:

a sigma-delta modulator, the sensor element is electrically coupled to the sigma-
delta modulator and is configured 1o produce a pulse density modulated (PDM) outpat
signal at a sampling clock frequency responsive o the analog field quantity;

a first time delay element, the first time delay element is electrically configured to
receive the PDM ootpot signal, and to output a delayed PDM output signal, wherein the
defayed PDM output signalis delayed by a fractional time delay equal {o @ number of
eycles of the sampling clock frequency times a period of the sampling cloek;

Page 7 of 20
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Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

a decimation maodale, the decimation module Is configured to receive as an input
the delayed PDM output signal, the decimation module to low pass filter and to decimate
ta a fower sample rate the delayed PDM output signal and to output a low pass filtered
decimated delayed PDM output signal, wherein the lower sample rate is less than the
sampling clock frequency, the decimation module to convert to pulse code modulation
(PUM) format;

a sceond time delay cloment, the seccond time delay element 1s confizured to
receive, as an input, the fow pass filtered decimated delayed PDM output signal and to
impart an integer delay., the mteger delay 1s an integer number of cycles at the lower
sample rate times a period at the lower sampling rate, the integer delay 1s applied fo the
fow pass filtered decimated delayed PIM output signal; and

& controfer, the controller is configured to supply g control signal to set the

fractional delay and the integer delay.

Claim 23 (Proviously presented).  The system of clamm 22, the decimation module
further compnising:

a first stage, the first stage to receive as a first stage nput signal the
delayed PDM output signal, the first stage to low pass filter and o decimate to a first
imermediate sample rate the first stage input signal to form a first stage output signal,
wherein the first inenmediate sanple rating is less than the sample clock frequency: and

a second stage, the second stage to receive as 8 second stage input signal
the fivst stage output signal, the second sfage 1o low pass filter and {o decimate to the
fower sample rate the second stage input signal, wherein the lower sample rate is lower

Page 8 of 20
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Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

than the frst intermediate sampling rate, the decimation module to convert 1o pulse code

modulation (PCM) format.

Claim 24 (Previously presented).  The system of claum 22, the decimation module
farther comprising:

a first stage, the first stage to reveive as a first stage input signal the
delayed PDM output signal, the first stage to low pass filter and o decimate to a first
intermediate sample rate the frst stage input signal to form a first stage output signal,
wherein the first intermediate sample rating is less than the sampling clock fregnency;

a second stage, the second stage to receive as a second stage input signal
the first stage output signal, the second stage o low pass filter and © decimate to a
second intermediate sample rate the second stage mput signal, wherein the second
infermediate sample rate s lower than the frst intermediate sample rate; and

a third stage, the third stage to receive as a third stage input signal the second
stage output signal, the third stage to low pass Giter and to decimate to the lower sample
rate the third stage mput signal, wherem the lower sample rate is lower than the second
intermediate sample rate, the decimation module to convert to pudse code modulation

{(PCM) format.

Claim 25 (Proviously presented). The system of claim 24, wherein the first stage

employs a cascaded-integrator-comb (CIC) Hlter structure, the second stage 1s configured

as two hall~band filters, and the third stage is configured as a {ow pass filter.
Page 9 of 20
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Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

Claim 26 (Previously presented). The system of claim 25, wherein a sampling clock
operates at 2.048 Mz, the first stage provides 8:1 decimation, the second stage provides
two 2:1 half band decimation stages, the third stage provides 4:1 decimation which
results in a baseband sampling rate of 16 kHz, low pass filtering throughout the

dechmation module filters high frequency components from the sigma-delta modulation

PrOCESS,

Claim 27 (Previously presented).  The system of elaim 26, wherein the sampling clock
frequency s selected from the group consisting of 1 MHz to 4 MHz and 8 user defined

sampling rate.

Claim 28 {Currently amended), The system of claim 27, wherein the digital sensor

glement is a digital microphone and the gnalog field quantily is acounstic pressure.

Claim 29 (Previously presented).  The system of claim 28, wherein the digital

microphone utilizes g micro-electromechamcal systoms (MEMS) sensor.

Claim 30 (Proviously presented).  The system of clatm 22, wherein the first time delay

element i3 a buffer, wherein a mmimum length of the butfer 15 equal to the sampling

clock frequency divided by the lower sample rate and the time delay s equal to a value of

the buffer,
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Clatm 31 (Previously presented). The system of claim 30, wherein the fiest time delay

is programmuble by specifving a value of the buffer with the contrel signal.

Claim 32 (Previously presented).  The system of claim 22, wherein the fivst time delay

element is implemented with a delay line.

Claim 33 (Previously presented).  The system of olaim 32, where the time delay

provided by the delay line 1s programmable with the control signal.

Claim 34 (Previously presented). The system of clatm 22, wherein the fractional time

detay is equal to a fraction of a basehand sampling period.

Clanm 35 (Previously presented;. The system of clamm 22, wherein the fractional thne

delay 1s greater than a baseband sampling period.

Claim 36 {Previonsly presented). A decimation modude for use o ime delaying
digital signals, comprising:

a general number of N stages, the decimation module having as anoput an
oversampled digital output signal from a digital sensor;

an i stage, the i stage to low pass filter and to decimate to an i™ intermediate

sampling rate an i stage input signal to form an ¥

stage output signal, wherein the i®
intermediate sample rating 18 less than a sampling clock frequency used to create the

oversampled digital output signal;

Page 110f 20
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a first thme delay element, the frst tme delay element 1o delay the  stage output
signal by a fractional time delay, wherein the fractional time delay is squal to an integer

ih

aumber of I™ intermediate sanipling rate cyeles times the ™ intermediate sampling rate
period, the first time delay element to output a delayed ™ stage output signal;

an i +1 stage, the i +1 stage to receive as an § +1 slage input signal the delayed i
stage output signal, the 1 stage to low pass filter and to decimate to an ++1 intermediate
sampling rate the 141 stage put signal © form an i+1 stage output signal, wherein the
i+1 intermediate sampling rate is lower than the i intermediate sampling rate;

a second time delay elewent, the second time delay element ts configured o
receive, as an input, the 141 stage output signal and to impart an inleger delay, the integer
defay is equal to an integer mumber of cyeles at the i+1 intermediate sampling rate times
the i intermediate sampling rate period, the integer delay is applied to the i+ stage
output signal, the 1+1 mtermediate sampling rate 15 a baseband samphing rate, the i+1
stage output signal is an output signal from the decimation module that 1s time delayed by
a combined time delay, the combined time delay 1s a sum of the fractional time delay and
the infeger time delay; and

a controlier, the controller is configured to supply a control signal o set {he

fractional time delay and the integer time delay.

Claim 37 (Previously presemted).  The decimation module of elaim 36, wherein the

digital sensor 15 a digital microphone and the combined time delay is used during a beam

formung operation with the output signal from the decimation modude,
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Claim 38 (Previously presented). A method to delay digital signals, comprising:

sensing an analog field;

owipuitting an oversmnpled digital signal responsive o the sensing, wherein the
oversampled digital signal is created at a sampling clock rate;

delaying the oversampled digital signal by a fractional time delay wherein the
fractional tme delay 13 equat to an integer nunmber of sampling clock cyeles to produce a
delaved oversampled digital signal;

applving a low pass filter with decimation to the delayed oversampled digital
signal o output a baseband digital signael that is delaved by the fractional Hme delay; and

delayving the baseband digital signal by an integer time delay, wherein the integer
time delay is equal to @ number of eyeles at a baseband sampling rate times the baschand

sanpling rate period.

Claim 39 (Previously presented).  The methed of claim 38, wherein the fractional time

delay is equal o a fragtion of a baseband sampling period.

Claim 40 (Previously presented). The method of claim 38, wherein the fractional time

delay is greater than a baseband sampling period.

Claim 41 (Previously presemted).  The method of claim 38, wherein the oversampled

digital signal is digitized to crente samples which are more than one bit deep.

=
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Claim 42 {Currently amended). A pon-transitorv computer-readable storage
medium storing program code for causing a daty processing system to perforn thesteps
COMPTISING:

receiving signals from a digital sensor, the signals are responsive to an analog
feld;

processing the signals to create an oversampled digital signal responsive to the
receiving, wherein the oversampled digital signal is created at a sampling clock rate; and

delaying the oversampled digital signal by a fractional time delay wherein the
fractional thme delay 3s equal to an integer mumber of sampling clock cyveles times the
sampling cloek period to produce a delayed oversampled digital signal;

applving g low pass filter with decimation to the delayed oversampled digital
signal 1o output 4 bascband digital signal that is delayed by the fractional time delay; and

delaving the bascband digital signal by an infeger time delay, wheremn the inleger

time delay is equal to & number of sanpling clock eycles times the sampling clock period

at a bascband sampling rate.

Claim 43 {Cwrrently amended). The non-transitory computer readable storage
medium of ¢laim 42, wherein the fractional ime delay 15 gqual to a fraction of a baseband

sampling perlod,

Clatm 44 {Cuarrently amended). The non-transitory computer readable storage
mediam of claim 42, wherein the fractional time delay is greater than a baseband
sampling period.

Page 14 of 20
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Cladm 45 {Carrently amended). The non-transiiory computer readable storage

medium of claim 42, wheretn the oversampled digital signal is digitized to ereate samples

which are more than one bit deep.

Claim 46 (Currently mmended). A system to delay digital signals, comprising:
sensing means for measuring an analog field quantity;
over sampling means, the over sampling means to over sample a signal detected
by the sensing means resulting jn an oversampled digial signal;
fractional delaying means, the fractional delaying means to apply a fractional time

defay to the oversampled digital signal, the fractional time delay is equal 10 an integer

number of sampling clock oycles B

. vesulting i a delayed
oversampled digital signal;

decimating means, the decimating means to recerve the delayved oversampled
digital signal and to low pass filier and to decimate to 2 lower sampling rate;

iteger delaying means, the integer delaymg msans to apply an integer time delay
to the delayed oversampled digital signal, the integer time delay is a number of Tower
sampling rate cycles; and

controiling means, the controlling means to adjust the fractional time delay and
the integer time delay to establish a total time delay, wherein a resulting digital signal is
delaved by a total time delay, wherein the total time delay is a sum of the fractional fime
detay and the integer time delay, and contains a digital representation of the analog field

quantity without the noise introduced by the ever sampling means,
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Claim 47 (Previously presented). The svstem of claim 46, wherein the decimuting

means is accomplished in a nmultistage module.

Claim 48 (Previously presented).  The system of claim 46, wherein the total time

defay is equal to a fraction of a baseband sampling period.

Claim 49 (Previoosly presented).  The system of elaim 46, wherein the total fime

deday 1s greater than a baschand sampling period.

Claim 30 {Previously presented). The system of claim 46, wherein the oversampled

digital signal 1s digitized to create samples which are more than one bit deep.

Claim 31 {Previously presented). A system to time delay digital signals, comprising:
a digital sensor responsive to an analog ficld gquantity, the digital sensor is
configared to outpot an oversampled digital output signal at a sampling clock frequency;

a replicator, the rephicator to receive the oversamipled digiial output signal and to
output a first replica of the oversampled digital output signal and a second rephica of the
oversampled digital output signal;

a first fractional time delay clement, the first fractional time delay element is
configured to recetve as an inpat the first replica and to outpat a fivst time delayed

oversampled digital output sigaal;

Page 16 of 20
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Appl. No. 16/851,044
Response dated hune 16, 2021
Rephy 1o Correctad Notice of Allowability Mail Date 0471972021

a fivst filter, the first filter is configured to receive as an mput the first time
delaved oversampled digital output signal, the first filter to fow pass {ilter and to
decimate to a lower sample rate the first time delayved oversampled digital output sipnal
and to output a first low pass filtered decimated delayed digital output signal, wherein the
lower sample rate 15 less than the sampling clock freguency;

a first mteger tme delay eloment, the first integer time delay element is
configured to recetve, as an put, the frst low pass filtered decimated delayed digital
output signal and o ovtpot a first time delayed digital cotpot signal at the lower sample
rate;

a sccond fractional time delay clement, the second fractional time delay clement
is configured to receive as an input the second replica and to cutput a second time
defayed oversampled digital output signal;

a second filter, the second hlter is configured to recetve as an input the second
time delayed oversampled digital output signal, the second filter to low pass filter and to
decimate to a lower sample rate the second time delayed oversampled digital output
signal and to output g second low pass filiered decimated delayed digital oniput signal;
and

a second integer tune delay element, the second mteger time delay slement s
configured to receive, as an input, the second low pass filiered decimated delayed digital
output signal and to output a second tme delayed digital output signal at the lower

sample rate.
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Clatm 52 (Previously presented). The system of claim 51, wherein the rephicator is a

splilter,

Claim 533 (Previously presented).  The system of claim 52, wherein the splitter is an

nt-way splitter.

Claim 54 (Previously presented).  The system of claim ST, wherein the first time
delayed digital output sigoal and the second time delayed digital output signal are used

for beamforming.

Claim 55 {Previously presented). The system of claim 31, further comprising:

a sigma-delta modulator, the digital sensor is electrically coupled 1o the sigma-

delta modulator and is configurad 1o produce a pulse density modulated (PDRM) output

signal at the sampling clock frequency responsive to the analog field quantity.
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Non-transitory
Claims 1-10, and 4245

Apphicant has amended claims 1 through 10, and 42-45 (o add the term “Nen-
transitory™ in response to the Examiner’s discussion in the Corrected Notice of

Allowability. No New matter has been entered.

Antecedent Basis Informalities

Claims 1, 21, 28, 42, and 46

Apphicant has amended claims 1, 21, 28, 42, and 46 to cure antecedent basiz

informalities. No New matter has been entered.
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CONCLUSION

Applicant respectiully requests entry of this Amendment under 37 CFR 1.312.

Consnunication via cleariext email is suthorized.

Respectindly submitted,
PELOQUIN, PLLC

June 16,2021

Mark 8. Peloguin/
Date

Mark 8. Peloguin, Esq.

USPTO Registration # 50,787
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K41090.P008 ASSIGNMENT PATENT

Attorney's Dacket No.: K41090.F008 ASSIGNMENT (For Execution After Filing Patent
Appiication}

In consideration of good and valuable consideration, the receipt of which is hereby
acknowledged, we the undersigned, _Joseph Yong Kwon

hereby sell, assign, and transfer to Kopin Corporation,
a Corporation of DE, having a principal place of business

125 North Drive, Westhorough, MA 01581 . ("Assignee”),

and its successors, assigns, and legal representatives, the entire right, title, and interest for the
United States and all foreign countries, in and fo any and sll improvements that are disclosed in
the-application for the United States patent that was filed August 01, 2016 and assigned
Application No. _15/225.745 and is entitled

TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, APPARATUSES,
AND METHODS

and in and to said application and all divisional applications, continuation applications,
continued prosecution applications, continuation-in-part applications, substitute applications,
renewal applications, reissue applications, reexaminations, extensions, and all other patent
applications that have been or shall be filad in the United States and all foreign countries on any
of said improvements; and in and to all original patents, reissued patents, reexamination
certificates, and exiensions, that have been or shall be issued in the United States and all
foreign countries on said improvements; and in and to alf rights of priority resulting from the
filing of said United States application;

agree that said Assignee may apply for and receive a patent or patents for said
improvements in its own name; and that, when requested, without charge to, but at the expense
of, said Assignee, its successors, assigns, and legal representatives, to carry out in good faith
the intent and purpose of this Assignment, the undersigned will execute all divisional
applications, continuation applications, continued prosecution applications, continuation-in-part
applications, substitute applications, renewal applications, reissue applications, reexaminations,
extensions and alf other patent applications on any and all said improvements,; execute all
rightful oaths, assignments, powers of aftorney, and other papers; communicate to said
Assignee, its successors, assigns, and representatives all facts known to the undersigned
relating to sald improvements and the history thereof; and generally assist said Assignee, its
SUCCEeSSOors, assigns, or representatives in securing and maintaining proper patent protection for
said improvements and for vesting title to said improvements, and all applications for patents
and all patents on said improvements, in said Assignee, its successors, assigns, and legal
represeniatives; and

covenant with said Assignes, its successars, assigns, and legal representatives that no
assignment, grant, mortgage, license, or other agreement affecting the rights and property

herein conveyed has been made to others by the undersigned, and that full right to convey the
same as herein expressed is possessed by the undersigned,

K41090.P0G8 Page tof 2 PELOQUIN, PLLC
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K41090.P008 ASSIGNMENT PATENT

Each Inventor: Please
also list the date that
you signed the
accompanying
DECLARATION AND
POWER OF
_ ATTORNEY:
Each Inventor: Please Sign and Date Below:
)' . ‘x""" .»"‘ - . oS
(6~ 20/ e A/ A WA
Date Name: Joseph Yong Kwon Date
State of L&A FoQai S ) Assignment Document Return Address:

188, PELOQUIN, PLLC

County of: S&NTR. OLAAA ) 800 Fifth Avenue, Suite 4100
Seattle, WA 98104-3100
(208) 447.13386

~"r-h.
Onthis "7 day of OCTRRSE 2016 before me, PaeL 3. KIEFER
the undersigned Notary Public, personally appeared JD8e B AR EA T Y X
{1 personally known to me L_}gl proved to me on the basis of safisfactory evidence to be the
person(s). mhc:se name(s) /% subscribed to the within instrument, and acknowledged

that” j"gf;: }\executed it.

\“J!TNE 8 m nd official seal.

>{ At G—
N%tary S;ﬁﬁatmeL

o oot

B, PAUL Y %{sas:m 5
A EUR COMR R 2 3
RNOTARY PURLIG - ";As.*”k'%ﬂi&

SANTA CLARA COUNTY
< GO, EXPIRES MAY 18, 2017 3

e i nt ‘\

Spoox Pl 2L oo

K41080.P008 Page 20f 2 PELOQUIN, PLLC
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K41090.P008 ASSIGNMENT PATENT

Application)
In consideration of good and valuable consideration, the receipt of which is hereby
acknowledged, we the undersigned, _Dashen Fan

hereby sell, assign, and transfer to Kopin Corporation.
a Corporation of DE, having a principat place of business

128 North Drive, Westborough, MA 01581 , ("Assignee”),

and its successors, assigns, and legal representatives, the entire right, title, and interest for the
United Siates and all foreign countries, in and to any and all improvements that are disclosed in
the application for the United States patent that was filed August 01, 20186 and assigned
Application No. 15/225745 and is entitled

TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, APPARATUSES,
AND METHODS

and in and to said application and all divisional applications, continuation applications,
continued prosscution applications, continuation-in-part applications, substitute applications,
renewal applications, reissus applications, reexaminations, extensions, and all other patent
applications that have been or shall be filed in the United States and all foreign countries on any
of said improvements; and in and 1o all original patents, reissued patents, reexamination
ceriificates, and extensions, that have been or shall be issued in the United States and all
foreign countries on sald improvements; and in and to all rights of priority resulting from the
filing of said Uniled States application;

agree that said Assignee may apply for and receive a patent or patents for said
improvemeants in its own name; and that, when requested, without charge {o, bul at the expense
of, said Assignee, its successors, assigns, and legal representatives, to carry out in good faith
the intent and purpose of this Assignment, the undersigned will execute all divisional
applications, continuation applications, continued prosecution applications, continuation-in-part
applications, substitute applications, renewal applications, reissue applications, reexaminations,
extensions and all other patent applications on any and all said improvements; execute all
rightful oaths, assignments, powers of attorney, and other papers; communicate to said
Assignes, its succassors, assigns, and representatives all facts known to the undersigned
refating to said improvements and the history thereof! and generally assist said Assignee, its
Successors, assigns, of representatives in securing and maintaining proper patent protection for
said improvements and forvesting fitle to said improvements, and all applications for patents
and all patents on said improvements, in said Assignee, its successors, assigns, and legal
representatives; and

covenant with said Assignes, its successors, assigns, and legal representatives that no
assignment, grant, mortgage, license, or other agreement affecting the rights and property

herein conveyed has been made to others by the undersigned, and that full right to convey the
same as herain expressed is possessad by the undersigned.

K41080:P008 Page 1of2 PELOQUIN, PLLC
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K41090.P008 ASSIGNMENT PATENT

Each inventor: Please
also list the date that
you signed the
accompanying
DECLARATION AND
POWER OF
ATTORNEY:
EBach Inventor: Please Sign and Date Below:
. - / »
"’ G;( - ,_// ) 20 ,fé /‘}l /w /i éj‘/ *_._,,...——"“M’k‘ ~/€7 ,.,7 ) 20 /,é-
Date Nam&' Dashen Fan Date
State oft } Assianment Document Return Address:
}88. PELOQUIN, PLLC
County of } 800 Fiith Avenue, Suite 4100
Seattle, WA 98104-3100
{208) 447.1336
Onthis ____ dayof 20 . before me,

the unders;gned Notary Public, personally appeared
[ 1personally known to me [__] proved to me on the basis of satisfactory evidence to be the
person{s) whose name(s) subscribed to the within instrument, and acknowledged
that executed it

VATNESS my hand and official seal.

Notary's Signature

K41080.P008 Page 2 0f2 PELOQUIN, PLLC
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X

ATION NUMWEER E S TLCDATE ; FIRET RAMED APPLIC RETNOATILE E
16/831.044 O 1620 Dashen RATO00 PR
CONFIRMATION NO. 9885
51340 FORMALITIES LETTER
PELOQUIN, PLLC N
800 FIFTH AVENUE i
SUITE 4100

SEATTLE, WA 98104-3100
Date Mailed: 04/23/2020

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Fifing Date Granted
ltems Required To Aveid Abandonment:

An application number and filing date have been accorded {o this application. The item{s} indicated below,
however, are missing.

Applicant is given TWO MONTHS rom the date of this Notice within which {o file alt required items below {0 avoid
abandonment. Extensions of ime may be obtained by filing a petition accompanied by the extension fee undsr
the provisions of 37 CFR 1.136{a}.

» Surcharge as set forth in 37 GFR 1.18{f) must be submitted.
The surcharge is due for any one of
« {ate submission of the basic filing fee, search fee, or examination fee,
« fate submission of inventor's oath or declaration,
s filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference (o a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice 1o avoid abandonment isfare itemized
below. Small ently discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. {See 37 CFR 1.29 and forms
PTO/SB/A15A and 15B)

+ § 80 surcharge.

 3{ 0) pravious unapplied payment amount,

+$ 80 TOTAL FEE BALANGE DUE.

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficienciss. However, {f a deficiency relates to the inventor's
oath or daclaration, the applicant must file an oath or declaration in compliance with 37 GFR 1.63, or a substitute
statement in compliance with 37 CFR 1.84, executed by or with respect to each actual inventor no later than the
expiration of the time pericd set in the "Notice of Allowability” to aveid abandonment. See 37 CFR 1.53{).

« A properly executed inventor's oath or declaration has not been received for the following inventor{s):
page 1of 2
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Dashen FAN
Joseph Yong KWON

Replies must be received in the USFTO within the sel fime period or must inchide a proper Certificate of Mailing
or Transmission under 37 CGFR 1.8 with a malling or ransmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/O2 and MPEP 512,

Replies should be mailed 10!

Mail Stop Missing Parts
Comnissioner for Patents
£.0. Box 1450

Alexandria VA 22313-1450

Registered usears of EFS-Web may alternatively submit their reply o this notice via EFS-Web, ingluding a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalitiss Notice".

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-8197 or
visit our website at hitpy/www.usplo.goviehe.

If vou are not using EFS-Web to submit vour reply, you must include a copy of this notice,

Questions about the contents of this notice and the
requiremnents 1 sets Jorth should be directed to the Office
f Prat Manasgeows, Application Assistaoce Unig, at

(5713 2724000 or {371} 2724200 or 1-888-786-0101.

fmbailef
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PTOARENGT D812}
Apgesesd o gee Buough 3L GMB ORH 10027
LS. Patent and Tesdomark Office: 1L, DER ‘«fi"f\*EN‘f OF COMMERCE
Untder i Fapereitt Redustion Ant of 193, fo persare aw ouging fo mepond i 3 woltecting of informatian dress § fleplaye 8y ("MS control b

DECLARATION {37 CFR 1.83) FOR UTILITY OR DESIGN AFPLICATION USiNG AN
APPLICATION DATA SHEET (37 CFR 1.78)

Title of | 1IME DELAY IN DIGITALLY OQVER SAMPLED SENSOR SYSTEMS,
nvention | APPARATUSES, AND METHODS

As the below rnarmad invaaior; | hereby declare that

This sestion

l‘}l:ﬁ.‘( denisrsdion m The afizchert ag pd\,éh\if‘ af

i diventen by .

{@ United Stabes soplication o PCT intemational appliostion number
" August 1, 2018

15225745

The above-idaaiified anplicating was made o autharizent b be madn by me
2

} badeve that } am the origingl imesstar of an anginal joint ivventor of 2 claimed vention in the application,

! rarely scknowledge that any wWillful faise statement mads in this declarsiion is punishable under 18 U.8.C. 1001
By fing o rnpaisonment of ndd ranes than five (B years, ar budh,

WARNING:

Pe‘if“c "app cant in coulinned 0 svnid submitting personal information in docurverds filed in o palent applivation that may
ontribide to endy thefl. Persongl infornation such as social security rusmbers, bank account numbars, or oredit card numbera
~\<1 her than @ chesk of credit card & wun,?am:-n form PTO-2038 submified for payment pUrpnses) is never mauirsd by e USPTQ
to support a petition or an application. 1 ihis type 0‘ parsonat information s includad in documents submitiad o the USPTQ,
oetitionersfappliicants should conaider redacting such persanal information fom the documents before submitting them o the
USPTO. Pettioneriapplicand is advised that the 3\‘emrd of & patert applicalion ie avatiable to the pubic afler publioation of the
application {undess 3 non-publication request in compdiance wiih A7 CFR 131348} s made in ths cmp!‘r:a'.r:em oF asuance of 2
paient. Furtherore, the recod from an abandoned application may alao be avaitlable to the public if the application is
refersnted in g mb:ﬁi el applicalan oF an issued patent (see 37 UFR 1,14} Checks and credit card  authorigation forms
PTO-ZQ38 subrniffed far payment pupnses are oot relainas o the application filn arsd therefore am bat publicty avaiiable

LEGAL NAME QF INVENTOR .

- Pashen Fan

fvento
Sigriaiuce: .
Maote: Av appiication data sheed (PTOSEN4 o eguivalent), Inchuding naming the enssre wventive entily, must accumpany his form o must have

bean peanviously fled, Lise an additional BTOIAINGT form o sach additienst inveainy

Thiz ool o Of INFEEmMBRon IS requined iy 33 WE.L. 115 ang & 214 m ‘] “% BdtnTmating is roquited 1 RN 1 retvie & HeneR by s st whith iy W e {and
Y Na\ SETE fo provess) g6 saplicston. Confidantiality s gows us C {22 and ¥ CFR L1t and 114, TR o in gstimnted & taxe 1 minuie &

comphsty, incluting gathedng, preparing. » *3u':xniitf e compleiey 10 the UGPTO. Tome wilh va
s on e smount of e o complate Sz form et suggestions for reduding s burden, she
Fatent aod Tradensk Office, .8, ey oa:“menlci Commevze; B0 Box 1438, Sdexansoia, VA 22818 1486, OO NOT
THIG ALDRESY SEND TO: Commissioney fnr Patents, P.O. Box 1450, Alexandria, VA& 23312-1480.

i v pEed assiEtance in pompleting e oo, sall LRRIPTDDIE an selct upton

g wpoan the uividual sese. Any
send i the Chied information Oificer, US.
NOFEES OF COMPLETED FORMB TO
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Spproved for use rough BTR3NS, C\‘MS DART
U.3. Patent and Tradumark Office; 1.8, SEFARTMENT OF uGMMERCE
Under the Papsrvork Reduction Act of 1448, no persons arg mgusrw o respond 0 a collsction of iInformation widess i displays 2 valit OMB contrs! numier.
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

title of | TIME DELAY IN DIGITALLY OVER SAMPLED SENSOR SYSTEMS,
Invention | APPARATUSES, AND METHODS

As the below named inventor, | hereby declare that

This declaration | } The attached application, or

is directed to: fe
18225745

@ United States application or PCT international application number

August 1, 2018

fited on

-

ha ahove-identified spplication was made or authorizad to be made by me.

| befieve that { am the original inventor or an original joind inventor of a claimed invention in the gpplication.

{ hereby acknowiedge that any williud false statement mada in this declaration is punishable under 18 LLS.C. 1001
by fine or imprisonment of not more than five (5) years, or both,

WARNING:

Feiitioner/appiicard is cautionsd o avoid submiling personal information In doswements filad in a padent application thal may
sontribtte © idendity thefl. Personal information such as soclal security numbars, bank ancount riumbers, o oredit card numbers
{other than a check or oradit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTC
to support a petition or an application.  this type of personal information is included in documents submitted to the USPTQ,
petitionersfapplicants should sonsider redacting such personal information from the dosuments before submitting them t© the
USPTO. Petitioner/applicant fs advised that the record of & patent application is available to the public after publication of the
| application {unless & non-publication request in nompliancs with 37 OFR 1.213(a) s made in the application] or issuance of a
patent. Furthermore, the record from an abandoned apmibation may also be availadle 1o the public if the application is
referanced in a published application or an issued patent {see 37 CFR 1.14), Chenks and credit card authohization forms
FTO-2038 submitted for payment purposas are not retained in the application fie and herefors are not publicly available.

LEGAL NAME OF INVENTOR

Joseph Yong Kwon

fnvenior ARttt ittt 000

blote: An application datr sheat (PTO/SBITL or equivalent), including naming the entirs inventive enity, must accompany this forn oF must have
hean previousiv fled. Use an additional PTOAIAAY Torm for each sdditionat invenior.

This eoffection of information is required by 35 U.S.C. 115 and 37 OFR 1.83. The infonnation is regquired (0 obiain or retain & banefit by the publl
oy e USPTE o precesst an appicsiios, Confidend governed by 35 LLSD, 122 and 87 OFR 111 and 1.4, This oolflection is sst
cormpiete, inchuging gathering, prepaning, and submitting teteg 5;;11::&&\1& R..m o the HS’*T\) Tima wii vary depanding upe:\ he
CONTNTIRRES S the amount of i 3 reguire fo complete this form andior weing B burden, should be ssnt 3o the Chiet Ind
Fatent and Tradamark Office, U8, Bapa of Commer, PO, Box 1450, }\ima:\d:‘a V'\ 223131880, T ROT SEND OR CIOMPLE
THIS ACDRESH. SEND TO: Commissioner far Patents, P.Q. Box 1450, Alexandris, VA 233131450,
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Electronic Acknowledgement Receipt

EFS ID: 42982916
Application Number: 16851044
International Application Number:
Confirmation Number: 9885

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen FAN

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C3
Receipt Date: 14-JUN-2021
Filing Date: 16-APR-2020

Time Stamp: 18:41:51

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s e . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (ifappl.)
370006
1 Applicant Response to Pre-Exam NTFMPSN16851044i.pdf no 2
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Information:

453491
2 Oath or Declaration filed K41090P008DECFANI.pdf no 1
523d78f157406668c8ece3a4 1a22e90e9f1
acdd
Warnings:
Information:
421602
3 Oath or Declaration filed K41090P008 DECKWONi.pdf no 1
7aedef2be029e14c9689e4faf1acb206d4ef|
41c7
Warnings:
Information:
Total Files Size (in bytes)# 1245099

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/851,044 04/16/2020 Dashen FAN K41090.P8C3 9885
51340 7590 04/19/2021 | EXAMINER
PELOQUIN, PLLC
800 FIFTH AVENUE MALLAMT
SUITE 4100
SEATTLE, WA 98104-3100 | ART UNIT | paperNUMBER
2845
| MAIL DATE | DELIVERY MODE
04/19/2021 PAPER

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

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

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Ny QOR??/:/TIVEb - 16/851,044 FAN et al.
otice of Allowability Examiner Art Unit AIA (FITF) Status
LAM T MAI 2845 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.

1.4 This communication is responsive to 2/25/2021.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-55 . 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) (JAll b) JSome  *c¢) J None of the:

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

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

* Certified copies not received:

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

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

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

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

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

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

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

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

4.0 Interview Summary (PTO-413),

Paper No./Mail Date.

/LAM T MAI/

Primary Examiner, Art Unit 2845

5. (V) Examiner's Amendment/Comment

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20210416
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Application/Control Number: 16/851,044 Page 2
Art Unit: 2845

DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
EXAMINER'S AMENDMENT
An examiner’s amendment to the record appears below. Should the changes and/or additions
be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 1.312. To ensure
consideration of such an amendment, it MUST be submitted no later than the payment of the issue fee.
The attorney of record Mark Pelqqgin has been called 3 times with voice message at 216 447-
1336 by the examiner on 3/24/2021, 3/25/2021 and 3/26/2021, but no response has been received.
The application has been amended as follows:
Claims 1, line 1, beginning of the claims ADD “Non-transistory” and CHANGE “A” to “a”.
Claims 2-10, line 1, beginning of the claims ADD “Non-transistory” and CHANGE “The” to “the”.
Claims 42, line 1, beginning of the claims ADD “Non-transistory” and CHANGE “A” to “a”.

Claims 43-45, line 1, beginning of the claims ADD “Non-transistory” and CHANGE “The” to “the”.

Conclusion
Any inquiry concerning this communication or earlier communications from the examiner
should be directed to LAM T MAI whose telephone number is 571 272-1807. The examiner can normally
be reached on Monday-Thursday 7am-530pm.
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.
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Application/Control Number: 16/851,044 Page 3
Art Unit: 2845

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Dameon Levi can be reached on 571-272-2105. 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 https://ppair-
my.uspto.gov/pair/PrivatePair. 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.

JLAM T MAI/
Primary Examiner, Art Unit 2845
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

P.O. Box 1450

WWW.uspto.gov

BIB DATA SHEET

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

Alexandria, Virginia 22313-1450

CONFIRMATION NO. 9885

Dashen FAN, Bellevue, WA,
Joseph Yong KWON, San Jose, CA;

** CONTINUING DATA **++swerersnsnrinsrssrk
This application is a CON of 16/399,867 04/30/2019 PAT 10651866
which is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

*k FOREIGN APPLICATIONS *hkkkkkhkkhkkkhkhkkkhkhkhhkhk

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **
04/22/2020

SERIAL NUMBER FILINgAgrrE 371(c) CLASS GROUP ART UNIT ATTORNPIJECY).DOCKET
16/851,044 04/16/2020 341 2845 K41090.P8C3
RULE
APPLICANTS
SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG
INVENTORS

PELOQUIN, PLLC

800 FIFTH AVENUE
SUITE 4100

SEATTLE, WA 98104-3100
UNITED STATES

Foreign Priority claimed ves MNo STATEOR | SHEETS TOTAL |INDEPENDENT

35 USC 119(a-d) conditions met [ Yes bdNo | 4 Metafter COUNTRY |DRAWINGS | CLAIMS CLAIMS

Verified and JLAM T MAI/ Im

Acknowledged Examiner's Signature Initials WA 20 1 0 1
ADDRESS

TITLE

SYSTEMS, APPARATUSES, AND METHODS

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR

|2 All Fees

|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper

FILING FEE - -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT || 1:17 Fees (Processing Ext. of time)
3815 No. for following: U 1.18 Fees (Issue)
|EI Other |
|EI Credit |

BIB (Rev. 05/07).
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
51340 7590 04/05/2021
PELOQUIN, PLLC MAL LAM T
800 FIFTH AVENUE
SUITE 4100 | ART UNIT PAPER NUMBER |
SEATTLE, WA 98104-3100 2845
DATE MAILED: 04/05/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/851,044 04/16/2020 Dashen FAN K41090.P8C3 9885

TITLE OF INVENTION: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATUSES, AND METHODS

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

nonprovisional SMALL $600 $0.00 $0.00 $600 07/06/2021

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: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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), by mail or fax, or via EFS-Web.

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence 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
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

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

51340 7590 04/05/2021 Certificate of Mailing or Transmission

PELOQUIN PLLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
> States Postal Service with sufficient postage for first class mail in an envelope
800 FIFTH AVENUE addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 4100 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
SEATTLE, WA 98104-3100 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/851,044 04/16/2020 Dashen FAN K41090.P8C3 9885

TITLE OF INVENTION: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATIISES AND METHODS

APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $0.00 $600 07/06/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
MAL LAMT 2845 341-155000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

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

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|51

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

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

4a. Fees submitted: [ Issue Fee [ Ipublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

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

5. Change in Entity Status (from status indicated above)
. o . . NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
. Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 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.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/851,044 04/16/2020 Dashen FAN K41090.P8C3 9885
| EXAMINER |
51340 7590 04/05/2021
PELOQUIN, PLLC MAL LAM T
800 FIFTH AVENUE
SUITE 4100 | ART UNIT PAPER NUMBER |
SEATTLE, WA 98104-3100 2845

DATE MAILED: 04/05/2021

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
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IApplication No. IApplicant(s)

. .. 16/851,044 [Dashen FAN
Notice Requiring Inventor’s
Oath or Declaration Examiner [Art Unit
IMAL, LAM T 2845

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64,
executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or substitute
statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is paid. See 35
U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s): Dashen
FAN and Joseph Yong KWON.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)
Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office
PTO-2306 (01-13) Notice Requiring Inventor’s Qath or Declaration
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. 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. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. 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 aroutine 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)
] i 16/851,044 FAN etal.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
LAM T MAI 2845 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. This communication is responsive to 2/25/2021.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-55 . 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) (JAll b) JSome  *c¢) J None of the:

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

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

* Certified copies not received:

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

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

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

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

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

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

2.[v) Information Disclosure Statements (PTO/SB/08), 6. I¥J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 2/25/2021.

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

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

/LAM T MAI/

Primary Examiner, Art Unit 2845

5. (V] Examiner's Amendment/Comment

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20210327
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Art Unit: 2845

DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
EXAMINER'S AMENDMENT
An examiner’s amendment to the record appears below. Should the changes and/or additions
be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 1.312. To ensure
consideration of such an amendment, it MUST be submitted no later than the payment of the issue fee.
The attorney of record Mark Pelqqgin has been called 3 times with voice message at 216 447-
1336 by the examiner on 3/24/2021, 3/25/2021 and 3/26/2021, but no response has been received.
The application has been amended as follows:
Claims 1-10, line 1, beginning of the claims ADD “Non-transistory”.

Claims 42-45, line 1, beginning of the claims ADD “Non-transistory”.

Response to TD/Amendments
Applicant’s TD/amendments filed on 2/25/2021 has been carefully reconsidered.
Terminal Disclaimer

The terminal disclaimer filed on 2/25/2021 disclaiming the terminal portion of any patent
granted on this application which would extend beyond the expiration date of USP 10,651,866 has been
reviewed and is accepted. The terminal disclaimer has been recorded.

Allowable Subject Matter

Claims 1-55 are allowable.

The following is an examiner’s statement of reasons for allowance: Claim 1 is allowed over the
prior art of record. The prior art of record, considered individually or in combination, fails to fairly teach

or suggest claimed features, which is “combining the time delayed first oversampled digital signal with a
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second oversampled digital signal to obtain the beamformed digital signal, wherein the second
oversampled digital signal is responsive to the analog field”, structurally and functionally interconnected
with other limitations in the manner as cited in the claim and dependent claims.

Claim 11 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “the low pass filtered
decimated delayed digital output signal and to impart an integer delay, the integer delay is an integer
number of cycles at the lower sample rate times the lower sampling rate period, the integer delay is
applied to the low pass filtered decimated time delayed digital output signal; and a controller, the
controller is configured to supply a control signal to set the fractional delay and the integer delay”,
structurally and functionally interconnected with other limitations in the manner as cited in the claim
and dependent claims.

Claim 22 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “the second time delay
slement is configured to receive, as an input, the low pass filtered decimated delayed PM output signal
and 1o impart an integer delay, the integer delay is an integer number of cycles at the lower sample rate
times a period at the lower sampling rate, the integer dela is applied to the low pass filtered decimated
delaved PDM output signal; and a controller, the controlier is configurad to supply a control signal to set
the fractional delay and the integer delay”, structurally and functionally interconnected with other
limitations in the manner as cited in the claim and dependent claims.

Claim 36 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “the intermediate sampling
rate is a baseband sampling rate, the i+ 1 stage outputb signal is an output signal from the decimation
module that is tme delaved by a combinad time delay, the combined time dalay is a sum of the

fractional time delay and the integer time delay; and a controller, the controlier is configurad 1o supply a
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control signal to set the fractional time delay and the integer time delay”, structurally and functionally
interconnected with other limitations in the manner as cited in the claim and dependent claims.

Claim 38 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “applying a low pass filter
with decimation to the delayed oversarmpled digital signal to output a baseband digital signal that is
delaved by the fractional time delay; and delaying the baseband digital signal by an integer time delay,
wherein the integer time delay is equal to a number of cycles at a baseband sampling rate times the
baseband sampling rate period”, structurally and functionally interconnected with other limitations in
the manner as cited in the claim and dependent claims.

Claim 42 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “appiving a low pass filter
with decimation to the delaved oversampled digital signal to output a baseband digital signal that is
delayed by the fractional time delay; and delaying the baseband digital signal by an integer time delay,
wherein the intager time delay is equal to a number of sampling clock cycles times the sampling dock
pericd at a baseband sampling rate”, structurally and functionally interconnected with other limitations
in the manner as cited in the claim and dependent claims.

Claim 46 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “adjust the fractional time
delay and the integer time delay to sstablish a. total time delay, wherein $he a resulting digital signal is
delayed by a total time delay, wherein the total time delay is a sum of the fractional time delay and the
integer time delay, and contains a digital reprasentation of the analog fisld guantity without the noise
introducad by the over sampling means”, structurally and functionally interconnected with other

limitations in the manner as cited in the claim and dependent claims.
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Claim 51 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “the second filter is
configured to receive as an input the second time delayed oversampled digital output signal, the second
filter to low pass filter and to decimate to a lower sample rate the second time delayed oversampled
digital output signal and to output a second low pass filtered decimated delayed digital output signal;
and a second integer tirme delay element, the second integer time delay element is configured to
receive, as an input, the second low pass filtered decimated delayed digital output signal and to cutput a
second time delaved digital output signal at the lower sample rate”, structurally and functionally
interconnected with other limitations in the manner as cited in the claim and dependent claims.

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.”

Cited References

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

disclosure. Cited references are related to instant application subject matters.
Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to LAM T MAI whose telephone number is 571 272-1807. The examiner can normally
be reached on Monday-Thursday 7am-530pm.

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.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Dameon Levi can be reached on 571-272-2105. 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 https://ppair-
my.uspto.gov/pair/PrivatePair. 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.

JLAM T MAI/
Primary Examiner, Art Unit 2845
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Receipt date: 023/25/2021 16/851,044 — GAU: 2845

Attorney’s Docket No. _K41080.P8C3 PATENT

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.T.M/
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
in Re Patent Application of:

Dashen Fan Examiner: MAL LAMT

Application No.: 16/851,044 Art Unit: 2845

Filed: April 16, 2020

For: BEAMFORMING USING
FRACTIONAL TIME DELAY IN
DIGITALLY OVERSAMPLED
SENSOR SYSTEMS,
APPARATUSES, AND METHODS

e s S s ot i o St St Siana ™ P Mg ™ St v

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

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Enclosed is a copy of Information Disclosure Citation Form PTO/SB/08a
and PTO/SR/08D. It is respectiully requested that the cited documents be
considerad and that the enclosed copy of information Disclosure Citation Form
PTO/SB/O8L be initialed by the Examiner to indicate such consideration and a

copy thereof returned to applicant(s).

Pursuant to 37 C.F.R. § 1.97, the submission of this information
Disclosure Statement is not (o be construed as a representation that a search
has been made and is not to be construed as an admission that the information

cited in this statement is material {o patentahifity.
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Attorney’s Docket No. _K41080.P8C3 PATENT

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.T.M/

Pursuant to 37 C.F.R. § 1.97, this information Disclosure Statement is
being submitted under one of the following {as indicated by an "X" to the left of
the appropriate paragraph).

37 C.F.R. §1.97(b).

X 37 C.F.R. §1.97{c). fso, then enclosed with this Information
Disclosure Statement is gne of the following:

A statement pursuant to 37 C.F.R. §1.97(e) or
X A check for $130.00 for the fee under 37 C.F.R. § 1.17(p).

37 C.F.R. §1.97{(d). If so, then enclosed with this Information
Disclosure Statement are the following:

(1) A statement pursuant to 37 C.F.R. §1.87{(e}; and

(2) A check for $130.00 for the fee under 37 C.F.R. §1.17(p)
for submission of the Information Disclosure Statement.

Respectiully submitted,

PELOQUIN, PLLC

Dated: Feb 25, 2021 Mark S, Peloquin/
Mark 5. Peloquin, Esq.
Reg. No. 50,787

800 Fifth Avenue, Suite 4100
Seattle, WA 98104-3100
206-447-1336 telephone
208-770-6562 facsimile

~Page 20f 2 -
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.T.M/
Sppaaad e
L5 Patent sod Tradamas &
S SN fegulted 1o rasonnd fo & colicoion nf inkamastion unlers ¥ cor
LCompilete i Known

SRR

w

Application Number 18857 044

INFORMATION DISCLOSURE | Fiting Date ApAf 16, 2020
STATEMENT BY APPLICANT | First Named tnventor  Inaguen FAN

Agt Uit TRAS
{Uge a8 MHIRY TS 35 DOCOSSary} . . .
Examingr Name MAL LAMT
Shest {2 o |17 Altorney Docket Numbear K4 1080 P03 )/

RON PATENT LITERATURE DOCUMENTX
Examiner | Gy loshute naone of the author (o CARITAL LEYTTE RS} {itie of the article {wher apgropniale), e of
| Mo the item (book, magezine, fournal, serigl, synpasium, ostalog, ooy, date, pagais), volume-issueg b
num&arfst nublisher, city andfar country where publishad.
OFFICE AGTION 1SSUED IN CORRESFONDING JFP PATENT
APPLICATION NQ. 2019-526185. DECEMBER 04, 2020

OFFICE ACTION IREUED IN CORRESPONDING JP PATENT APPLICATION
MO 2018-520185. JANUARY 23, 2020

Notification Of Transmittal of The nfernationat Search Repont and Written Opindon for )
Application PCTUSZOM 7015882, International Filing Date Jarwary 31, 2317 (& pages} ¥

e
Written Opinion QFf The International Searching Authority for Application /
PCT/AIS2017/015882, International Filing Date January 31, 2017 {12 pages)
4
N
EEEEEEER

anv*iner iate
/LAM T MAI/ (i\ wsiibisrae 03/13/2021

f.’x
Lo

et SONSicRIRY, whan ¥ i i Syl egny i roughY auatan i oo i covdrmanes ana nl

Commissionet for Patents, .0, Box 1450, Alowandria, VA 223127450,

I vou nosd aaviianes i onmplading the form, oall L-800-PTVGTRE {1-800:788-G18¢ 5

Page 80 of 344



EAST Search History

EAST Search History (Interference)

 SearchQuery @ DBs  Default Plurals Time Stamp
3 Operator : :

12021/03/27

(sigma near delta and time adj US-PGPUB; 2021/03/27
‘delay).cim. -USPAT : :119:51

L3 15 (sigma near delta and oversampl$4 and éUS-PGPUB; :OR ON ;2021/03/27
e ime adj delay).cim.  USPAT 19:51
L4 12 (digital adj sensor and time adj  US-PGPUB; OR ON 12021/03/27
. delay.dm. USPAT | 19:51

L5 143 (sigmaneardeltaandtimeadj ~  US-PGPUB; OR  ON  2021/03/27
5 : delay).clm. USPAT 119:51

L6 15 (sigma near delta and oversampl$4 and 'US-PGPUB; OR ON  2021/03/27
: : time adj delay).clm. :USPAT : :19:51

L7 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
i i ‘and oversampl$4 adj digital adj : USPAT : 119:51
-output).clm. : : 5

18 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/27
: 5 ‘delay).cim. :USPAT 119:51

L9 143 (sigma near delta and time adj .US-PGPUB; OR ON 12021/03/27
: 5 ‘delay).clm. {USPAT E 119:51

L10 15 (sigma near delta and oversampl$4 and | US-PGPUB; OR ON  2021/03/27
: ; time adj delay).cim.  USPAT : 119:51

L1112 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
: ? .delay).clm. USPAT 119:51

L12 143 (sigma near delta and time adj -US-PGPUB; OR ON  2021/03/27
: 5 delay).clm. USPAT 119:51

L1315 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
5 ' time adj delay).cim. 'USPAT 119:51

L14 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/27
? ? ‘and oversampl$4 adj digital adj “USPAT 119:51
“output).clm. : 5 5

§'L15 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
: ? delay).cim. - USPAT : 19:51

116 143 (sigma near deltaand timeadj ~ US-PGPUB; OR  ON  2021/03/27
5 ' .delay).clm. USPAT 119:51

L17 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON §2021/03/27
: : time adj delay).cIm. ‘USPAT 3 119:51

L18 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/27
: 5 delay).clm. - USPAT 119:51
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119 143 (sigmanear deltaand timeadj ~  USPGPUB; OR  ON  2021/03/27
5  delay).cm. USPAT 119:51

120 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON 12021/03/27
: ‘ time adj delay).clm. {USPAT : 119:51

121 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
5 ; -and oversampl$4 adj digital adj : USPAT 19:51
‘output).clm. : : 5

122 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/27
: 5 delay).clm. - USPAT 119:51

123 143 (sigma near delta and time adj - US-PGPUB; OR ON 12021/03/27
. delay).cm. - USPAT o Lest

124 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/27
5 : time adj delay).cim. USPAT 19:51

125 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
: : delay).clm. ‘USPAT 119:51

126 143 (sigma near delta and time adj -US-PGPUB; OR ON  2021/03/27
: 5 -delay).clm. : USPAT ; 119:51

127 15 (sigma near delta and oversampl$4 and éUS-PGPUB; OR ON 12021/03/27
: : .time adj delay).clm. : USPAT : :19:51

128 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
? : ‘and oversampl$4 adj digital adj “USPAT 119:51
~output).clm. - : ;

129 3 (beamform$4 adj digital adj signal and US-PGPUB; OR ON  2021/03/27
5 : -delay$4 near tim$4).clm. - USPAT ; 119:51

130 7 (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/27
5 ‘ ‘and oversampl$4).clm. - USPAT : 119:51

131 12 (digital adj sensor and time adj |US-PGPUB; OR ON  2021/03/27
: 5 delay).clm. 'USPAT 119:51

132 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/27
.. Gelay).cim. (USPAT {19:51

133 15 (sigma near delta and oversamplg4 and US-PGPUB; OR  ON  2021/03/27
5 : time adj delay).cim. USPAT ; 119:51

134 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
? ? delay).clm. - USPAT : 119:51

135 143 (sigma near deltaand timeadj ~ US-PGPUB; OR  ON  2021/03/27
: 5 ‘delay).clm. {USPAT 119:51

136 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
5 : time adj delay).clm. ‘USPAT 119:51

37 3 ?(digital adj sensor and time adj delay ~ : US-PGPUB; | OR ON 12021/03/27
% : ‘and oversampl$4 adj digital adj :USPAT : 119:51
‘output).clm. : : ;

138 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
: : _delay).clm. USPAT 119:51
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139 143 (sigmaneardeftaandtimeadj ~ USPGPUB; OR  ON  2021/03/27
5 ~ delay).cim. USPAT 119:51

140 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON 12021/03/27
: ‘ time adj delay).clm. {USPAT : 119:51

141 12 (digital adj sensor and time adj -US-PGPUB; OR ON  2021/03/27
.. GelaY).cIm. USPAT 1981

142 143 (sigmaneardeltaandtimeadj ~  US-PGPUB; OR ON  2021/03/27
. Gelaydm. USPAT 290

143 15 (doma near delta and oversampisé and US-PGPUB; OR SRR
: 5 time adj delay).cim. USPAT ; 19:51

144 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/27
i ‘and oversampl$4 adj digital adj - USPAT ; 19:51
-output).clm. . : :

145 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
: : delay).clm. ‘USPAT 119:51

146 143 (sigma near delta and time adj -US-PGPUB; OR ON 12021/03/27
: 5 “delay).clm. USPAT ; 119:51

147 15  (sigma near delta and oversampl$4 and éUS-PGPUB; OR ON 12021/03/27
: : .time adj delay).clm. : USPAT : :19:51

148 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/27
5 ~ delay).cim. USPAT 19:51

(sigma near delta and time adj :2021/03/27
‘delay).clm. : :19:51

(sigma near delta and oversampl$4 and - ON 12021/03/27
‘time adj delay).clm. : :19:51

L51 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
% -and oversampl$4 adj digital adj :USPAT : :19:51
~output).clm. : : ;

152 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
.. Gelay).cim. (USPAT {19:51

153 143 (sgmaneardelaadtmead  USPGPUB; OR  ON 2020327
5 : ‘delay).clm. : USPAT 3 119:51

154 15 (sigma near delta and oversampl$4 and |US-PGPUB; OR ON  2021/03/27
time adj delay).clm. {USPAT g 119:52 5
L55 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27

: 5 ‘delay).clm. {USPAT 119:52

L56 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
5 : .delay).clm. USPAT 19:52

157 15 (sigma near delta and oversampl$4 and ' US-PGPUB; OR ON  2021/03/27

158 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27

? ? ‘and oversampl$4 adj digital adj :USPAT 119:52
-output).clm. : : 5
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159 3 (beamforms4 adj digital adj signal and | US-PGPUB; OR  ON  2021/03/27
: 5 .delay$4 near tim$4).clm. USPAT 119:52

160 7  (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/27
: ‘ -and oversampl$4).clm. {USPAT : 119:52

L102 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
. Gelydm. USPAT o 19592

1103 143 (sigmaneardeltaand timeadj ~  US-PGPUB; OR ON  2021/03/27
. Gelaydm. USPAT 1992

1104 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/27
: 5 time adj delay).cim. USPAT ; 19:5

1105 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
 delay).cm. USPAT 19:52

'L106 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
: : .delay).clm. ‘USPAT 119:52

L107 15 (sigma near delta and oversampl$4 and 'US-PGPUB; OR ON  2021/03/27
: : time adj delay).cim. :USPAT :19:52

L108 3  (digital adj sensor and time adj delay  US-PGPUB; OR ON :2021/03/27
i : ‘and oversampl$4 adj digital adj USPAT 119:52
‘output).clm. ; v ;

1109 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/27
5 ~ delay).cim. USPAT 119:52

L110 143 (sigma near delta and time adj :2021/03/27
i : ‘delay).clm. : 119:52

(sigma near delta and oversampl$4 and - ON 12021/03/27
‘time adj delay).clm. : :19:53

‘(digital adj sensor and time adj - US-PGPUB; OR ON 12021/03/27
ay).clm. :USPAT :

(sigma near delta and time adj US-PGPUB; 2021/03/27
delay).clm. :USPAT :19:53

L114 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
5 : time adj delay).cim. 'USPAT 119:53

L115 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/27

? : -and oversampl$4 adj digital adj : USPAT : -19:53

; : output).clm. § § 5
L116 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27

: 5 ‘delay).clm. {USPAT 19:53

L117 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
: : .delay).clm. “USPAT 119:53

L118 15 (sigma near delta and oversampl$4 and ' US-PGPUB; OR ON  2021/03/27
e Me AATdElAY)CM, e AT 2B
L119 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27

: 5 delay).clm. USPAT 119:53

1120 143 (sigma near delta and time adj US-PGPUB; OR ON  2021/03/27
o Gelay)dm. o USPAT 1953
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121 15 (sigma near delta and oversampl$4 and US-PGPUB; OR  ON  2021/03/27
: : time adj delay).cim. {USPAT : 119:53

1122 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON 12021/03/27
% i -and oversampl$4 adj digital adj - USPAT : 19:53
output).clm. ; : :

1123 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/27
: : .delay).clm. ‘USPAT 119:53

L124 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/27
~ delay).cm. USPAT 19:53

L125 15 (sigma near delta and oversampl$4 and  US-PGPUB; OR ON 12021/03/27
5 _ time adj delay).cim. - o UseAT 19553

1126 12 (digital adj sensor and time adj ~ US-PGPUB; OR ON  2021/03/27
: : “delay).clm. USPAT 19:53

1127 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
: : delay).clm. ‘USPAT 119:53

L128 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
: 5 -time adj delay).clm. : USPAT ; 119:53

1129 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON 12021/03/27
: : .and oversampl$4 adj digital adj {USPAT : :19:53
‘output).clm. : v :

1130 3 (beamform$4 adj digital adj signal and ~ US-PGPUB; OR ON  2021/03/27
: 5 ~delay$4 near tim$4).cim. " USPAT 119:53

L131 7  (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/27
5 : ‘and oversampl$4).clm. 'USPAT 119:53

1132 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
5 ‘ .delay).clm. USPAT 119:53

L133 143 (sigma near delta and time adj US-PGPUB; OR ON §2021/03/27
: : delay).clm. {USPAT 119:53

L134 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/27
. [time adjdelay).cim. USPAT 19:53

135 12 (digital adj sensor and time adj  US-PGPUB; OR  ON  2021/03/27
5 : .delay).clm. USPAT 119:53

L136 143 (sigma near delta and time adj _US-PGPUB; OR ON  2021/03/27
i i delay).clm. “USPAT 119:53

1137 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ~ ON  2021/03/27
: : time adj delay).clm. ‘USPAT 119:53

L138 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
: -and oversampl$4 adj digital adj : USPAT 119:53
~output).clm. : : :

L139 12 (digital adj sensor and time adj -US-PGPUB; OR ON  2021/03/27
z f delay).clm. USPAT 119:53

L140 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
5 : _delay).clm. USPAT 119:53
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1141 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ~ ON  2021/03/27
: : time adj delay).cim. {USPAT : 119:53

L142 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
: : delay).clm. {USPAT : :19:53

L143 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
? ? delay).clm. (USPAT ~ 19:53

L144 15  (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
? : time adj delay).cim. ;VUSPAT 1953

L145 ééﬂﬂé(dlgltal adj sensor and time ad] delay US- PGPUB OR ON 2021/03/27~ i
: ? ‘and oversampl$4 adj digital adj ‘USPAT : 119:53
~output).clm. ; : 5

1146 12 (digital adj sensor and time adj ~ US-PGPUB; OR  ON  2021/03/27
5 : .delay).clm. 'USPAT 119:53

1147 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
' 5 delay).clm. USPAT 119:53

L148 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON 12021/03/27
: 5 ‘time adj delay).cim. USPAT ; :19:53

L149 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
5 : -delay).clm. : USPAT : :19:53

L150 143 (sigma near delta and time adj _US-PGPUB; OR ON  2021/03/27
5 ~ delay).clm. USPAT 19:53

L151 15 (sigma near delta and oversampl$4 and - :2021/03/27
: : ‘time adj delay).clm. 19:53

ON  2021/03/27
119:53

‘(digital adj sensor and time adj delay
‘and oversampl$4 adj digital adj
-output).clm.

L153 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
: ; delay).clm. {USPAT 119:53

L154 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/27
z ~ delay).cm. USPAT 119:53

L155 15 (sigma near - delta and oversampl$4 and US- PGPUB OR - WOVI'\VIV”"””””?2021/03/27' R
5 : -time adj delay).clm. - USPAT : :19:53

L156 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
% % delay).clm. USPAT § 119:53

L157 143 (sigma near deltaand timeadj ~ US-PGPUB; OR ~ ON  2021/03/27
: 5 ‘delay).clm. - USPAT 19:53

L158 15  (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
5 : time adj delay).clm. USPAT 119:53

L159 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
: : ‘and oversampl$4 adj digital adj :USPAT : :119:54
‘output).clm. 5 : :

L160 3 (beamform$4 adj digital adj signal and ~US-PGPUB; OR ON  2021/03/27
5 : .delay$4 near tim$4).cim. USPAT 119:54
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1161 7  (beamform$4 and time near delay$4  US-PGPUB; OR ~ ON  2021/03/27
: : -and oversampl$4).cim. {USPAT : 19:54

1203 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
: : delay).clm. {USPAT : 119:54

1204 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
. delay)dm. AT e 22D

1205 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/27
. [time adjdelay).cim. o N NN S £

L206 12 V V?(digital adj sensor andtlmead] o US-PGPUB, OR ON 2021/03'/'2'7" o
: 5 delay).cm. USPAT 3 1955

1207 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
 delay).cm. USPAT 19:55

1208 15 (sigma near delta and oversampl$4 and ' US-PGPUB; OR ON  2021/03/27
: : .time adj delay).clm. :USPAT :19:55

1209 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
% % :and oversampl$4 adj digital adj :USPAT :19:55
‘output).clm. ' : :

1210 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
5 : -delay).clm. : USPAT : :19:55

1211 143 (sigma near delta and time adj _US-PGPUB; OR ON  2021/03/27
5 ~ delay).cim. USPAT 119:55

1212 15 (sigma near delta and oversampl$4 and - US-PGPUB; 12021/03/27
: : ‘time adj delay).clm. - USPAT 19:55

(digital adj sensor and time adj |US-PGPUB; OR ON  2021/03/27
-delay).clm. USPAT 119:55

‘(sigma near delta and time adj - US-PGPUB; OR ON 12021/03/27
ay).clm. :USPAT :

-(sigma near delta and oversampl$4 and §US-PGPUB, : :2021/03/27
time adj delay).clm. :USPAT :19:55

1216 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON 12021/03/27
% : ‘and oversampl$4 adj digital adj : USPAT : :19:55
‘output).clm. : ' :

1217 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
: ; delay).clm. {USPAT 119:55

1218 143 (sigma near deltaand timeadj ~ US-PGPUB; OR ~ ON  2021/03/27
: 5 ‘delay).clm. {USPAT :19:55

1219 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
5 : time adj delay).clm. USPAT 119:55

1220 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/27
TN TN LN 1AL IR N RO L. SR
1221 143 (sigma near delta and time adj US-PGPUB; OR ON  2021/03/27

: 5 delay).clm. USPAT 119:55

1222 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/27
... tmeadjdelay).cim. o CUSPAT 1
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1223 3 (digital adj sensor and time adj delay  US-PGPUB; OR ~ ON  2021/03/27
: -and oversampl$4 adj digital adj {USPAT % :19:55
~output).clm. 3 : 3

1224 12 (digital adj sensor and time adj |US-PGPUB; OR ON 12021/03/27
5 : delay).clm. :USPAT : -19:55

1225 143 (sigma near delta and time adj _US-PGPUB; OR ON  2021/03/27
: : .delay).clm. ‘USPAT 119:55

1226 15 (sigma near delta and oversampl$4 and 'US-PGPUB; OR ON  2021/03/27
z ~time adj delay).cim. USPAT 19:55

1227 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
. delay).cm. L USPAT 1955

1228 143 (sigma near deltaand tmeadj ~ US-PGPUB; OR ON  2021/0327
: : delay).clm. USPAT 19:55

1229 15 (sigma near delta and oversampl$4 and ' US-PGPUB; OR ON  2021/03/27
: : time adj delay).clm. {USPAT 119:55

1230 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
: ‘and oversampl$4 adj digital adj : USPAT : 119:55
-output).clm. : : .

1231 3 (beamform$4 adj digital adj signal and ~ US-PGPUB; OR ON  2021/03/27
: ? _delay$4 near tim$4).cim. {USPAT : :19:55

1232 7  (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/27
: 5 -and oversampl$4).cim. " USPAT 119:55

1233 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/27
: : -delay).clm. : USPAT : :19:55

1234 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/27
5 ‘ .delay).cIm. USPAT 119:55

1235 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON §2021/03/27
: ; time adj delay).clm. ‘USPAT 119:55

1236 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
.. Gelay).cim. USPAT 19:55

1237 143 (sigma near deltaand timeadj ~ US-PGPUB; OR ~ ON  2021/03/27
5 : -delay).clm. :USPAT : :19:55

1238 15 (sigma near delta and oversampl$4 and  US-PGPUB; OR ON  2021/03/27
time adj delay).clm. {USPAT § 119:55 5
1239 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON 12021/03/27

1 ? ‘and oversampl$4 adj digital adj - USPAT 119:55

1240 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/27

: : delay).clm. {USPAT E :19:55

1241 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/27
z ~ delay).cm. USPAT 19:55

1242 15 (sigma near delta and oversampl$4 and ' US-PGPUB; OR ON  2021/03/27
5 : time adj delay).cim. USPAT 119:55
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1243 12 (digital adj sensor and time adj | USPGPUB; OR  ON  2021/03/27
5 ~ delay).cim. USPAT 119:55

1244 143 (sigma near delta and time adj -US-PGPUB;  OR ON  2021/03/27
: : delay).clm. {USPAT : :19:56

1245 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
. [time adj delay).cim. UsPAT 1956

1246 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON 20210327
: : -and oversampl$4 adj digital adj : USPAT :19:56
~output).clm. - z :

1247 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/27
... Gelay).cm. L JUSPAT o 1956

1248 143 (sigma near deltaand tmeadj ~ US-PGPUB; OR ON  2021/0327
: : delay).clm. USPAT 1956

1249 15  (sigma near delta and oversampl$4 and ' US-PGPUB; OR ON  2021/03/27
: : time adj delay).clm. {USPAT 119:56

1250 12 (digital adj sensor and time adj -US-PGPUB; OR ON  2021/03/27
: 5 “delay).clm. USPAT ; :19:56

1251 1143 (sigma near delta and time adj -US-PGPUB; OR ON 12021/03/27
: : .delay).clm. USPAT 119:56

1252 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/27
5 ~ time adj delay).cim. USPAT 119:56

1253 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/27
% ‘and oversampl$4 adj digital adj - USPAT 19:56
-output).clm. . : :

1254 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
5 ‘ .delay).clm. USPAT 119:56

1255 143 (sigma near delta and time adj |US-PGPUB; OR ON 12021/03/27
: ; delay).clm. ‘USPAT 119:56

1256 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON 12021/03/27
. [timeadjdelay)dm. CUSPAT 196
1257 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/27
5 : ‘delay).clm. : USPAT : :19:56

1258 143 (sigma near delta and time adj _US-PGPUB; OR ON  2021/03/27
? ? delay).clm. - USPAT : 119:56

1259 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ~ ON  2021/03/27
: : time adj delay).clm. ‘USPAT 119:56

1260 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/27
: -and oversampl$4 adj digital adj : USPAT 119:56
~output).clm. : : :
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("6195394") or ("6201490") or

US-PGPUB;
| USPAT; FPRS;

'EPO; JPO;
 DERWENT;
1BM_TDB
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119:52 '



7

8.2

L76 and time near delay

digital adj sensor

time adj delay

'US-PGPUB;
{USPAT; EPO;
:JPO; :
- DERWENT;
{IBM_TDB

12021/03/27
:19:52 :

‘US-PGPUB;
{USPAT; EPO;
:JPO; 5
. DERWENT;
‘IBM_TDB

US-PGPUB;
{USPAT; EPO;
-JPO; :
: DERWENT;
:IBM_TDB

‘ kwon.in. and "joseph Yong" ‘US-PGPUB;
5 -USPAT; EPO; -
:JPC; :
: DERWENT;
‘IBM_TDB

‘ US-PGPUB;

- USPAT; EPO;
-JPO; :
' DERWENT;
IBM_TDB

12021/03/27
119:52 f

'US-PGPUB;
- USPAT; EPO;
:JPO; :
' DERWENT;
‘IBM_TDB

(microphone (digital adj sensor)) with US-PGPUB;
|USPAT; EPO;
{JPO; '
iDERWENT;
:IBM_TDB
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ON

("6590616") or ("6643382") or

("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN.

- US-PGPUB;

- USPAT; EPO;
{JPO; 1
. DERWENT;
'IBM_TDB

12021/03/27
119:52 f

2021/03/27
119:52 5

2021/03/27
119:52 ?

12021/03/27
119:52 |

2021/03/27
19:52 5

12021/03/27
119:52 ‘



(microphone (digital adj sensor)) with

185 10
; sampl$4 adj clock with time adj delay

US-PGPUB;

- DERWENT;
{IBM_TDB

(microphone (digital adj sensor)) with
i (adc ad a/d (analog adj digital)) with
time adj delay

- oversampl$4 adj digital adj output

'US-PGPUB;
{USPAT; EPO;
:JPO; :
: DERWENT;

‘IBM_TDB

'US-PGPUB;
- USPAT; EPO;

-JPO;
: DERWENT;

_oversampl$4 adj digital adj output with

188 6
i ; time near delay

_USPAT; EPO;
-JPO; :

‘IBM_TDB

US-PGPUB;

- DERWENT;
-IBM_TDB

-oversampl$4 adj digital adj output
.same time near delay

‘US-PGPUB;
-USPAT; EPO; -
:JPO; :

- DERWENT;
'IBM_TDB

(microphone (digital adj sensor)) with
oversampl$4 with time adj delay

. (digital adj sensor and time adj
delay).clm.

{US-PGPUB;
- USPAT; EPO;
IPO; |
:DERWENT;
{IBM_TDB
_US-PGPUB;
|USPAT; EPO;
:JPO; :

. DERWENT;
- IBM_TDB

ﬁtim$4 near delay$4 near oversampl$4
_near digital near output

'US-PGPUB;
USPAT; EPO;
{JPO; 5

: DERWENT;

tim$4 near delay$4 near oversampl$4

o3 7
: 3 _near output

(IBMTDB
US-PGPUB;
-USPAT; EPO;
:JPO;

 DERWENT;
' IBM_TDB

(("3684829") or ("3755792") or
("3813485") or ("3914746") o
("4021616") or ("4290050") or
("4361729") or ("4414685") or

‘US-PGPUB;
. USPAT; FPRS; |
EPO; JPO; :

‘OR

, OR  ON
|USPAT; EPO; 3
{JPO; :

R ON

2021/03/27
1952

12021/03/27
119:52 é

2021/03/27
119:52

12021/03/27
119:52 |

12021/03/27
119:52 é

12021/03/27
19:52

2021/03/27
119:52 5

12021/03/27
19:52 5
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©("4521099") or ("4577219") or

("4605921") or ("4628345") or
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or

("7782439") or ("7817071")).PN.

'L94 and time near delay

194 and digital near sensor

IBM_TDB

- US-PGPUB;

USPAT; EPO;

-JPO;
{ DERWENT;
IBM_TDB

 US-PGPUB;
: USPAT; EPO;

JPO;
 DERWENT;
{IBM_TDB

- US-PGPUB;

|USPAT; EPO;

:JPO;
. DERWENT;
:IBM_TDB

 US-PGPUB;

:JPO;
: DERWENT;

' US-PGPUB;

:JPO;
: DERWENT;,
:IBM_TDB

- US-PGPUB;

|USPAT; EPO;

-JPO;
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OoR

- DERWENT,

12021/03/27
119:52 :

2021/03/27
19:52 5

12021/03/27
119:52 é

_digital adj sensor with time adj delay

, : : 12021/03/27
-and oversampl$4 adj digital adj output  USPAT; EPO; é

119:52

................................. dlgltaladJSensorandtlmeadjdelay

: 12021/03/27
-and oversampl$4 adj digital adj output : USPAT; EPO; ?

119:52

12021/03/27
119:52 |



162

(microphone (digital adj sensor)) with
§time adj delay

 DERWENT;
IBM_TDB

beamform$4 with delay with (adc ad
:a/d (analog adj digital))

. US-PGPUB;
|USPAT; EPO;
:JPO; 5
 DERWENT;
 IBM_TDB

US-PGPUB; -
{USPAT; EPO;
-JPO; :
: DERWENT;
IBM_TDB

12021/03/27
119:54 %

{US-PGPUB;
‘USPAT; EPO;
-JPO; 5
{ DERWENT;
IBM_TDB

12021/03/27
119:54 s

:US-PGPUB;
- USPAT; EPO;
IPO; :
:DERWENT;
{IBM_TDB

12021/03/27
19:54 s

'US-PGPUB;
'USPAT; EPO;
:JPO; :
‘DERWENT;
{IBM_TDB

digital adj sensor with time adj delay :US-PGPUB;
z |USPAT; EPO;
{JPO; 5
iDERWENT;
:IBM_TDB

- US-PGPUB;

- USPAT; EPO; -
:JPO; :
. DERWENT;
'IBM_TDB

(microphone (digital adj sensor)) with
- sampl$4 adj clock with time adj delay

_US-PGPUB;
{USPAT; EPO;
JPO; 5
 DERWENT;
{IBM_TDB

1169 28 (microphone (digital adj sensor)) with - US-PGPUB; OR  ON  2021/03/27
i (adc ad a/d (analog adj digital)) with
;time adj delay

:US-PGPUB;
- USPAT; EPO;
:JPO;

: DERWENT;
‘IBM_TDB
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ON

12021/03/27 |
119:52 ?

2021/03/27
1954

12021/03/27
19:54 |

2021/03/27
119:54 |

12021/03/27
119:54 %

12021/03/27
119:54



~ oversampl$4 adj digital adj output

e
USPAT; EPO;
-JPO; :

OR  ON  2021/03/27

119:54

- DERWENT;
{IBM_TDB

_oversampl$4 adj digital adj output with
time near delay

173,

- oversampl$4 adj digital adj output
-same time near delay

- USPAT; EPO;
:JPO;

- DERWENT;
'IBM_TDB
‘US-PGPUB;
{USPAT; EPO;
:JPO; 5

US-PGPUB; 2021/03/27

119:54

' DERWENT;

' IBM_TDB

(microphone (digital adj sensor)) with
_oversampl$4 with time adj delay

10

US-PGPUB;
-USPAT; EPO;
:JPO; :

2021/03/27
1954

- DERWENT;
-IBM_TDB

(digital adj sensor and time adj
delay).clm.

- US-PGPUB;
-USPAT; EPO; -
:JPO; :

12021/03/27
119:54

- DERWENT;
'IBM_TDB

%tim$4 near delay$4 near oversampl$4
_near digital near output

.tim$4 near delay$4 near oversampl$
near output

:US-PGPUB;
- USPAT; EPO;
IPO; |
:DERWENT;
{IBM_TDB
_US-PGPUB;
|USPAT; EPO;
:JPO; :

12021/03/27
119:54 :

. DERWENT;
- IBM_TDB

(("3684829") or ("'3755792") or
1("3813485") or ("3914746") or
1("4021616") or ("4290050") or
("4361729") or ("4414685") or
:("4521099") or ("'4577219") or
1 ("4605921") or ("4628345") or
("5089820") or ("5089917") or
("5177711") or ("5333063") or
:("5459718") or ("'5483474") or
1("5493581") or ("5594438") or
("5717618") or ("5742351") or
. ("5771012") or ("5801653") or
- ("5870051") or ("5910957") or
("5910995") or ("5969798") or

‘US-PGPUB;
' USPAT; FPRS;
‘EPO; JPO;
. DERWENT;
'IBM_TDB

‘OR :2021/03/27

119:54

(5982132 or ("6034564%0r
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MR T ra—

' (microphone (digital adj sensor)) wit
gtime adj delay

. US-PGPUB;
-USPAT; EPO;
JPO; %
. DERWENT;
IBM_TDB

12021/03/27
119:54

. US-PGPUB;
USPAT; EPO;
PO; :
 DERWENT;
IBM_TDB

12021/03/27
119:54 f

‘US-PGPUB;
- USPAT; EPO;
:JPO; :
- DERWENT;
'IBM_TDB

12021/03/27
119:54 f

US-PGPUB;
{USPAT; EPO;
:JPO; :
§DERWENT;
:IBM_TDB

_kwon.in. and "joseph Yong" ‘US-PGPUB;
5 {USPAT; EPO;
JPO; 5
. DERWENT;
|IBM_TDB
US-PGPUB;
{USPAT; EPQ;
-JPO; :
{ DERWENT;
'IBM_TDB

. digital adj sensor with time adj delay :US-PGPUB;
? “USPAT; EPO;
-JPO;

: DERWENT;
{IBM_TDB
‘US-PGPUB;
ﬁUSPAT; EPO;
:JPO; '
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("6092130") or ("6188785") or

:("6195394") or ("6201490") or

- ("6590616") or ("'6643382") or
("6775684") or ("6947497") or
:("6961151") or ("6972828") or
:("7068841") or ("7187409") or

1 ("7472206") or ("7583355") or
("7590675") or ("7626592") or

1 ("7680807") or ("7706443") or
("7782439") or ("7817071")).PN.

:2021/03/27
119:54 :

12021/03/27
119:54

12021/03/27
119:54 |

12021/03/27
119:54 %

2021/03/27
119:54 ‘



- DERWENT,
{IBM_TDB

1186 10  (microphone (digital adj sensor)) with US-PGPUB; ~ OR ON  2021/03/27
% : sampl$4 adj clock with time adj delay :USPAT; EPO; : 19:54 ?
: :JPO; 3 3
. DERWENT;

IBM_TDB

1187 28 : (microphone (digital adj sensor)) with :US-PGPUB; iOR ON :2021/03/27
i f ‘(adc ad a/d (analog adj digital)) with  : USPAT; EPO; . 19:54 ?
time adj delay -JPO; f : :

z . DERWENT;
-IBM_TDB

.L188:43 : oversampl$4 adj digital adj output ‘US-PGPUB; :OR ‘ON :2021/03/27
: : ‘USPAT; EPO; : 119:54 5
-JPO; ;
{ DERWENT;
{IBM_TDB

L1896 ‘ oversampl$4 adj digital adj output with : US-PGPUB; iOR ‘ON :2021/03/27
} ‘time near delay - USPAT; EPO; } 119:54 ?
: :JPO; : : :

:DERWENT;
‘IBM_TDB

1190 6 _oversampl$4 adj digital adj output ‘US-PGPUB;  :OR ‘ON 12021/03/27
E : . same time near delay :USPAT; EPO; :19:54 i
? -JPO; f %

. DERWENT;
- IBM_TDB

1191 10 (microphone (digital adj sensor)) with :US-PGPUB; ~ OR ON :2021/03/27
? i oversampl$4 with time adj delay {USPAT; EPO; ; 119:54 :
IPO; | |
DERWENT;

:IBM_TDB

L192:12 (digital adj sensor and time adj ‘US-PGPUB;  :OR ON :2021/03/27
f _delay).clm. - USPAT; EPO; 5 19:54 ?
: :JPO; : : :
 DERWENT;

IBM_TDB

L1936 :tim$4 near delay$4 near oversampl$4 :US-PGPUB; :OR ‘ON :2021/03/27 -
: i ' near digital near output {USPAT; EPO; 3 119:54 ?
:JPO;
. DERWENT;
‘IBM_TDB

1194 7 tim$4 near delay$4 near oversampl$4 :US-PGPUB; OR ‘ON :2021/03/27
: _near output - USPAT; EPO; } :19:54
: :JPO; ' 3 :
' DERWENT;
. IBM_TDB

Page 109 of 344



1195 207 (("3684829") or ("3755792") or _US-PGPUB;  OR OFF  2021/03/27 |
5 ("3813485") or ("3914746") or USPAT; FPRS; 5 119:54
("4021616") or ("4290050") or _EPO; JPO; 5 :

("4361729") or ("4414685") or ' DERWENT;
("4521099") or ("4577219") or IBM_TDB
("4605921") or ("4628345") or %
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN.

1196 2 'L195 and time near delay ‘US-PGPUB;  :OR ON :2021/03/27
- | USPAT; EPO; : 119:54
IPO; : | :
:DERWENT;
‘IBM_TDB

L1970 'L195 and digital near sensor ‘US-PGPUB;  :OR ‘ON :2021/03/27
f :USPAT; EPO; : : :19:54 :
:JPO; ‘
‘DERWENT;
—_ ; IBM_TDB _ : ;
. L198: 67 digital adj sensor with time adj delay US-PGPUB;  OR ON :2021/03/27
f : {USPAT,; EPO; : :19:54 5
:JPO; ? :
DERWENT;
 IBM_TDB

1199 4 digital adj sensor with time adj delay US-PGPUB; OR ON 12021/03/27
: : :and oversampl$4 adj digital adj output : USPAT; EPO; :19:54 :
- JPO; :

. DERWENT;
'IBM_TDB

1200 5 digital adj sensor and time adj delay ~ US-PGPUB; OR ON  12021/03/27
: -and oversampl$4 adj digital adj output | USPAT; EPO; : 119:54 :
JPO; ' : é
. DERWENT;
IBM_TDB
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1201 7,747 beamform$4 with delay

-a/d (analog adj digital))

- USPAT; EPO;
{JPO; :
: DERWENT;
‘IBM_TDB

{USPAT,; EPO;
:JPO; f
. DERWENT;

- IBM_TDB

US-PGPUB; OR  ON

2021/03/27
1954

1202 308  beamform$4 with delay with (adcad  US-PGPUB;  OR 2021/03/27

119:54

3/27/2021 8:34:31 PM
C:\Users\Imail\Documents\EAST\Workspaces\16851044.wsp
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EAST Search History

EAST Search History (Interference)

 SearchQuery @ DBs  Default Plurals Time Stamp
3 Operator : :

12021/03/13

_USPAT 119:54

(sigma near delta and time ad; US-PGPUB; 2021/03/13
‘delay).clm. {USPAT ; 119:54

L3 15 (sigma near delta and oversampl$4 and éUS-PGPUB; ‘OR ON ;2021/03/13
o timeadjdelay)cm. ~ CUSPAT . s
4 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
. dely.cm. USPAT Lo

L5 143 (sigmaneardeltaandtimeadj ~  USPGPUB; OR  ON  2021/03/13
5 : -delay).clm. : USPAT :19:54

L6 15 §(sigma near delta and oversampl$4 and : US-PGPUB; OR ON ?2021/03/13
: : time adj delay).clm. :USPAT ; :19:54

L7 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/13
? 5 ‘and oversampl$4 adj digital adj : USPAT : 19:54
-output).clm. : : 5

18 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
1 5 ‘delay).cim. USPAT 119:54

L9 143 (sigma near delta and time adj .US-PGPUB; OR ON 12021/03/13
: 5 ‘delay).clm. {USPAT E 119:54

L10 15 (sigma near delta and oversampl$4 and | US-PGPUB; OR ON  2021/03/13
: : time adj delay).cim.  USPAT : 119:54

L11 12 (digital adj sensor and time adj |US-PGPUB; OR ON  2021/03/13
: ~ delay).cim. USPAT 119:54

L12 143 (sigma near delta and time adj -US-PGPUB; OR ON 12021/03/13
; ? delay).clm. USPAT 119:54

L1315 (sigma near delta and oversampl$4 and EUS-PGPUB; OR ON  2021/03/13
5 ~ time adj delay).cim. USPAT 119:54

L14 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13
? ? ‘and oversampl$4 adj digital adj “USPAT 119:54
“output).clm. : 5 5

§'L15 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/13
i ? _delay).clm. 'USPAT : 119:54

16 143 (sigma neardeltaand timeadj ~ USPGPUB; OR  ON  2021/03/13
: : “delay).clm. : USPAT : -19:54

L17 15 (sigma near delta and oversampl$4 and . US-PGPUB; OR ON §2021/03/13
5 5 time adj delay).cm. (USPAT 19:54

118 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/13
: 5 delay).clm. ‘USPAT 119:54
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119 143 (sigmanear deltaandtimeadj ~  USPGPUB; OR ~  ON  2021/03/13
 delay).dm. USPAT 19:54

120 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON 12021/03/13
: : time adj delay).clm. {USPAT : :119:54

L21 3  (digital adj sensor and time adj delay  : US-PGPUB; OR ON 22021/03/13
5 5 ‘and oversampl$4 adj digital adj : USPAT 19:54
‘output).clm. : : 5

122 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
: 5 delay).clm. USPAT 119:54

123 143 (sigma near delta and time adj - US-PGPUB; OR ON 12021/03/13
. delay).cm. - USPAT Lo

124 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/13
5 : ‘time adj delay).cim. USPAT 119:54

125 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/13
' 5 delay).clm. ‘USPAT 119:54

126 143 (sigma near delta and time adj -US-PGPUB; OR ON  2021/03/13
; ? delay).clm. 'USPAT 119:54

127 15 (sigma near delta and oversampl$4 and éUS-PGPUB; OR ON 12021/03/13
: : .time adj delay).clm. : USPAT : :19:54

128 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13
? : -and oversampl$4 adj digital adj :USPAT 119:54
-output).cm. : ? :

129 3 (beamform$4 adj digital adj signal and US-PGPUB; OR ON  2021/03/13
?  delay$4 near tim$4).clm. USPAT 19:54

130 7  (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/13
5 ‘ ‘and oversampl$4).clm. - USPAT : 19:54

131 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/13
? 5 delay).clm. USPAT 119:54

132 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/13
: ? _delay).clm.  USPAT 19:54

133 15 (sigma near delta and oversampl$4 and US-PGPUB; OR  ON  2021/03/13
5 : -time adj delay).clm. : USPAT : :19:54

134 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/13
? : delay).clm. ‘USPAT 119:54

135 143 (sigma near deltaand timeadj ~ US-PGPUB; OR  ON  2021/03/13
: 5 ‘delay).clm. {USPAT 119:54

136 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/13
5 : time adj delay).clm. USPAT 119:54

137 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON 12021/03/13
: ‘and oversampl$4 adj digital adj :USPAT : :119:54
‘output).clm. : ' 5

138 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/13
: 5 delay).clm. USPAT 119:54
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139 143 (sigmaneardeltaand tmeadj ~  US-PGPUB; OR  ON  2021/03/13
5  delay).clm. USPAT 119:54

140 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/13
: ‘ time adj delay).clm. ‘USPAT : :19:54

41 12 (digital adj sensor and time adj -US-PGPUB; OR ON  2021/03/13
. Gelay).cm. UsPAT 1954

142 143 (sigmaneardeltaandtimeadj ~  US-PGPUB; OR ON  2021/03/13
. Gelaydm. USPAT 19

143 15 (doma near delta and oversampisé and US-PGPUB; OR N moaoas
: 5 time adj delay).cim. USPAT ; 19:54

144 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13
‘and oversampl$4 adj digital adj - USPAT ; 19:54
-output).clm. . : :

145 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/13
' 5 delay).clm. ‘USPAT 119:54

146 143 (sigma near delta and time adj -US-PGPUB; OR ON  2021/03/13
: 5 ‘delay).cim. :USPAT : :19:54

147 15  (sigma near delta and oversampl$4 and éUS-PGPUB; OR ON 12021/03/13
: : .time adj delay).clm. : USPAT : :19:54

148 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
5 ~ delay).cm. USPAT 19:54

(sigma near delta and time adj :2021/03/13
‘delay).clm. : 19:54

(sigma near delta and oversampl$4 and : ON 12021/03/13
time adj delay).clm. ' 119:54

L51 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/13
% -and oversampl$4 adj digital adj :USPAT : :19:54
~output).clm. : : ;

152 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
: ? _delay).clm.  USPAT 19:54

153 143 (sigmaneardeltaandtmeadj  US-PGPUB; OR  ON  2021/03/13
5 : ‘delay).clm. ‘ USPAT 3 119:54

L54 15 é(sigma near delta and oversampl$4 and EUS-PGPUB; OR ON 22021/03/13
time adj delay).cim. USPAT 119:54 5
L55 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/13

: 5 ‘delay).clm. {USPAT 119:54

L56 143 (sigma near delta and time adj 'US-PGPUB; OR ON 12021/03/13
5 ~ delay).cim. USPAT 119:54

L57 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/13

158 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/13

: i -and oversampl$4 adj digital adj : USPAT 119:54
-output).clm. : : 5
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: 5 .delay$4 near tim$4).clm. USPAT 119:54

160 7  (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/13
: : -and oversampl$4).clm. {USPAT : 119:54

L102 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/13
. Gelydm. USPAT o 1O

1103 143 (sigmaneardeltaand timeadj ~  US-PGPUB; OR ON  2021/03/13
. Gelaydm. KoL NN A I8

1104 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON  2021/03/13
: 5 time adj delay).cim. USPAT ; 19:55

1105 12 (digital adj sensor and time adj 'US-PGPUB; OR ON  2021/03/13
 delay).cm. USPAT 19:55

'L106 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/13
: : .delay).clm. ‘USPAT 119:55

L107 15 §(sigma near delta and oversampl$4 and : US-PGPUB; OR ON 32021/03/13
5 ? time adj delay).cim. (USPAT 119:55

L108 3  (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13
i : ‘and oversampl$4 adj digital adj - USPAT § 119:55
‘output).clm. ; v ;

L109 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
5 ~ delay).cm. USPAT 19:55

L110 143 (sigma near delta and time adj 12021/03/13
i : ‘delay).clm. : :19:55

(sigma near delta and oversampl$4 and : ON 12021/03/13
time adj delay).clm. ' :19:55

(digital adj sensor and time adj |US-PGPUB; OR ON  2021/03/13
ay).clm. :USPAT :

(sigma near delta and time adj US-PGPUB; 2021/03/13
delay).clm. :USPAT :19:55

L114 15 (sigma near delta and oversampl$4 and  US-PGPUB; OR ON  2021/03/13
? ~ time adj delay).cim. USPAT 19:55

L115 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13

? : -and oversampl$4 adj digital adj : USPAT E -19:55

: 5 output).clm. : §
L116 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/13

: 5 ‘delay).clm. {USPAT :19:55

L117 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/13
: : .delay).clm. “USPAT 119:55

L118 15 (sigma near delta and oversampl$4 and | US-PGPUB; OR ON  2021/03/13
1119 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/13
: 5 delay).clm. USPAT 119:55

1120 143 (sigma near delta and time adj US-PGPUB; OR ON  2021/03/13
. Gelay).cIm. S 1L LIV N N ...
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1121 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ~ ON  2021/03/13
: : time adj delay).cim. {USPAT : 119:55

1122 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON 12021/03/13
% i -and oversampl$4 adj digital adj - USPAT : 19:55
output).clm. ; : :

1123 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/13
: : .delay).clm. ‘USPAT 119:55

L124 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/13
~ delay).cm. USPAT 19:55

L125 15 (sigma near delta and oversampl$4 and  US-PGPUB; OR ON 12021/03/13
5 _ time adj delay).cim. - o UseAT 1955

1126 12 (digital adj sensor and time adj ~ US-PGPUB; OR ON  2021/03/13
: : “delay).clm. USPAT 19:55

1127 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/13
: : delay).clm. ‘USPAT 119:55

L128 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/13
: : ‘time adj delay).cim. :USPAT : :19:55

1129 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON 12021/03/13
: : .and oversampl$4 adj digital adj {USPAT : :19:55
‘output).clm. : v :

1130 3 (beamform$4 adj digital adj signal and ~ US-PGPUB; OR ON  2021/03/13
: 5 ~delay$4 near tim$4).cim. " USPAT 119:55

L131 7  (beamform$4 and time near delay$4  US-PGPUB; OR ON  2021/03/13
? ~ and oversampl$4).cim. (USPAT 19:55

1132 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
5 ‘ .delay).clm. USPAT 119:55

1133 143 (sigma near delta and time adj |US-PGPUB; OR ON  2021/03/13
? 5 delay).clm. USPAT 19:55

L134 15 (sigma near delta and oversampl$4 and - US-PGPUB; OR ON 12021/03/13
.. [imeadjdelay)dm. CUSPAT 195
L135 12 (digital adj sensor and time adj  US-PGPUB; OR ON  2021/03/13
5 : ‘delay).clm. : USPAT : :19:55

1136 143 (sigma near delta and time adj _US-PGPUB; OR ON  2021/03/13
? % delay).cim. USPAT 19:55

1137 15 (sigma near delta and oversampl$4 and US-PGPUB; OR  ON  2021/03/13
: : time adj delay).clm. ‘USPAT 119:55

L138 3 (digital adj sensor and time adj delay ~ US-PGPUB; OR ON  2021/03/13
: -and oversampl$4 adj digital adj : USPAT 119:55
~output).clm. : : :

L139 12 (digital adj sensor and time adj -US-PGPUB; OR ON  2021/03/13
z f delay).clm. USPAT 119:55

1140 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/13
? ~ delay).cim. USPAT 19:35
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1141 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ~ ON  2021/03/13
; : time adj delay).cim. {USPAT : 119:55

L142 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/13
: : delay).clm. {USPAT : :19:55

L143 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/13
: ? delay).clm. (USPAT 1955

L144 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/13
? : time adj delay).cim. ;VUSPAT 1955

1145 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13
i % ‘and oversampl$4 adj digital adj {USPAT : 119:55
output).cim. ? 1 :

1146 12 (digital adj sensor and time adj ~ US-PGPUB; OR ~ ON  2021/03/13
5 : .delay).clm. 'USPAT 119:55

1147 143 (sigma near delta and time adj 'US-PGPUB; OR ON  2021/03/13
' 5 delay).clm. USPAT 119:55

L148 15 (sigma near delta and oversampl$4 and US-PGPUB; OR ON 12021/03/13
: 5 ‘time adj delay).cim. USPAT ; :19:55

L149 12 (digital adj sensor and time adj -US-PGPUB; OR ON 12021/03/13
5 : -delay).clm. : USPAT : :19:55

L150 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/13
5 ~ delay).clm. USPAT 19:55

L151 15 (sigma near delta and oversampl$4 and - :2021/03/13
: : ‘time adj delay).clm. 19:55

ON  2021/03/13
19:55

‘(digital adj sensor and time adj delay
‘and oversampl$4 adj digital adj
-output).clm.

1153 12 (digital adj sensor and time adj US-PGPUB; OR ON  2021/03/13
? 5 delay).clm. USPAT 19:55

L154 143 (sigma near delta and time adj  US-PGPUB; OR ON  2021/03/13
z ~ delay).cm. USPAT 119:55

L155 15 (S|gma near delta and oversampl$4 and US- PGPUB OR - ”'O'I'\'l'””””””?2021/03/13' R
5 : -time adj delay).cim. - USPAT : :19:55

L156 12 (digital adj sensor and time adj _US-PGPUB; OR ON  2021/03/13
? : delay).cim. (USPAT 119:55

157 143 (sigma near delta and timeadj ~ US-PGPUB; OR  ON  2021/03/13
: 5 ‘delay).clm. - USPAT :19:55

L158 15  (sigma near delta and oversampl$4 and US-PGPUB; OR ON  2021/03/13
5 : time adj delay).clm. USPAT 119:55

L159 3 (digital adj sensor and time adj delay  US-PGPUB; OR ON  2021/03/13
: ‘and oversampl$4 adj digital adj {USPAT : :19:55
‘output).clm. 5 : :

L160 3 (beamform$4 adj digital adj signal and ~US-PGPUB; OR ON  2021/03/13
?  delay$4 near tim$4).clm. USPAT 19:55
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1161 7  (beamform$4 and time near delay$4  US-PGPUB; OR ~ ON  2021/03/13
: : -and oversampl$4).cim. ‘USPAT : :19:56 :

3/13/2021 8:09:42 PM
C:\Users\Imail\Documents\EAST\Workspaces\16851044.wsp
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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 |
16/851,044 04/16/2020 Dashen FAN K41090.P8C3
CONFIRMATION NO. 9885
51340 POA ACCEPTANCE LETTER
PELOQUIN, PLLC

800 FIFTH AVENUE LTI
SUITE 4100 000000123726679

SEATTLE, WA 98104-3100

Date Mailed: 03/01/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/25/2021.

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.
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Reexamination
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Thi nti i
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Disclaimer
Approved/Disapproved by:
/KIMBERLY R WHITE/
Technology Center: OPLC
Telephone: (571)272-6179
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PCT/US2017/015882
PATENT COOPERATION TREATY

Froas the INTERNATIONAL Si?.s\R{I;l‘E'IN(i AUTHORITY

To :
PELOGUIN, MARK S, : PC T

PELOGUIN, PLLO 800 FIFTH AVE, SUITE 4100 SEATTLE . i ] .
N v NOTIFICATION OF TRANSMITTAL OF

WA ORI64 LIS :

VA BRIOELISA : THE INTERNATIONAL SEARCH REPORT AND
| - THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(FOCT Rule 44,33

03 July 2017 (03.07.2017)

Applicam’s or agent's file rofergnoe
K41090POSPOT FOR FURTHER ACTION  Sce paragraphs 1 and 4 below

Interationd Gliag date
fdoymonhiyeas) ) .
HEEHERIRISAT 31 January 2017 (31.01.2017)

Intevsaiional sppiisatmn Mo
 PCT/US2017/015882
| Apphicant

KOPIN CORPORATION

i K} The applivant is hereby nntified that the intemationa] search Teport and e woltten spintin of the Tnemationsl Svarching
Authority have been sstablished and are Gansmitted herowith. )
Filing of amendments asd statement under Article 1%
The apphicant &5 entitled, It e so wishes, to amend the claims of (e intemationa) application (see Rule 46):
When? The time i for filing such amendnents {s momally twe months Fom the dae of transmittal of the
rtermations) sdarch teport,
How? Uirectly o the Infornasionad Burean of WIFO preferadly theongh ¢PCT or on paper to, 34 chemin des
Codombeses P11 Genevs 24, Switzertand, Facsimile No.o+41 22 33882 79
For more detaited fmstructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9011

1 b oThe apphicant s hereby 1}@3;’.\‘3&?& that no intersational search report wilh be established and that the declaration under
Agtigle F7(2)a) i that effect and thewritten apinion uf the Intemational Searching Awhority ane iransmitied herewith.

o3

§ } With regard fo sy protest agaiost pevment of {an} additionat foofs) under Rule 0.2, the spplicant i3 notifed that

E i the pratest together with the deciston thereon bas been transmitted o the Inferautional Buresy together with say
: regquest 1o farwasd the textys of both the protest and the deciston thercos 1o the designated Qffices

nd

i ) Enc dectsion has beed made yetan the protest: the appheant will be nobiiled ag soan sy decision i§ wade,

4. Remingders '

The applicant aray sebon it commcnts on 30 wifrmal basis on the wiittsn opinion of the Intermational Searching Authonty to the
fnternationst Buresd. The International Bursay will sead a copy of surh comments 10 ail designated Offtces wnless an intemationsd
preliminary examination voport has boan oF 18 to be established Following the expiration of 30 munihs from the privrity date, these

cornents will alse be pade available to the public,

Shonthy alber the cxpivation of 18 maonths from the pioriy dete, the intornational application will be published by the Interhasionad
Buriay. STthe applicant wishes sy avoid or posipone sublicstion, 8 otice of withdrawal of the international application, or of the

ity claive, must reach the lnternationa) Buecan before the completion of the fochnical proparations for ieraations) publication
Biv 1 and 9083} :

Within 19 months from the priority date. bt only W respeet of some designated Offices, & demand for intemational prebmdnary
examination must be Mled if the appheant wishes o postpone the eatry into tha national phase wntl 30 months fom the prority date
{in somy Offices oven [ater); otheswise, the applicant must, withie 28 months from the prionty date, perfonn the proscrihid sets for
entry iio the national phase before those dexighated Difices. 1 respoct of other desiprated Difices, the tme limit of 30 menths {or
tater) will apply even i n {

femand is filod within 19 months, For details about the applivable tine funits, Office by Offfos, see
Wi wipe st patfondentsidme_tmits htosd and the POT duplioand’s Guide, National Chaptees.

Within 19 menths o the prionty Jate, the applicant may request tha asupplementary internationad scarch b samivd out by an
Tteematicnal Searching Authovigy, that offurs this service (Rule 335is 1) The procedure for requesting supplementary intemationst
suacch is deseribed in the POT Applivany’s Condy, Internstional Phase, pacagraphs 3.006-8 832,

£

Authorized officer

COMMISSIONER

Favstmile No. 3242-4R£-8373 Fidephone Ne. 82-42-481-8731
Fopm POTASA0 (duly 24514)
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* Atteniion

Capies of the documents oited in the fnternational search report san be searched in the following Korean

is
se English websife for sic monthsfexpde date < 20180103 ) from the date of

InteHectoal Property O
madling of the international search report.

hiipdiwwa kipo ga kedend <o POT Serviee = POT Services

Iy PCT inrraationst apghication mandes

P BI2EPSOW

fnquiries refied to PCY huernationd) Search Report or Written Qpinion prepared by RIPO as an International
Seamhing Awthonty can be answored not only by KIPO but alsn throwgh IPKC (Intellecinal Property Korea
Center), located in Yienna, VA, which functions as a POT MHelp Desk for POT apphcants.

Homepage: htipsiAvww fpkoenier.com
pag ¥ T

Ematl; ipke@iiphoenter.com

Naotes to Foos PUTASA2D (faly 2314
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. PCTAIS2017/415882
PATENT COOPERATION TREATY

INTERNATIONAL SEARCH REPORT

{(POT Avtiole 18 and Rules 43 and 44)

| Appliven n.*:r.z“m‘ {ile reference " Ry A . ‘

‘ ,M o= PR FOR FURTHER s Form PO
ESURGPOSPCT ACTION a5 well as, where appheable, itom 3 helow,
teenasiont spphication No Enkmdtmm.. iling dste fdnemonthavar ) {Farfiest) Prionty Date fde
PCT/US2O17/015882 31 January 2017 {31.01.2007) 01 August 2016 (01.08.2016)

Applivam

KOPIN CORPORATION

This Internatianal sen ;
to Article T A copy i being tosnsmitted 1o e oo Burcad.

R pepornt has hee

epared by this Internatonsd Scarching Awthority and is transantied to the applicant according

This tnternationsd search repostaomsists of i ol off L) showts
E i 1t is afso sccompanted By a-copy of sach prior art document cited i this report.
F. Basis of the vepart

4 Wath regavd o the funpesge, the nRrastional sewvels was carried out o the basis of

{X} the mteenanotad applivathm (e hanguage i which it was Silod

i a ranshetion of thy Wntemations applt
{
transbation fwrrished for the parposes of

i m This inwrna

aushivizisd by or poted

Hon freia Lowiicds i the language of a
snternationad seavch (Bates 13,380 and 23 18BN

b

fonal se

wh repors. ras been established taking o account the rectifieation of xm obvions mistake
od tix this Authority undes Banle 83 (Rude 43 fbsiad)

ax
ane
it

&, { 1 With regard to any suclentide sudior aming acid seguence disclsed {n the intvmations application, see Rox Mo 1L

[ ] Certain clabms were fisad wasearchabls (See Box Mo, )

Eaify of wvention i faeking {Soe By No 1t

With regasd 1o the ttke,
D{} the text i approved as sul
! 1 the text has boen established by i

Hted fy the applicant,

Authotity o read as Slosws:

With regarsj w the abstraet,

the toxt i approved 83 subontted by the apphoant.

the toxt has boen established, according to Ruje 382 hy thix Awshority as of appoars in Box Mo IV The apphicant

vy, within one month from the due of mailing of this intematonad search veporl, subnit conpments t this Authorgy.
With rogard to he drawings.

R the fpore of the drawings @ be pablished with the sbsiract w

ig: as suggesied ‘ny ihe ;mpiicema

ity E

ause the appltcant ated 1o suggest a Bgues

tod by this Atalioriiy, bleawse Sy fgue hotter characterizos the lovention.

& E I uone of the fipures is tn be published with the abstract.
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INTERNATIONAL SEARCH REPORT [ttematicpal application No.
PCT/US2017/015882

Bux Ne. H Observations where cortsin claims were found unsearchable (Continuation of item 2 of first sheet}

This intornational sesrch report has not bacn established i resposs of certain claimns wader Aticle 172 )a) for the following rasons:

L 1T Claims Nos,:
Because they relate to subject maties not roquited to b searched by this Anthotity, namely:

A i Tlatres Now.
' bucause they rolate to parts of the international application that do net comply with the prescribed reguirements to such an
extent that ne meaningiul intemational search can be carried out, specificaliy:

R { ff:iaims Nos.s

because they are dependent clzims and ate not drafted in accordance with the sccond and third sentences of Rule 6.4(a)

Box Ne. HI' Observationy where unity of invention s lacking (Continnation of Hem 3 of Srst sheet)

This ntemational Searching Authority found multiple irventivns in this infornational application, as fllows:
Group T Clains 1-36 and 34-48, drawn to 4 systew and a method for time delaying an oversampled signal within sn ADC
syster. :
Group Claims 3133, drawn to a devimation module for use jv an ADC system.
Group B Claims 4854, drawa ts 3 systom for applving muaitple time delays fo an output frow a single sensor,

i ( ) i As alt required addtional search fees wore timely pawd by the applicant, this intemational search report covers al} searchable
clatens.

4 1 As alt searchable claims could be searched without affort justifying an addivonal fees, this Auwthorily did not ivite payment
of any additiong) fees
1 | A5 anty some of the required addittonat search fees ware timely paid by the applicant, this international search report covers

pily those claims for which ey were paid, specifically claims Nos.

&, ! ™ l Wi required additional seacch foes were timely paid by the spplicant  Consequernly, this intersiional search report is
costricted to the invention {irst mentioned i the olaims; 1t 18 coversd by clams Nos.:

1-30, 3448

Remark on Protest D The additional search foos were accompanied by the applicant’s protest and, where applicable, the
payreenl of & protest e
71 The additional search fees were acoompanied by the applicant’s protest but the applicable protest
‘ foe was not paid within the e mit specified i the mvitation.
D No protess secornpanied the payment of sdditional search fees.

Form POTASA 18 (continuation of first sheet (2)) (January 20155
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INTERNATIONAL SEARCH REPORT

Internationat appliication Ne.

PCT/US2017/015882

A, CLASSIFICATION OF SUBIECT MATTER
HOIM 1/50(2006.01), HO3M 1/12(2006.01)

According to Intentational Patent Clasafication {PC) or w0 boih netionsl clas&x hcaua:m snd IPC

8. FIELDS §FZA RCHED

Mindmwm documentation searched (classification sysigm followsd
HEIM IB30HOE 900, HOIM 3

102; HO4R 3/00; HO4H 1208, GO6K 7

by classitivation .wmtmm
0% HOAF 142 Hi3M 1442

Korean siility models and applications for utility models
Japanase utility models and applications for wtility madels

Dosumersation seirched aiber than minimum documeniastion . the extent that such documents are included i e Holds searcied

pulse density modulated (PD*«ZUA smna—delm mdulator,

Fleotronie data h,m: consulted during thc inteenational search fnane of date bage and, where pracricable, sexreh tenns used)
eHOMPASS(KIPO imernal) & Keywords:digital sensor, ADC, time delay, overcample, sampling clock froquency,

 decimating, mulii-stage filter, low pass filter, beam forming

C. DUC(.FMENTS CG:‘«‘S!BEREH TO BE BELEVANT
Category® itasion of do(:uﬂmm. with wdication, whare sppropriste, of the refevant passages Relevant 1w claims No.
X B3 A‘ CROBERT &, MRLEY J8. ot ai.) 04 Avguet 2008
R H}“lf.'la‘;f}‘;‘ {aims 3, 3, &, 12140 and
\
¥
kY
¥ Ouisher 2018 3-18,28-305 .48
i, 3.
26 Jenuary 2011
nd figiayes 305,
& HRY 2\ 5 et al. )y I8 ¥ay 203 130, 3448
RER and figure 1
A 30, 3448

] § Further documents are listed in the continuation of Bex

E See patent family annex.

* Special extegorivs of tied dommwmé:

CAT dhiwumens defining e gencral ste of the art which is not considered
1w b of partiontar velevance
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I SN -

{ | BoxNo Il  Priority

['asann !

{ i HoxNeo Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
‘ Rox No. TV Lack of anity of invention

Boy No. ¥V Neasoned statoment under Rule 43bis. Ha)(D) with regard {0 novelty, tnventive step and Iadustrial applicability;
citations andexpianations suppaorting such siatement
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X

)

FURTHER ACTION

I & depand for intorpations] preliminay examination s made, this opision will be considerad to be a weitten opinion of the
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCTASIOTT/015882

Hox No. T Rusis of this opinion

1. With regard © the langrage, this opinion has boen established on the basis of
& the international apphication in the language in which # was filed

F 1 & ranstation of the international application inte which is the language sf a
transiation furnished for the purposes of intermational search (Rules 12.53(ay and 33.1{b})

2 E__E This opirion has been established taking into account the rectifieation of an obvious mistake anthorized by or notified
10 this Anthority under Rule 91 {Rule 436 1{ad
3. I I With regard to any nucleotide and/or aming acid sequence disclosed in the infernational application, this opinion has
boen established on the basts of a sequence listing:
8. {...} fooming part of the mternational application as fifed:
| o the fonn of an Annsx C/BT.25 text file,
{1 on poper or dn the form of an image file
3

3 C furnished together with the infernational applicstion under PCT Rule {3er, a) for the purposes of intermational
search only w the form ol san Asaex CST.25 e file.
i E:] farnishied subsequent tothe intersational fHing dete for the purposes of imernationad seanch only:
in the form of an Angex C/ST.25 text file (Rule 3er {a))
an paper o in the form of an ivage file (Rule {3rer 1{b) and Administrative Instructions, Section 713,

4. E 1 i addition, in the cass that sore thas one vession or copy of 8 seguence hsting has been filed or furmished, the required
statements that the information in the subsequent or additional copies is 1destical to that forming part of the appHeation as
Hled or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCTASAZIT (Box Ne. i January 2015
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WRITTEN OPINION OF THE {nternational apphication No.
INTERNATIONAL SEARCHING AUTHORITY PCT/USIO17/015882

Box No. IV Lack of pnity of invention

I In response to the invitation (Farm PCTASAZDE) to pay additional fees the applicant has, within the spplivable time Himit:
D peaidd additional foes
E} psid additonal fees under protest and, where applicable, the protest fee
D paid addstions! fees wnder protest but the applicable pratest foe was not paid
E} got paid additional fees

3 D This Authority fournd that the roquirement of unity of toveniion is ol complied with sad chose not fo invite the applicant
to pay sdditional fees.
A

3. This Authorsy considers that the requirement of unity of mvestion in accordance with Rule 13,1, 132 and {33 45

1 l somplicd with

E fot corphied with for the following ressons:

Group I Claims 1-30 and 3448, drawn fo a system: and s method for time delaying an
oversampled signal within an ADC system.

Growp I Claims 31-33, drawn 1o a decimation module for use in an ADC system.

Group HI Claims 49-34, drawn to o system for applying mudtiple time delays to an oulput

from a single sensor.

The inveniions listed as Groups [, H and T do pot relate to a single general imventive
concept under PCT Rude 131 becasse under POT Rule 132, they lack the same or
corresponding special technical features for the following reason: they are separate inventions

with distinct fields of search.

4. Consequently, this opinion has been extablished o respect of the following paris of the intermationsl application

D a1} parts.

g 1is¢ paris relating o staims Nog, 1-30, 3448

Form POTASA23T (Hox Ne. 1V (January 2015,
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2017/015882

- Box No. V Reasoned statement under Rude 43bis. t{a)(d) with regard s novelty, inventive step or industrial spplicabitinv
cifations and explanationy supporting such statement

i, Statemont

Novely {N} Claims 1303448 ) R YES
Claims  NONE NO

Inventive step (38} Clains a0 . YES
Clainas {~19.25-30,34-48 - %O

Tesdustrial apphicsbitiny {38} Claims 1-38,34-48 YES
Clabns ~ NONE NG

. Chations and explanations

Reference is made to the following documents:

D1 US 20050167496 Al (ROBERT E. MORLEY IR et al) 04 August 2005
D2: US 2013-0281836 Al (KHIEM QUANG NGUVYEN ot al} 01 October 2015
D3 {5 2011-0013488 Al (WEI MA et al} 20 January 2011

D4: US 20130121504 Al (ROBERT ADAMS et al) 16 May 2013

D3: US 2600-0278721 Al (KOQICHI HAMASHITA ef al) 12 November 2009

1. Novelty and Inventive Step (PCT Article 33(2) and 33(3))

1.1 Independent Claim }

D, which is considered to be the closest prior art to the subject matter of claim 1, discloses a
system comprising: a sensing unit to produce an analpg signal indicaiive of a sensed magnetic
ficld and over-sample the analog signal (see paragraph [0031]; claims 8, 12; figure 1), Claint 1
differs from D1 in a time delay element, wherein the time delay element is confipwed to
receive as an iwpul an oversampled digital output signal and to outpit a time delayed
oversampled digital output signal. However, this feature is well known frem D1 considering a
plurality of delay lines between an over-sample modulator and al least one chanoel, wherein
each of the delay lines is configured to provide a specilic delay {(see paragraph {6100} claim
13; figures 1A, 13). Accordingly, it would be obvious to a person skilled in the art to arrive

at clatm | over DI, Therefore, claim | lacks an inventive step under PCT Axticle 33(3)

1.2 Dependent Claims 2-13
The additional featre of claim 2 can be easily derived from the featwre of DI considering a
decimalor o decimate the over-sampled signal; and a low pass filter to process the

over-sampled signal (see paragraph {0086} claim 8 figure 11A). Accordingly, claim 2 would

Continued on Supplemental Box
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2017/015882

Bog Na, VIH Certuin absersvations on the internutions} application

The following ohservations on the clavity of the claims, description, and drawings or on the question whether the clsms arve fully
supported by the description, are made:

Claiw 16 is unclear in that the expression “elatm of claim” seems w be a typo of ‘clainy { PCT Article £).
Claim 12 45 unelear in that the expression. "less that® (tine 16) seems to be 3 typo of less thun' { PCT Arttele 5}

Clatra 1315 unclear hecause “the jow pass Bliered decimaied time delsved digital output signal” has not been provicusty defined,
Therefore, claim 13 does not meet the requirements of PET Article 6.

Clatm 14 is unclear because "ihe bearn forming operation” has aot boen proviousty defined (PCT Asticle 8),
{Note: Keferving to the deseription, it seems to be a typo of ‘the beam forming process’.)

Clabus 17-30 are unclear in that the expregsion "The ADC system™ seenws o be & type of "The systers” (PCT Article 6).

Claim 23 s upclear booause “the digital sensor” has aot heen previously defined. Thersfore, claim 23 does not mest the
requirements of PCT Article &, :

Claim 27 iy unclear because “the delay sloment” has not boer previously definad. Therefore, clatm 27 does aot meet the
requiremnenis of PUT Atticte 6. (Note: Referriag to the description, jseems {o b a typo of 'the time delay clement’}

Claim 44 is unclear it that the sxpression “{decimating means is muhistage]” seems to be s typo (PCT Article &),

Fone POTASAZIT (Box No. Vil January 2015
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Supplementat Box

In case the space in any of the preceding boxes is sot suffivient.
Cominuation of ) Rox No. V
have been obvious over DI Therefore, claim 2 Jacks an inventive step under PCT Asticle

33(3}

The additional features of clabms 3, 4 and 10 are notl disclosed in DI However, the additional
features of claims 3, 4 and 10 can be easily derived from the featwre of D2 considering that
cach of first and second sigma-delta modulators is an oversampled converler operating at an
aversampled sampling rate or freguency, and a signal coder is configured to process and
encode and format first and second digital microphone signals to generste a serial digital audio
streamn al @ predetermined sample rate, wherein the serial digital audio stream may be
unformatied, eg. a double~edge modulated PRM stream {sce paragraphs [0030], {0032): figure
1y Accordingly, claims 3, 4 and 10 would have been obvious over DI m view of D2
Therefore, clatms 3, 4 and 0 lack an inventive step under PCT Article 33(3).

The additionat features of claims 3-7 can be easily derived from the features of D2 considering
that 2 MEMS microphone has a frequency response that extends from an audible frequency
range (20 HMz-20 kHz} to ultrasomic frequencies (see paragraphs [00273-[0630}; figure 13
Accordingly, claims 5-7 would have been obvious over DI in view of DI, Therefore, claims

3-7 fack an inveniive step under PCT Asticle 33(3).

The additional festures of claims 8§ and 9 can be easily derived fom the feature of DI
;

considering applving a specific delay associated with a specific bandwidih and sampling rate,

the specific bandwidth substantially matching a bandwidth of the analog signal {see claim 8}

Accordingly, claims 8 and & would have been obvious over D1 in view of D2, Therefore,

claims 8 an ack an inveniive step under PCT Asticle 33(3).
i 8 and 9 lack an H tep under PCT Article 333

The additional feature of claim 11 can be easily derived from the feature of D2 considering a
maiti-stage decimater to reduce the sample rate of the first digital microphone signal with a
predetermuined factor, wherein the decimator comprises a lowpass filter (see paragraphs {0035],
{0038}, figure 3). Accordingly, elaim 11 would have been obvious over Pl in view of D2.

Therefore, claim 11 lacks an inventive step under PCT Asticle 33{3}

Continued on The Next Page

Farm PCTASAZYT Supplomental Bax) (January 2015
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Supplementat Box

I case the space I any of the preceding boxex is not sufficient,

Continvation of : Previous Page
The additional feature of clabm 12 s not disclosed in DI and P2, However, the additional
feature can be easily derived from the feature of D3 considéring that a dightized receive signal
is down sampled by a first decimation filter hi{z) in accordance with an over sampling clock
signal, and the down sampled data are delayed by delay clements, wherein two delayed signals
are down-sampled by a first reduced frequeney clock signal for sccond decimation filters h(z);
further fltered data from two-phase outputs of the sccond decimation filters are delayed
through second delay clements; second delaved data is down-sampled by a second reduced
clock signal which drives third decimation filtees h3{x); and outputs of the third decimation
fikers are further delayed through third delay clements to provide delaved dats  which
corresponds to delayed data from a first N-phase poly-phase filter, wherein the decimation
filters down sample an over sampled duda stream to a fower sampling rate (see paraigraphs
[0037], [0041]; figure 6). Accordingly, claim 12 would have becn obvious over a combination

of DI-D3. Therefore, claim 12 lacks an inventive step under PCT Article 33(3)

The additional features of claims 13-13 can be ecasily derived from the feature of D3
considering that time delays necded for beam forming can be implemested by programmable
time delays o generate sufficient delay resolution for dynamic beam focusing, and aligning
multi~channe! data streams and  sub-beam former cireuitry provides phase control by combining
multiple signals fo & gsingle sub-beam signal with a fine delay resolution; and  eight
multi-phase signals are selected It accordance with a fine delay requirement and further delayed
by a coarse delay unit by selected integer sample intervals {see paragraphs [D030], {0037},
f00411; figwres 3, 6). Accordingly, claims 13-15 would have been obvious over a combination

of DI-D3. Therefore, claims 13-15 lack an inventive step under PCT Article 33(3).

1.3 Independent Claim 16

D2, which s considered to be the closest prior art to the subject matter of claim 16, discloses
a system comprising: a signal coder to process and encode and format first and second digital
microphone signals to generate a serial digital audio stream at a predetermined sample rate,
wherein the serial digital audio stream may be unformatted, eg 2 double-edge modolated PDM
strewrn. {see paragraphs {0030}, {0032, figwe 1) and a sigma-delta modulator which is an

oversampled convertor operating at an oversampled sampling rate or frequency (see paragraphs

Coatinved ot The Nexi Page
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Supplemental Box

Tn case the space in any of the preceding boxes is ant sufficient.

Continwatinn of | Previous Page
{00301-{0032Y; figure ) Claim 16 differs from D2 in 2 time delay element, wherein the time
delay element is electrically coupled to a sigma-delta modulator and to receive a PDM signal
and to output a delayed PDM owtput sigoal, whereln the delayed PDM output signal is delayed
by a time delay equal to a number of cycles of a sampling clock frequency. However, it is
well known from D1 considering a plurality of delay lines between an over-sample modulator
and at least one channel {see paragraph [C100}; claim 13; figures 114, 13). Accordingly, claim
16 would have been obvious over D2 i view of DI, Therefore, claim 16 lacks an inventive

step under PCT Article 33(3).

L4 Dependent Claims 17-30

The additional features of claims 17 and 18 can be casily devived Hom the features of D2
considering a nuidti-stage decimater to reduce the sample rate of the first digital micraphone
signal with a predetermived factor, whereln the decimator comprises a lowpass filter, wherein
the first and secomd digital sipnals may be conveniently supplied as fivst and second FDM
signals, and each of the frst and second digital signals may be converted from a native PDM
format to a multi-bit or PCM format {see paragraphs [0012], [00353], {0036} figure 3).
Acvcordingly, claims 17 and 18 would have been obvicus over D2 in view of DI, Therefore,

claims 17 and 18 lack an inventive step under PCT Article 33(3).

The additional festwre of claim 19 can be eusily derived from the feature of D3 considering
that a digitized receive signal is down sampled by a fHirst decimation filter hi{z) in accordance
with an over sampling clock signal, and the down sampied‘data are delayed by delay elements,
wherein two delayed signals are down-sampled by a first reduced freguency clock signal for
second decimation filters h2(z): fusther filtered data from two-phase outpuls of the second
decimation  filters are delayed through second delay clements; second delayed data is
down-sampled by a second reduced clock signal which drives third decimation filters hi(z); and
the outputs of the third decimation fliers are further delayed through third delay elements fo
provide delayed data which corresponds to delaved data from a first Nephase poly-phase filier,
wherein the decimation filters down sample an over sampled daia siream ie 3 lower sampling
rate (see paragraphs {0037], [G041); figure 6} Accordingly, claim 19 weuld have been obvious

aver a combination of DI-D3. Therefore, claim 19 lacks an inventive step under PCT Article

Conurued on The Next Page
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Supplementai Box

In vase the space in any of the preceding boxes fs unt sufficient.
Contnpatior of . Previous Page

33(3).

The additional feature of claim 20 s characterized in that a first state employs a
cascaded-integrator-comb  filter structure, a second state s configured a3 two haif-band filters,
and a third state is configured as a low pass filter. And it is not disclosed in sny of the prior
art documents, nor is it obvious by the documents, taken alone or in combination. Accordingly,
claim 20 meefs the reguiremenis of PCT Article 33(2) and (3) with respect to novelty and

ventive step.

Claims 21-24 are divectly or indirectly dependent on ¢laim 20 and therefore meet the

reguirements of PCT Artiele 33(2) and (3).

The additional features of claims 23 and 26 can be casily derived from the feature of D3
considering  that eight multi-phase signals are sclected in accordance with a fine delay
requirement and further delayed by a coarse delay unit by selected integer sample intervals, and
defay control data is stored in the coarse delay unif, whersin the sored data is accessed in
accordance with comrse delay control data received as part of the delay contrel data (see
paragraphs {0039}, {0041} figwes 3, 6). Accordingly, claims 25 and 26 would have been
obviogs over 8 combination of DI.D3. Therefore, claims 23 and 26 lack an inventive step

ander PCT Article 33(3).

The additiomal features of claims 27 and 28 can be eussily derived from the features of Di
considering a plurality of delay lines hetween the over-sampled modultor and the at least one
channel, wherein cach of the delay lines is configured to provide a specific delay (see claims
2, 31 Accordingly, claime 27 and 28 would have been obvious over D2 in view of DI

iatd

Therefore, claims 27 and 28 lack an inventive step under PCT Article 33(3).

The additional featwres of claims 29 and 30 can be casily derived from the features of D
considering applying the specific delay associated with a specific bandwidth and sampling rate,
the specific bandwidth substantially matching a bandwidth of an analog signal (see claim §).

Accordingly, claims 29 and 30 would have been obvious over D2 i view of D1, Therefore,

Continued on The Next Page
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claims 29 and 30 lack an fnventive step under PCT Article 33(3).

1.5 Independent Clatm 34

D1, which is considered to be the closest prior art {o the subject matter of claim 34, discloses
a method comprising: producing an analog signal indicative of a sensed magnetic field and
over-sampling the analog signal {see puaragraph [0051]; claims 8. 12; figure 1) Clabn 34 differs
from DI in delaying an oversampled dighial signal by a tine delay, wherein the tine delay is
equal to an mieger number of samphing clock cyeles to produce a delayed oversampled digital
signal. However, this featwe is well known from D1 in applying a specific dcbiay associated
with a specific bundwidth and sampling rate, the specific bandwidth substantially matching a
bandwidth of the analog sigma! (see pursgraph [0100% claims 8, 13; figures 114, 13}
Accordingly, i would be obvious to a person skilled in the art to arrive at clatm 34 over DL

Therefore, claim 34 lacks an inventive step under PCT Article 33(3)

1.6 Dependent Claims 35-38

The additional feature of claim 35 can be easily devived from the feature of DI considering s
decimator to decimate the over-sampled signali and a low pass filer to process the
over-sampled signal (see paragraph [00R&]; claim 8, figure 114). Accordingly, claim 35 would
have heen obvious over DI Therefore, clatm 35 lacks an inventive step under PCT Article

33(3).

The additional feature of claim 36 iz not disclosed in DI, However, the additional feature of
claimy 36 can be easily derived from the foatwre of D3 conmdering that a total delay is a
combingtion of fractional and integer sample delays (see paragraph [0041}) Accerdingly, claim
36 would have been obvious over DI in view of 3. Therefore, claim 36 lacks an inventive

step under PCT Article 33(3).

The additional feature of claim 37 can be easily derived fom the feature of DI considering
applying a specific delay associated with a specific bandwidth and sampling rate, the specific
bandwidth substantially matching the bandwidth of the analog signal (see claim ). Accordingly,

claim 37 would have been obvious over D, Therefore, claim 37 lacks an inventive step under

Continued on The Next Page
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PCT Article 33(3).

The additional featwre of claim 38 is merely a matter of design option when peneral technical
knowledge in the ant is used Accordingly, claim 38 wounld have been obvious over DI

Therefore, claim 38 lacks an inventive step under PCT Article 33(3).

1.7 Independert Claim 39 and Dependent Claims 40-43

Claims 39, 40, 42 and 43 relate i0 a computer-readable storage medium and have substantially
the same techuical foattwes as claims 34, 35, 37 and 38, respectively, differing only in the
category. Accordingly, it would be obvious to a person skilled in the art o arrive at claims
39, 40, 42 and 43 over D1, Thercfore, claims 39, 40, 42 and 43 lack an ioventive step under

PCT Anicle 33(3) for the same reasoning as in claims 34, 35, 37 and 38,

The additional feature of claim 41 i substantially the same as that of claim 36, differing only
in the category. Accordingly, it would be obvious {o a person skilled in the art {o arrive ai
claim 41 over DI i view of DI, Therefore, claim 41 Iacks an inventive step usder PCT

Article 33(3} for the same reasoning as in claim 36

1.8 Independent Claim 44

D1, which is considered to be the closest prior ant to the subject matter of claim 44, discloses
a system comprising: 2 sensing umit te produce an analog signal indicative of a sensed
magnetic fleld and over-sample the anslog signal (sce paragraph [0951% claims 8, 12; fgere
13 and: 3 plurality of delay lines between an over-samnple modulator and at leasi one channel,
wherein each of the delay Hnes is configured to provide a specilic delay (see paragraph {0100}
claim 13; figures 11A, 13). Claim 44 differs from D1 in decimating means fo receive a
delayed oversampled digital signal and to low pass {ilter and to decimate to a lower sampling
rate, wherein the resulting digital signal containg a digital representation of an analog ficld
quantity without noise introduced by over sampling means. However, this featire 5 well known
from D1 considering a decimator to decimate the over-sampled signal; and a low pass filter w
process. the over-sampled signal {see paragraph {0086}, claim 8, figure 11A). Accordingly, #

would be obvious f a person skilled in the at to arive at claim 44 over D1 Therefore,

Continved on The Next Page
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Internationat application Na.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCTUR2017/015882

Supplemientad Box

I case the space in 3uy of the preceding boxes is nof sufficient.
Contmuation 6f Previous Page

claim 44 lacks an inventive step under PCT Article 33(3).

1.9 Dependent Claims 45-48

The additional feature of clatm 45 &5 not disclosed in DI, However, the addilionéi feature of
claim 43 can be casily derived from the featre of D2 considenng a multi-stage decimator that
reduces @ sample rate of a frst digital microphone signal with a predetermined factor (ses
paragraph [0035]; figwre 3} Accordingly, claim 45 would have been obvious over DI in view

of D2. Therefore, claim 45 lacks an Inventive step under PCT Asticle 33(3).

The additional feature of claim 46 is not disclosed in Di. However, the additional feature of
clatm 48 cun be easily derived from the featwre of DI considering that a2 total delay s a
combination of ﬁractiohal and iideger sample delays (see paragraph [0041]). Accordingly, clam
46 would have besn obvious over P in view of D3, Therefore, claim 46 lacks an inventive

step under PCT Article 33(3).

The additional feature of claim 47 can be casily derived from the feature of D1 considering
applying a specific delay associated with a specific bandwidth and sampling rate, the specific
bardwidth substantially matching a bandwidth of the analog signal (see claim 8). Accordingly,
claim 47 would have been obvious over DI, Therefore, claim 47 lacks an inventive step under

PCT Article 33(3).

The additional feature of claim 48 i merely a matter of design option when general technical
knowledge in the art s used, Accordingly, clapn 48 would bave been obvious over DL

Therefore, claim 48 lacks an inventive step under PCT Article 33(3).

2. Indusirial Applicabiiity (PCT Article 33(40
Claims 1-30 and 34-48 are industrially applicable under PCT Articke 33{4).

Form FOTISAZIT (Supplementat Box} (Jannary 3015
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A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to 3 court, magistrate, or adminisirative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A racord it this system of records may be disclosed, as a routine use, to 3 Mermber of
Congress submilting a request invalving an individual, o whom the record pertains, when the
individual has requasted assistance from the Member with respact to the subject matter of the
fecord.

A record in this system of records may be disclosed, as a routine use, o 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 requiremeants of the Privacy Act of 1874, as
ameanded, pursuant to § U.8.C. 852a(m}.

A record related 10 an international Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, 1o the international Burgau of the
World Intellectual Property Organization, pursuant to the Palent Cooperation Treaty.

A record in this system of records ray be disclosed, as a routing use, 1o another federal
agency for purposes of National Securily review (35 U.S.C. 181} and for review pursuant (o
the Atomic Energy Act (42 13.8.C. 218{c)).

A record from this system of records may be disclosad, as a rotitine use, 1o the Administrator,
Genaral Sarvices, or his/her designee, during an inspection of records conducted by G8A as
part of that agency’s responsibility to recommend improvements in records management
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A record from this system of records may be disciosed, as a routine use, to the public after
gither publication of the application pursuant 1o 35 U.S.C. 122(b} or issuance of a patent
pursuant to 35 U.5.C. 1581, 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 lerminated and which application is
refarenced by either a published application, an application open o puhlic inspection or an
issued patent.

A record from this system of records miay be disclosed, as a rouline use, to a Federal, State,
or local iaw enforcement ageney, if the USPTO becomes aware of a viplation or potential
viglation of law or regulation.
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Filed: April 16, 2020

For: BEAMFORMING USING
FRACTIONAL TIME DELAY IN
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APPARATUSES, AND METHODS
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Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Enclosed is a copy of Information Disclosure Citation Form PTO/SB/08a
and PTO/SR/08D. It is respectiully requested that the cited documents be
considerad and that the enclosed copy of information Disclosure Citation Form
PTO/SB/O8L be initialed by the Examiner to indicate such consideration and a

copy thereof returned to applicant(s).

Pursuant to 37 C.F.R. § 1.97, the submission of this information
Disclosure Statement is not (o be construed as a representation that a search
has been made and is not to be construed as an admission that the information

cited in this statement is material {o patentahifity.
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Pursuant to 37 C.F.R. § 1.97, this information Disclosure Statement is
being submitted under one of the following {as indicated by an "X" to the left of
the appropriate paragraph).

37 C.F.R. §1.97(b).

X 37 C.F.R. §1.97{c). fso, then enclosed with this Information
Disclosure Statement is gne of the following:

A statement pursuant to 37 C.F.R. §1.97(e) or
X A check for $130.00 for the fee under 37 C.F.R. § 1.17(p).

37 C.F.R. §1.97{(d). If so, then enclosed with this Information
Disclosure Statement are the following:

(1) A statement pursuant to 37 C.F.R. §1.87{(e}; and

(2) A check for $130.00 for the fee under 37 C.F.R. §1.17(p)
for submission of the Information Disclosure Statement.

Respectiully submitted,

PELOQUIN, PLLC

Dated: Feb 25, 2021 Mark S, Peloquin/
Mark 5. Peloquin, Esq.
Reg. No. 50,787

800 Fifth Avenue, Suite 4100
Seattle, WA 98104-3100
206-447-1336 telephone
208-770-6562 facsimile
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Appl No. THR5],044
Response dated Febraary 25, 2021
Reply o Office Action of 09/81,°202¢

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 16/851.044

Attorney Docket No. - 101404, P8C3

Applicant : SOLOS TECHNOLOGY LIMITED
Filed : April 16, 2020

TCAU : 2845

Examiner : MAL LAMT

Confirmation No. : DRRS

Commissioner for Patents
PO Box 1450
Alexandria, VA 223131450

RESPONSE TO OFFICE ACTION

Sirs

In response 1o the Office Action mailed on (90172020, Applicant makes the

ollowing amendment and asks the Office fo consider the following remarks:

Listing of Claims starts on page 2 of this paper.
Amendments to Specifieation starts on page 19 of this paper.

Remarks/Avguments starts on page 20 of this paper.
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3

Amendments to the Claimy:

The listing of claims will replace all prior versions, and listings, of claims mn the

application:

Listing of Claims:

Claim 1 (original). A computer-readable storage medium storing program code for
causing a data processing sestent 1o perform the steps comprising:

outputiing a fivst oversampled digital signal outpat from an analog-to~digiial
converter (ADC), wherein the first oversampled digital signal is responsive to an analog
field and the first oversampled digital signal is created at a sampling clock frequeney;

delaving the first oversampled digital signal by a time delay wherein the time
delay 1s equal to an integer number of sampling clock eycles to produce a time delayed
first oversampled digital signal; and

combining the time delaved first oversampled digital signal with a second
oversampied digital signal to obtam the beamformed digital sipnal, wherein the second

oversampled digital signal is responsive to the analoy field,

Claim 2 {origmal).  The computer-readable storage medium of claim 1, wherein the

combining is performed in an oversampled signal domain.,

oe medium of claim 1, wherein the

=

Claim 3 {original).  The computer-readable stora
combining is performed at an mtermediate sampling rate.
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Claim 4 (original).  The computer-readable storage medium of claim 1, wherein the

combining is performed in a baseband signal domain,

Claim S (original),  The computer-readable storage mediam of claim 1, wherein the
first oversampled digital signal and the second oversampled digital signal are obtained

from different sensors.

Claim 6 {original).  The computer-readable storage medium of elaim 1, wherein the
first oversampled digital signal and the seeond oversampled digntal signal are obtained
from the same sensor.
Clamm 7 (onginal),  The computer-readable storage modium of clamm 1, further
comprising:

applying a low pass tilier with decimation to the ime delaved first oversampled

digital signal to output a bascband digital signal that is delayed by the fime delay.

Claim 8 (originel).  The computer-readable storage medium of claim 7, wherein the

time delay is. equal to a fraction of a bascband sampling peried.

Claim 9 (original).  The computer-readable storage medium of claim 7, wherein the

time delay is greater than a baseband sampling period.
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Clatm 10 {original).  The computer-readable storage medium of claim 7, wherem the

+

first oversampled digital signal is digitized to create samples which ave more than one bit

O

deep.

Claim 11 (New). A system to tinme delay digital signals, comprising:

a digital sensor responsive 1o an analog field quantity, the digital sensor iy
configwred to cutput an oversampled digital output signal at a sampling clock frequency;

g first ime delay clement, the first time delay eloment 18 configored to receive as
an inpot the oversampled digital output signal and to outpuot a time delaved oversampled
digital output signal, wherew the time delayed oversampled digital output signal is time
detayed by a fractional delay, the fractional delay is equal to an integer nunther of
sampling clock cyeles times the samphing olock period;

a4 hilter, the filler is configored to recetve as an input the time delayed
oversampled digital output signal, the filter to low pass filter and to decimate to a fower
sample rate the time delayed oversampled digital output signal and 1o cutput a low pass
filtered decimated delayed digital output signal, wherein the lower sample rate 1s koss
than the sampling clock frequency;

a second time delay element, the second time delay element is configured to
receive, as an inpat, the low pass filicred decimated delayed digital output signal and to
umpart an integer delay, the integer delay is an integer number of eycles at the lower
sample rate times the lower sampling rate period, the integer delay is apphed to the low

pass Tiltered decimated time delayed digital output signaly and
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a controlier, the controller is configured to supply a control signal o set the

fractional delay and the integer delay.

Claim 12 (New), The system of claim 11, wherein the digital sensor utilizes & sigma-

delta modulator and the oversampled digital ouiput signal is a pulse density modulated

{(PDIM) signal.

Claim 13 (New). The system of claim 11, wherein the oversampled digiial ontpal

signal i3 a pulse density modulated (PDM) signal.

Claim 14 {(New). The systens of claim 11, wherein the digital sensor 15 a digital

microphone,

Claim 13 (New). The system of claim 14, wherein the digital microphone utilizes a

micro-glectromechanical systoms (MEMS) seasor,

Claim 16 (New). The system of claim 11, wherein the analog field quantity 1s an

acoustic pressure feld,

Claim 17 (New). The systemn of claim 11, wherein the integer number of sampling

clock cyeles is selected from a range of one to the sampling clock frequency divided by a

baseband sample rate.
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Claim 18 (New). The system of claim of elaim 13, wherein the filter is a PDM
receiver,
Claim 19 (New), The system of claim 18, wheremn the filter is & multistage filter

farther comprising:

a first stage, the first stage to low pass filter and to decimate to a first intermediate
sampling rate the time delayed oversampled digital output signal; and

a second stage, wherein the second stage is conligared to recelve as an input an
cutput from the first stage, the second stage to decimate the input to a basehand sample

rate and to filter the inpot to & baseband signal bandwidth.

Claim 20 (New). The system of claim 18, wherein the filter is & multistage filter
further comprising:

a first stage, the first stage to recetve as a first stage mput signal the time defayed
oversamipled digital output signal, the first stage to low pass filter and o decimate to a
first intermediate sampling rate the first stage inpot signal to form a first stage output

stenal; and

a second stage, the second stage to receive as a second stage inpul signal the first
stage output signal, the second stage to low pass filter and to decimate to a secomd
ntermediate sampling rate the seeond stage input signal to form a second stage outpat
signal; and

a third stage, the third sfage to recetve as a third stage Inpul signal the second

stage ouipat signal the third stage to deciimate the third stage input signal 1o 8 baseband
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sample rate and to filter the third stage input signal o a bascband signal bandwidth,
wherein the first intermediate sampling rate is less than the samphing clock rate, the
second itermediate sampling rate is fess than the first intermediate sampling rate, and the

bascband sampling rate is less that the second intermediate sampling rate.

Claim 21 (New). The system of claim 17, wherein the lower ssruple rate s a
baseband sample rate and the low pass filtered decimated time delayed digital output
signal 1s used in a beam forming process with 4 second signal, wherein the second signal

is a digital measurement of the field quantity.

Claim 22 {(New). A svstem fo time delay signals, comprising:

a sensor element, the sensor cloment is responstve o an analog field quantity;

a sigma-delta modulator, the sensor element is electrically coupled to the stgma-
defta modulator and is configured to produce a pulse density modulated (PDM) output
signal at a sampling clock frequency responsive to the analog ficld quantity;

a first time delay clement, the first time delay clement is electrically configured fo
receive the PDM output signal, and to output a delaved PDM output signal, wherein the
delaved PDM output signal is delaved by a fractional time delay equal to a pumber of
cyeles of the sampling elock frequency times a period of the sampling clock;

a decimation madule, the decimation module is configured to receive as an input
the delayed PDM output signal, the decimation module to low pass filter and to decimate
to & lower sample rate the delayed PDM output signal and 1o output a low pass filtered
decimated delayed PDM cutput signal, wherein the lower sample rate is less than the
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samipling clock frequency, the decimation modale to convert 1o pulse code modudation
{PCM) format;

a second time delay clemant, the second time delay element s configured to
receive, as an nput, the low pass filtered decimated delayved PDM output signal and to
impart an integer delay, the nteger delay is an integer number of cycles at the lower
sample rate times a period at the lower sampling rate, the integer delay iy applied to the
low pass tilered decimated delayed PIXM ocutput signal; and

& controller, the controller 1s conligured {o supply a control signal to sot the

fractional delay and the integer delay.

Claim 23 {New). The systens of claim 22, the decimation module further
comprising:

a first stage, the first stage to receive as a first stage mpad signal the
defayed PDM output signal, the first stage to low pass filter and to decimate to a first
mtermediate sample rate the first stage input signal 1o form a first stage outpot signal,
wherein the first intermediate sample rating 15 less than the sample clock frequency; and

a second stage, the second stage to receive as a second stage input signal
the first stage output signal, the second stage to Jow pass filter and to decimate to the
lower sample rate the second stage input signal, wherein the lower sample rate s lower
than the first intermediate sampling rate, the decimation modade to comrvert 1o pulse code

modulation (PCM) format.
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Claim 24 (New). The system of claim 22, the decimation module frther
comprising:

a first stage, the first stage to recelve as a first stage input signal the
delaved PDM output signal, the hrst stage o low pass filter and to decimate to a first
infermediate sample rate the frst stage input signal to form a first stage output signal,
wherein the first infermediate sample rating is less than the sampling clock frequency;

a seeond stage, the second stage to receive as a second stage input signal
the first stage output signal, the second stage to low pass filter and to desimsate to a
second intermedrate sample rate the second stage inpot signal, wherein the second
intermediate sample rate iy lower than the first intermediate sample rate; and

a thivd stage, the third stage to receive as a third stage nput signal the second
stage ottput signal, the third stage t low pass filter and to deaimate to the lower sample
rate the third stage inpot signal, wherem the lower sample rate is lower than the second
intermediate sample rate, the decimation module to convert to pulse code medufation

{(PCM) format.

Claim 235 (New). The system of claim 24, wherein the first stage employs a
caseaded-integrator-comb (CIC) filter structuve, the second stage is configured as two

half-band filters, and the third stage is configured as a low pass filter.

Claim 26 {(New). The system of claim 25, wherein a sampling clock operates at
2.048 MHz, the first stage provides 8:1 decimation, the second stage provides two 211
halt band decimation stages, the third stage provides 4:1 decimation which results in a

oo 3
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baseband sampling rate of 16 kHz, low pass fltering throughout the decimation module

filters high [requency components from the sigma-~-delta modulation precess,

Claim 27 (New), The system of claim 26, wherein the sampling clock freguency is
selected from the group consisting of 1| MHz to 4 Mz and a user defined sampling rate.
Claim 28 (New) The system of claim 27, wherein the digital sensor is a digital

microphone and the Seld quantity is acoustic pressare.

Claim 29 (New ), The system of elaim 28, wherein the digital microphone ntilizes a

micro-clectromechanical systems {MEMS) sensor.

Clanm 30 (New). The system of claim 22, wherein the Brst time delay clementisa

bufler, wherein a synimum length of the buffer 1s equal to the sampling clock frequency

divided by the fowsr sample rate and the time delay is equal (o a value of the batffer.

Claim 31 (New). The system of claim 30, wherein the first time delay is

programmable by specifying a value of the buffer with the control signal.

Claim 32 (New) The system of claim 22, wherein the first time delay clement is

tmplemented with a delay line.
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Claim 33 (New). The system of claim 32, where the time delay provided by the

delay line i3 programmable with the control signal.

Claim 34 (New), The system of claim 22, wherein the fractional time delay is equal

to a fraction of & baschand samphng period,

Claim 35 (New) The system of claim 22, wherein the fractional time delay i3

greater than a baseband sampling period.

Claim 36 (New) A dectmation module for use in tme delaying digital signals,
comprising:

a general number of N stages, the decimation module having as an inpat an
oversampled digital output signal from a digital sensor;

an i stage, the i stage to low pass filter and to decimate to an i intermediate
sampling rate an i stage input signal to form an i stage output signal, wherein the i
intermediate sample rating 15 less than a samphng clock frequency used to create the
oversamipled digital outpait signal;

a first time delay element, the first time delay element to delay the i stage output
signal by a fractional time delay, wherein the fractional time delay 15 equal to an integer

number of i intermediate sampling rate cycles times the 1

intermediate sampling rate
period, the first time delay element to output a delayed i stage output signal;
an i -1 stage, the 1 +1 stage to receive as an 1 +1 stage ioput signal the defayed i

stage oniput signal, the 1 stage to ow pass filter and to dechmate to an 1+ intermediate
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samipling rate the i+1 stage input signal to form an 1 stage output signal, wherein the

i+1 intermediate sampling rate is lower than the

intermediate sampling rate;

a second time delay clemant, the second time delay element s configured to
receive, as an input, the i+1 stage output signal and to impart an integer delay, the mteger
delay is egual 1o an integer number of eyeles st the #1 intermediate sampling rate times

At

the i ger delay is applied to the i+1 stage

o

ntermediate sampling rate peviod, the inte
cutput signal, the i+1 intermediate sampling rate s a baseband sampling rate, the i+1
stage output signal 18 an output signal from the dectmation moduole that ix time delayed by
a combined time delay, the combined time delay 15 8 sum of the fractional bme delay and
the integer time delay! and

a controler, the contreller Is configured to supply a control signal to set the

fractional thme delay and the mteger time delay.

Claim 37 (New). The dectmation module of claim 36, wherein the digital sensor is a
digital microphone and the combined time delay is used doring 8 beam forming operation

with the output signal from the decimation module.
Cladm 38 (New). A method to delay digital signals, comprising:

sensing an analog field;

outputting an oversampled digital signal responsive to the sensing, wherein the
oversampled digital signal 18 created at a sampling clock rate:
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delaving the oversampled digital signal by a fractional time delay wherein the
fractional time delay is equal to an integer number of sampling clock eyeles to produce a
defaved oversampled digital signal;

applying a low pass filter with decimation to the delayed oversampled digital
signal to output 2 baseband digital signal that s delayed by the fractional time delay; and

delaying the baseband digital signal by an integer time delay, wherein the integer
time delay is equal to 2 pumber of cyeles at a baschand sampling rate times the baseband

sampling rate period,

Clain 39 (New), The methed of claim 38, wherein the fractional time delay is equal

o a fraction of a baschand sampling period.

Clanm 40 (New). The method of clatm 38, wherein the fractional time delay 18

greater than a baseband sampling period.

Clamm 41 (New). The method of clatm 38, wherem the oversampled digital signal 13

digitized to create sanples which are more than one bit deep.

Claim 42 {(New). A computer-readable storage medivm storing program code for
cansing 8 data processing system to perform the steps conprising:

receiving signals from g digital sensor, the signals are responsive to an analog

fleld;
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processing the signals to create an oversampled digital signal responsive to the
receiving, wherein the oversampled digital signal i created at a samphing clock rateg and

delaying the oversampled digital signal by a fractional time delay wherein the
fractions! time delay is equal to an integer number of sampling clock cycles times the
sampling clock penod 1o prodoce a delayed oversampled dighial signal;

applying a low pass filter with decimation o the delayved oversampled digital
signal to output a baschand digital signal that is delayed by the fractional time delay; and

delaying the baseband digital signal by an integer time delay, wherein the infeger
time delay is egoal to a namber of sampling clock eveles times the sampling clock period

at a buscband sampling rate.

Claim 43 (New). The computer readable storage mediom of claim 42, wherein the

fractional time delay is equal to a fraction of a basehand samipling period.

Claim 44 (New), The compater readable storage medium of claim 42, whezein the

fractional time delay is greater than a baschand sampling peried.

Claim 45 (New). The computer readable storage medium of claim 42, wherein the

oversampled digital signal 1z digitized to create samples which are more than one bit

deep,
Claim 46 (New). A gystem to delay digiial signals, comprising:

sensing means for measuring an analog feld quantity;
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over sampling means, the over sampling means 1o over sample a signal detected
by the sensing means resulling in an oversampled digital signal;

fractional delaying means, the fractional delaying means to apply 8 fractional time
delay to the oversampled digital signal, the fractional time delay is equal to sn integer
number of sampling clock cyeles thmes the samphing clock period, resulting i a delaved
oversampled digital signal;

decimating means, the decimating means to reecive the delayed oversampled
digital signal and to low pass filfer and to decimate to a lower sampling rates;

integer delaying means, the integer delayving means o apply an integer tme delay
to the delayed oversampled digital signal, the integer time delay is a number of lower
sampling rate cycles; and

comtrolling means, the controlling means to adjust the fractional time delay and
the inleger time delay o establish atotal time delay, wherein the-a resulting digital signal
is delayed by a total ime delay, wherem the total ime delay 18 a sum of the fractional
time delay and the integer time delay, and contains a digital representation of the analog

field quantity without the notse mtroduced by the over sampling means.

Clain 47 (New). The system of claim 46, whersin the decimaling means 18

aecomplished in a multistage module.

Claim 48 (New). The system of claim 46, wherein the total time delay s egoal o a

fraction of a baseband sampling period.
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Clatm 49 (New). The system of ¢laim 46, wherein the total time delay is greater than

a baseband sampling period.

Claim 30 (New), The system of claim 46, wherein the oversampled digital signal s

digitized to create samples which are more than one bit deep.

Claim 51 (New) A system to time delay digital signals, conprising:

a4 digital sensor responsive 1o an analog fickd quantity, the digiial sensor is
configured to output an overssempled digital ontput signal at a sampling clock frequency;

a replicator, the replicator o receive the oversampled digital output signal and to
output a {irst replica of the oversampled digital output signal and a second replica of the
oversanpled digital output signal;

4 first fractional time delay element, the first fractional time delay element is
configured to recetve as an input the frst replica and 1o output a first time delayed
oversamipled digital output signal;

a first filter, the first filter 1s configored to receive as an input the first time
delayved oversampled digital output sigoal, the first filter to low pass filter and to
decimate to a lower sample rate the first time delayed oversampled digital output signal
and to output a first low pass filtered decimated delayed digital output signal, wherein the
lower sample rate is fess than the sampling clock frequency;

a firstinteger tme delay clewent, the first nfeger time delay element i

configured to recetve, as an mput, the Hrst low pass Bltered decimated delayed digital
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output signal and to cutput a first time delayed digital output signal at the lower sample
rate;

a seeond fractional time delay clement, the second fractional time delay clement
is configured to receive as an input the second replica and to output a second time
delaved oversampled digital output signaly

a second filter, the second {ilter 1s contigured 10 recelve as an input the second
time delayed oversampled digital output signal, the second filter to low pass filter and to
dectmale to a lower sample rate the second time delayed oversampled digital output
signal and to cotput & second low pass filtered decimated delayed digital cutput signal;
and

a second integer time delay clement, the second integer ime delay clement s
configured 1o receive, as an tnpat, the second low pass filfered decimated delaved digital
output signal and to output a second time delayed digital output signal at the lower

sample rate.

Claim 52 (New). The system of claim 51, wherein the replicator is a splitter.
Claim 33 (New). The system of claim 82, wherein the splitter 13 an B-way splitter.
Claim 34 (New). The system of elatmt 51, wherein the first time delayed digital

output signal and the second time defayed digital output signal are used for beamiforming.
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Claim 55 (New), The system of claim 51, further comprising:
a sigma-delta modulator, the digital sensor is electrically coupled to the sigma-
delta modulator and 1s configured to produce a pulse density medulated (PDM) output

signal at the sampling clock frequency responsive to the analog field quantity.
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AMENDMENTS TO SPECIFICATION

Kindly smend Specification paragraph [(063] as shown below. No new matter

has been entered.

{00631 In operation, & time delay Aty s associated with the digital signal output at 912 for
the digital microphone 920, Sunilarly, a thine delay A is associated with the digital
signal putput at 914 for the digital micrephone 838940, And a time delay Aty is
associated with the digital signal output at 916 for the digital microphone 960, A
controller 904 is nsed to supply one or more control signals to each signal path 906, 908,
ap to 91, As described above in the preceding figures, a control signal 922 supplied to a
thine delay clement 924 is used to speeify a time delay applied by the thne delay clement
924 to the oversampled digital signal recetved from the micraphone 9200 Optionally, the
controller 904 can supply a control signal 928 to a time delay eloment 940930 (i present
in a given system configuration). Similarly, a control signal 942 supplied to a time delay
clement 944 i3 used to specify a time delay applied by the time delay cloment 944 to the
oversampled digiial signal received from the microphone 940, Optionally, the controlier
934 can supply a control signal 948 1o a ime delay clement 9530 G present in g given
systern configuration). Control signals are supplied as peed to successive microphone
signal paths, and finally within microphone signal path 910 a conirol signal 962 supplied
to a time delay element 964 which is used to specify a time delay applied by the time
delay element 964 to the oversampled digtial signal recetved from the microphone 960,
Optionally, the controlier 904 can supply a control signal 968 1o a time delay element 870
{if present i @ given system configuration).
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NONSTATUTORY DOUBLE PATENTING REJECTION

{n the Office Action, mail date Sepiember 09, 2020 the Office issued a
nonstatutory double patenting rejected of all pending claims 1-10 over the issued claims
in IS Patents: U.S. Patent No. 10,651,864,

Apphicant files herewith an eTerminal Disclaimer 1o remove the statutory double

patenting rejections,
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NEW CLAIMS

New claims 11 through 35 ave presented for examinstion herein.

requests entry of new claims 11 through 53,
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CONCLUSION

Al pending claims are i condition for allowance, Applicant requests a timely

notice of allowance.

Respectiully submitted,

PELOQUIN, PFLIC

February 25,2021 Mark 8. Pelocquan/
Date Mark 8. Peloguin, Esq.

USPTO Registration # 54,787
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Office Action Summary Examiner ArtUnit | AIA (FITF) Status
LAM T MAI 2845 Yes

-- The MA/ILING 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 4/16/2020.
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ] This action is non-final.

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

4)(OJ 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 £x parfe Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-10 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (O Claim(s) ____ is/are allowed.
7) Claim(s) 1-10 is/are rejected.
8) [ Claim(s) _____is/are objected to.
9) O 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
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)0 The specification is objected to by the Examiner.
11)(d The drawing(s) filedon _____is/are: a)(J accepted or b)(J 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)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)ldl All b)O Some**  ¢)J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 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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1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing out
and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claim 1 recites the limitation "the beamformed digital signal" in the claim on line 10. There is
insufficient antecedent basis for this limitation in the claim.

Claims 2-10 are rejected under 112(b) as well as being depended on based rejected claim 1.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164

USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent either is shown to be commonly owned with the examined application,
or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. for applications not subject
to examination under the first inventor to file provisions of the AlA. A terminal disclaimer must be
signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meets all requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

Claim 1 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 1 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: ouspitting
a first oversampled digital signal output from an analog-to-digital converter {ADC), wherain the first
oversampled digital signal is responsive 1o an analog fleld and the first oversampled digital signal is
created at a sampling clock freguency; delaying the first ovarsampled digital signal by a time delay

wherein the time delay is equal to an integer number of sampling clock cycles to produce a time delaved
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first ovarsampled digital signal: and combining the time delayed first oversampled digital signal with a
sacond oversamplad digital signal to obtain the beamformed digital signal. wherein the second
oversampled digital signal is responsive 1o the analog fisld,

Claim 2 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 2 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: wherein,
the combining is performed in a oversampled signal domain.

Claim 3 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 3 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: wherzin
the combining is performed at an intermediate sampling rate.

Claim 4 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 4 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: wherzin
the combining 's performed in a baseband signat domain,

Claim 5 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 5 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not

patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
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functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: whersin
the first oversampled digital siiznal and the second oversampled digital signal are obtained from
different sensors.

Claim 6 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 6 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: wheregir
the first oversampled digital signal and the second oversampled digital signal are obtained from the
SEIMS SENS0T.

Claim 7 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 7 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: applying &
fow pass filter with decimation to the time delayed first oversampled digital signal to output a baseband
digital signal that is delayed by the time delay.

Claim 8 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 8 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: whearsin

the time delay is equal to a fraction of a baseband sampling period.
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Claim 9 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 9 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: wherein
the time delay is greater than a baseband sampling period.

Claim 10 is rejected on the ground of nonstatutory double patenting as being unpatentable over
claim 10 of U.S. Patent No. USP 10,651,866. Although the claims at issue are not identical, they are not
patentably distinct from each other because the USP 10,651,866 disclosed similar limitations and
functions as claimed in instant application. Although, the instant application claim computer program
while the USP 10,651,866 disclosed a method of creating beamformed digital signal, such as: wherein
the first oversampled digital signal is digitized 1o create samples which are more than one bit deep.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to LAM T MAI whose telephone number is 571 272-1807. The examiner can normally
be reached on Monday-Thursday 7am-530pm.

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,
Dameon Levi can be reached on 571-272-2105. 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
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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 https://ppair-
my.uspto.gov/pair/PrivatePair. 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.

JLAM T MAI/
Primary Examiner, Art Unit 2845
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Main Concept Text

outputting a first oversampled digital signal output from
an analog-to-digital converter (ADC), wherein the first
oversampled digital signal is responsive to an analog
field and the first oversampled digital signal is created at
a sampling clock frequency; delaying the first
oversampled digital signal by a time delay wherein the
time delay is equal to an integer number of sampling
clock cycles to produce a time delayed first oversampled
digital signal: and combining the time delayed first
oversampled digital signal with a second oversampled
digital signal to obtain the beamformed digital signal.
wherein the second oversampled digital signal is
responsive to the analog field.
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Main Concept Text

ADC includes a digital sensor responsive to an analog
field quantity. The digital sensor is configured to output
an oversampled digital output signal at a sampling clock
frequency. A time delay element is configured to receive
as an input, the oversampled digital output signal and to
output a time delayed oversampled digital output signal.
A filter is configured to receive as an input the delayed
oversampled digital output signal. The filter low pass
filters and decimates to a lower sample rate the delayed
oversampled digital output signal. An output includes a
low pass filtered decimated delayed digital output signal,
where the lower sample rate is less than the sampling
clock frequency
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which is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

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 fo
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

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

If Required, Foreign Filing License Granted: 04/22/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/851,044

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes

Early Publication Request: No

** SMALL ENTITY **

Title

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS

Preliminary Class
341
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
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing 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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/851,044
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), of (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(37 CFR 1.16(K). ), or () N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (p), or (a) N/A N/A N/A 380 N/A
TOTAL CLAIMS .
(37 CFR 1.16(i)) 10 minus 20= 50 = 0.00 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 1 minus 3 = 230 = 0.00
It the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE() FEE(S)
12 AMENDMENT PAID FOR
[im| Total . inus | ** =
S (37 CF?R ?JS(i)) M = OR =
% Independent Minus b = _ OR _
h (37 CFR 1.16(h))
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATES) FEE(S)
E AMENDMENT PAID FOR
w Total . Minus | ** = =
= (a7 CF(F)z ?.160)) OR -
[m]
Independent Minus ** = - —
Lzu (37 CFR 1.16(h)) = OR =
<§: 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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Unrten Stares Parent ang TRADEMARK OFFICE

UNFERERSTATRR BEPFARTMENT UF CONSTRRUE
H sk MR

ASFLIATION NOMBER | FILING OR ¥THT I | TIRSY NAMED [ ATV DOCRETROATING |
16831044 o/ 1(;.""(37(!‘ Dashen Fs K41000.P8C3
CONFIRMATION NO. 9885
51340 FORMALITIES LETTER

PELOGUIN, PLLC

80U FIFTH AVENUE
SUITE 4100

SEATTLE, WA 88104-3100

rrrrrs,
22

L

Date Mailed: 04/23/2020

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b}
Filing Date Granted

Items Reguired To Avoid Abandonment:

An application number and filing date have been accorded to this application. The tem{s} indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which o file alt required items below to avoid
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136{a).

» Surcharge as set forth in 37 CFR 1.16{(f) must be submitted.
The surcharge is due for any one of:
« fate submission of the basio filing fee, search fee, or examination fee,
= late submission of inventar's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previpusly filed application.

SUMMARY OF FEES DUE:

The fes{s) required within TWO MONTHS from the date of this Notice o avoid abandonment is/are temized
below. Small entily discount is in effect. If applicant is qualified for micra entity status, an acceptable Certification
of Mioro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SBA15A and 158B.)

+ 5 80 surcharge.

« B{ 0 previous unappliad paymeant amaunt,

+$ 80 TOTAL FEE BALANCE DLUE.

Apphcant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, i a deficiensy relates to the inventor's
oath or daclaration, the applicant must file an oath or declaration in compliance with 37 GFR 1.83, or a substitute
statement in compliance with 37 CFR 1.84, executed by or with respect o each aclual inventor no later than the
expiration of tha time period set in the "Notice of Allowability” to avoid abandonment. See 37 GFR 1.58(f).

« A properly exscuted inventor's cath or declaration has not been received for the following invenior(s):
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Dasghen FAN
Joseph Yong KWON

Replies must be received in the USFTO within the set time period or must inchide a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or ransmission date within the set time period. For more
information and a suggested format, see Form PTO/SE/A2 and MPEP 512,

Heplies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.Q. Box 1450

Alexandria VA 22313-1450

Registerad users of EFS-Web may altermatively submit their reply 1o this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice®.

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at hitp/fwwew usplo.goviehs.

If vou are not using EFS-Web to submit your reply, yvou must include a copy of this nptice,

Questions about the contents of fhis sofioe and the
requirements it seis forth should be directed to e Office
of Data Management, Apphication Assistasce Unif, at

(371 272-KHMk or (371) 2724200 or 1-888-786-0101.

‘mihailef
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PTIRANZ B341%)
Approved for use theogh 11302020, OME 0851000
and Toadamark O 13, DEPARTMENT OF COMMERCE

U8 Pa .
3o fefeemation undsss € displave a valid OMB control number,

Urnfar the Papstvo Reduction Act of 1885, sur grstivanx are requined 1o reispong o & colie

Docked Number {Optional}
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | K41080.P8C3

Application Mumber Filed

16/851,044 04/16/2020

For
BEAMFORMING USING FRACTIONAL TIME DELAY iN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

Art Unit Examingr

2845 Not yet assigned

This is a request under the provisions of 37 CFR 1.138{a} to axtend the periad for filing a reply in the above-identified application.

The requested extension and Tee ara as follows {check time period desired and enter the approprigte fee balow):

Feg Small Enlity Fes Micre Entiy Fee
: One month (37 CFR 171 $200 100 550 $
W Two monthe (37 CFR 1172 $8GG $304 $i58 $ 300.00
[T Three manths (37 CFR 1.17()(31) $1.400 $700 $350 $
tj Four morths (37 CFR 1.17{a)41 §2.200 $1,100 $550 3
ﬁ Five months {37 CFR 1.17{a}{3}) $3.000 $1.500 §750 3

v 1 Applicant asserts small entity status. Sae 37 CFR 1.27.

{ Applicant certifies micro entily status. Ser 37 CFR 128,
* Fopm PTOESMEA or B of sguivalent must either b anmiosed or have beon submitted pravdousiy,

A sheck in the amount of the fes is enclosed.

i Payment by credit cand. Form PTQ-2038 is attached.

i The Director has aiready been authorized to charge fees in this appiication to a Deposit Account.

i The Director is hareby atthorized to charge any {ees which may be requited, or credit any overpayment, o
Deposit Account Number

i Payment made via EFS-Web.

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

}am the

[ 1 appicant.

LJ} atiorpey or agerd of record. Registration number 50,787

L} attorney or agent acting under 37 CFR 1.34. Registration numbser
IMARK S, PELOQUIN/ AUGUST 24, 2020

Signature Date
MARK S PELOQUIN (208) 4471336
Typed or printed name Telephona Number

NOTE: This forrn must be signed in accordance with 37 CFR 1.33. See 37 CFR 1 4 for signatwe requiresraents and cerlifications. Submit
multinte forms H more than one signabure is required, see helow®.

/1 ¢ Totatof ! forms are submifted.

- - -
This co:iec?:‘t‘»r: i snfu

rm A & "k.t]‘.,\'f"

b\: "'f CFR 1. 136<a; TE\& »iorwa‘:. ". s ?C‘C\. .:w *\iain o' rw:w- & bospafl {and by the

e

tw the: ﬂuutc wehich 15 3o i

¥ - i “
L 3 !Y’aten“ wvi de&nwx Offfus, L 3 Deﬁamnan: n* Coarnaros, P O Bm: 145.; "A 22‘3 ‘3 14 5‘3 OO i\OT QE!\.S FEE‘% O"'v.‘ CO\#PL”"-"EJ FORMS
TO THIS ADDRESS, SEND TO: #3jf Stop PCT, Commissionat for Patents, PO, Box 1450, Aiexandria‘: YA 22313-138Q
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 83-879) requires that you be given cerlain informalion in connegtion 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 thal: {1) the general authornity for the collestion of this informationis 35 U.S.C. 2(0M2% (&)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
1.8, Patent and Trademark Office is to process and/or examing your submission relatad o a patent application or
palent. I you do not furnish the requasted information, the U.8. Patent and Trademark Office may not be able fo
procass andfor examine your subniission, 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 wilt be subject to the following routine uses:

1.

The information on this form will be reated confidentially 1o the sxdent allowed under the Freedom of
information Act {5 U.S.C. 552} and the Privacy Act {8 U.8.C 552a). Records from this systerm of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is raquirad by the
Freadom of Information Act.

A racord from this system of records may be disclosed, as a routine use, in the course of presenting evidence
o a cowt, magistrate, or adminisirative iribunal, including disclosures e opposing counsal in the course of
settlement negotiations,

A record in this system of records may be disclosed, as a routine use, 1o a Member of Congress submifting a
requast involving an individual, 1o whom the record pertains, when the individual has requested assistance from
the Member with respect {o 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 shali be required to comply
with the requirements of the Privacy Aot of 1974, as amended, pursuant to 5 U.5.C. 852a{m).

Arecord related 1o an international Application filed under the Patent Cooperation Traaty in this system of
records may be disclosed, as a routine use, to the international Bureau of the World intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

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

Arecord from this systern of records may be disclosed, as a routine use, 1o the Administrator, General
Services, or histher dasignee, during an inspection of records conducted by G8A as part of that agency's
responsibility o recommend improvements in records management practices and programs, under authority of
44 U.8.C. 2904 and 2506. Such disclosure shall be made in accordance with the GSA regulations govemning
inspection of records for this purpose, and any other relevant {i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this systemn of records may be disclosed, as a routing use, 1o the public afler either publication of
the application pursuant to 35 U.8.C. 122(b} or issuaince of a patent pursuant to 35 U.8.C. 161, Further, a
record may be disclosed, subject fo the limitations of 37 CFR 1.14, as a routine use, {o 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 inspaction or an issuad
patent.

A record from this systern 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 viotation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

16851044

Filing Date:

16-Apr-2020

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen FAN

Filer: Mark S. Peloquin
Attorney Docket Number: K41090.P8C3
Filed as Small Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull:’-s'l'g(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull:’-s'l'g(tsa)l in
Extension-of-Time:
Extension - 2 months with $0 paid 2252 1 300 300
Miscellaneous:
Total in USD ($) 380
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Electronic Acknowledgement Receipt

EFS ID: 40368779

Application Number: 16851044

International Application Number:

Confirmation Number: 9885

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY

Title of Invention: OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name: Dashen FAN
Customer Number: 51340
Filer: Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C3
Receipt Date: 24-AUG-2020
Filing Date: 16-APR-2020
Time Stamp: 18:46:44
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type EFT

Payment was successfully received in RAM $380

RAM confirmation Number E20208N147036042

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.)
292909
1 Applicant Response to Pre-Exam 20200423K41090P8C3NFTCAPI, no 5
Formalities Notice pdf
5c60334fd16e6adbb56853199152a27db4d
Warnings:
Information:
464270
2 Extension of Time 20200824K41 090.P8C3EXTI'IME no >
aia0022i.pdf
f1dSca1c3038cb13e8cad8f1461d6a739e0b|
ffle
Warnings:
Information:
32626
3 Fee Worksheet (SB06) fee-info.pdf no 2
2a0dcfeb0fed243dbaS06cc4af4d69d873da)
Warnings:
Information:
Total Files Size (in bytes){ 789805

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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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

[ APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
16/851,044 04/16/2020 Dashen FAN K41090.P8C3
CONFIRMATION NO. 9885
51340 FORMALITIES LETTER
PELOQUIN, PLLC
800 FIFTH AVENUE RO AP AL A
SUITE 4100 00000011646518

SEATTLE, WA 98104-3100
Date Mailed: 04/23/2020

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which to file all required items below to avoid
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136(a).

+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
+ late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

+ $ 80 surcharge.

+ $(0) previous unapplied payment amount.

+$80 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
page 1 of 2
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Dashen FAN
Joseph Yong KWON

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

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.

/mhaile/
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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
16/851,044 04/16/2020 2845 785 K41090.P8C3 10 1
CONFIRMATION NO. 9885
51340 FILING RECEIPT
PELOQUIN, PLLC
800 FIFTH AVENUE RO ARG AR R L
SUITE 4100

SEATTLE, WA 98104-3100
Date Mailed: 04/23/2020

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

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

Inventor(s)

Dashen FAN, Bellevue, WA,;

Joseph Yong KWON, San Jose, CA;
Applicant(s)

SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG
Assignment For Published Patent Application

SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/399,867 04/30/2019 PAT 10651866
which is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

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 fo
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

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

If Required, Foreign Filing License Granted: 04/22/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/851,044

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes

Early Publication Request: No

** SMALL ENTITY **

Title

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS

Preliminary Class
341
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
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing 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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/851,044
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), of (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(37 CFR 1.16(K). ), or () N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (p), or (a) N/A N/A N/A 380 N/A
TOTAL CLAIMS .
(37 CFR 1.16(i)) 10 minus 20= 50 = 0.00 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 1 minus 3 = 230 = 0.00
It the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE() FEE(S)
12 AMENDMENT PAID FOR
[im| Total . inus | ** =
S (37 CF?R ?JS(i)) M = OR =
% Independent Minus b = _ OR _
h (37 CFR 1.16(h))
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATES) FEE(S)
E AMENDMENT PAID FOR
w Total . Minus | ** = =
= (a7 CF(F)z ?.160)) OR -
[m]
Independent Minus ** = - —
Lzu (37 CFR 1.16(h)) = OR =
<§: 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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PTOSBIIS 107-08)
s theough UFA3172072 QME 08510031
DEPARTMENT OF COMM
¥e @ valid OMEB control m

Approved for u
U3, Patent end Tradenuwk
Ul the Paperwork Reduction Actof 1895, np personis g required to respond o a solfection of informistion

f,

First Named inventor Dashen Fan

NONPUBLICATION REQUEST

UNDER Title BEANFORMING USING FRACTIONAL TIME DELAY it Dig

35 U.8.C. 122(b}{2}(B}{})
Attomey Docket Number K41080.P8C3
\_ vy

I hereby 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.

| hereby request that the attached application not be published under 35 US.C. 122(b).

IMARK S PELOQUIN/ April 18, 2020
Signature Date
MARK S PELOQUIN 50787
Typed or printed name Registration Number, if applicable

{206} 447-1336

Telephone Number

This request must be signed in compliance with 37 CFR 1.33(b) and submitied with the
application upon filing.

Applicant may rescind this nonpublication request at any time. if applicant rescinds a reguest
that an application not be published under 35 U.8.C. 122(b), the application will be scheduled
for publication at eighteen months from the sarliest claimed filing date for which a benefit is
claimed.

if applicant subsequently files an application directed {o the invention disclosed in the attached
application in another country, or under a multilateral intemational agreement, that requires
publication of applications eighteen months after filing, the applicant must notify the United
States Patent and Trademark Office of such filing within forfy-five (45) days after the date of
the filing of such foreign or international application. Failure to do so will result in
abandonment of this application {35 U.8.C. 122(b){(2XBXiii)).

vequired by 37 OFR 1.213{a) The informuation s reguived o oftein o sl
by i governsd by 35 UB.C. 122 and 37 CFR 131 and
sormplete, inchuding gathenng, prepaing, and submitting the completed applicastion form to the USPTO. 1 viris

sommsss on the amogst of Gme you seuine to complete Bie form andior suggestions for reducing this burdes R -11 to this C}uef ‘n omwimn Gfﬁ\er
L8, Patent and Trademark Office, U8, Departnwirt of Qnmmerce, PO, Box 1480, Alexandda, VA& 223131480, DO NOT SEND FEES OR COMPLETEDR
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.C, Box 1450, Alexandria, VA 22313-1450.

i to e (and by the
btk 6 BTt ﬁ% to

This colleaion of nforraation §
UEPTO to propess) an applivation, Tonlidant

o

r

If you need assistancs it complening ihe Jorm, calf 1-800-FTO-3188 [-800-786-6799} and astect opion 2.

Page 265 of 344



PTOALAA (02.18)

Apsrovsst for use through 1430:2020, OMB §651-8032

U.5. Patent and Trademak Office; U8, DERARTMENT OF COMMERCE

Under the Papsrwod Reduction Act of 1885, no persons arg required o vespond o & soltection of infurmation andess it contas 3 valid ONB sontrol numbest,

. Attomey Docket Number | K41080.P8C3
Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATUSES, AND METHODS

Title of Invention

The application data sheet is parnt of the provisionat or nonprovisional application for which # is being submitied. The following form contains the
bibliographic dats arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be complated electronically and submitted fo the Office in electronic format using the Elsclronic Filing System (EFS} or the
documeant may be printed and included in 3 paper filed application.

I Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 8.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

inventor 1
Legal Name
Prefixi Given Name Middie Name Family Name Suffix
DASHEN FAN
Residence information (Select One) (8 US Residency () Non US Residency () Active US Military Service
City | BELLEVUE State/Province | WA | Country of Residencé | US
Mailing Address of inventor:
Address 1 14714 SE 49th ST
Address 2
City BELLEVUE State/Province { WA
Postal Code q8H0s I Countryi us
ventor 2
Legal Name
Prefixi Given Name Middle Name Family Name Suffix
JOSEPH YONG KWON
Residence Information {Select One) (®) US Residency () Non US Residency () Active US Miltary Service
City | SANJOSE State/Province | CA | Country of Residencé | US
Mailing Address of Inventor:
Address 1 2788 LAVENDER TERRACE
Address 2
Postal Code l 95111 I Country! ] us

All inventors Must Be Listed - Additional Inventor information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

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

EFS Web 2213
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PTORIAMY {62-18)

Approvst for use through 11,30/2020, OMB §851-0032

U.5. Patent and Trademak Office; U8, DERARTMENT OF COMMERCE

Unirer the Papsrwork Reduction Act of 1985, no persons are required o vespond 1o a collewtion of information undess it cuntains a valid OMB cordral numbsr,

Attorney Docket Number | K41090.PBC3

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY QVERSAMPLED SENBOR SYSTEMS,
APPARATUSES, AND METHODS

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

Customer Number 51340
Email Address

Application Information:

Titie of the lnvention gigﬁggghﬁggA%&i?gsngggg}?ﬁg% ggfgﬁsDELAY IN DHGITALLY OVERSAMPLED BENSOR
Attorney Docket Number| K41090.P3C3 ; Small Entity Status Claimed

Application Type - Nonprovisional

Subject Matter Uty

Total Number of Drawing Sheets ({if any) 20 Suggested Figure for Publication {ifany) | 13

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C 111{c) and 37 CFR 1576, Do not complete this section if
application papers incuding a specification and any drawings are belng filed. Any domestic banefit or foreign priority information must be
provided in the appropriate section(s} below {i.e., "Domestic Benefit/National Stage information” and “Foralgn Priority Information”).

Far the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the praviously filed application, subject to conditions and requirements of 37 CTFR 1.57{a) )
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .

~ Rpplication nurmber of the previously Filing date (YYYY-MM-DD) Intellectual Property Autharity ar Country
filed application

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

Request Not to Publish. 1 nereby request that the attached appfication not be published under
% 35 U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under & multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practiioners having a power of allomey in the application. Froviding
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 l {3 US Patent Praciitioner | () Limited Recognition {37 CFR 11.3)

Customer Number | 51340

BFS Wb 2.2.13
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PTORIAMY {62-18)

Approvst for use through 11,30/2020, OMB §851-0032

U.5. Patent and Trademak Office; U8, DERARTMENT OF COMMERCE

Unirer the Papsrwork Reduction Act of 1985, no persons are required o vespond 1o a collewtion of information undess it cuntains a valid OMB cordral numbsr,

K41080.PBC3

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY QVERSAMPLED SENBOR SYSTEMS,
APPARATUSES, AND METHODS

Titte of invention

Domestic Benefit/National Stage information:

This section allows for the applicant to either claim benefit under 35 U.8.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 referance required by 35 U.8.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
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD}
Continuation of 18208467 2019-04-30
Prior Application Status | Patented
Application e T Prior Application Fifing Date . ) issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number LYYYY-MM-OD)
16309867 Continuation of 15947845 2618-04-08 10208253 2018-05-21
Prior Application Status | Patented
Application - Prior Application Fiting Date fssue Date
Number Continuity Type Nurber (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
15947845 Continuation of 15225745 4016-08-01 8941885 2018-04-10¢
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This saction aliows for the applicant to claim priority to a foreign application. Providing this Infarmation in the application data sheet
constitites the clalm for priority as required by 35 U.S.C. 118(b) and 37 CFR 1.58. When pricrity is claimed to a foreign application
that is eligible for refrieval under the prionty document exchange program {PDX}‘ the information will be used by the Cffice to
automatically attempt relrieval pursuant to 37 CFR 1.58(1){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 prienty application is filed, within the time period specified in 37 CFR 1.55(g){1}.

Application Numbser COUﬂtYy’E Filing Date (YYYY-MM-DD) Access Code {if applicable}

Additional Foreign Priotity Data may be generated within this form by selecting the
Add buiton,

Statement under 37 CFR 1.55 or 1.78 for AlA (First inventor to File) Transition
Applications

BFS Wab 2.2.13
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PTOALAA (02.18)

Approvst for use through 11,30/2020, OMB §851-0032

U.5. Patent and Trademak Office; U8, DERARTMENT OF COMMERCE

Unirer the Papsrwork Reduction Act of 1985, no persons are required o vespond 1o a collewtion of information undess it cuntains a valid OMB cordral numbsr,

. Attorniey Docket Number | K41080 PBC3
Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY QVERSAMPLED SENBOR SYSTEMS,
APPARATUSES, AND METHODS

This application {1) claims priority 10 or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim 10 a claimed invention that has an effective filing date on or alter 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 examinad under the first inventor (o file provisions of the AlA,

BFS Wab 2.2.13
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PTORIAMY {62-18)

Approvst for use through 11,30/2020, OMB §851-0032

U.5. Patent and Trademak Office; U8, DERARTMENT OF COMMERCE

Unirer the Papsrwork Reduction Act of 1985, no persons are required o vespond 1o a collewtion of information undess it cuntains a valid OMB cordral numbsr,

Attorney Docket Number | K41090.PBC3

Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY QVERSAMPLED SENBOR SYSTEMS,
APPARATUSES, AND METHODS

Titte of invention

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

1. Authovization to Permit Access by a Foreign intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 {apt-aut of authorization) is checked, the

{JP0}, the Koraan intellectual Property Office (KIPQ), the State Inteliectual Property Office of the Peopla’s Republic of
China (SIPO), the World Intellectual Property Organization {WIPQ), and any other foreign inteliectual property office
participating with the USPTO in a bilateral or multitaterat prionity document exchange agreement in which a foreign
application claiming prionty to the instant patent application is filed, access to: {1) the instant patent appilication-as-filed
and its related bibllographic data, (2) any foreign or domestic application 1o which prionity 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}
{1).

results from the instant patent application when a European patent application claiming priority 1o 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 {o submit a
copy of search results from the instant application without delay in 8 European patent application that claims priosily to
the instant appiication.

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign iP office gecess 1o the instant
[ 1 application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign {P office with
any documaeants and information identified in subsection 1A above.

{1 application. if this box is checked, the USPTO will not be providing the EPO with search resuits from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTQ may provide access to the
application in accordance with 37 CFR 1.14.

BFS Wab 2.2.13
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PTORIAMY {62-18)

Approvst for use through 11,30/2020, OMB §851-0032

U.5. Patent and Trademak Office; U8, DERARTMENT OF COMMERCE

Unirer the Papsrwork Reduction Act of 1985, no persons are required o vespond 1o a collewtion of information undess it cuntains a valid OMB cordral numbsr,

Attorney Docket Number | K41090.PBC3

Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY QVERSAMPLED SENBOR SYSTEMS,
APPARATUSES, AND METHODS

Titte of invention

Applicant Information:

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

Applicant 1

if the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.48), this section should not be completed.
The inforniation 1o be provided in this section is the name and address of the legal representstive who is the applicant under 37 CFR
1.43; or the name and address of the assighes, person to whom the invenior is under an obligation fo assign the invention, or persan
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. #f the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated 1o assign, or person who othenwise shows sufficient
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RELATED APPLICATIONS

{0601} This patent application is a contimuation of United States Patent
Apphication Serial Number 15/947,845, titled “TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS,” filed on
April 08, 2018, which 13 a continuation of United States Patent Application Serial
Number 15/225,748, titled "TIME DELAY IN DIGITALLY OVERSAMPLED
SENSOR SYSTEMS, APPARATUSES, AND METHODS," filed on August 01, 2016,
now ULS, Patent 9,941,895, United States Patent Application Serial Number 15/225,745
and United States Patent Application Number 15/947 848 are hereby mcorporated by

reference.

1. FIELD OF INVENTION
{0602] The wvention relates generally to sampled systems more specifically to

fine delay in digitally oversampled sensor systems, apparatuses, and methods.

2, ART BACKGROUND

{0603} Freld quantities which exist m the natural world are generally analog
signals which have continuously varying amplitude as a function of ime. Examples of
these field quantities are sound pressure, vibration, light, etc. Measurement of g field
guantity is accomplished with an analog sensor or a digital sensor. Digital electronics
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work with digital signals. Interfacing analog signals with digital electronics presents a

technical problem for which a technical solution using a technical means is needed.
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BRIEF DESCRIPTION OF THE DRAWINGS

0004} The wvention may best be understood by referning o the following
description and accompanving drawings that are used to dlustrate embodiments of the
myvention, The invention is tHustrated by way of example in the embodments and 18 not
limited in the figures of the accompanying drawings, in which like references indicate

similar elements.

{0005] Figure 1 iflustrates a digital sensor system.
{0606] Figure 2A itlustiates time delaying an oversampled signal within an

analog-to-digital converter (ADC) system, according to smbodiments of the invention.
0807} Figure 2B illustrates two signals from Figare 24, according o
embodiments of the invention.

{0608} Figure 20 iHustrates an oversarapling system atillzing sigma-delia
modulation and pulse density modulation {PDM), according to embodiments of the
mvention.

{6009} Figure 3 illustrates applications of the system from Figure 2C, according
to embodiments of the mvention.

{0610] Figure 4 iHlustrates a pulse density modulation (PDM) recetver
architecture, according to embodiments of the mvention.

{0011} Figure 5 illustrates placing a time delay between stages of a pulse density
modulation {PDM) recetver, according to embodiments of the invention.

joniz] Figure 6 illustrates placing a time delay between different stages of a

pulse density modualation {(PDM} receiver, according to embodiments of the invention,
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{6813} Figare 7 illustrates placing a Sime delay in vet another location within a
pulse density modulation (PDM) recetver, according to enbodinents of the invention.
j0014] Figure 8 illustrates programmable time delay in an analog-to-digital
converter (ADC) system, according to embodiments of the invention.

{0615] Figure 9A illustrates time delays for multiple sensors, according to
embodiments of the invention.

{0016} Figure 9B illustrates nliiple time delays applied to an output from a

single sensor, according to embodiments of the invention.

{0017] Figure 10 illustrates beamforming, according to embodiments of the
mvention.
0018} Figure 11A and 11B illustrate moreased resolution provided by 2

fractional delay, according to embodiments of the invention,

{6019} Figure 12 illustrates a process to umpart a tite delay to an oversampled
system, according to embodiments of the imvention.

{0026] Figure 13 illusirates a process to use a time delay imparted 1o an
oversampled system in a beamforming process, according to embodiments of the
mvention.

{0621] Figure 14 illustrates a data processing svstent in which embodiments of
the invention may be used.

{0022} Figure 15A~15B illusirates integrated cirenit dies in which embodiments

of the invention may be mplemented.
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DETAILED DESCRIPTION

0023} In the following detailed description of embodiments of the invention,
elements, amd in which is shown by way of illustration, specific embodiments 1n which
the invention may be practiced. These embodiments are described 1n sufficient detail to
enable those of skill in the art to practice the invention. In other instances, well-known
girewts, structures, and technigues have not been shown in detail in order not to obscure
the vaderstanding of this description. The following detailed description is, therefore, not
to be taken m a Hmiting sense, and the scope of the invention is defined only by the
appended claims.

{6024 Systeros and methods are deseribed for applying a ime delay 1o an
oversampled digital signal. In varions embodiments the time delay is applied n various
locations within the oversampled domain of the digital signal during signal processing in
an analog-to-digital converter (ADC}).

[0025] Figure 1 illustrates, generally at 100, a digital sensor system. With
reference to Figure 1, an analog field quantity 102 15 sensed by a digital sensor system
104. As represented i Figure 1 at 104, the digital sensor system includes a digial
sensor which i typically configured to oversample the analog signal 102, Withun the
digital sensor systemn 104 the oversampled signal is ioput to a receiver which decimates
and low pass filters the oversampled signal in order to output a signal at a baseband
sampling rate at 106 which is the digital representation of the analog field quantity 102.

A time delay can be tmparted to the digital bascband signal at 108, The time delgy 108
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can be of vartons lengths and is sometimes expressed in fwo parts, Lo, an integer part and
a fractional part. A first part 114 can be referred to as an integer delay where "inteper™
refers to an integer number of baseband sampling rate cyeles. A second part 110 can be
referred to as a fractional delay where "fraction” refers to a fraction of the baseband
sampling rate period. A time delayed digital version of the digital signal 106 15 output at
116. The time delayed digital signal 116 can be used m various subsequent processes
such as beamforming, etc.

{0026} Figure 2A tHustrates, generally at 200, time delaying an oversampled
signal within an analog-to~digital converter (ADC) system, according to embodiments of
the fnvention. With reference to Figure 24, a time delay s inserted i the oversampled
domain of the ADC. In various emibodiments, the time delay is inserted between a
digitally oversampled sensor output signal and a recetver used to process the oversampled
digital output signal.  In operation, an analog field quantity 202 is incident upon a digital
sensor 212, The digital sensor 212 convens the incident analog field to an oversampled
digital output signal at 214 which preserves phase information of the signal within the bit
stream of the signal 214, In various embodiments, the oversampled signal 214 is
provided as a pulse density modulated (PDM) signal. In other embodiments, other
digitizing methodologies can be emploved to digitize the oversampled signal. The
oversampling which oceurs in the oversampled sensor 212 occurs at a sampling clock
frequency. The sampling clock signal is often provided externally by the data processing
system or a dedicated digital signal processing system (DSP} clock which is divided

down to the desired sampling clock frequency used to sample the digital sensor 212. In
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other embodiments, the sampling clock can be provided locally even on the same
mtegrated circuit with a digital sensor.

joB27] The oversampled digital stgnal 214 15 input into 3 delay element 216 and
Is output at 218 after a time delay "At" is imparted to the oversampled digital signal, The
tivoe delay At iparted to the oversampled digital signal 214 at delay element 216 15
represented by an integer number of sampling clock eyeles. When it is desirable to
impart a "fractional delay” at delay element 216, then the maximum number of sampling
clock cveles that would be imparted at 216 1s equal to the ratio of sampling clock
frequency divided by the baseband sampling rate, indicated heretn by the variable "R."
R is discussed more completely below in conjunction with the figures that follow. Note
that in other embodiments, systems are configored without the constraint R of equation
{3}, Tnsuch cases, the delay imposed by the delay element 216 exceads the upper imit R
of equation (3).

{0028} In vartous embodiments, the delay element 216 15 implemented as a
buffer, which can be programmable. In other embodiments, the delay element is
mplemented with a delay line; the delay line can be a programmable delay line. In yet
other embodiments, the delay element is implentented with & cirenit constructed to
provide a delay and the delay can be programmable. A progranunable delav element 216
will allow the magnitude of the delay At to be adjusted as desired. In the context of
beamforming, a programmable delay({s} will allow a beam formed with two or more
sensors 1o be steered to different directions. Beamforming will be discussed more

completely below in conjunction with the figures that follow.
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{0629] The cutput signal from the delay element 216 18 a delayed oversampled
digital signal 218 which is input mio a receiver module 220, The receiver module 220
performs the functions of low pass filtering and decimation. Low pass filtering remaves
the high frequency noise resuliing from the oversampling process and decimation reduces
the sampling frequency 10 a bascband sampling rate. A baseband digital signal is output
at 222 from the receiver module 220. The baseband signal 222 is a digital signal having a
bandwidth as prescribed by an application of interest and, depending on the digitization
methodology, an increased dynamic range relative to the oversampled digital signal 214
output from the digital sensor 212

{0630] As an tHustration of a sinusotdal representation of an analog field quantity
204 15 illustrated as a function of time 200 and amplitude 208, A marker 210 ndicates a
peak ¥y in the fleld quantity 204, After the time delay "At" 1¢ tmparted to the
oversampled digital signal and the post processing described above in the receiver 220 is
performed, for itlustration herein, when the signal at 222 is converted back to an analog
signal it would appear as illustrated at 224 where the time delayed amphinde 224 15 time
detaved by At resulting in the peak amplitade of the signal 224 delayed to f; + M as
tlustrated at 219, Thus, a time delay 1s imparted to the eversampled digital signal in the
system described above in Figure 2A. Tmparting the thne delay is accomplished by
msertion of the delay element 216 which can be accomplished, in various embodiments,
by wnserting, in one embodiment, a buffer as shown between the oversampled digital
sensor putput 214 and the input to the receiver moduale 220, In alternative embodiments,

described 1 the Rgures that follow, a time delay element will be mserted between stages
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of a receiver module. Thus, embodiments of the mvention are not limited to troduction
of the time delay element on the toput 1o the receiver module 220,

jon3i] in various embodiments, the oversampling performed in the digial sensor
212 is accomplished with a sigma-delta modplator in an analog-to-digital conversion
{ADC) process which outputs at 214 a one-bit deep pulse density modulated (PDM)

oversampled digital signal representing the digitization of the analog signal 256 (Figure

g
2B). Note that for iflustration purposes only, without limiting embodiments of the
mvention, the ilustration of the oversampled digital signal 214 15 presented at 252 as a
pulse density modulated (PDM) signal in the time domain and again in Figure 2B in
enfarged view. At 252 the oversampled digital signal is ilustrated with marker 234
indicating a peak of the analog signal 256.

{6032] Following application of the time delay A, traparted by delay element
216, the time delayed oversampled digital signal 218& 15 illustrated at 262 with the
oversampled digital signal illustrated with marker 254 indicating the peak of the analog
signal 256 which has been delayed in time by At, the peak is now indicated at 264,
[0033] The ilustrative example presented with 252, 262, Figure 2A, and Figure
2B illustrates oversampling where one wavelength of an analog signal has been sampled
one hundred (100) times. No limitation 1s implied thereby and this example is provided
merely for iflustration. Figure 2B illustrates, generally at 230, two signals from Figure
2A, according to embodiments of the invention.

[0034] Referring back to Figure 2A, as described above the sampling clock

frequency is represented by a variable fsr; the baseband sampling frequency is given by

the variable fin. Equation {1)3s the requirement for the oversampling condition where
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fsg > fiw. The ratio of the sampling clock frequency to the baseband sampling frequency

o

is given by equation (2) as R = fs¢/ fin. In anslog-to-digital conversion methodologies
that are one-bit deep, R will represent the number of subintervals that a baseband
sampling period can be divided into for the purpose of applying a "fractional” time delay
to the oversampled digital signal 214, Pulse density modulation (PDM} is such a digital
conversion methodology that 1s one-bit deep where the sign is carried by the bit value
where a "1" corresponds to a pulse of plus polarity (+A) and a "0" corresponds with a
pulse of negative polarity (-A). Equation (3) indivates that a fractional delay can be
selected based on 2 number of sampling clock cyeles N from the range 1 S N 2R, and the

time delay which is applied by delay element 216 15 given by equation (4) as; At=N*
Tse. Where Tsr is the period of the sampling clock. Whaere as described above,

"fractional delay” refers to a fraction of a baseband sampling rate cycle.

[{0035] Note that when other analog-to-digital digitization methodologies are used
in the digital sensor 212 the resulting digital bit stream can be other than one-bit deep. In
such cases, the oversampled digital signal at 212 can still be delayed with delay element
216, where the delay will be a multiple of a "sample” regardless of how many bits are
used to encode the "sample™ at the digital sensor 212, The minimum time delay
increment will depend on the bit depth of the analog-to-digital digitization methodology

used in the digital sensor 212. Thus, equation (4) 1s modified to equation (5) as follows:
At= N ¥M* Tsr). Where Tsr is the period of the sampling clock, M 1s the bit depth of

the digitization methodology and the product N*M, given by equation (6), whichis; 1 €

N¥M < R with N being an integer subject to the constraint of equation (6) for a fractional

K414000.P8CS Page 11 of 44

Page 285 of 344



delay.  Note that in other embodiments, systems are configured without the constraint R
of equation (8). In such cases, the delay imposed by the delay element 216 exceeds the
upper limit R in equation (6). Thus, a time delay imposed by the system on the
oversampled digital signal can be a fraction of a baseband sampling period or greater than
the baseband sampling period.

j0036] For example, in one non-himiting embodiment, given merely for
itlustration, a 2-bit amplitude modulated digitization methodology utilizes 2 bits o
establish 4 amplitude states for g digital representation of an anglog signal. In this
example, M =2, which means that a magnitude of the time delay which can be applied to
the oversampled digital signal will be an intsger number (2 multiple) of two successive
sampling clock cveles, e.g., 2, 4, 6, §, eto,, thus the oversampled digital signal is delayed
2 bits at g time in this example of M=2. Introducing a delay of one sampling clock cycle
or three samphing clock cycles at 216 when the analog-to-digital encoding methodology
is 2 bits deep would introduce noise into the system because 2 successive bits are
required to represent the expected value of the analog signal, 1.e., a sample.

[0037] A variety of different digital sensors can be used at 212, For example,
sotne non-linuting examples of sensors used to detect field quantities are sensors used to
detect pressure fluctuations sach as acoustic pressure fluctuations in &ir or water.
Frequency ranges can range from the low end of the audio spectrum fo the ultrasonic
range. Sensors can also be used to detect field quantities such as vibration or
electromagnetic energy. The following description and the associated figures are set in
the context of a digital microphone however; the description is applicable to sensors other

than digital microphones and is generally applicable to oversampled sensors used during
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analog~-to~digital conversion (ADC) where a time delay s introduced 1 the oversampled
digital domain.

j0D38] Figure 2C illustrates, generally at 270, an oversampling system utilizing
sigma-delta modulation and pulse density modulation (PDM), according to embodiments
of the invention. With reference to Figure 20, a digital microphone is sndicated at 272,
Digital microphone 272 responds to an acoustic field 273, The digital microphone 272
can take the form of an electret capsule microphone or it can be made using
microclectromechanical systems (MEMS) technology as & component on an integrated
cirepit. In some embodiments, MEMS digital microphones are made as a siracture on an
mtegrated circuit which ases a membrane that forms a capacitor with a base plate. Sound
waves cause a vibration of the membrane which causes variations in capacitance which
are sensed, amplified, and processed 1o the Unegrated cirenit.

{0039] The MEMS digital microphones can be configured with a sigma-delta
modudator which produces an oversampled digital output of the analog signal sensed by
the microphone. A digital MEMS microphone configured with a sigma-delta modulator
is supplied with power and a sampling clock signal. In various embodiments, the digital
ncrophone outputs a pulse density modulated (PDIM) oversampled signal. A elock
signal can be provided as an external clock signal from a digital data processing system
ot the sampling clock signal can be provided locally as part of the integrated circuit
package that houses the digital microphone. Digital microphones using MEMS
technology and sigma-delta modulators for analog-to-digital conversion can be designed

10 operate at a variety of sampling clock frequencies. Common sampling clock
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frequencies are in the range of 1 MHz 1o SMHz.  The sampling clock frequencies listed
here are piven merely for illustration and do not [imit embodiments of the invention.
00401 Some baseband audio signal applications have established frequency
ranges and these ranges together with a desived dynamic range for the audio sigaal place
requirenaents on the sampling clock frequency used to with the digital microphone 272
For example, telephony, compact disk (CD) format, etc. all have requirements for the
baseband audio signal that can be accommodated through embodiments of the mvention
as described herein, Some non-limiting examples are, for example, pulse code modulated
{PCM} awdio which can be provided at various dynamic ranges and sample rates, which
could be provided at 16 bits per sample at 48 kHz in ong or more embodiments. Another
non-hmiting example is 16 bit CD quality stereo PCM at 44,1 kHz. Telephony can be
accommodated at different specifications. A son-hmiting example 18 PCM asdio at 12
bits per sample at 3 kHz. The foregoing examples of baseband audio formats are
provided merely for example and do not imit embodiments of the invention.

{0041] The oversampled digital output 274 is mput to a delay element 276 as
described previously. The delay element 276 applies a time delay to the oversampled
digital signal and cutpuis 8 time delayed oversampled digital signal a 278.

[0042] The oversampled digital signal 278 1s wnput inte a PDM receiver module
280, In various embodiments, the PDM receiver module 280 converts an input signal to
pulse code modulation (PCM) format and can be alternatively referred to as a PDM to
PCM conversion module 280 without limitation to embodiments of the mvention. The
PDM recerver module 280 decimates and low pass filters the time delaved oversampled

digital signal 278 and outputs g time delaved PCM baseband digital signal at 282, Those
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of ordinary skill in the art will recognize that PCM format is a digital data format in use
with digital signals such as digital audio signals. PDM receiver modules such as 288, as
well as other receiver modules described in the other figures in this description of
embodiments, can be implemented with conversion 1o a format other than PCM formuat
and the description given heretn with conversion to POM format does not impose any
limitation on embodiments of the invention.

[0043] As described above, the time delay element 276 can apply 8 fractional
time delay to the oversampled digital signal 274, In some embodiments, the system
design is such that a total tme delay applied to the baseband signal 286 13 made up from
the fractional delay contribution at 276 and an integer delay contribution at 284, In other
embodiments, the entive delay is applied by the delay element 276,

{0044 Accomplishing a fractional delay at the baseband stage in a digital
microphone system is computationally intensive and has been eliminated by
embodiments of the invention described herein by introducing the fractional delay 1n the
oversampled signal domain. Equations (1}, (2), and (3} from Figure 2A apply to the
digital microphone system of Figure 2C. Here the digital microphone 272 is driven by a
sampling clock frequency fr the baseband sampling frequency is given by fo, therefore
from equation {1) fsr > fon. The ratio of the sampling clock frequency to the baseband
sampling frequency i3 given by equation {2) as R = fsp / fie. Equation {3) indicates that
a fractional delay can be selected based on a number of sampling clock eyeles N from the

range 1 <N <R, and the time delay which is applied by delay element 276 is given by

equatton {4} as: At = N * Tsp. Where Tsr is the pertod of the sampling clock. 1n vanious
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embodimenis, the PDM receiver module 280 is constructed with a sequence of stages as
explained below in conjunetion with the figures that follow.

j0045] Figure 3 tllustrates, generally at 300, applications of the system from
Figure 2C, according to embodiments of the invention. With reference o Figure 3, 2
non-limiting example of a digital microphone system is provided with a four stage PDM
receiver module. An analog field quantity e.g., an acoustic field 302 15 sensed by a
digital mvicrophone 304, The digital microphone 304 employs a one-bit sigma-delta
maodulation to perform analog-io-digital conversion (ADC}. In one non-limiting
embodiment, the digital microphoene 304 is driven with a 2.048 MHz sampling clock
frequency to output an oversanyled digital cutput signal at 306, In the example of
Figure 3, the baseband sampling frequency is chosen to be 16 kHz. From equation 2
{Figure 2A), R =2 048 000/16 000 = {28, Thus, the period of the baseband sampling
frequency can be divided by 128 by selecting a time delay At which is refated to a
sumber of sampling clock cveles N from the range 1 <N £ 128, In this example, the

time delay which is applied by delay element 308 is given by equation (4) from Figure
2B as: At == N * Ty where Tsr 18 the period of the 2.048 MHz sampling clock frequency,

which equals 4.3828 X 107 seconds. Equation (4) from Figare 2B then provides as 2

fractional delay: At="N * 48828 X 107
[0046] I one or more embodiments, the time delay slement 308 is implemented

with a buffer one-bit deep and 128 bits wide. At & bits per byte the buffer needed for
time delay element 308 in the present example is of size 16 bytes. 16 bytes 18 a very
small buffer which makes the systems and process needed to impart a fractional time delay

to an oversampled digital signal much less resowrce intensive than that of existing
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systems which impart a fractional time delay o the baseband signal through application
of filtering and or post processing m the baseband domain. The time delay element 308
can be configured t© be controllable, such that the time delay imparted o the
oversampled digital signal can be set using a controd line 310, A controller can be
configared with one or more digital microphones according to embodiments of the
invention to provide a steerable array of microphones for beamforming applications.
Utilizing a controlier with multiple microphones is described more fully below in
conjunction with the figures that follow.

{0047] Hustrated in Figure 3, 15 a PDM recetver module 314 which has, in one
embaodiment, an architecture basad on four main stages, also shown in Figure 3 in
enlarged view at 332, The time delay clement 308 applies a delay 1o the aversampled
digital signal outputting a tme delayed oversampled digital signal at 312, The
oversampled digital signal 312 1s mput 1 the PDM receiver module 314 and enters a first
stage 316, For the purpose of this example, the first stage of the PDM receiver module
314 1s a cascaded-integrator-comb {CIC) filter structure. The mtegrator keeps a running
sum of values adding each new sample, the comb filter subtracts off the oldest sample.
The CIC filter is a cascade of integrator comb stages. The final component is a decimator
which reduces the sampling rate by a nultiple of 2. In the example of Figure 3, the CIC
filter provides 8:1 decimation which reduces the sampling clock frequency of 2.048MHz
t0 256 kHz at 318 following the CIC 316 stage. The CIC stage 316 low pass filters the
input digital signal 312 thereby providing an increase to the dynanyic range of the outpug

digital signal at 318,
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{0048] In the example of Figure 3, the second stage of PDM receiver module 314
is a halfband filter 320, Half-band filter 320 decimates by a factor of 2:1 thereby
reducing the sampling rate of the tnput signal 318 from 256 kHz to 128 kHz at the output

322, Halfhand filter 320 provides further low pass filtering and a further increase in

dynamic range of the signal at 322,
{00491 Similarly, in the example of Figure 3, the third stage of PDM receiver

module 314 is a half-band filter 324, Half-band filter 324 decimates by g factor of 2:1
thereby reducing the sampling rate of the mput signal 322 from 128 kHzto 64 kHz at the
output 326. Half-band filter 324 provides further low pass filtering and a fiwther increase
i dynanie range of the signal a1 326

0050} In the example of Figure 3, the fourth stage of PDM recetver module 314
is 7 low pass filter 328 which decimates by a factor of 4.1 thereby reducing the input
digital signal at 326 fromw a sample rate of 64 kHz to a baseband saraple rate of 16 kHz at
330. A finite impulse response (FIR) filter structure or an infinite inpulse response (HR)
filter structure can be used in the stages of the PDM recetver module 314 described
above, such as, for example in low pass filter 328, etc. Thus, the PDM receiver module
receives as an input a time delayed oversampled digital signal at 312 with sampling rate
of 2.048 MHz and outputs a baseband signal, which in some embodiments is an acoustic
sagnal, gt a baseband sampling rate of 10 kHz at 330, Note that in order to eliminate
aliasing, the useful frequency range of the baseband signal will be reduced by a factor of
142 from the baseband sampling rate in order to satisfy the Nyquist sampling criteria
which requires the maximum useful frequency Favoumst < fin / 2, where fon is the

bascband sample rate.
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{0051 Figore 4 illustrates, generally at 400, a pulse density modulation (PDM)
receiver architecture, according to embodiments of the mvention. With respect to Figure
4, alternative locations for the time delay element 308 from Figure 3 are llustrated. An
initial position for the time delay clement 416 corresponds with the position of the time
delay element 308 1o Figare 3. In thus mitial position, as described above the time delay
element 416 delays the oversampled digital signal and outputs a time delayed digital
signal at 312.

jeas2] The tume delay element can be located throughout the oversampled
domain of the PDM module 314, In Figore 4, a {irst alternative location of the delay
element is indicated at 418 between the first stage 402 and the second stage 406 at
tocation 418, In this alternative location, in ong embodiment, the time delay element 416
1s removed and 312 represents the digital oversampled signal, the time delav s apphied
internal to 314, When the delay element is located at 418 the namber of fractional delay
glements is obtained by dividing the sampling rate which exists at 404, which is the
output of 402 and the input to time delay clement at 418, by the baseband sampling rate
at 330. For the non-hmiting example of Figure 3, R = 256 kHz/16 kHz = 16. Thus, the

fractional delay which can be imparted by the time delay element when located at
position 418 is calculated by equation (4) from Figure 2B ags At=N ¥ Tq where is the

period of the 256 kHz sampling rate period equals 3.90625 X 107 seconds. Equation {4)
from Figure 2B then provides: At =N * 390625 X 10" seconds.

{0053} In Figure 4, a second alternative location of the delay element is indicated
at 420 between the second stage 406 and the third stage 410 at location 420, In this

alternative location, in one embodiment, the time delay element 416 15 removed and 312
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represents the digital oversampled signal, the thme delay is applied internal to 314, When
the time delay element is located at 420 the number of fractional delay elements is
obtained by dividing the sampling rate which exists at 408, which is the output of 406
and the input to time delay element at 420, by the baseband sampling rate at 330, For the

non-limiting example of Figure 3, R 128 kH#/16 kHz =& Thus, the fractional delay

which can be imparted by the time delay element when located at position 420 is
calculated by equation (4) from Figure 2B as: At =N * Tspwhere Tsr 18 the period of the

128 kHz sampling rate period which equals 7.8125 X 10 seconds. Equation {4) from
Figure 2B then provides: At= N ¥ 78125 X 10 seconds.

[6054] In Figure 4, a third alternative location of the delay element 1s indicated at
422 between the third stage 410 and the fourth stage 414 at location 422, In this
alternative location, in one embodiment, the time delay element 416 is removed and 312
represents the digital oversampled signal, the time delay is applied intemal to 314, When
the delay element is located at 422 the namber of fractional defay elements is obtained by
dividing the sampling rate which exists at 412, which s the output of 410 and the mput o
time delay element at 422, by the baseband sampling rate at 330, For the example of
Figure 3, R = 64 kHz/16 kHz = 4. Thus, the fractional delay which can be imparted by

the tme delay element when located at position 422 13 caleulated by equation (4) from
Figure 2B as: At=N* Tyr where Ter is the period of the 64 kHz sampling rate period

which equals 1.5625 X 107 seconds. Fquation (4) from Figure 2B then provides: At= N
* 1.5625 X 10" seconds. In other embodiments, a time delay element can be located in a

plurality of locations, i:..e..,, one or more of 416, 418, 424, and 422,
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{DOSS] Figure § iHlustrates, generally at 300, placing a time delay between stages
of a pulse density modulation (PIIM) receiver, according to embodiments of the
invention. With respect to Figure 8, a PDM receiver module 380 is iustrated with an
oversampled digital mput signal at $78. The oversampled digital input signal 578
originates m various embodiments, for example, from a digital microphone such as 272
in Figure 2C. The PDM receiver module 280 is configured with a Ist stage 502, 2
second stage 510, a third stage 514, and up to an i® stage 518. Each stage can provide
one or both of decimation and low pass filtering. A time delay element 306 is located
between the first stage 302 the second stage S10. In operation, an oversampled digital
signal 378 originates from example a digital microphone or another type of digital sensor
as described above.

{0056] The oversampled digital signal 578 15 mput into a first stage 502 of the
PDM receiver modale 380 where the signal is decimated and low pass filtered. An
output of the first stage 502 1s then input at 5304 inte the time delay element 506, An
output of the time delay element 506 1s input at 308 into the second stage 510, The
second stage 510 performs further decimation and low pass filtering with an output 512
providing an inpot into the third stage 514, The third stage §14 performs further

decinsation and low pass filtering with an output 316 providing an input into the i

stage
518, The i stage 518 provides the output 582 from the PDM receiver module 580 which
can be configured 1o be at the baseband sampling rate. In various other embodiments, the
time delay element 306 can be placed between other stages of the PDM receiver module

*80.

A1

1
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{0657} Figare 6 illustrates, generally at 600, placing a tme delay between
different stages of a pulse density modulation (PDM) recerver, according to embodiments
of the invention. With respect to Figure 6, the PDM recetver module 580 from Figure §
iHustrated with stages S02, 310, 514, up to §18. Here in Figure 6, a time delay element
15 nserted between the second stage 310 and the third stage 514, An output 604 from the
second stage 510 is input o a time delay element 602. An output 606 from the time
delay element 602 is a time delayed digital signal at an intermediate sampling rate.

{0058} Figure 7 illustrates, generally at 700, placing a time delay in yet another
tocation within a pulse density modulation (PDM) receiver, according to embodiments of
the invention. With respect to Figure 7, the PDM receiver module 580 from Figure §
ilustrated with stages 302, 510, 5314, up to 518, In Figure 7, a time delay element is

=}1

mserted between the -1 stage 514 and the 1 stage 518, An output 704 from the ¥-1 stage
514 is time delayed at time delay element 702 An output 706 from the time delay
element 702 is a time delaved digital signal at an mtermediate sampling rate which is
input into the 1% stage 18 for frther processing before being output at 382 from the
PDM recetver module 380, The output 382 is at a sampling frequency which is a reduced
sample rate, which m some embodiments can be the baseband sample rate of the desired
output sigual from the system.

j0059] Figure 8 iflustrates, generally at 800, programmable time delay inan
analog-to~digital converter {ADC) system, according to embodiments of the mvention.
With respect to Figure 8, an analog field quantity is represented by 802 incidenton a
digital sensor 804, which in various embodiments, 1s a digital microphone, vibration

sensor, electromagnetic energy sensor; ete. For the discusston herein, digital sensor 804
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is referred toas a digital pucrophone withowt himitation noplied thereby. In response to
the incident field 802 the digital microphone 804 outputs an oversampled digital signal at
806. The oversarapled digital signal outpus 800 Is input to 3 time delay element 808
which outputs a time defaved oversampled digital output 8t 810, The time delayed
oversampled digital output 810 1s input 1ato a PDM receiver modute 812, The PDM
recetver module 812 can be a configured with a single stage or a multi-stage architecture
as described above. At 814 an output from PDM receiver module 812 can optionally be
time delayed at 816 before being output at 822 lo some embodiments, & controller 818
provides a control signal 820 to the time delay element 808, In some embodiments, when
the tme delay element 816 is configured with the system, the controller 818 or a separate
controller provides a control signal at 822 to the ume delay element 816.

{0060] In varicus embodiments, the time delay element such as BOR can be
configared as a baffer or to include a buffer which has a number of values, where each
value corresponds 1o a different number of clock cycles of the sampling clock used within
the digital sensor 804, In various embodiments, the time delay element 808 can be
configared to provide a fixed time delay to the input digital signal 806 or the time delay
clement 808 can be programmable. In operation, the controller 818 provides a conwrod
signal 820 which is used to specify a number of sampling clock eyveles which will be used
by the time delay element 808 to provide the time delay to the input signal 800,

[0061] Similarty, when present in the system, the time delay element such as 816
can be configured as a buffer or to include a buffer which has a number of values, where
gach value corresponds to a different number of cycles at the lower sample rate

corresponding to the cutput of the PDM receiver module 812, In various embodiments,
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the time delay element 816 can be configured to provide a fixed time delay to the input
digrtal signal 814 or the tme delay element 816 can be programymable. In pperation, the
controller 818 provides a control signal 822 which is used to specify a number of cycles
at the lower sample rate which will be used by the time delay element 816 to provide the
time delay to the input signal 814, Thus, the total time delay inparted by the svstem at
the output 822 relative to the mput 806 is the sum of the time delay mmparted by the time
delay element 808 and the tme delav element 816,

U Figure 9A illustrates, generally at 200, time delays for multiple sensors,
according to embodiments of the invention. With respect to Figure 94 an analog field

quantity is represented by 902, which is incident on digital sensors 920, 940, up o a
general number of 1 sensors indicated by 960, which in various emwbodiments is a digital

microphone, vibration sensor, electromagnetic energy sensor, etc. For the discussion
herein, digital sensors 920, 940, and 960 are referred to as digital microphones withowt
hmitation implied thereby, Each digttal microphone has a signal transmission path
indicated by 906, 908 and 910, A controller 904 i3 used to adjust time delay(s). which
are used to delay each of the microphone signal paths.

0063} In operation, a time delay Aty 1s associated with the digital signal output at
912 for the digital microphone 920, Stnularly, 4 ime delay Atz is associated with the
digital signal output at 914 for the digital microphone 930, And a time delay Afa 18
associated with the digital signal output at 916 for the digital microphone 960, A
controlier 804 is nsed to supply one or more control signals to ach signal path 906, 908,
up o 910, As described above in the preceding figures, a control signal 922 supplied to a

time delay element 924 is used to specify a time delay applied by the time delay element
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924 1o the oversampled digital signal received from the microphone 920, Optionally, the
controller 904 can supply a control signal 928 to a time delay element 940 (if present i a
given system configuration). Similarly, a control signal 942 supplied to a thme delay
clement 944 18 used to wectfy a time delay apphed by the time delay element 944 1o the
oversampled digital signal received from the microphone 940, Optionally, the countroller
904 can supply a control signal 948 to a time delay element 950 (if present in a given
svstem configuration), Control signals are supplied as need to successive microphone
signal paths, and finally within microphone signal path 910 a control signal 962 supplied
to a e delay element 964 which is used fo specify a time delay applied by the time
delay element 964 1o the oversampled digital signal received from the microphene 960.
Optionally, the vontroller 904 can supply a2 control signal 208 1 4 thme delay element 970
{itf present 1 a given system configuration).

j0864] Note that the time delay element 924 can be located within the PDM
receiver module 926, e.g., between stages of the PDM receiver module 926 as described
in the Hgures above. Similarly, and withoat Hmitations, the time delay element 944 can
be located within the PDM receiver module 946, e.g., between stages of the PDM
receiver module 946 and the time delay element 964 can be located within the PDM
receiver module 966, £.g. between stages of the PDM receiver module 966 as desertbed
in the figures above. The microphone signal paths 906, 908 up through 910 need not be
configured in the same way. For example, one or more microphone signal paths can be
configured with a time delay element inserted between a digital microphone and a PDM
receiver module while another microphone signal path can be configured with a time

delay element inserted internally 1o the PDM receiver modude,
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{0065] In various enibodimnents, the controlier 904 is used to steer the array of
microphones 920, 940, throagh 960 as needed in order to perform beamforming with the
tine delayed microphone signals 912, 914, through 916. As descoribed in Figure 9A. a

gengral number of I microphones has been described; however, beamforming can be

performed with as few as two microphones as described below in conjunction with
Figure 10.

{0066] Figare 9B ilhusivates, genevally at 980, multiple thme delays applied to an
output from a single seasor, according to embodinments of the mvention. With respect to
Figure 9B, an anglog field quantity is represented by 902, which is incident on g dipital
sensor 920, which in varicus embodiments is a digital microphone, vibration sensor,
electromagnetic energy sensor, etc. For the discussion herein, the digital sensor 920 i3
referred to as digital microphone without imitation implied thereby. The digital
microphone 920 ontputs a signal 912 which is replicated (split) at 982 into I replicas,
mdicated by 984 through 986, Each replica of the myicrophone 920 signal 912 has a
signal transmussion path indicated by 906 through 910, A controller 904 is used to adjust
time delay(s), which are used to delay each of the replicas 984 through 986 of the

microphone signal paths,
{00671 In operation, the signal 912 is input into 982 in order 1o roduce the B
replicas 984 through 986, In various embodiments, 982 is an I-way splitter. In other

embodiments, replication at 982 is accomplished by other means. In some embodiments,
rephication 1 performed 1 software. A time delay At s associated with the digital signal

output at 984 for the digital microphone 920 at 924, Simtlavly, a time delay At i3
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associated with the digital signal ovtput at 986 for the digital microphone 920 a1 964, A
controlier 904 is used to supply one or more control signals to each signal path 906 up to
910. As described above in the preceding figures, a control signal 922 supphed to the
time delay element 924 1s used to specify a time defay applied by the time delay element
924 to the oversampled digital signal received from the microphone 920, Optionally, the
controlier 904 can supply a control signal 928 to a time delay element 930 (if presentina
given system configuration). Control signals are supplied as need to successive
microphone signal paths, and finally within microphone signal path 210.a control signal
962 supplied to the time delay element 964 which 1s used to specify a time delay applied
by the time delay element 964 to the oversampled digital signal received from the
nicrophons 920 ar 986, Optionally, the controlier 904 can supply a control signal 968 to
a time delay element 970 (if present tn a given system configoration).

{6068] Note that the time delay element 924 can be located within the PDM
receiver module 926, e g, between stages of the PDM receiver module 926 as described
in the figures above. Stmilarly, and withoat Hmitations, the time delay element 964 can
be located within the PDM receiver module 966, e.g., between stages of the PDM
receiver module 966 as described in the figures above. The microphone signal paths 906
up through 910 need not be configured in the same way. For example, one or more
microphone signal paths can be configured with a time delay element inserted between &
digital microphone and a PDM receiver module while another microphone signal path
can be configured with a time delay element inserted internally to the PDM receiver

module.
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{0069] In various enibodimnents, the controlier 904 is used to steer the array of
signals obtained from the single microphone 920 as needed in order to perform
beamforming with the time delayed microphone signals 912 through 916, As described
in Figare 9B, a general number of I time Jdelaved signals from a single microphone bhas
been described. However, beamforming, as described below in conjunction with Figure

10, can be performed with as fow as two time delaved signals (I =2) from a single
microphone. Thus, in some embodiments, the B-way splitter is a splitter providing two
outputs (R =2} from a single input.

{8070] Figare 10 illustrates, generally at 1000, beamforming, according to
embodiments of the invention. With respect to Figure 18, an analog fleld guantity is
represented by 1002, which is incident on digital sensors 1004 and 1006. In one or more
embodiments, the digital sensors 1004 and 1006 are digital microphones; however no
himitation is implied thereby. The digital nucrophone 1004 outputs an oversampled
digital signal which is ime delayed at a time delay element 1003, Optionally a gam is
adjusted at 1010 which either increases or decreases an amphude of the signal output at
1016. The second microphonie 1006 outputs an oversampled digital signal which is time
detaved at a time delay element 1012, Optionally a gain is adjusted at 1014 which either
increases or decreases an amphitude of the signal output at 1018,

{0071} The signals 1016 and 1018 are mput into an arrthmetic block at 1020 and
the beamformed output is provided at 1022, Depending on @ given implementation of a
system and the processing of the signals therein, the arithmetic block 1020 can perform &

summation or a subtraction of the inpgs 1016 and 1018 as needed for the given
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beamforming operation. In Figere 18, beamforming is illustvated with two microphones
however beamforming can be performed with a general number of microphones. The
example of Figure 10 1s provided merely for itlustration and does not it embodinents
of the mvention.

{0672} Figure 11LA and 118 sllastrate increased resolution provided by a
fractional delay, according to embodiments of the invention. Referring to Figure 11A
and Figure 11B together, as described above, a "fractional delay” is used in this
description of embodiments to refer to a fraction of a baseband sampling rate cyele. In
the context of beamforming, increased resolution in time corresponds to inereased
resolution in space, which is advantageous to the beamforming process.

0873 Equation {7) provides the relationship between a signal with frequency £
and period t. As deseribed ghove, g time delay can be mtroduced into an ontput of an
analog-to-digital converter (ADC) process which has an integer time delay based on the
baseband sampling rate of the svstem given by equation (8). Similarly, when the time
delay 1s introduced at the sampling clock frequency in the oversampled domain, the time
delay is given by equation {9).

0074 Equations (3) and {9} are substituted into equation {2) Figure 24 to vield

equation {10). Solving equation (10) for Miractional delay vields for equation (11):

Alsractionat detay = Alinteeer detay/ R.

[ea75] The Nyquist sanpling theorem states that the bighest unaliased frequency

“fevouist” which can be measured with sampling frequency s is defined to be: fvvomst
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=f4/2, in this contexi the sampling frequency £y which is relevant is the baseband
sampling rate fob. Thus fevoust =fin/2,

{0876} The periods for three waveforms are Hllustrated in Figure 11B. 1102 isan
itlustration of a period corresponding with a sampling clock frequency which would be
used to oversample a digital sensor according 1o embodiments of the invention, 1104 i
an illustration of a period of a baseband sampling rate which corresponds to the sampling
rate after decimation of the oversampled signal. The relationship between periods 1102
and 1104 1s given by equation (10}, 1104 also represents an integer thne delay which can
be applied to 8 baseband signal. 1106 represenis a period of the waveform that
corresponds with the Nyguist frequency for the systern. The Nyquist wavelength 1106 is
the shortest wavelength (and highest frequency) of the field quantity that can be
processed without aliasing.

{6677] Fractional time delay gqualitatively represented by 1102 can be applied ©
baseband signal 1106 and represents an improvement in spatial resolution over the spatial
resolution which could be achieved from integer time delay represented by 1104,

{6678] Field quantities such as those indicated in the figures abiove vepresent
wave propagation in a medium. In the case of acoustic wave propagation, the relevant
medium is either air or water and the speed of sound in air is nominally 340 meters per
second. The speed of sound will vary as the physical properties of a medium change, for
example i the case of air and water the speed of sound will vary with temperatare,
pressure, and salinity {water). In the non-limiting examples presented herein a nominal
value of 340 meters per second is used for Hlustration purposes and no limitation s

nplied thereby.
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{0679] Fractional time delay permits the spatial resolution of a system used for
beamforming to be increased with respect to the spatial resolution achievable with integer

iime delay. The spatial resolution 1s given by AX in terms of € and Aflfactionat detay,

where AX = € * Alfractional delay.

{0080} In other embodunents as descuibed above, a time delay element can be
mserted within a receiver module for a digital oversampled sensor such as for example a
PDM recerver module. In such cases a pertod 1102 represents an intérmediste sampling
rate. The number of sampling clock eveles or intermediate sampling rate cveles that are
used 1o prodace 8 time delay w the oversampled domain that is incorporated into the
decimated and low pass filtered signal can vary as described above.

{0081} In the oversampled systems described above, in various non-limiting
embodiments, the vartable R has been used to represent the ratio of the sampling clock
frequency (at the digital microphone) to the sampling rate at baseband. In the non-
limiting example of Figure 3, with fir equal to 2.048 MHz and fiv equal to 16 kHz, then
from equation 2 in Figure 2A, R = fse/fop = 128, From equation {10} in Figure 11A n
this non-limiting example a nunimuam fraction that R represents with respect to the
integer sanpling rate is 17128, Other fractional time delay values are achieved by the
technigues described herein, such as by time delaying for additional clock cycles at fsp or
additional infermediate sampling rate cycles or by changing the sampling elock frequency
that s used to drive the ADC i the digital sensor.

0882} Figare 12 illustrates, generally at 1200, a process to fmpart a time delay to

an oversampled system, according to embodiments of the tnvention. With reference 1o
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Figure 12, a process begins at a bock 1262, Ava block 1204 a relationship is established
between sampling clock cveles and the digital representation of the analog signal
produced by the digitization methodology emploved m an analog-to-dignal converter
{ADC) process. In some instances, this is a one-bit deep process such as with Pulse
Density Modulation (PDM) desenibed above. Iy other embodiments, the process 18 other
than one-bit deep but is then multiple bits deep. At a block 1206 a number of clock
cycles needed for a given time delay is computed taking into consideration the bit depth
of the encoding methodology used in the ADC. At a block 1208 the oversampled digital
signal is delayed by a number of clock cycles that represents the time delay calculated in
the block 1206, The process stops at the bloek 1210

0883} Figure 13 llustrates, generally at 1300, a process to use a thne delay
mmparted to anoversampled system o a beamforming process, according to embodiments
of the invention. With reference to Figure 13, a process starts with a block 1302, Ara
block 1304 a time delay is selected for a beamforming process. At a block 1306 the nme
delay from the block 1304 is applied to a digitally oversampled signal in the oversampled
domain for the signal. The oversampled domain for the signal can be, as described in the
figures above, between the digital sensor and a receiver module for the digutal sensor or
it other embodiments the time delay is inserted at a location within the receiver module.
In vet other embodiments, the time delay is inserted at more than one location within the
oversampled domain. At a block 1308 a beamforming process s performed with the time
delaved digital signal that represents the field quantity of interest.  The thme delay
applied in the beamforming process at the block 1308 can be a fractional time delay with

respect to a baseband sampling rate or it can be a som of the fractional time delay and an
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integer time delay. In some embodiments, a magnitude of the time delay applied in the
oversampled domain can excead the duration of a sampling mterval {Qr clock cyele) in
the baseband domain. Thas, use of the terms "fractional delay” does not mu
embodiments of the invention, but is used herein to describe the relative magnitude of the
delays in some embodiments. Where the integer time delay is a pumber of baseband
sampling rate cycles. The process ends at a block 1310.

[{0084] Figure 14 illustrates, generally at 1400, g data processing svstem in which
embodiments of the invention may be used. The block diagran is a high-level
conceptual representation and may be implemented i a variety of ways and by various
architectures. With reference to Figure 14, bus system 1402 interconnects a Centyal
Processing Unit (CPU)Y 1404, Read Only Memory (ROM) 1406, Random Access
Memory (RAM} 1408, storage 1410, display 1420, audio 1422, kevboard 1424, pointer
1426, data acquisition unit {DAUY 1428, and communications 1430, The bus system
1402 mayv be for example, one or more of such buses as a system bus, Peripheral
Component Interconnect (PCY), Advanced Graphics Port {AGP}, Small Computer System
Interface (SCSI), Institute of Electrical and Flectronics Engineers {(IEEE) standard
number 1394 (FireWire), Universal Serial Bus {USB), or a dedicated bus designed fora
custom application, etc. The CPU 1404 may be a single, multiple, or even a distributed
computing resource or a digital signal processing (DSP} chip. Storvage 1410 may be
Compact Disc (CD), Digital Versatile Disk (DVD), hard disks (HD), optical disks, tape,
flash, memory sticks, video recorders, etc. The signal processing system 1400 can be an
acoustic signal processing system used to receive acoustic signals that are input from a

single microphone or a plurality of microphones {e.g., a first microphone, a second
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microphone, ste.}. Note that depending upon the actual implementation of the acoustic
signal processing svstem, the acoustic signal provessing system may include some, all,
more, Or @ rearrangement of components i the Mock diagram. In some embodiments,
aspects of the system 1400 are performed in software. While in some embodiments,
aspects of the system 1400 are performed in dedicated bardware such as a digital signal
processing (DSP) chip 1440, or a system on a chip (SOC) which can also be represented
at 1440, eic. as well as combinations of dedicated hardware and software as is known and
appreciated by those of ordinary skill in the art,

{0085 Thus, in varions embodiments, acoustic signal data is received at 1429 for
processing by the acoustic signal processing system 1400, Such data can be transmitted
at 1432 via communications interface 1430 for further processing in a remote location.
Connection with a network, such as an intranet or the Internet is obtained via 1432 as is
recognized by those of skill in the art, which enables the acoustic signal processing
system 1400 to communicate with other data processing devices or systems in remote
locations.

[0086] For example, embodiments of the invention can be tmplemented on a
computer system 1400 configured as a desktop computer or work station, on for example
a WINDOWS® compatible computer running operating systems such as WINDOWS®
Professional, Linux, Unix, etc. as well as computers from APPLE COMPUTER, Inc.
Tunaing operating systems such as O8 X, ete. Alternatively, or in conjunction with such
an implementation, embodiments of the mvention can be configured with devices such as

speakers, carphones, video monitors, ete. configured for use with a Bluetooth
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communication channel. In yvet other implementations, embodiments of the invention are
configured to be implemented by mobile devices such as a smiart phone, a tablet

compuier, 3 wearable device, such as eye glasses, a near-to-eye (NTE) headset, or the

tike,
{0087} In various embodiments, the components of systems as well as the systems

described i the previous figures are implemented in an integrated circuit device, which
may include an integrated circuit package containing the mtegrated circuit. In some
entbodinents, the components of systems as well as the systems are implemented in a
single integrated circpit die. In other embodiments, the components of systens as well as
the systems are implementad m more than one integrated circuit die of an mteprated
circuit device which may mchude a multi-chip package containing the integrated circuit.
For example, in one non-lmiting embodiment using Figure 8, as illustrated by the
example of Figure B and Fignre 154, the components of the system are hmplemented in
more than one integrated circuit die. With reference to 1500, a first integrated circuit die
1502 includes the digital sensor 804 and time delay element 808; a second imegrated
circuit die 1504 includes one or more of the PDM receiver module 12, time delay
controller 818, and time delay elemient 816, In some embodiments the second integrated
circuit die 1504 does not include time delay controlier 818 and time delay element 8§16.
PDM recerver module §12 together with one or more of time delay controller 818 and
time delay element 816 can also be referred to as an Application Processor. In another
non-limiting embodiment, as Hlustrated by the example of Figure 8 and Figure 158, the
components of the system are implemented in more than one integrated circuit die. With

reference to 1530 a first integrated cirouit die 1502 includes the digital sensor 804; a
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second integrated circuit die 1504 includes the PDM receiver module 812, the time delay
element 808, and one or more of the time delay controller 318, and time delay element

816. In some embodiments the second integrated circuit die 1504 does not include time

delay element 808 together with one or more of time delay controller 818 and time delay
element 816 can also be referred to as an Application Processor. Distribution of any of
the systems illustrated m the figuwes above {e.2., any one or more of Figure 1 through
Figure 14) can be distributed between one or more integrated cicuits dies. The
examples of Figure 158A and Figure 138 are provided merely for illustration and de not
Himit embodiments of the invention. Iy some embaodiments, the components of systems
tHustrated in the first integrated circuit die 1502 and the second integrated circuit die
1504 are implemented in a single ntegrated circutt die. In some embodiments, the entire
system is implemented in a single integrated circoit die.

0088} For purposes of discussing and understanding the embodiments of the
mvention, it is fo be anderstood that various terms are used by those knowledgeable in
the art to deseribe techniques and approaches. Furthermore, in the description, for
purposes of explanation, numerous specific details ave set forth in order to provide s
thoreugh understanding of the present invention. 1 will be evident, however, 1o one of
ordinary skill in the art that the present invention may be practiced without these specific
details. In some mnstances, well-known structures and devices are shown in block
diagram form, rather than in detail, in order to avoid obscuring the present invention.

These embodiments are described in sufficient detail to enable those of ordinary skl in
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utilized and that logical, mechanical, elecirical, and other changes may be made without
departing fron: the scope of the present invention.

008D Some portions of the description may be presented in terms of algorithms
and symboelic representations of operations on, forexample, data bits within a computer
memory. These algorithmic descniptions and representations are the means vsed by those
of ordinary skill in the data processing arts to most effectively convey the substance of
their work to others of ordinary skill in the art. An algorithm is here, and penerally,
concerved to be a self-consistent sequence of acts leading to a desired resolt. The acts are
those requiring physical manipelations of physical quantities. Usvally, though not
necessarily, these quantities take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated. 1t has proven
convenient at times, principally for reasons of common wsage, to refer to these signals as
bits, valoes, elements, symbols, characters, terms, numbers, waveforms, data, time series
or the like.

{0690] It should be borae in mind, however, that all of these and sinular terms are
to be associated with the appropuiate physical quantities and are merely convenient labels
apphied to these quantities. Unless specifically stated otherwise as apparent fiom the
discussion, it is appreciated that tlwoughout the description, discussions utilizing terms
such as "processing” or "computing” or "calvelating” or "determining” or "displaying” or
the like, can refer to the action and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data represented as physical

{electronic) quantities within the computer svstem's registers and memories into other
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data similarly represented as physical goantities within the computer system memories or
registers or other such mformation storage, transnussion, or display devices.

jouui] An apparatus for performing the operations herein can implement the
present invention. This apparatus piay be specially constructed for the required purposes,
or it may comprise a general-purpose computer, selectively activated or recounfigured by a
computer program stored in the computer. Such a computer program may be stored in a
computer readable storage medium, such as, but not limited to, any type of disk including
floppy disks, hard disks, optical disks, compact disk read-only memories (CD-ROMs),
and magnetic-optical disks, read-only memories {ROM3), random access memories
{RAMa), electrically programmable read-only memories (EPROM)s, elecirically erasable
programmable read-only memonies (EEPROMS), FLASH memories, magnetic or optical
cards, etc., or any type of media suitable for storing electronic instractions evther local to
the computer or remote 1o the computer.

0092} The algorithms and displavs presented herein are not inherently related to
any particular computer or other apparatus. Various general-purpose systems may be
used with programs in accordance with the teachings herein, or it may prove convenient
to construct more specialized apparatus to perform the required method. For example,
any of the methods according to the present invention can be implemented in hard-wired
circuitry, by programming a general-purpose processor, or by any combination of
hardware and software. One of ordinary skill in the art will immediately appreciate that
the invention can be practiced with computer system configurations other than those
described, including hand-held devices, multiprocessor systems, microprocessor-based or

programmable consumer electronics, digital signal processing {DSP) devices, network
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PCs, minicomputers, mainframe compaters, and the ke, The invention can also be
practiced in distribated computing environments where tasks are performed by remote
processing devices that are linked through a communications network. In other
examples, embodiments of the invention as described in the figures above can be
implemented using a system on a chip (SOC), a Bluetooth chip, a digital signal
processing (DSP) chip, a codec with integrated cireurts (ICs) or in other implementations
of hardware and software,

{0093} The methods of the invention may be implemented using computer
software. If written in & programming language conforming fo a recogmized standard,
sequences of instructions designed to implement the methods can be compiled for
execution on a variety of hardware platforms and for interface to a variety of operating
svstems. In addition, the present invention 1s not described with refereace to any
particular programming langaage. It will be appreciated that a variety of programming
languages may be used o implement the teachings of the invention as described herein.
Furthermore, it is conunon in the art to speak of software, in one form or another (e.g.,
program, procedhure, application, driver,...}, as taking an action or causing a result. Such
expressions ate merely a shorthand way of saying that execution of the software by a
computer causes the processor of the computer to perform an action or produce a result.
j0094] It is to be understood that various terms and techniques are used by those
knowledgeable in the art to describe communications, protocols, applications,
mnplementations, mechanisms, ete. One such technique is the description of an
implementation of a technique in terms of an algerithm or mathematical expression. That

is, while the technigue may be, for example, implemented as executing code ona
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compter, the expression of that technigae may be more aptly and succinetly conveyed
and commuaicated as a formuls, algorithm, mathematical expression, flow diagram or
flow chart. Thus, one of ordinary skall in the art would recognize a block denoting
A+B=C gs an additive function whose implementation in hardware andior software
would take two tnputs (A and B} and produce a sscsnmation output (). Thus, the use of
formula, algorithm, or mathematical expression as descriptions is to be understood as
having a physical embodiment in at least hardware and/or software (such as a computer
system in which the techniques of the present invension may be practiced as well as
unplemented as an embodiment).

{0695] Non-transitory machine-readable media is understood to include any
mechanism for storing information in a form readable by & machine {e.g., a computer),
For example, a machine-readable medinm, synonymonsty referred to as a compuer-
readable medium, inclodes read only memory (ROMY; random access memory (RAMY;
magnetic disk storage media; optical storage media; flash memory devices; except
clectrical, optical, acoustical or other forms of transmitting information via propagated
signals {e.g., carrier waves, infrared signals, digital signals, ete.); ete.

{0096] As used i this description, "one embodiment™ or "an embodiment” or
sumilar phirases means that the feature(s) being described are included in at least one
embodiment of the invention, References to "one embodiment™ i this deseniption do not
necessarily refer to the same embodiment; however, neither are such embodiments
mutually exclusive. Nor does “one embediment” unply that there 1s but a single
embodiment of the invention. For example, a featwre, structure, act, ete. described i “one

embodiment”™ may also be meladed i other embodiments. Thus, the mvention may
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include a variety of combinations and/or integrations of the embodiments described
herein.

o897} Thus, embodiments of the invention can be used in various acoustic
systems. Some non-limiting examples of such systems are, but are not hmited to, use in
short boom headsets, such as an audio headset for telephony suitable for enterprise call
centers, industrial and general mobile usage, an in-line "ear buds” headset with an 1nput
Hine (wire, cable, or other connector), mounted on or within the frame of eveglasses, a
near-to-eve (NTE} headset display or headset computing device, a long boom headset for
very noisy enviromments such as industrial, military, and aviation applications as well as
a gooseneck deskiop-style microphone which can be used to provide theater or
symphony-hall type quality acoustics withowt the struchural costs.

{0698] While the tnvention has been described m terms of several emabodinents,
those of skill in the art will recognize that the invention is not limited to the embodiments
described, but can be practiced with modification and alteration within the spirit and
scope of the appended claims. The description is thus to be regarded as dlustrative

mstead of hmiting.
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What 1s claymed is:

1. A computer-readable storage medium storing program code for cansing a data
processing svstem o perform the steps comprising:

outputting a first oversampled digital signal output from an analog-to-digital
converter (ADC), wherein the first oversampled digital signal 18 responsive to an analog
field and the first oversampled digital signal is created at a sampling clock frequency;

delaying the first oversampled digital signal by a time delay wherein the time
delay is equal to an imeger number of sampling clock cycles to produce a time delayved
first oversampled digital signal; and

combining the time delaved first oversampled digital signal with a sécond
oversampled digital signal to obtain the beamformed digital signal, wherein the second

cversampled digital signal s responsive o the analog field,

2. The computer-readable storage medium of claim 1, wherein the combining is

performed in an oversampled signal domain.

3. The computer-readable storage madium of claim 1, wherein the combining is

performed at an intermediate sampling rate,

4. The computer-readable storage medium of claim 1, wherein the combining is

performed in a basebaad signal domain.
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5. The computer-readable storage medium of claim 1, wherein the first oversampled
digital signal and the second oversampled digital signal are obtained from different

SENSOTS,

&, The compuater-readable storage medivm of claim 1, wherein the first oversampled

digital signal and the second oversampled digital signal are obtained frem the same

SEnsor.
7. The computer-readable storage mediwm of claim 1, further comprising:

applying a low pass filter with decimation to the time delayed first oversanpled

digital signal 1o output a baseband digital sipnal that is delayed by the time delay.

& The compuier-readable storage medium of claim 7, wherein the time delay is

equal to a fraction of a baseband sampling perind.

9. The compater-readable storage medivm of claim 7, wherein the time delay is

greater than a baseband sampling period.

10, The computer-readable storage medium of claim 7, wherein the first oversampled

digital signal is digitized to create samples which are more than one bit deep.
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ABSTRACT

Svstems and methods are described to tine delay a signal output from an analog-
to-digital converter (ADC). The ADC includes a digital sensor responsive to an analog
field quantity. The digital sensor is configured to output an oversampled digital ontpu
signatl at a sampling clock frequency. A time delay element is configured to receive as an
input, the oversampled digital output signal and to output a time delayed oversampled
digital output sigaal. A filter 1s configured to receive as an input the delayed oversampled
digital output signal. The filter low pass filters and decimates to a lower sample rate the
detayed oversampled digital onipot signal. An output includes a low pass filtered
decimated delaved digital output signal, where the lower sample rate s less than the

sampling clock frequency.
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