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CONFIRMATION NO. 9885 
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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 

PO. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

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•The Power of Attorney to you in this application has been revoked by the applicant.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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Dashen FAN 04/16/2020 

1111111 1111110 

16/851,044 

145340 
Caldwell Intellectual Property Law 
200 Clarendon Street 
59th Floor 
Boston, MA 02116 

K41090.P8C3 

CONFIRMATION NO. 9885 
POA ACCEPTANCE LETTER 

1111111111111111111111 

 UNITED STATES PATENT AND TRADEMARK OFFICE  

 

UNITED 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 

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/ 
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04/16/2020 Filing Date 

2845 Art Unit 

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

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 

First Named Inventor Dashen FAN 

Examiner Name LAM T MAI 
Attorney Docket Number 1537-001USC3 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Keegan Caldwell/ Date (Optional) 

Name Keegan Caldwell Registration 
Number 

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 
one applicant, use multiple forms. more than 

*Total of forms are submitted. 

Doc Code: PA.. 
PTO/AIA/82A (07-13) 

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 

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. 

Document Description: Power of Attorney 
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED 
PTO/AIA/82B (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 

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

Application Number Filing Date 

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

1 I 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 

I hereby appoint Practitioner(s) named in the attached list (form PTO/A A/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 
letter 

l 

recognize or change the correspondence address for the application identified in the attached transmittal 
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 Email 

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

Solos Technology Limited 

1 

❑ 

Inventor or Joint Inventor (title not required below) 

Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

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

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

SIGNATURE of Applicant for Patent 

The undersigned (whose title is suppffedibelft)eitbatuthorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature 1 --t-IA,liuttit. Fitt& Date (Optional) 

Name Kenneth Fan -D409388O60ED4C5 

Title Co-Founder 

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

❑ Total of 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. 

Document Description: Power of Attorney 
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Registration 
Number Name 

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 

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 
PTO/A IA/82 B) : 
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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 (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records 
from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

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

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

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

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

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

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

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

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

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 Power of Attorney 1537-001USC3_POA.pdf 

268330 

no 4 
6644bcbd37bfbdad3d865690a33441ec1c0 

e8eab 

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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ED
UNITED STATES PATENT AND TRADEMARK OFFICE 

if 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 http://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 USC 111(a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 2501 1 600 600 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

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 E20216SL56290853 

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 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 Issue Fee Payment (PTO-85B) 
20210629K41090P8C3NOAwith 

fieldsi.pdf 

554752 

no 2 
76b12c0ele0157abad5603ffabe507476bc 

d880 

Warnings: 

Information: 

2 Fee Worksheet (SB06) fee-info.pdf 

30676 

no 2 
75a8e5665Ctre8cc8acbcd00a874ee2eb5514 

3alb 

Warnings: 

Information: 

Total Files Size (in bytes): 585428 

This Acknowledgement Receipt evidences receipt 
characterized by the applicant, and including page 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

on the noted date by the USPTO 
counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 

of the indicated documents, 
It serves as evidence of receipt similar to a 

for a filing date (see 37 CFR 
course and the date shown on this 

is compliant with the conditions of 35 
acceptance of the application as a 

Filing Receipt, in due course. 

includes the necessary components for 
of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 

If a new application is being filed and the application 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 
National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, 
national security, and the date shown on this Acknowledgement Receipt will 
the application. 
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iM0SS. 2023 
EXAMINEE 

 
MAL LAM 

  
.ARE' t NIT PAPER. Nt.:'NIBER 

 UNTIED STATES PATENT AND TRADEMARK OFFICE  

 

$)Nrtf.:O ST ATrS IOTA irtmrxr COMMER,M 
United States Patent atid Trademark Mice 
Alirts: COMMIS S EINES. FOR I'M:FATS 

14.E 
Alexondfix,Vininix2a331.:.4.10 
morwpwv 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

51340E '?590 

PELOQUIN, PLLC 
800 FIFTH AVENUE, 
sum:, 4.too 
SEATTLE, WA 98104-3100 

DATE MAILED: 0441.5s202.1 

APPEACA'EION FtE.ING DA Iv. FM:3T NAMED INNENIOR ATTORNEY EXCKE'i NO 'ONFERMA'£fON tiO. 

I 6/85i 3144 ikz t 612t)20 Daslzm IAN K. 41090 PSC'. 

Trrui or INVENTION: BEAMPORMING USING MAMMAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES, AND NIETHODS 

PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT' RIGHT'S. 

APPLN. rYPE 3iNT3 FY. SI ..kfl.: iSSUE FEE D3.T i PC#31.ECA13ON FEE 1)Lk. PRIN. PAID !SSE FEE IOTAI. E'E3i,(S:; ME DATE DUI 

n,onpmvisithial SM A LI: :5f,i X .S0.fg} $0.00 5.,(01 07/0612021 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 

THIS APPLIGkTION IS SUBR,C‘..T TO ‘VITHDRAW AL FROM ISSUE Al THE INITIATIVE or THE OFFICE OR UPON 
PETITION BY TI HK APPLICANT. SEE 37 CFR 1.3B AND MKT 1308. 

'I HE ISSUE FEE AND PURI ICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MON1 HS FROM THE MAILING 
DATE OE THIS NOTICE OR Tms APPLICATION SHALL BE REGARDED AS ABANDONED. Tm$STATUIPRY__PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. I51. THE ISSUE FEE DUE INDICATE V  D ABOE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE ME IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION IAS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL RE CONS IDERFA) A REQUEST 
TO REAPPLY THE PRE YMUSLY 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, comp.€ete 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. 

IL PART 11 PEE(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 "45" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the tOrm should he submitted. If an equivalent of Part B is filed, a 
request to reapply a previously p iid issue fee must be clearly-  made, and dehtys 3E7 prixlessing may ixeur 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 utter Dec, 1.2, 19130. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.go ,fPatentMaintertaticeFees. 

Page 1 of 3 
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ARC UN3T CLASS-Si:SC:KASS 

APK.N. TYPE .ENTETY STATTS FEE, DUE k 31JB LICATEON FEE DUE PRE:V..PAID ISSUE FEE f.••iti•E D.ATE 

nontnovi.sdonal SMALL so.00 $600 07337612€121 

MA, LAM T 3:i:1455000 

L Change orcm:?::?sspoaik=e addtvss iatliea£:ion 03: 
('FR 1.363). 

Change of correspondence address for Change of Cormpondenee 
Address form PTO/SD/122) mated. 

"Bre Address" indication (or "Pee Address' indication term Fro? 
SB/47, Rev 1) -09 or more recent) =idled. Ilse of a Customer 
Number is required,  

3. €,O3:pn aunts on the pakernt €roit page, list 
(I) The nausea of up to .1 .ce,giketpti patrol aitormys pELOQUIN, PLLC 
or agents OR, alternatively. 
(2) The name of a single firm (having as a member a 
registered attorney or aguat) and the names of up to 
2. registeted patent attorneys or agents. If no name is 
listed, no name wilt he printed. 

., Mark S. Peloquin, Esq. 

PART B FEE(S) TRANSMITTAL 

Complete and send €lots form, together with applicable feets), by mail or fax, or via EFS-Weh. 

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885 
011311)iss one r for Patents 

P.O, Box 1450 
Alexandria, Virginia 223.13-:(450 
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IN THE UNITE!) STATES PATENT AND TRADEMARK OFFICE 

...April.. No. 16/8.51,044 
A€torney Docket. No. 101404.11c3 
Applicant SOLOS TECHNOLOGY LIM.  ED 
Filed April .t 6, 2020 
TC./A.0 2845 
Ekaminer MAI,:  LAM -r 
Confirmation No. 9885 

Commissioner tor Patents 
PO Box 1450 
Alexandria, VA. 22313-1450 

.AMENDMENT UNDER 3.7 CFR L312 

Dear Examine Mai: 

Applicant makes the following amendment under 37 CFR 1.312 €o correct 

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

The listing of begins on page 2 of this paper. 

Remairks/Argu€.nm.ents starts on page .1.9 of this paper. 
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Response dated June 16.2021 
Reply to Corrected Notiet of Al lowability Mail I) 041191202 i 

Amendments to the Claims:  

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

application: 

istin2 of Claims:  

Claim I (Currently amended). A non-transitory computer-readable storage 

medium storing program code tor causing a data processing system to perfonn the-steps 

comprising: 

outputting a first oversampled digital signal output from an analog-to--digital 

cotiverter (ADC), *herein the first oversampled digital signal is responsive to an analog 

field and the firstoversampled digital signal is created at a sampling clod£ .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 tigital signal.; and 

combining the time delayed :firstoversampled digital signal with a second 

oversampled digital signal to obtain the beamformed digital signal, wherein the second 

oversampled digital signal is responsive tothe analog field. 

Claim 2 (Currently amended). The non-transitory computer-readable storage 

medium o€ claim 1. wherein the combining is performed in an oversampled signal 

domain. 
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Claim 3 (Currently amended). The. non-transitory computer-readable storage 

medium of claim 1, wherein the combining is performed at an intermediate sampling rate. 

Claim 4 (Currently amended). I he non-transitory computer-readable storage 

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

Claim 5 (Currently amended). The non-transitory computer-readable storage 

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

oversampled digital signal are obtained from different sensors. 

Claim 6 (Currently amended). The non-transitory computer-readable storage 

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

oversampled digital signal are obtained from the same sensor. 

Claim 7 (Currently amended). The non-transitory computer-readable storage 

medium of claim I, further comprising: 

applying a low pass filter with decimation. to the time delayed first oversampled 

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

Claim 8 (Currently amended). The non-transitory computer-readable storage 

medium of claim 7, wherein the time delay is equal to a fraction of a baseband sampling 

period. 
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Response dated June 16.2021 
Reply to Cotrected Notice of Allewability mail Date 04.1191202 

Claim 9 (Currently amended), The non-transitory computer-readable storage 

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

Claim 10 (Currently amended)„ The non-transitory computer-readable storage 

medium of claim 7, wherein the first Ovorsampled digitatl signal is digitized to create 

samples which are more than one bit deep. 

Claim I I (Previously presented). A system to time:  delay digital signals, 

comprising: 

a digital sensor responsive to an analog field quantity, the digital sensor 

configured to output an oversampled digital output signal at a sampling clock frequency; 

a first time delay element, the first time delay element is configured to receive as 

an input the oversampled digital output signal and to output a time delayed oyersamplcd 

digital output signal, wherein the time delayed oversampled digital output signa€l is time 

delayed by a fractional delay, the fractional delay is equal to an integer number o 

sampling clock cycles times the sampling clock period; 

a filter, the filter is configured to receive as an input the time delayed 

oversampled digital output signal, the filter to low pass filter and to decimate to a lower 

sample rate the time delayed oversampled digital output signal and to output a. low pass 

filtered decimated delayed digital output signal, wherein the lower sample rate is less 

than the sampling clock frequency; 

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

receive, as an ID rat, the low pass filtered decimated delayed digital output signal and to 
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Reply to Cotreeted Notice of Allowability Mail Date 041191202 

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. 

Claim 12 (Previously presented). The system of claim 11. wherein the digital sensor 

utilizes a sigma-delta modulator and the oversanipled digital output signal is a pulse 

dettSity modulated (PDM) Signal. 

Claim 13 (Previously presented). The system of claim 11, wherein the oversamoled 

digital output signal is a pulse density modulated 0)DNI) 

Claim 14 (Previously presented). 'Hie system of claim l 1. wherein the digital sensor 

is a digital microphone. 

Claim 15 (Previously presented). The system of claim 14, wherein the digital 

microphone utilizes a micro-electromechanical systems 01 EMS) sensor. 

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

quantity is an acoustic pressure field. 
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Reply to Cotreeted Notice of Allowability mail I) 041191202 

Claim 17 €(Previously presented). The system of claim 11, wherein the integer number 

of sampling clock cycles is selected from a range of one to the sampling clock frequency 

divided by a baseband sample rate. 

Claim 18 (Previously presented). The system of claim of claim 13, wherein the. filter 

is a PDM receiver. 

Claim 19 (Previously presented). The system of claim I 8, wherein the filter is a 

multistage filter further 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 configured to receive as an input an 

output from the first stage, the second stage to decimate the input to a baseband€ sample 

rate and to filter the input m a baseband signal bandwidth. 

Claim 20 (Previously presented.). The sygentof claim 18, wherein the fal€er is a 

multistage filter further comprising: 

a first stage, the first stage to receive as a first 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 fortn. a first stageoutput 

signal; and. 

a second stage, the second stage to receive as a Steond stage input signal the first 

s€age output signal, the s.,4:cond stage to low pass filter and to decimate W.:4second 
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intermediate sampling rate the'second stage input simal. totomi a second stage output 

signal; and 

a third stage, the third. stage to. receive as a third stage input signal the second 

stage output signal the third stage to decimate the third stage input signal to a bas band. 

sample rate and to filter the third stage input signal to a hastihand signal bandwidth, 

wherein the first intermediate sampling rate. is less. than the sampling clock. rate, the 

second intermediate sampling rate. is less than the first intermediate sampling rate, and the 

baseband sampling rate is less that the second intermediate sampling rate. 

Claim 2.1 (Currently amended). The system of claim 17, wherein the lower sarnple 

rate is a baseband sample rate and the low pass filtered decimated time delayed digital 

output signal is used in a beam forming process with a second signal, wherein the second 

signal is a digital measurement of the analog field quantity. 

Claim 2.2 (Previously presented). A system to time delay signals, comprising: 

a sensor element, the sensor element is responsive to a€1 analog field quantity 

a si2ma-delta modulator, the sensor element is electrically coupled to the sigma-

delta modulator and is configured to produce a pulse density modulated (PDM) output 

signal at a sampling clock frequency responsive to the analog field quantity; 

a first time delay element, the first time delay element is electrically configured to 

receive the PDM output signal, and to output a delayed PDM output signal, wherein tEe 

delayed PDM output signal is delayed by a fractional time delay qu to a number of 

cycles of the sampling clock fiequency time a period of the sampling clock; 
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a deci€nation module, the decimation module is co€€figured to receive as an input 

the delayed PDM output signal, the decimation module to low pass filter and to decimate 

to a lower sample rate the delayed PDM output signal and to output a low pass filtered 

decimated delayed NAM output signal, wherein the lower sample rate is less than the 

sampling clock frequency, the decimation module to convert to pulse code modulation 

(PCM) format; 

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

receive, as an input, the low pass filtered deci€hated delayed PI .M output signal and to 

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 delay is applied to the 

low pass filtered decimated delayed PDM output signal; and 

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

fractional delay and the integer delay. 

Claim 2 (Previously presented) The system of claim 22, the decimation module 

further comprising: 

a first stage, the first stage to receive as a first stage input signal the 

delayed. PD NI ou€put signal, the first stage to low pass filter and to decimate to a first 

intermediate sample rate the first stage input signal to form a first stage output signal, 

wherein the first intermediate sample rating is 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 low pass filter and to decimate to the 

lower sample rate the s cond stage input signal, wherein the lower sample rate is lower 
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than the first intermediate sampling rate, the decimation module to convert to pulse code 

modulation (PCM) format, 

Claim 24 (Previously presented). The system of claim the decimation module 

further comprising: 

a first stage, the first stage to receive as a first stage input signal the 

delayed PDM. output signal, the tint stage to low pass filter and to decimate to a first 

intermediate sample rate the first stage input signal to form a first stage output signal, 

wherein the first intermediate sample rating is less than the sampling clock frequency; 

a second 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 decimate to a 

second intermediate sample ra€e the second stage input signal, wherein the second 

intermediate sample rate is lower than the first 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 filter and to decimate to the lower sample 

rate the third stage input signal, wherein the lower sample rate is lower than the second 

intermediate sample rate, the decimation module to convert to pulse code modulation 

(PCM) format. 

Chiim 25 (Previously presented). The system of claim 24, wherein the first stage 

employs a cascaded-integrator-comb (CIC) filter structure. the second stage is configured 

as two half-band filters, i€id the third stage is confieured as to low pass filter. 
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Claim 26 (Previously presented). 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 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 

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

process. 

Claim 27 (Previously presented). The system of claim 26, wherein the sampling clock 

frequency is selected from the group consisting of 1 M}Iz to 4 MHz and a user defined 

sampling rate. 

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

element is a digital microphone and the analog field quantity is acoustic pressure. 

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

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

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

element is a buffer, wherein a minimum length of the buffer is equal to the sampling 

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

the buffer. 
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Claim 31 (Previously presented). 'Thee system of claim 30, wherein the first time delay 

is programmable by specifying a. value of the buffer with the control signal. 

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

element is implemented with a delay line. 

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

provided by the delay line is programmable with the control signal. 

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

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

Claim 35 (Previously presented). The system of claim 22, wherein the fractional time 

delay is greater than a baseband sampling period. 

Claim 36 (Previously presented). A decimation module for use in time delaying 

digital signals, comprising: 

a general number of N stages, the decimation module having as an input an 

oversampled digital output signal from a digital sensor; 

an ith  stage, the itb  stage to low pass filter and to decimate to an itn intermediate 

sampling rate an stage input signal to fonn an P stage output signal, wherein the its' 

intermediate sample rating is less than a sampling clock frequency used to create the 

oversampled digital output signal; 
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a t€_rst time delay element, the first time delay element to dela the stage output 

signal by a fractional time delay, wherein the fractional time delay is equal to an integer 

number of i€1,.intermediate sampling rate cycles times the i intermediate sampling rate 

period, the first time delay element to output a delayed ifs  stage output signal 

an i +1 stage, the i 1 stage to receive as an i +1.  Stage input signal the delayed 1E r 

stage output signal, the i--a-1 stage to low pass filter and to decimate to an i-+ 1 intermediate 

sampling rate the i+ I stage input signal to form an i+1 stage output signal, wherein the 

i+I intermediate sampling rate is lower than the intermediate sampling rate; 

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

receive, as an input, the i 4-1 stage output signal and to impart an integer delay, the integer 

delay is equal to an integer number of cycles at the ill intermed€ate sampling rate times 

€he itb  intermediate sampling ra€e period, the €nteger delay is applied to the 0-1 stage 

output signal, the i+1 intermediate sampling rate is a hasehand sampling rate, the i+1 

stage output signal is an output signal from the decimation module that is time delayed by 

a comb€ned time delay, the combined time delay is a sum of the fractional time delay and 

the integer time delay; and 

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

fractional time delay and the integer time delay. 

Clai€aa 37 (Previously presented). The decimation module of claim 36, wherein the 

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

forming operati on v th the output signal from the decimation module, 
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Appl. Na. 16IS51M4 
Response dated June 16.2021 
Reply to Corrected Notice of Allowability Mail I) 041191202 

Claim 3.8 (Previously presented). A method to delay digital signals. comprising: 

.sensing. an analog field; 

outputting: an oyersampled digital signal responsive .to the,  sensing, wherein the 

oversampled digital signal is created at a. sampling clock rate; 

delaying thelaversampled digital signal by a fractional time delay wherein the 

fractional time delay is equal to an integer number of sampling clock cycles to produce a 

delayedoversampled digital signal; 

applying a low pass filter with decimation to the delayed oversampled di Fital. 

signal to. output a.b;oeband digital Signal. that is 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 a number of cycles at a baseband sampling rate times the baseband 

sampling rate period. 

Cl€aim 39 (Previously presented). The method of claim 38, wherein the fractional time 

delay is equal to a frktion of a baseband sampling period. 

Claim 40 (Previously presented). The method of claim 38.4. wherein the fractional time: 

delay is greater than a basehand sampling period. 

Claim 41 (Previously presented). The method of claim 3$. wherein the oversampled 

sienal is digitized to create samples which are more €han one hit deep, 
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Appl. Na. 161S51M4 
Response dated June 16, 2021 
Reply to Corrected Notice of Al lowability Mail I) 041191202 i 

Claim 42 (Currently amended). A. non-transitory computer-readable storage 

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

comprising; 

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

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 time delay is equal to an integer number of sampling clock cycles tillleS the 

sampling clock period to produce a delayed oversampled digital signal; 

applying a low pass filter with decimation to the delayed oversampled digital 

signal to output a baseband digital signal that is delayed by the fractional time delay; and 

delaying the hasehand dig€tal signal by an integer time delay, wherein the integer 

time delay is equal to a number of sampling clock cycles times the sampling clock period 

at a hasehand sampling rate. 

Claim 43 (Ctir•rently amended). The non-transitory computer readable storage 

medium of claim 42, wherein the fractimud time delay is equal to a fraction of a baseband 

sampling period. 

Claim 44 (Currently amende€I).. The non-transitory computer readable stora0 

medium of claim 42, wherein. the fractional time delay is greater than a hasehand 

sampling period. 
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Appl. No. 16/S51,044 
Response dated June 16, 2021 
Reply to Corrected Notice of Allowability Mail Date 0411912021 

Claim. 45 (Currently amended). The non-transitory computer readable storage 

medium of claim 42, wherein the oversampled digital signal is digitized to create samples 

which are more than one bit deep. 

Claim 46 (Currently amended). 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 in an oversampled digital signal; 

fractional delaying means, the fractional delaying means to apply a fractional time 

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

number of sampling clock cycles times the sampling clock period, resulting in a delayed 

oversampled digital signal; 

decimating means, the decimating means to receive the delayed oversampled 

digital signal and to low pass filter and to decimate to a lower sampling rate; 

integer delaying means, the integer delaying means to apply an integer time delay 

to the delayed oversampled digital signal, the integer time delay is a number of lower 

sampling rate cycles; and 

controlling 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 

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 representation of the analog field 

quantity without the noise introduced by the over sampling means. 
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Appl. Na. 161S51M44 
Response dated June 16.2021 
Reply to Corrected Notice of Al lowability Mail I) 041191202 

Claim 47 (Previously presented). Tiw system of claim 46, wherein the decimating 

means is accomplished in a multistage module. 

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

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

Claim 49 (Previously presented). The system ofitlaim 46, wherein the total time 

delay is greater than a haseband sampling period. 

Claim 50 (Previously presented). The system of claim 46, wherein the oversampled 

dig€tal. signal is digitized to create samples which are more than one b€t deep. 

Claim 51 (Previously presented). A system to time delay digital signals, comprising: 

a digital sensor responsive to an analog held quantity, the digital sensor is 

configured to output an oversampled digital output signal at a sampling clock frequency; 

a replicator, the replicator to receive the oversampled digital output signal and to 

output a first replica of the oversampled digital output signal and a second replica of the 

oversampled digital output signal; 

a first fractional time delay element, the first fractional time delay element is 

configured to receive as an input the first replica and to output a first time delayed. 

Oversampled digital output s t - 
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Appl. Na. 161S51M4 
Response dated June 16.2021 
Reply to Cotrected Notice of Al lowability Mail I) 041191202 

a first fillet% the first filter is configured to receive as an input the first time 

delayed oversampled di 6trd output signal, the first filter to low pass filter and to 

decimate to a lower sample rate €hp 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 less than the sampling clock frequency; 

a first integer time delay element, the first integer time delay element is 

configured to receive, as an input, the first low pass filtered decimated delayed digital 

output signal and to output a first time delayed digital output signal at the lower sample 

rate; 

a second fractional time delay element, the second fractional time delay element 

is configured to receive as an input the second replica and to output a SetOrld time 

delayed oversampled digital output signal; 

a second filter, the second filter is configured to receive as an input the second 

time delayed oversampled digital output signal, the second filter to low pass f€lter and t€ 

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 time 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 output a second time delayed digital output signal at the lower 

sample rate. 
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Appl. No. 161851,044 
Response dated June 16, 2021 
Reply to Corrected Notice of Allowahility Mail Date 0411912021 

Claim 52 (Previously presented). 'Thee system of claim 51. wherein the replicator is a 

splitter. 

Claim 53 (Previously presented). The system of claim 52. wherein the splitter is an 

11-way splitter. 

Claim 54 (Previously presented). The system of claim 51, wherein the fast time 

delayed digital output signal and the second time delayed digital output. signal are used 

for beam form ing. 

Claim 55 (Previously presented). The system of claim 51, further comprising: 

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

delta modulator and is configured to produce a. pulse density modulated (PDM) output 

signal at the sampling clock frequency responsive to the analog field quantity. 
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Appl. Na. 161S51,044 
Response dated iliac 16.2021 
Reply to Cotreeted Notice of Al lowability Mail I) 041191202 

Non-transitory 

Claims 1-10, and 4245 

Applicant has atnended la€m I through 10, and 4245 to add the term "Non 

transitory" in response to the Examiner's discuss€on m the Corrected Notice of 

Allowability. No New matter has been entered. 

Antecedent Basis Informalities 

Claims 2L 42, and 46 

Applicant has amended claims 1, 21, 2$, 42, and 46 to cure antecedent basis 

informalities. No New matter has been entered. 
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Appl. Na. 16IS51M4 
Response dated June 16.2021 
Repty to Corrected Notice of Allowability Mail I) 041191202 

CONCLUSION  

Applicant resivetftilly requests entry of this Amendment under 37 CFR 1312. 

(.".catty munication via deatkxt email is uuthorizeci 

Respect ity submitted, 

PELOQUIN, 

June 16. 2021 /Mark S. Peloquini 
Date Mark S. Peioquin, Esq. 

IjSPT0 Registration fl 50,7:87 
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K41090.P008 ASSIGNMENT PATENT 

Attorney's Docket No.: K41090,P008 ASSIGNMENT (For Execution After Filing Patent 
Application) 

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 Corporations  
a Corporation of DE, having a principal place of business 

125 North Drive, Westborough, 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 to any and all 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 app€icatiion 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 filed in the United States and all foreign countries on any 
of said improvements; and in and to a€l orig€nal patents, reissued patents, reexamination 
certificates, and extensions, that have been or shall be issued in the United States and all 
foreign countries on said improvements; and in and to ail 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 all other patent applications on any and all said improvements execute all 
rightful oaths, assignments, powers of attorney, and other papers; communicate to said 
Assignee, its successors, assigns, and representatives all facts known to the undersigned 
relating to said improvements and the history thereof; and generally assist said Assignee, its 
successors, 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 
representatives; and 

covenant with said Assignee, 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 herein expressed is possessed by the undersigned. 

K41090,P008 Page 1 of 2 PELOQU1N, PLIC 
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Each Inventor: Please Sign and Date Below: 

- 
1 (-- f) 201.142_ 

— 

me: Joseph Yong Kwon 
 

Date  

V., \  
t nature 

K41090.P008 ASSIGNMENT PATENT 

Each Inventor: Please 
also fist the date that 
you s€gned the 
accompanying 
DECLARATION AND 
POWER OF 
ATTORNEY: 

/7° , 20  t .t.) 
Date 

State ofekt-k 2 # # } Assignment Document Return Address: 
} SS. PELOQUIN, PLLC 

County of: ,.. (.71•LAILA  } 800 Fifth Avenue, Suite 4100 
Seattle, WA 98104-3100 
(206) 447.336 

On this day of CCM M. (Z. 20  1(4,  , before me, PP-0L, K  
the undersigned Notary Public, personally appeared  Th,c-er:. Pk4 tO & 14.030  
[ l  personally known to me [ Nproved to me on the basis of satisfactory evidence to be the 
persons wose name(s) if"; subscribed to the within instrument, and acknowledged 
that \  executed it. 
WIITNE S my nd nd official seal. 

1  4...' 4:11..--,,-.\
 

r AP * V. PAUL J.. KIEFER 
comm # 202.2;3f 

V. NOTARY NEI IC •• CA0F.r..*INiA . 
t.N SANTA CLARA COUNTY 0 

, COMM, EXPIRES MAY 18, 411 -1,„ 
- ......----tr.,40.... .v.•-•:20.66., 
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K41 090,P008 ASSIGNMENT PATENT 

Attorney's Docket. No,: K41090.P008p ASSIGNMENT (For Execution After Filing 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 l E, having a principal place of business 

125 North Drive, Westborough,JAA 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 to any and all 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 filed 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 extensions, that have been or shall be issued in the United States and all 
foreign countries on said improvements: and in and to all 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 €awn 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 all other patent applications on any and all said improvements; execute all 
rightful, oaths. assignments, powers of attorney, and other papers; communicate to said 
Assignee, its successors, assigns, and representatives all facts known to the undersigned 
relating to said improvements and the history thereof and generally assist said Assignee, its 
successors, assigns, or representatives in securing and maintaining proper patent protection for 
said improvements and for vesting title to said improvements, and al€ applications for patents 
and all patents on sa€d improvements, in said Assignee, its successors, assigns, and legal 
representatives, and 

covenant with said Assignee, 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 herein expressed is possessed by the undersigned, 
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o  20  ,A6-
Date 

. /( 20 - --- ____ 
Date  

Each Inventor: Please 
also list the date that 
you signed the 
accompanying 
DECLARATION AND 
POWER OF 
ATTORNEY: 

Each Inventor: Please Sign and Date Below: 

K41 090 .P008 ASSIGNMENT PATENT 

State of: Assignment Document Return Address: 
SS. PELOQUIN, PLLC 

County of:  800 Fifth Avenue, Suite 4100 
Seattle, WA 98104-3100 
(206) 447.1336 

On this day of  20  . before me,  
the undersigned Notary Public, personally appeared  
[ 1 personally 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, 
WITNESS my hand and official seal. 

Notary's Signature 

K41090. P008 Page 2 of 2 PELOQUIN, PLLC 
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!)ashen FAN 04/IV2020 161851,044 

51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

K4 1,8C3 
CONFIRMATION NO. 9685 

FORMALITIES LETTER 

MI 

 UNITED STATES PAIENT AND TiRADEmAE. OFFICE  

 

(.1;N: 01'El S'r.A'$'KS faMKNT Of (X)M11,ff;117r: 
StatON 3Fid Ti`stdeCttstrit MitIc 

PATENTE 
51). 

A3t,o,o3,6:,,16.NIN4 
) 

MUNG NAME) APPLICANT ATTY. TXX:MT  

Date Mailed: 04/23/2020 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

IteitiLLRgayjostDAwidftwAsmingat 

An application number and filing date have been accorded to this application, The itern(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 tee, 
•late submission of inventors 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 isiare itemized 
below. Small entity discount is in effect. €f 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/S8/15A and 15B.) 

•$ 80 surcharge. 
• ge.NdQuamogposAggytne.DLemuilti . 
* $ 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 inventors 
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. execute€ 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): 
pogo i 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 PTOISB192 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P, . 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". 
httpsiisportal.uspto.goviauthenticate/AuthenticateUserLocalEPF  

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at httmi/www.uspto,govIebc. 

If you are not using EFS-Web to subm€t your reply, you must include a copy of this not€ce. 

Questions about the contents of this notice and the 
requirements it sets forth should he directed to the Officc 

of Data Management, Application Assistance Unit, at 
(571) 2724000 or (71) 2724200 or 1-888-7g6-0101. 

huhailei 
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PTOlAIN,31 (05-12) 
Aepistwett tor use throuon 01/11/2O1S. oma 03351.0032 

U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE:-
W4c:r 0t0  P:V00•0:A R0000,0:: rtc vierwro to respond to ≥ i:Mlectien of infennetn unless displays s vaSsi OMR sontrol numeer. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 

invention 
TIME DELAY IN DIGITALLY OVER SAMPLED SENSOR SYSTEMS, 
APPARATUSES, AND METHODS 

As the below 

This declaration 
is directed 

The above-identified 

I be€ieve that 

€ hereby acknowledge 
by fine or imprisonment 

Petitionerlapplicant 
contribute to 
(other than 
to support a 
petitioners/applicants 

:-:ipplication (unless 
patent. Furthermore, 
referenced in 
PTO-2.038 submitted 

named investor:  l hereby dec€are that: 

The attached application: or to: 

0' United States application or PCT international application number 15225745 

pno on  August 1, 2016 

USPTO. Petitioner/applicant 

application was made or authorized to be made by me. 

l am the original inventor or an original joint inventor of a oiaimed invention in the application. 

that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
of not more than five (5) years, or both. 

WARNING: 
is cautioned to avoid submitting personal information in documents filed in a patent application that may 

identity theft. Personal information such as social security numbers. bank account numbers, or credit card numbers 
a check or credit card authorization form P1O-2035 submitted for payment purposes) is never required by the USPTO 
petition or art application. €f this type of personal information is included in documents submitted to the USPTO, 

should consider redacting such personal information from the documents before submitting them to the 
is advised that the record of a patent application is available to the public after pub€ication of the 

a non-pub€ication request in compliance with 37 CFR 1 213(a) is made in the application) Or issuance of a 
the record from an abandoned application may a€so be available to the public if the application is 

a published application or an issued patent (see 37 CFR 1.14), Checks and credit card authorization forms 
for payment purposes are not retained in the application file and therefore are not publicly avaii*Ibio. 

LEGAL NAME OF INVENTOR 

....... 
7 

Dashen Fan Inventor: Date (Optional) . (4 "-'" 7 '"- ," s' f k" 

„.... .... ...  

/
, 

Note: An application data sheet (PTOi93/14 or equivatenn, including naming the entire inventive entity, must atxornparly this form or must Nye 
twat: previously inert. Use an adallOnal PTO/AiN01 form for each additional inventor. 

cceecton at infdrmetion is required lay 35 Lz.S.C, 115 and 37 CFR 1.53. The init...-mnanot$ is lrequee4 to 0.0ts.:s or  tetwi to erefit oy the volict; s•A to  rso tans 
t.sy the uSitri*C to piece* sr: application. Cdnfidentiairty is go:me-sad by 35 0.5.C. 122 and 37 CFR 1.11 and 1.14. itt• collection it,  estimated c take 1 minute to 
cc\mOzte. Enctuding oaths:ming, preparing. r.,ssubmitting the completed applicaWn !eon to the USPTO. TiNse will .ail; deperiditv upon the iridividdia Any 
wmilents on the envom of time y v :eouifo  tv r,zeleiete if:is form andior suwestions mducirig this bunion, Sh0i.tid 5n seat:Odle Chief information Ottider, 
Patent end Trademark Office, U.S. Department of Commerce. P.O. Sox 1450, Alexanotist. VA 223 13,-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO 
T'?ttS Ar.,̀DRESS. SEND TO: Commissioner for Patents, P.Q. Sox 1450, Alexandria, VA 22313-1450. 

1 ow rin‘vaSsi&tance in complefitv Yte farm ..-..a1.8.16-P7'O-eleri and setect *port 2. 
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PTO/ JA/01 (08-12) 
Approved for use through 0113112014. OMB .1651-0022 

U.S. Patent and Tratie.,..rk Office; U.S. tlEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of tai5, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN C

.

 
APPLICATION DATA SHEET (37 CFR 1,76) 

Title of 
invention 

TIME DELAY IN DIGITALLY OVER SAMPLED SENSOR SYSTEMS: 
APPARATUSES, AND METHODS 

As the below 

This declaration 
is directed 

The above-identified 

I believe that 

I hereby acknowledge 

Petitionerlappiicant 
contribute to 
(other than 
to support a 
petitioners/applicants 

application 
patent. Furthermore, 
referenced 
PTO-2038 submitted 

named inventor, I hereby dec€are that: 

1 The attached application, or 
to: 

United States application or PCT international application number 1.
522 

11 
5745 

by fine or imprisonment 

USPTO. Petitioner/applicant 

fi€ed on August 1, 2016  

app€ication was made or authorized to be made by me. 

I am the original inventor or an original joint inventor of a claimed invention in the application. 

that any wi€lfu€ false statement made in this declaration is punishable under 18 J.S.G. 1001 
of not more than five (5) years, or both. 

WARNING: 
is cautioned to avoid submitting personal information in documents filed in a patent application that may 

identity theft Personal information such as social security numbers, bank account numbers, or credit card numbers 
a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
petition or art application. If this type of personal information is included in documents submitted to the USPTO, 

should consider redacting such personal information from the documents before submitting them to the 
is advised that the record of a patent application is available to the public atter publication of the 

(unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
the record from an abandoned application may also be available to the public if the application is 

in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
for payment purposes are not retained in the app€ication file and therefore are not publicly available. 

LEGAL NAME 

Inventor 

Signature: 

OF INVENTOR 

-? ,. il Joseph Yong Kwon  `,...) - w • .,, — .0:.. ,./ /. 
 Date (Optional) : 

..--- ..„---
.-,,,..e i,..:.• 

.,----;:.i.:;lii ,  .--"-;;:-...- -,::.---;s''..------..,. 

Note: An application data sheet (PTO/SB114 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously Sled. Use an additional PTOIAIA101 form for each additional inventor. 

This collection of information i5 required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public w!-,i;‘.:1 ;arvi 
by the 1.1SPTO to process) an application. confidentiality i8 oovemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is es?imated ?,..; take I minute to 
complete, including gathering, preparing, and submitting me ttimpieted application form to the USPTO. Time will va;‘,/ depending upon the individual case. Arty 
comments on the amount of time you requite to contptete this Form andior suggestions for reducing this burden, shautd be sent to the Chiet information Officer. U.S. 
Patent and Trademark OffirA, U S. DeparlmeM of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450.OO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents. P.Q, Box 1450, Alexandria, VA 22313.1450. 

If yy.i;.: ;watt ;gssistenc..e in ,_,C;;;p1fifing the five:, 0;0 74100,0 TO-9199 end seism entioo 2. 

.•••• 

1 
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Confirmation Number: 9885 
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BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 
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Customer Number: 51340 
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Filer Authorized By: 
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453491 

no 1 
523d7M57406668c8ece3a41a22e90e9fl 

ac4d 

Warnings: 

Information: 

421602 

3 Oath or Declaration filed K41090P008DECKWONi.pdf 
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no 1 

41c7 

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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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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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Applicant(s) 
FAN et al. 

Application No. 
16/851,044 

CORRECTIVE 
Notice of Allowability Examiner 

LAM T MAI 
Art Unit 
2845 

AIA (FITF) Status 
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. 

10 This communication is responsive to 2/25/2021. 

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on  

2.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. 

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

Certified copies: 

a) ❑AII b) ❑ Some *c) ❑ None of the: 

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

3. ❑ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: . 

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

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

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

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

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

Attachment(s) 
1.0 Notice of References Cited (PTO-892) 

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

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

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

5.CI Examiner's Amendment/Comment 

6. ❑ Examiner's Statement of Reasons for Allowance 

7.❑ Other . 

   
/LAM T MAI/ 
Primary Examiner, Art Unit 2845 

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-AIA or AIA Status 

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

inventor to file provisions of the AIA. 

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 Pelqqin 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. 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 
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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 

BIB DATA SHEET 

CONFIRMATION NO. 9885 

SERIAL NUMBER 

16/851,044 

FILING or 371(c) 
DATE 

04/16/2020 

RULE 

CLASS 

341 

GROUP ART UNIT 

2845 

ATTORNEY DOCKET 
NO. 

K41090.P8C3 

APPLICANTS 
SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG 

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

** CONTINUING DATA ************************* 
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 ************************* 
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY ** 

04/22/2020 

Foreign Priority claimed 0 Yes W' No 

35 USC 119(a-d) conditions met ij Yes W' No 

Verified and /LAM T MAI/ 

W' I\AIZIM Ic'e 

Im 

STATE OR 
COUNTRY 

WA 

SHEETS 
DRAWINGS 

20 

TOTAL 
CLAIMS 

10 

INDEPENDENT 
CLAIMS 

1 Acknowledged Examiner's Signature Initials 

ADDRESS 

PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 
UNITED STATES 

TITLE 

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

FILING FEE 
RECEIVED 

3815 

FEES: Authority has been given in Paper 

No. to charge/credit DEPOSIT ACCOUNT 

0 All Fees 

0 1.16 Fees (Filing) 

0 1.17 Fees (Processing Ext. of time) 
0 1.18 Fees (Issue) No. for following: 

0 Other  

0 Credit 

BIB (Rev. 05/07). 
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04/05/2021 

ART UNIT 

EXAMINER 

MAI, LAM T 

PAPER NUMBER 

2845 

51340 7590 

PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

r4O7"b2A UNITED STATES PATENT AND TRADEMARK OFFICE 
(if UNITED STATES DEPARTMENT OF COMMERCE 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

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 PREY. 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. 
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ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 
1A

PPARATTTSFS AND iVFF THODS 
APPLN. TYPE ENTITY STATUS 

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. 

04/05/2021 Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

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

51340 7590 

PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

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, 

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

EXAMINER ART UNIT CLASS-SUBCLASS 

MAI, LAM T 2845 341-155000 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ 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. 

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

1  

2  

3  

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(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) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. Fees submitted: ❑ Issue Fee ❑ Publication Fee (if required) ❑ Advance 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) 

❑ 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) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

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

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

Authorized Signature  

Typed or printed name  

Date  

Registration No.  
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04/05/2021 

ART UNIT 

EXAMINER 

MAI, LAM T 

PAPER NUMBER 

2845 

DATE MAILED: 04/05/2021 

51340 7590 

PELOQUIN, PLLC 

800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

z gl-rviT"b2AN  UNITED STATES PATENT AND TRADEMARK OFFICE 

(if UNITED STATES DEPARTMENT OF COMMERCE 

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

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

United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

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

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

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

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

Application No. 

16/851,044 

Applicant(s) 
Dashen FAN 

Examiner 
MAI, LAM T 

Art Unit 

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application No. Applicant(s) 
16/851,044 FAN et al. 

Notice 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.C3 This communication is responsive to 2/25/2021. 

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on  

2.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. 

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

Certified copies: 

a) ❑AII b) ❑ Some *c) ❑ None of the: 

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

3.❑ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: . 

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

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

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

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

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

Attachment(s) 
1.0 Notice of References Cited (PTO-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 2/25/2021. 

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

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

5.CI Examiner's Amendment/Comment 

6.0 Examiner's Statement of Reasons for Allowance 

7.❑ Other . 

   
/LAM T MAI/ 
Primary Examiner, Art Unit 2845 

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-AIA or AIA Status 

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

inventor to file provisions of the AIA. 

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 Pelqqin 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 

element is configured to receive, as an input, the low pass filtered decimated de€ayed PM output signal 

and to 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 

delayed PDM output signa€; and a control€er, the controller is configured to supply a control signal to set 

the fractional de€ay 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 output signal is an output signal from the decimation 

module that is time delayed by a combined time delay, the combined time delay is a sum of the 

fractional time delay and the integer time delay; and a controller, the controller is configured to 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 oversarrnpled 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 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 "applying a low pass filter 

with decimation to the delayed oversarnpled 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 integer time delay is equal to a number of sampling clock cycles times the sampling dock 

period 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 establish a. total time delay, wherein the 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 representation of the analog field quantity simithout the noise 

introduced 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 k 

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 oversarnpled 

digital output signal and to output a second low pass filtered decimated delayed digital output signal; 

and a second integer time delay e€ement, 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 output a 

second time delayed digita€ 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. 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 
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Attorney's Docket No.  K41090 P8C3  

AND 

16/851,044 - GAU: 

PATENT 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED 

IN THE UNITED STATES PATENT 

THROUGH. /L.T.M/ 

TRADEMARK OFFICE 

In Re Patent Application of: ) 
) 

©ashen Fan ) Examiner: MAI, LAM T 
) 
) 
) 

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 

) 
) 
 ) 

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/SB/08b. It is respectfully requested that the cited documents be 

considered and that the enclosed copy of Information Disclosure Citation Form 

PTOISB/08b 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 to 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 to patentability, 

2845 
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37 C.F.R. §1.97(b). 
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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. §1.97(e); and 

(2) A check for $130.00 for the fee under 37 C.F.R. §1.17(p) 
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L153 12 (digital adj sensor and time adj 
delay).clm. 

L154 143 (sigma near delta and time adj 
delay).clm. 

L155 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L156 12 (digital adj sensor and time adj 
delay).clm. 

L157 143 (sigma near delta and time adj 
delay).clm. 

L158 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L159 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L160 3 (beamform$4 adj digital adj signal and 
delay$4 near tim$4).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:53  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:54 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:54 
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L161 7 (beamform$4 and time near delay$4 
and oversampl$4).clm. 

L203 12 (digital adj sensor and time adj 
delay).clm. 

L204 143 (sigma near delta and time adj 
delay).clm. 

L205 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L206 12 (digital adj sensor and time adj 
delay).clm. 

L207 143 (sigma near delta and time adj 
delay).clm. 

L208 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L209 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L210 12 (digital adj sensor and time adj 
delay).clm. 

L211 143 (sigma near delta and time adj 
delay).clm. 

L212 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L213 12 (digital adj sensor and time adj 
delay).clm. 

L214 143 (sigma near delta and time adj 
delay).clm. 

L215 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L216 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L217 12 (digital adj sensor and time adj 
delay).clm. 

L218 143 (sigma near delta and time adj 
delay).clm. 

L219 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L220 12 (digital adj sensor and time adj 
delay).clm. 

L221 143 (sigma near delta and time adj 
delay).clm. 

L222 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:54  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:54 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 
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L223 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L224 12 (digital adj sensor and time adj 
delay).clm. 

L225 143 (sigma near delta and time adj 
delay).clm. 

L226 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L227 12 (digital adj sensor and time adj 
delay).clm. 

L228 143 (sigma near delta and time adj 
delay).clm. 

L229 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L230 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L231 3 (beamform$4 adj digital adj signal and 
delay$4 near tim$4).clm. 

L232 7 (beamform$4 and time near delay$4 
and oversampl$4).clm. 

L233 12 (digital adj sensor and time adj 
delay).clm. 

L234 143 (sigma near delta and time adj 
delay).clm. 

L235 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L236 12 (digital adj sensor and time adj 
delay).clm. 

L237 143 (sigma near delta and time adj 
delay).clm. 

L238 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L239 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L240 12 (digital adj sensor and time adj 
delay).clm. 

L241 143 (sigma near delta and time adj 
delay).clm. 

L242 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:55 
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L243 12 (digital adj sensor and time adj 
delay).clm. 

L244 143 (sigma near delta and time adj 
delay).clm. 

L245 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L246 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L247 12 (digital adj sensor and time adj 
delay).clm. 

L248 143 (sigma near delta and time adj 
delay).clm. 

L249 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L250 12 (digital adj sensor and time adj 
delay).clm. 

L251 143 (sigma near delta and time adj 
delay).clm. 

L252 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L253 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L254 12 (digital adj sensor and time adj 
delay).clm. 

L255 143 (sigma near delta and time adj 
delay).clm. 

L256 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L257 12 (digital adj sensor and time adj 
delay).clm. 

L258 143 (sigma near delta and time adj 
delay).clm. 

L259 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L260 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L261 3 (beamform$4 adj digital adj signal and 
delay$4 near tim$4).clm. 

L262 7 (beamform$4 and time near delay$4 
and oversampl$4).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:55  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 
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L263 12 (digital adj sensor and time adj 
delay).clm. 

L264 143 (sigma near delta and time adj 
delay).clm. 

L265 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L266 12 (digital adj sensor and time adj 
delay).clm. 

L267 143 (sigma near delta and time adj 
delay).clm. 

L268 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L269 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L270 12 (digital adj sensor and time adj 
delay).clm. 

L271 143 (sigma near delta and time adj 
delay).clm. 

L272 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L273 12 (digital adj sensor and time adj 
delay).clm. 

L274 143 (sigma near delta and time adj 
delay).clm. 

L275 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L276 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L277 12 (digital adj sensor and time adj 
delay).clm. 

L278 143 (sigma near delta and time adj 
delay).clm. 

L279 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L280 12 (digital adj sensor and time adj 
delay).clm. 

L281 143 (sigma near delta and time adj 
delay).clm. 

L282 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:56  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 
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L283 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L284 12 (digital adj sensor and time adj 
delay).clm. 

L285 143 (sigma near delta and time adj 
delay).clm. 

L286 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L287 12 (digital adj sensor and time adj 
delay).clm. 

L288 143 (sigma near delta and time adj 
delay).clm. 

L289 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L290 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L291 3 (beamform$4 adj digital adj signal and 
delay$4 near tim$4).clm. 

L292 7 (beamform$4 and time near delay$4 
and oversampl$4).clm. 

L293 12 (digital adj sensor and time adj 
delay).clm. 

L294 143 (sigma near delta and time adj 
delay).clm. 

L295 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L296 12 (digital adj sensor and time adj 
delay).clm. 

L297 143 (sigma near delta and time adj 
delay).clm. 

L298 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L299 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L300 12 (digital adj sensor and time adj 
delay).clm. 

L301 143 (sigma near delta and time adj 
delay).clm. 

L302 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 
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L303 12 (digital adj sensor and time adj 
delay).clm. 

L304 143 (sigma near delta and time adj 
delay).clm. 

L305 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L306 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L307 12 (digital adj sensor and time adj 
delay).clm. 

L308 143 (sigma near delta and time adj 
delay).clm. 

L309 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L310 12 (digital adj sensor and time adj 
delay).clm. 

L311 143 (sigma near delta and time adj 
delay).clm. 

L312 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L313 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L314 12 (digital adj sensor and time adj 
delay).clm. 

L315 143 (sigma near delta and time adj 
delay).clm. 

L316 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L317 12 (digital adj sensor and time adj 
delay).clm. 

L318 143 (sigma near delta and time adj 
delay).clm. 

L319 15 (sigma near delta and oversampl$4 and 
time adj delay).clm. 

L320 3 (digital adj sensor and time adj delay 
and oversampl$4 adj digital adj 
output).clm. 

L321 3 (beamform$4 adj digital adj signal and 
delay$4 near tim$4).clm. 

L322 7 (beamform$4 and time near delay$4 
and oversampl$4).clm. 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT 19:57 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:57  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:58 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:58  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:58 

US-PGPUB; OR ON 2021/03/27 
USPAT  19:58  

US-PGPUB; OR ON 2021/03/27 
USPAT 19:58 
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3/27/2021 8:34:52 PM 
C:\Users\lmai1\Documents\EAST\Workspaces\16851044.wsp 
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EAST Search History 

EAST Search History (Prior Art) 

      
Ref Hits Search Query DBs Default Plurals 

Operator 
Time 

Stamp 

L61 399 "Kopin corporation".asn. US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L62 46 Fan.in. and dashen US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L63 6 kwon.in. and "joseph Yong" US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L64 12,912 digital adj sensor US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L65 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L66 3,362 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
time adj delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L67 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
sampl$4 adj clock with time adj delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L68 28 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
(adc ad a/d (analog adj digital)) with 
time adj delay 

USPAT; EPO; 
JPO; 

19:54 

DERWENT; 
IBM_TDB 

L69 43 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
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PO; 
DERWENT; 
IBM_TDB 

L70 6 oversampl$4 adj digital adj output with US-PGPUB; OR ON 2021/03/13 
time near delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L71 6 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/13 
same time near delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L72 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
oversampl$4 with time adj delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L73 12 (digital adj sensor and time adj US-PGPUB; OR ON 2021/03/13 
delay).clm. USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L74 6 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/13 
near digital near output USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L75 7 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/13 
near output USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L76 207 (("3684829") or ("3755792") or US-PGPUB; OR OFF 2021/03/13 
("3813485") or ("3914746") or USPAT; FPRS; 19:54 
("4021616") or ("4290050") or EPO; JPO; 
("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 
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("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. 

L77 2 L76 and time near delay US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L78 0 L76 and digital near sensor US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L79 399 "Kopin corporation".asn. US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L80 46 Fan.in. and dashen US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L81 6 kwon.in. and "Joseph Yong" US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L82 12,912 digital adj sensor US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
DERWENT; 
IBM_TDB 

L83 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
DERWENT; 
IBM_TDB 

L84 3,362 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
time adj delay USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 
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L85 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
sampl$4 adj clock with time adj delay USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L86 28 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
(adc ad a/d (analog adj digital)) with 
time adj delay 

USPAT; EPO; 
JPO; 

19:55 

DERWENT; 
IBM_TDB 

L87 43 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
DERWENT; 
IBM_TDB 

L88 6 oversampl$4 adj digital adj output with US-PGPUB; OR ON 2021/03/13 
time near delay USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L89 6 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/13 
same time near delay USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L90 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/13 
oversampl$4 with time adj delay USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L91 12 (digital adj sensor and time adj US-PGPUB; OR ON 2021/03/13 
delay).clm. USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L92 6 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/13 
near digital near output USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L93 7 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/13 
near output USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L94 207 (("3684829") or ("3755792") or US-PGPUB; OR OFF 2021/03/13 
("3813485") or ("3914746") or USPAT; FPRS; 19:55 
("4021616") or ("4290050") or EPO; JPO; 
("4361729") or ("4414685") or 

Page 97 of 344



("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. 

DERWENT; 
IBM_TDB 

L95 2 L94 and time near delay US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
DERWENT; 
IBM_TDB 

L96 0 L94 and digital near sensor US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
DERWENT; 
IBM_TDB 

L97 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
DERWENT; 
IBM_TDB 

L98 4 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/13 
and oversampl$4 adj digital adj output USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L99 5 digital adj sensor and time adj delay US-PGPUB; OR ON 2021/03/13 
and oversampl$4 adj digital adj output USPAT; EPO; 19:55 

JPO; 
DERWENT; 
IBM_TDB 

L100 7,715 beamform$4 with delay US-PGPUB; OR ON 2021/03/13 
USPAT; EPO; 19:55 
JPO; 
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DERWENT; 
IBM_TDB 

L101 305 beamform$4 with delay with (adc ad 
a/d (analog adj digital)) 

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

2021/03/13 
19:55 

OR ON 

3/13/2021 8:09:30 PM 
C:\Users\lmai1\Documents\EAST\Workspaces\16851044.wsp 

Page 99 of 344



No. CPC Symbol C* 
Date 
Modified 
(US) 

IPC 
Concordant 

Title 

H03M 1/12 
Fille

 
45 

d St 
ar 

Aug 27, 202 
0 02:13 

1 US (F) 

H03M 3/46 
Fille

 
2 d St 

ar 

{Details relating to the decimation process (decimation lilt 
ers in general H03H17/0416, H03H17/0621)} 

Aug 27, 202 
0 02:13 

2 US (I) H03M3/00 

H04B 7/061 
Fille

 
7 d St 

ar 

Aug 27, 202 
0 02:13 

3 US (I) 

Allocated By 

{Details of sampling arrangements or methods} H03M1/12 

{for beam forming} H04B7/06 

3/27/2021 Classification Picture 16851044 

Results: Patent Application Number 16851044 
Family ID: 1000005030605 
Allocations (3)  

Combination Sets (0) 

cpc.uspto.gov/mcdsecure/index.html#/cp/searchString=16851044&lookupType=app 1/1 
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EAST Search History 

EAST Search History (Prior Art) 

      
Ref Hits Search Query DBs Default Plurals 

Operator 
Time 

Stamp 

L61 399 "Kopin corporation".asn. US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L62 46 Fan.in. and dashen US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L63 6 kwon.in. and "joseph Yong" US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L64 12,957 digital adj sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L65 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L66 3,372 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
time adj delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L67 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
sampl$4 adj clock with time adj delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L68 28 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
(adc ad a/d (analog adj digital)) with 
time adj delay 

USPAT; EPO; 
JPO; 

19:52 

DERWENT; 
IBM_TDB 

L69 43 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
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PO; 
DERWENT; 
IBM_TDB 

L70 6 oversampl$4 adj digital adj output with US-PGPUB; OR ON 2021/03/27 
time near delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L71 6 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
same time near delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L72 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
oversampl$4 with time adj delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L73 12 (digital adj sensor and time adj US-PGPUB; OR ON 2021/03/27 
delay).clm. USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L74 6 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near digital near output USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L75 7 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near output USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L76 207 (("3684829") or ("3755792") or US-PGPUB; OR OFF 2021/03/27 
("3813485") or ("3914746") or USPAT; FPRS; 19:52 
("4021616") or ("4290050") or EPO; JPO; 
("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 
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("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. 

L77 2 L76 and time near delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L78 0 L76 and digital near sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L79 399 "Kopin corporation".asn. US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L80 46 Fan.in. and dashen US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L81 6 kwon.in. and "Joseph Yong" US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L82 12,957 digital adj sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L83 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L84 3,372 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
time adj delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 
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L85 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
sampl$4 adj clock with time adj delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L86 28 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
(adc ad a/d (analog adj digital)) with 
time adj delay 

USPAT; EPO; 
JPO; 

19:52 

DERWENT; 
IBM_TDB 

L87 43 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L88 6 oversampl$4 adj digital adj output with US-PGPUB; OR ON 2021/03/27 
time near delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L89 6 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
same time near delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L90 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
oversampl$4 with time adj delay USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L91 12 (digital adj sensor and time adj US-PGPUB; OR ON 2021/03/27 
delay).clm. USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L92 6 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near digital near output USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L93 7 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near output USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L94 207 (("3684829") or ("3755792") or US-PGPUB; OR OFF 2021/03/27 
("3813485") or ("3914746") or USPAT; FPRS; 19:52 
("4021616") or ("4290050") or EPO; JPO; 
("4361729") or ("4414685") or 
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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. 

DERWENT; 
IBM_TDB 

L95 2 L94 and time near delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L96 0 L94 and digital near sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L97 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
DERWENT; 
IBM_TDB 

L98 4 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/27 
and oversampl$4 adj digital adj output USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L99 5 digital adj sensor and time adj delay US-PGPUB; OR ON 2021/03/27 
and oversampl$4 adj digital adj output USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L100 7,747 beamform$4 with delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:52 
JPO; 
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DERWENT; 
IBM_TDB 

L101 308 beamform$4 with delay with (adc ad US-PGPUB; OR ON 2021/03/27 
a/d (analog adj digital)) USPAT; EPO; 19:52 

JPO; 
DERWENT; 
IBM_TDB 

L162 399 "Kopin corporation".asn. US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L163 46 Fan.in. and dashen US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L164 6 kwon.in. and "joseph Yong" US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L165 12,957 digital adj sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L166 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L167 3,372 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
time adj delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L168 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; 
DERWENT; 
IBM_TDB 

L169 28 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
(adc ad a/d (analog adj digital)) with 
time adj delay 

USPAT; EPO; 
JPO; 

19:54 

DERWENT; 
IBM_TDB 
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L170 43 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L171 6 oversampl$4 adj digital adj output with US-PGPUB; OR ON 2021/03/27 
time near delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L172 6 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
same time near delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L173 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
oversampl$4 with time adj delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L174 12 (digital adj sensor and time adj US-PGPUB; OR ON 2021/03/27 
delay).clm. USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L175 6 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near digital near output USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L176 7 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near output USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L177 207 (("3684829") or ("3755792") or US-PGPUB; OR OFF 2021/03/27 
("3813485") or ("3914746") or USPAT; FPRS; 19:54 
("4021616") or ("4290050") or EPO; JPO; 
("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 
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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 
("7472206") or ("7583355") or 
("7590675") or ("7626592") or 
("7680807") or ("7706443") or 
("7782439") or ("7817071")).PN. 

L178 2 L177 and time near delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L179 0 L177 and digital near sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L180 399 "Kopin corporation".asn. US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L181 46 Fan.in. and dashen US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L182 6 kwon.in. and "Joseph Yong" US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L183 12,957 digital adj sensor US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L184 67 digital adj sensor with time adj delay US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L185 3,372 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
time adj delay USPAT; EPO; 19:54 

JPO; 
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DERWENT; 
IBM_TDB 

L186 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; 
DERWENT; 
IBM_TDB 

L187 28 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
(adc ad a/d (analog adj digital)) with 
time adj delay 

USPAT; EPO; 
JPO; 

19:54 

DERWENT; 
IBM_TDB 

L188 43 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L189 6 oversampl$4 adj digital adj output with US-PGPUB; OR ON 2021/03/27 
time near delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L190 6 oversampl$4 adj digital adj output US-PGPUB; OR ON 2021/03/27 
same time near delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L191 10 (microphone (digital adj sensor)) with US-PGPUB; OR ON 2021/03/27 
oversampl$4 with time adj delay USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L192 12 (digital adj sensor and time adj US-PGPUB; OR ON 2021/03/27 
delay).clm. USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L193 6 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near digital near output USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 

L194 7 tim$4 near delay$4 near oversampl$4 US-PGPUB; OR ON 2021/03/27 
near output USPAT; EPO; 19:54 

JPO; 
DERWENT; 
IBM_TDB 
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US-PGPUB; 
USPAT; FPRS; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

OR OFF 2021/03/27 
19:54 

US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; OR ON 2021/03/27 
USPAT; EPO; 19:54 
JPO; 
DERWENT; 
IBM_TDB 

L195 207 (("3684829") or ("3755792") or 
("3813485") or ("3914746") or 
("4021616") or ("4290050") or 
("4361729") or ("4414685") or 
("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. 

L196 2 L195 and time near delay 
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comments will also be made available to die public. 

Shortly after the expiration of 18 Months from the priority date, the international application will be published by the International 
Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application. or of the 
priority claim, must reach the International Bureau before the completion of the technica€ preparations for international publication 
(Rules 90fris.I and 90bis.1) 

Within 19 months from the priority date. but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone die entry into the national phase until 30 months from the priority date 
(in seine Offices even later); otherwise. the applicant must, within 20 ̀months from the priority date, pertbrm the prescribed acts for 
entry into the national phase before those: designated Offices. €n respect °foam designated Of ices, the ume limit of 30 months (or 
later) will aptly even if no demand is filed within 19 months. For details about the applicable time limits. Ofriee by Oil-six, see 
wwwwitio.mtipettenitextsitime limits html and the Per eipplwant's Guide, National Chapters. 

Within 19 months from the priority dates  the applicant may request that a supplementary international search he carried out by an 
International Searching Authority, that offers this service (Rule 4abis I). The procedure for requesting supplementary international 
search is described in the P(.7 .4ppbautes Guide, International Phase. paragraphs 8.006-8.032. 

1. 

.PCT/Ii 5201.7/015882 

• PATENT COOPERATION TREATY 

From the €NTERNATIONAL SE.ARC;HINOAUTHORITY 

Form Per/ISA-4220 (July 2014) 

Page 122 of 344



* Attention 

Copies of the doe:goes* cited in the international search report can be searched in the following Korean 
Inte€lectual Property Office English website for six monthstexpire date t 2018.91,03 ) from the date of 
mailing of the international search report. 

huirc.iiwww,kipoitelayeni.t. PCT Service per Services 

. PCT international application number 
PW 8221P59W 

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an International 
Searching Authority van be answered not only by KIPO but a€so through IPKC (intellectual Property Korea 
Center), located in Vienna, VA, which functions as a PCT Help Desk for per applicants. 

Hornepage: http://www.ipkeenter,com 

Email: ipkcaipkeenter.eorri 
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none of the figures is to be published wtth the abstract. 

Applicant's or agent's reference. 
K41 090P0 WO' 

FOR FURTHER see FMB PCVISA/220 
ACTION as well as. where applicab€e', item 5 hew 

internalitmal application No 

PCT/US2017/01588.2 
line.rnationei ISiifiti. date (iirovitionifryear) 

31 January 2017 (31.01.2017) 

(1.:arliest) Priority Date (dayibranikrvarr 

01 Atignst 2016 (01,08.2016) 

Appilant 

MOM CORPORATION 

This International search report has, been preparettby this haat:national Searching, Authority and a transtrIttred to the appiicarn according 
to Article A edpy is being ttaiistnittedte the Internattortal Bureau. 

Una international seateh report.ennsiSts of a..total of 4 sheets. 

Ti. is also aciAlaipactuld by a:copy (death prior art &raiment cited in this report. 

Basis of the rep₹rrt 
a.. With regard to the language, the international search was carried out on the basis of 

the international application in the language in which it was flied 

a translation of the international application into   whidtliX the language of a 
 translation furnished tbr the purposes of isiternational search (Rules I:OW: and al.(b)) 

'- This international search report has been established taking into account the rectification of 30 obvious iaistahe 
authorimi by or notified to this Authority under Rule 91 (Rule 43.6brs(a)}. 

With regard to any nucleotide andior amino acid sequence disclosed in the international application, see Box No. i. 

: Certain claims were found unsearehable (Sec Box No. Ill 

Unity Of invention is lacking..(Seci.BOx Ni ..111) 

W . regard to the Mk, 

the text is approved as submitted by the applicant. 

the text has been established by this Authority to read as €follows: 

With regard to the abstract. 

the ;cid is Approved as submitted by the uppheant. 

v
i the text has been established, accordingto:knle MO, by this Authority as it appears in Box No, IV_ The applicant 

may, within one month from the date of mailing of this international search wport, submit i,:Orninents to this Authority. 

With regard to the drawings. 

a. the figure of the drawings to be published with the abstract is figure No 21 

as suggested by the.app€icant. 

as selected by this Authority, hiteausethit:appliethit failed to suggest a figure. 

as selected by this Authority, because:this: figuretbetter characterizes the invention. 

PCT/US2017/015882 
PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

rreT A rtietc 1$ and Rules 43 and 44) 

Form .PC171:6A1210 (first sheet) attou.aey 2O1 j 
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INTERNATIONAL SEARCH REPORT international application No. 

PC171:382017/015882 

1  Box Noll Observations where certain ChlitAN were found unsearchable (Continuation of item 2 of first sheet) 

Ibis international search report has not been established m respect of certain claims under Article 7(2)ta, for the following reasons. 

uClaims Nos.: 
because they relate to subject matter not required to be searched by this Authority. namely. 

2. D  Claims Nos 
because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaninglid international search can he carried out, specifically; 

 

Claims Nos:. 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4ta 

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as knows: 

Group I: ClaiMs 1-30 and 34.48, drawn to a system and a method for time delaying an overSampled signal within an ADC. 
system. 
Group IT: Claims 31.33, drawn to a decimation module for use in an ADC system. 
Group III: Claims 49.34, drawn to n system for applying multiple time delays to an output from a single sensor. 

I. As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable 

2. O As all searchable claims could be searched without efforniustifying an additional fees, this Authority did not invite payment 
of any additional fees 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only thoie claims €or which fees were paid, specifically claims Nos.: 

4. 122 No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-30, 344g 

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the 
ParMit of a protest fee. 

O
The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not maid within the time limit specified in the. invitation. 
No Protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015) 
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INTERNATIONAL SEARCH REPORT lriterftsitional application No, 
pCTIUS2017/015882, 

A' ThASSIEICATION OF SUBJECT MATTER 

1 1103M 1/50(200(.01)l, 1103M If 142006.01)i 

I 
kccording to Internattonat Patent Classification W)C) tar to es iii  national classification and tom.' 

R. FIELDS SEARCHED 

Min₹mum documentation searched (etas;si ft cation systietri ibllowed by elasgfication symbols) 
110.1M ilsooilog 99/0o;  BOW 3/02;004R 310tX HO4H #106; 006K 7108; MR,' 1132.:, HOW 1112 

xtuntiritation searched other titan 1ClitIMIUM 
Korean utility models and applications 

documentation to the extant that such documents are included in the €ields searched 
for ntil₹ty models 

Japanese utility models and applications fin utility models 

Electronic data base consulted during the international stare" {name of data base anti, where praeneable, search terms nsed) 
eKOMPASS(XIPO internal) & Keywords;digital sensor, ADC, time delay, oversample, sturipiing dock frequency, 
pulse density modulated (PDM),:sigma-delta modulator, decimating, muiti-stage filter, low pass fitter, beam forming 

C. DOCUMENTS CONSIDERED TO RE RELEVANT 

Category* c iiatioe  (A-dor:Jn . with indication, where appropriate, of the r£ own, passages 
-1-

Relevant to claim No, 

US 2005-0167490Ai (ROBERT R, MORLEY JR. et ai„) 04.Aoguat 2005 ^ 1,2.34,35,37-40 
See paragraphs 16050H:0056i, [00821-401001; claims 2. 3, 8, 12-14; and ,42-44,47,48 
€igures 1, liA-11C, 13. 

'1 3-19,25-30,36,41 
,45.45 
20-24 

• 
€3S 2015-0281836 Al (MEM MANG NGUYEN et al.) 01 October 2015 
See paragraphs I:001214 i 00271-00371 ; arid figures 1, 3. 

3-19.25-30.45 

QS 2011-0013488 Al MI RA et al., ) 20 January .2011 12-15,19,25,26,36 
See itti ragraphs 181 002 .-1(X141); and figareS .3,76. ,41,45 

US 2013,4121504 Al (ROBERT ADAMS .e.t al . ) :;.(5 May 2013 1-30,34-48 
See paragraphs [00231t[0.085l: and . figure 1. 

ri US 200970278721 Al (KOICHI HAMASHITA et el.) 
See paragraphs 1.0030.1:- [00331 l Anti figure 1.. 

12 November 2009 1-30,34-48 

L .1-..urtht:tr doctunent,s are listed nt the continuation of Box C. See patent family annex. 

* Special =twines of eittu.doetooessf$•. 't ;ate:-  document ptsMW.red after theinternationsi filing date or priority 
'A" dofzument defining the general state of the art which is 3itit considered date and not in t.torsthet mkb. the applic;Ition hut cited to understand 

tabs of parnenter relevance thoTamople:or theory andedying the invention 
" earhor oPitbeatioo or Went but publi•thed or or after the international "X" document of particular relevance: the siattioal inverditm cannot be 

Ving date : con5;dtlxvd cowl or canom he ton5idermi to involve an inventive 
17 document winch may throw doubts on priority elairets) or winch is step when the document is taken alone 

eited to esta0101 the publication date of aeofnereitattoa or other "r document of perticoiar re;evance the claimed invention cannot be 
speciat teaac:ti Os apecitied) constderCd N .flicT MI • itiS inventive step viten the document is. 

"Ct.̂  document referring wan Oral .dittviosUra, use, exhibition or other combined with one -It mom other such doeumentaisach combination 
Mara being obvious to a parson .3.ciied Pa therm 

'F" *comsat publi.shed prior to the international filing date but later "&" document member of the same patent family 
Bear: the pnon; elate claimed 

ate of the actual completion o3 the international search Date of mailing of the international search report 

21 June 2017 (21N.2017) 03 July 2017 (03.07.2017) 
Hanle and nailing address Odle 34.''"` I  Authorized offiecr 

- Imernational.Amlieution DiViziMg1 a 

KOists:Zr: thtellectilat Property Office AHN, kong Fiwan i 
tti.9 Cheeng,sa,ret, Sea so, Deelette„3,1208, Xepublie of Oros 0

 

, 
Faesiinde- No. IV-424 8 1 43578 Telephone No.. +8242481-8633 w ^ 
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Publitation 
date 

Patent family 
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WO 2006-066271 A2 22/05/2006 
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PCT/US2017/015882 
PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

TO: 
PELOQUIN, MARK S. 

PELOQUIN, PLLC 800 FIFTH AVE, SUITE 4100 SEATTLE 
i WA 98104 USA 

. 

PCT 
WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

Date of mailing 
(doryirnonthiyaeo 03 July 2017 (03.07.2017) 

Applicant's or agent's file reference . 
K41090P0RPOT 

FOR FURTHER ACTION 
See paragraph 2 below 

International application No. I International filing date (day./inontkwar) 
PCT/US2017/015882 1 31 January 2017  (31.01.2017) 

Priority date(eloytniondOiem) 
01 August 2016 (01.08.2016) 

International Patent Classification (IPC) or both national classification and WC 

HOW 1/50(2006.01)i, 1103M 1/12(2006.0M 

Applicant 
KO:P1N CORPORATION 

1. This opinion contains indications relating to the followMg items: 

C11 Box No. E Basis of the opinion 

Box No. 11 Priority 

Box No. ftt Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

)314 Box No. IV Lack of unity of invention 

Box No. V Reasoned statement under Rule 43bis.1(a)0) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

Box No. VI Certain doCuments cited 

0 Box No. VII Certain defects in the international application 

Box No. VIII Certain observations an the international application 

2. FURTHER ACTION 
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority (IPEA") except that this does not apply where the applicant chooses an Authority 
other than this one to be the 1PEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written 
opinions of this International Searching Authority will not be so considered. 

If this opinion is:  as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the 
IPEA a written reply together. where appropriate, with amendments, before the expiration of3 months from die date of mailing 
of Form PCTIISA/220 or belbre the expiration of 22 months from the priority date, whichever expires later. 
For further options, see Form PCIlISA/22.0. 

Name and mailing address of the ISA/KR. 
International Application Division. 
Korean Intellectual Property Office 
1119 Clicongsa•io, Seolu, Daeiton. 
35208, Republic of Korea 

Facsimile No. +8242.481.8578 

Date of completion of this opinion 

21 Junc 2017 (21.06.2017) 

Authorized officer 

AHN. Jeong blwan 

Telephone No. 4-8242-481-8633 
     

Form Pt.:VISA/237 (cover sheet) (January 20151 
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With regard to the language. this opinion has been established on the basis of : 

the international application in the language in which it was filed 

a translation of the international application into  which is the language of a 
translation furnished fir the purposes of international search (Rules 12.3(a) and 23.1(b)) 

2. El  This opinion has been established taking into account the rectification or an obvious mistake alithorized by or notified 
to this Authority under Rule 91 (Rule Obis. I (a)) 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 
been established on the basis of a sequence listing: 

a ❑ fn ring pan of the international application as tiled: 

in the form of an Annex CiST.25 text file. 
0 on paper or in the form of an image file. 

h. [3 furnished together with the international application under PCT Rule I3ter.1(a) for the purposes of international 
search only in the form of an Annex C/ST.25 text file 

C. ri  ilarnished subsequent to the international tiling date nix the purposes of international search only; 

El in the form of an Annex ets.r.2$ text file (Rule 134er,l(a)). 

ED on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713). 

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additional copies is identical to that funning part of the application as 
filed or does not go beyond the application as filed, as appropriate, were tbrnished. 

5 Additional comments: 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

international application No 

PCTIUS2017/015882 

Box No. .l Basis of this opinion 

Form PCVISA42.37 (Box No. Of January 2015) 
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WRITTEN OPINION OP THE 
INTERNATIONAL SEARCHING AuTnoRrry 

 

nernational application No. 

PCT/US2017/015882 
 

  
Box No. IV Lack of unity of invention 

In response to the invitation (Porto A/206) to pay additional fees the aptilicarit has, within the applicable time 

pain additional fors 

paid additional fees wider protest and, where applicable, the protest lee 

  paid additional fees under protest but the app€icable protest fee was not paid 

net paid additional fees 

This Authority ihnnd that the tequirement unity of invention is not complied with and chose not to invite the applicant 
to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1 13.2 and 13.3 is 

 complied with 

not complied with for the a:Wowing reasons: 

Group I: Claims 1.30  and 34-48, drawn to a system and a method fir time delaying an 

oversampled signal within an ADC system. 

Group Claims 31-33, drawn to a decimation module for use in an ADC system. 

Group Claims 49-54, drawn to a system for applying multiple time delays to an output 

&OM a single sensor. 

The inventions listed as Groups 1, II and HI do not relate €o a single general inventive 

concept under PCT Rule 13.1 because under PCT Rule 13,2;  they lack the same or 

corresponding special technical features for the thllowing reason: they are separate inventions 

with distinct fields of search. 

4 Consequently, this opinion has been established in respect of the title ving parts of the international application : 

all parts. 

the parts relating to claims Nos. I -30, 34-4S 

Form PeT/ISA1237 (Box No. IV) Olltuat.Y 2013) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

international application No. 

PCTIU S2017/015882 

€ ox No. V Reasoned statement under Rule 43b18.1 WO with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1.3{1,34,45 YES 

Claims NONE NO 

step (IS) Claims 20-24 YES 

Claims 1-19,25-50,34-48 NO 

industrial applicability (IA) Claims 1,30,34-48 YES 

Claims NONE NO 

2. Citations and explanations 

Reference is made to the following documents: 

DI: US 2005-0167496 Al (ROBERT E. MO LEY' JR. et al.) 04 August 2005 

D2 US 2015.0281836  Al (KH1EM QUANG NGUYEN et al,) 01 October 2015 

D3: US 2011-0013488 Al (WEI MA et al.) 20 January 2011 

D4: US 2013.4)121504 Al (ROBERT ADAMS et al.) Hi May 2013 

175: US 2009µi3278721. Al (KOICHI HAMASHITA et al.) 12 November 2009 

1. Novelty and Inventive Step (PCT Article 33(2) and 33(3)) 

1.1 Independent Claim 

DI, which is considered to be the closest prior art to €he subject matter of claim 1, discloses a 

system comprising: a sensing unit to produce an analog signal indicative of a sensed magnetic 

tield and over-sample €he analog signal (see paragraph [0051]; claims 8, 12; figure 1). Claim 1 

differs from DI in a time delay element, wherein the time delay element is configured to 

receive as an input an oversampled digital output signal and to output a time delayed 

oversampled digital output signal. However, this feature is well known from DI considering a 

plurality of delay lines between an over-sample modulator and at least one channel, wherein 

each of the delay lines is configured to provide a specific delay (see paragraph [0100]; claim 

13; figures 1 IA, 13). Accordingly, it would he obvious to a person skilled in the art to arrive 

at claim 1 over DI. Therefore, claim f lacks an inventive step under PCT Article 33(3). 

1.2 Dependent Claims 2-15 

The additional feature of claim 2 can be easily derived from the future of DI considering a 

decimator to decimate the over-sampled signal; and a low pass filter to process the 

over-sampled signal (see paragraph [00861; claim 8: figure 11 A). Accordingly, claim 2 would 

Continued 033 Supplemental Box 

form PCIIISA/237 (Box. No, f ) ChTluarY 2015) 
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WRITTEN OPINION OF THE 
International. application `co. 

INTERNATIONAL SEARCHING AUTHORITY I PCPUS2017/015882 

lioK No. VIII Certain observations on the ititernationni application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fUlly 
supported by the description, are made 

Claim is unclear in that the expression "claim of claim" serrrr5 to be a typo of 'claim' ( PCT Article 6). 

Claim 12 is unclear in that the expression. "Jess that" (line 16) seems to he a typo of lesS than' ( PCT Article 6). 

Claim 13 is unclear because 'the low pass filtered decimated time delayed digital output signal' has not been previously defined. 
Therefore, claim 13 does not meet the requirements of PCT Article 

Claim 14 is unclear because "the beam forming operation" has not been previously defined (PCT Article: 6). 
(Note: Referring. to the description, it seems to be a typo of 'the beam €arming, process') 

Claims 17-30 are unclear in that the expression "The ADC system" seams to be a typo of The system' (per Article 6). 

Claim 23 is unclear because "the.digital sensor" has not been previously defined. Therefore, claim 23 does not meet the 
requirements of PCT Article £. 

Claim 27 is unclear beceuse. "the delay eterinen" has not been previously defined. Therefore, claim 27 does not meet the 
requirements bpi PCT Article 6. (Note: Referring to the deseziption„ it seems to be a typo of 'the time delay element) 

Claim 44 is unclear in that the expression "fdecimatin≥* means is multistage]" seems to be a typo (PC: 2' Article 6). 

Form PCIIISA1237 (Box No. Yid) (January 2015 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY  € 

international application No . 

PCTIUS2017/015882 

Supplemental Box 

In case the space in any of the preceding boxes is not sufficient 
C:Cintinuation of: Box No. V 

have been obvious over DI. Therefore, claim 2 lacks art inventive step under PCT Article 

33(3). 

The additional features of claims 3, 4 and 10 are not disclosed in fit. However, the additional 

features of claims 3, 4 and 10 can be easily derived from the feature of 1)2 considering that 

each of first and second sigma-delta modulators is an oversampled converter operating at an 

oversampled sampling rate or frequency, and a signal coder is configured to process and 

encode and format first and second digital microphone signals to generate a serial digital audio 

stream at a predetermined sample ra€e, wherein the serial digital audio stream may be 

unthrmatted, e,g. a double-edge modulated PDM stream (see paragraphs [0030], [00321; figure 

1). Accordingly, claims 3, 4 and 10 would have been obvious over D1 in view of D2. 

Therefore, claims 3, 4 and 10 lack an inventive step under PCT Article 33(3), 

The additional features of claims 5-7 can be easily derived from the features of D2 considering 

that a MEMS microphone has a frequency response that extends from an audible frequency 

range (20 Hz-20 kHz) to ultrasonic frequencies (see paragraphs [04271-10€301; figure U. 

Accordingly, claims 5-7 would have been obvious over DI in view of D2. Therefore, claims 

5-7 lack an inventive step under €ACT Article 33(3). 

The additional features of claims 8 and 9 can be easily derived from the feature of DI 

considering applying a specific delay associated with a specific bandwidth and sampling rate, 

the specific bandwidth substantially matching a bandwidth of the analog signal (see claim 8). 

Accordingly, claims 8 and 9 would have been obvious over Di in view of D.2. Therefore, 

claims 8 and 9 lack an inventive step under PCT Article 33(3). 

The additional feature of claim 11 can be easily derived from the feature of D2 considering a 

multi-stage decimator to reduce the sample rate of the first digital microphone signal with a 

predetermined factor, wherein the decimator comprises a lowpass filter (see paragraphs [0035], 

[0036t figure 3). Accordingly, claim 11 would have been obvious over Dl in view of D2. 

Therefore, claim I1. lacks an inventive step under PCT Article 33(3). 

Continued on The Next Page 
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WRrrrEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Internttiona€ application No, 

PCT/US20.17/015882 

Supplenicntal Box 

tti case the space in any of the preceding hoses is not sufficient. 
ek-mtimmtion of pievious  Page 

The additional feature of claim 12 is not disclosed in O1 and O2. However, the additional 

feature can be easily derived from the feature of O3 considering that a digitized receive signal 

is down sampled by a first decimation filter ht(i) in accordance with an over sampling clock 

signal, and the down sampled data are delayed by delay elements, wherein two delayed signals 

are down-sampled by a first reduced frequency clock signal for second decimation filters h2(e); 

further filtered data from two-phase outputs of the second decimation filters are delayed 

through second delay elements; second delayed data is down-sampled by a second reduced 

clock signal which drives third declination filters 113(z); and outputs of the third decimation 

filters are further delayed through third delay elements to provide delayed data which 

corresponds to delayed data from a first N-phase poly-phase filter, wherein the decimation 

filters down sample an over sampled data stream to a lower sampling rate (see paragraphs 

[0037], f00,111; figure 6), Accordingly, claim 12 would have been obvious ova a combination 

of D1-O3. Therefore, claim 12 lacks an inventive step under 'CT Article 33(3). 

The additional features of claiaaas 13-15 can be easily derived from the feature of 1)3 

considering that time delays needed for beam forming can he implemented by programmable 

time delays to generate sufficient delay resolution for dynamic beam focusing, and aligriirag 

multi-ehannei data streams and sub-beam former circuitry provides phase control by combining 

multiple signals into a single sub-beam signal with a fine delay resolution; and eight 

multi-phase signals are selected in accordance with a fine delay requirement and further delayed 

by a coarse delay unit by selected integer sample intervals (see paragraphs [0030], [0037], 

[0041]; figures 3, 6). Accordingly, claims 13-1.5 would have been obvious over a combination 

of O1-O3. Therefore, claims 13.15 lack an inventive step under PCT Article 33(3). 

1.3 Independent Claim 16 

D2, which is 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, e.g. a double-edge modulated. PDM 

stream (see paragraphs [0030], [0032]; figure 1); and a sigma-delta modulator which is an 

oversampled converter operating at an oversampled sampling rate or frequency paragraphs 
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[0030)40032]; figure 1). Claim 16 differs from O2 in a 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 output signal, wherein the delayed PDM output signal is delayed 

by a time delay equal to a luumber 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 [0100]; claim 13; figures !IA, 13). Accordingly, claim 

16 would have been obvious over D2 in view of DI. Therefore, claim 16 lacks an inventive 

step under PCT Article 33(3). 

1.4 Dependent Claims 17-30 

The additional features of claims 17 and 18 can be easily derived from the features of 32 

considering a multi-stage decimator to reduce the sample rate of the first digital microphone 

signal with a predetermined factor, wherein the decimator comprises a lowpass filter, wherein 

the first and second digital signals may be conveniently supplied as firs€ and second PDM 

signals, and each of the first and second digital signals may be converted from a native PDM 

format to a multi-bit or PCM format (see paragraphs [0012], [0035], [00361; figure 3). 

Accordingly, claims 17 and 18 would have been obvious over D2 in view of D 1 . Therefore, 

claims 17 and 18 lack an inventive step under PCT Article 33(3). 

The additional feature of claim 19 can be easily derived from the feature of O3 considering 

that a digitized receive signal is down sampled by a first decimation filter hl(z) in accordance 

with an over sampling clock signal, and the down sampled data are delayed by delay elements, 

wherein two delayed signals are down-sampled by a €irst reduced frequency clock signal for 

second decimation filters h2(4); further filtered data from two-phase outputs of the second 

decimation filters are delayed through second delay elements; second delayed data is 

down-sampled by a second reduced clock signal which drives third decimation filters h3(z); and 

the outputs of the third decimation filters are further delayed through third delay elements to 

provide delayed data which corresponds to delayed data from a first N-phase poly—phase fi her, 

wherein the decimation filters down sample an over sampled data stream to a lower sampling 

rate (see paragraphs [0037], [00411; figure 6). Accordingly, claim 19 would have been obvious 

over a combination of O1-D3. Therefore, claim 19 lacks an inventive step under PCT Article 

Continued on The Next. Page 

a orm PC" IiSA1237 (Supplemental Box) (Rummy 2015) 

Page 135 of 344



International appheation No. 
WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY PCT US2017/015882 

Supplemental Be' 

Flt ease the space in any of the preceding boxes is not sufficient, 
Continuation of previous  paw 

33(3). 

The additional feature of claim 20 is characterized in that a first state employs a 

cascaded-integrator-comb €i.lter structure, a second state is configured as two half-band filters, 

and a third state is configured as a low pass filter. And it is not disclosed in any of the prior 

art documents, nor is it obvious by the documents, taken alone or in combination. Accordingly, 

claim 20 meets the requirements of PCT Article 33(2) and (3) with respect to novelty and 

inventive step. 

Claims 21-24 are directly or indirectly dependent on claim 20 and therefore meet the 

requirements of PCT Article 33(2) and (3), 

The additional features of claims 25 and 26 can be easily derived from the feature of D3 

considering that eight multi-phase signals are selected in accordance with a fine delay 

requirement and further delayed by a coarse delay unit by selected integer sample intervals, and 

delay control data is stored in the coarse delay unit, wherein ihe stored data is accessed in 

accordance with coarse delay control data received as part of the delay control data (see 

paragraphs [0039], r004I]; figures 5. 6). Accordingly, claims 25 and 2t< would have been 

obvious over a combination of D1-1)1 Therefore, claims 25 and 26 lack an inventive step 

under PCI Article 33(3). 

The additional features of claims 27 and 28 can be easily derived from the features of Di 

considering a plurality of delay lines between the over-sampled modulator and the at least one 

channel, wherein each of the delay lines is configured to provide a specific delay (see claims 

2, 3). Accordingly, claims 27 and 28 would have been obvious over 132 in view of Dl. 

Therefore, claims 27 and 28 lack an inventive step under PCT Article 33(3). 

The additional features of claims 29 and 30 can be easily derived from the features of Dl 

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 8), 

Accordingly, claims 29 and 30 would have been obvious over D2 in view of DI. Therefore, 

Continued on The Next Page 

Form ileTtISA/237 (Sup ealentiti Box) (lantliarY 2015) 

Page 136 of 344



pplem etttal Dos 

tta case the space in any or the preceding boxes is not 5Ufficient. 
Continua ion ptevious  page 

claims 29 and 30 lack an inventive step under PC r Article 33(3). 

Independent Claim 34 

DI, which is considered to be the closest prior art to 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 paragraph [0€151]; claims 8, 12; figure. I). Claim 34 differs 

from Dl in delaying an oversampled digital signal by a time delay, wherein the time delay is 

equal to an integer number of sampling clock cycles to produce a delayed oversampled digital 

signal. However, this feature is well known from DI in applying a specific delay associated 

with a specific bandwidth and sampling rate, the specific bandwidth substantially matching a 

bandwidth of the analog signal (see paragraph [0100]; claims 8, 13; figures 11A, 13). 

Accordingly, it would be obvious to a person skilled in the art to arm at claim 34 over Di. 

Therefore, claim 3.4 lacks an inventive step under PCT Article 33(3), 

1.6 Dependent Claims 35-38 

The additional feature of claim 35 can be easily derived from the feature of I considering a 

decimator to decimate the over-sampled signal; and a low pass filter to process the 

over-sampled signal (see paragraph [0086]; claim 8; figure II. A). Accordingly, claim 35 would 

have been obvious over DI. Therefore, claim 35  lacks an inventive step under PCT Article 

33(3). 

The additional feature of claim 36 is not disclosed in D1. However, the additional feature of 

claim 36 can be easily derived from the feature of 173 considering that a total delay is a 

combination of fractional and integer sample delays (see paragraph [0041)). Accordingly, claim 

36 would have been obvious over D1 in view of D3, Therefore, claim 36 lacks an inventive 

step under PCT Article 33(3). 

The additional feature of claim 37 can be easily derived from 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 8). Accordingly, 

claim 37 would have been obvious over DI. Therefore, claim 37 lacks an inventive step under 
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PCT Article 33(3). 

The additional feature of claim 38 is merely a matter of design op€ion when szeneral technical 

knowledge in the art is used. Accordingly, claim 38 would have been obvious over Dl. 

Therefore, claim 38 lacks an inventive step under PCT Article 33(3), 

1,7 Independent Claim 39 and Dependent Claims 40-43 

Claims ,39, 40, 42 and 43 relate to a computer-readable storage medium and have substantially 

the same technical features 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 a€ claims 

39, 40, 42 and 43 over IA, Thercthre, claims 39, 40, 42 and 43 lack an inventive step under 

PCT Article 33(3) for the same reasoning as in claims 34, 35, 37 imd 38. 

The additional feature of claim 41 is substantially the same as that of claim 36, differing only 

in the category, Accordingly, it would be obvious to a person skilled in the art to arrive at 

claim 41 over .01 in view of D3. Therefore, claim 41 lacks an inventive step under PCT 

Article 33(3) for the same reasoning as in claim 36. 

,8 Independent Claim 44 

DI, which is considered to be the closest prior art to the subject matter of claim 44, discloses 

a system comprising: a sensing unit to produce an analog signal indicative of a sensed 

magnetic field and over-sample the analog signal (see paragraph [0051]; claims 8, 12; figure 

I); tnd. a plurality of delay lines between an over-sample modulator and at least one channel, 

wherein,  each of the delay lines is configured to provide a specific delay (see paragraph [0100]; 

claim 13; figures 11A, 13), Claim 44 differs from DI in decimating means to receive a 

delayed oversampled digital signal and to low pass filter and to decimate to a lower sampling 

rate, wherein the resul€ting digital signal contains a digital representation of an analog field 

quantity without noise introduced by over sampling means. However, this feature is well known 

from DI considering a decimator to decimate the over-sampled signal; and a low pass filter to 

process the over-sampled signal (see paragraph [0086]; claim 8; figure HA), Accordingly, it 

would he obvious to a person skilled in the art to arrive at claim 44 over Dl. Therefore, 
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claim 44 lacks an inventive step under PCT Article 33(3). 

l:4 Dependent Claims 45-4₹8 

The additional feature of claim 45 is not disclosed in. DI. However, the additional feature of 

claim 45 can be easily derived from the feature of D2 considering a multi-stage decimator that 

reduces a sample rate of a first digital microphone signal with a predetermined factor (see 

paragraph [0035]; figure 3). Accordingly, claim 4S would have been obvious over DI in view 

of D2, Therefore, claim 45 lacks an inventive step under PCT Article 33(3). 

The additional feature of claim 46 is not disclosed in Dl. However, the additional feature of 

claim 46 can he easily derived from the feature of D3 considering that a total delay is a 

combination of fractional and integer sample delays (see paragraph [0041]). Accordingly, claim 

46 would have been obvious over 131 in view of D3. Therefore, claim 46 lacks an inventive 

step under PCT Article 33(3), 

The additional feature of claim 47 can be easily derived from the:feature of Dl considering 

applying a specific delay associated with a specif€c bandwidth and sampling rate, the specific 

bandwidth 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 is merely a matter of design option 'hen general technical 

knowledge in the art is used. Accordingly, claim 48 would have been obvious over 1)1. 

Therefore, claim 48 lacks an inventive step under PCT Article 33(3). 

2. Industrial Applicability (PCT Article 33(4)) 

Claims 1-30 and 34-4₹t are industrially applicable under PCT Article 33(4). 
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Appl: No. 1.6 S5.  
Responge 4aicd February 25.2021 
Rtply1p Wilco Action of 09,10112020 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

No, 16/8.51,044 
A€torney Docket. No. 101404.,P8c3 
Applicant SOLOS TECHNOLOGY LIM.  ED 
Filed April .t 6, 2020 
TC./A.0 2845 
Ekaminer MAI,:  LAM -r 
Confir:ma€ion No, 9885 

Commissioner tor Patents 
PO Box 1450 
Alexandria, VA. 22313-1450 

RESPONSE T€) OFFICE ACTION. 

Sir 

In response to the Office Action ma€led on 09/01/2020, Applicant makes the 

following amendment and asks the Office to consider the tbllowing remarks: 

Listing of Claims s€arts on page 2. of this paper. 

Amendments to Specification starts on page 19 of this paper. 

Remarks/ Arguments starts on page 20 of this paper. 
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Appl: No. 161S51,044 
Response 4ated February 25,2021 
Reply to Mice Action of 09,10112O0 

Amendments to the Claims:  

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

app Ii e at i on: 

,istin2 of Claims:  

Claim 1 (original). A computer-readable storage medium storing program code for 

causing a data processing system to perform the steps comprising: 

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 €he 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 beamfomied d€gitall signal, wherein the second 

oversampled signal is responsive to the analog field. 

Claim ?.(original;). The computer-readable storage medium of claim 1, wherein the 

combining is performed in an oversampled.signal domain. 

Claim 3 (original). '[he computer-readable storage medium of claim I, wherein the 

combining is performed at an intermediate sampling rate. 
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Response dated February 25,2021 
Reply to Mice Action of 09,10112O0 

Claim 4 (original) The computer-readable storage medium of claim h wherein the 

combining is performed in a baseband signal. domain. 

Claim 5 original), The computer-readable storage medium 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 claim 1, wherein the 

first oversampled digital signal and the second oversampled digital signal are obtained 

the same sensor. 

Claim 7 (original). The computer-wadable storage medium of claim 1, further 

comprising: 

applying a low pass filter with decimation to the time delayed first oversampled 

digital signal to output a baseband digital signal that is de a yed by the time delay. 

Claim 8 ton al The computer-readable storage medium of claim 7, wherein the 

time delay is equal to a fraction of a baseband sampling period. 

Claim 9 (original.), The computer,ivadable storage medium of claim 7, wherein the 

time delay is greater than a basehand sampling period. 
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Response dated February 25,2021 
Reply to Oleo Action of 09,1011200 

Claim 10 (origi€ial). The computer-readable storage medium tit ckdm 7, wherein the 

first oversampled digital signal is digitized to create samples which are more than on bit 

deep. 

Claim 11 (New). A syStem to time delay digital signals, comprising; 

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 first time delay element, the first time delay element is configured to receive 

an input the oversampled digital output signal and to output a time delayed oversampled 

digital output signal, wherein the time delayed oversampled digital output signal is time 

delayed by a liactional delay, the fractional delay is equal to an integer number of 

sampling clock cycles times the sampling clock period; 

a filter, the filter is configured to receive as an input the time delayed 

oversampled digital output signal, the filter to low pass filter and to dec€mate_ to a lower 

sample rate the time dplayed oversampled digital output signal and to output a low pas$ 

filtered decimated delayed digital output signal, wherein the lower sample rate €s less 

than the sampling clock frequency; 

a second time delay element, the second time delay element is conli4urped to 

receive, as an input, 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 €he lower sampling rate period, the integer delay is applied to the low 

pass filtered decimated time delayed digital output signal; and 
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Responge Meet February 25.2021 
Reply tp Office Action of 09,1011200 

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

fractional delay and the integer delay. 

Claim 12 (New). The system of claim 1 1. wherein the digital sensor utilizes a sigma-

delta modulator and the oversampled digital output signal is a pulse density modulated 

(PDIV1) 

Claim 13. (New).. The system of.laim 11. .wherein ti oversampled digital output 

signal is •.a pulse density modulated (PIYM) 

Claim 14 (New). The system of claim 11, wherein the digital sensor is a digital 

microphone, 

Claim 15 (New). The system of claim I 4, wherein the digital microphone utilizes a 

micro-electromechanical systems (ME:MS) sells or. 

Claim 1.6 (New). The system. of claim 1.1, wherein the analog field quantity i.s stn 

acoustic pressure field. 

Claim 17 (New). The system of claim 11, wherein the integer number of sampling 

clock cycles is selected from a range of one to the sampling clock frequency divided by a 

basehand sample rate. 
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Appl: No. 161S51,O$4 
Itesponiie 4oted February 25.2021 
lkoply to Oleo Action of 09,10112O0 

Claim 18 (Newt). The system of elaim of claim 13, wherein the filter is a PDM 

receiver. 

Claim 19 (New). The system of claim 18. wherein the filter is a multistage filter 

further 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, ‘vherein the second stage is configured to receive as an input an 

output from the first stage, the second stage to decimate the input to a baseband sample 

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

Claim 20 (New). The system of claim 18, wherein the filter is a multistage f€ter 

further comprising: 

a first stage, the first stage to receive as a first stage input s€gnal the time delayed 

oversampled digital otiff ttf 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 output 

signal; and 

a second stage, the second stage to receive. as a second stage inpr€t signal the first 

stage output signal, the second stage to low pass filter and to decimate to a second 

intermediate sampling rate the second stage input signal to form a second stage output 

signal; and 

a third stage, the third stage to receive as a third stage input signal the second 

stage output sig.€tal the,  third stage to decimate the third stage input signal to a baseband 
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Appl: No. 161S51,044 
Response 4ated February 25.2021 
Reply to Office Action of M10112020 

sample rate and to filter the third stage input shmal to a hasehand siianal bandwidth, 

wherein the first intermediate sampling rate is less than the sampling clock rate, the 

second intermediate sampling rate is less than the first intermediate sampling rate, and the 

baseband sampling rate is less that the second intermediate sampling rate. 

Claim 21 New The system of Claix.€-  17, wherein the lower sample rate is a 

baseband sample rate and the low pass f€ltered decimated time delayed digital output 

signal is used in a. beam forming process with a second signal, wherein the second signal 

is a• digital measurement of the field quantity. 

Claim 22 (New}. A system to time delay signals, comprising: 

a sensor element, the sensor element is responsive to an analog field quantity; 

a sigma-delta modulator, the sensor element is electrically coupled to the sietna-

delta modulator and is configured to produce a pulse density modulated (1)DM) output 

signal at a sampling clock frequency responsive to the analog field quantity:, 

a first time delay element, the f€rst time delay element is electrically configured to 

receive the PDM output signal, and to output a. delayed PDM outpu€ signal, wherein the 

delayed PDM output signal is delayed by a fractional time delay equal to a number of 

cycles of the sampling clock frequency times a period of the sampling clock; 

a decimation module, the decimat€on module is configured to receive as an input 

the delayed I'DM output signal, the decimation module to low pass filter and to decimate 

to a :lore.€ sample rate the delayed PIM output signal and to output a low pass filtered 

decimated delayed PD114 output signal, wherein the lower sample rate is less than the 
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Appl: No. 161S51 ,044 
Response 4aied February 25.2021 
Reply tp Office Action of 09,10112(120 

sampling dock frequency,. the decimation module to convert to pulse code modulation 

GPCIVI) format; 

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

receive, as. an inp€€t,, the low pass filtered decimated delayed PDM output signal and to 

impart. an integer delay, the integer delay is an integer number of cycles it. the lower 

sample rate times.a period at the lower sampling rate, the integer delay is applied to the 

low pass filtered decimated delayed. PD114. output signal; and 

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

fractional delay and the integer delay. 

Claim 23 (New). The sys€em of claim 22. the dec€mation module fUrther 

comprising: 

a first stage, the first stage to receive as a first stage input signal the 

delayed PDM output signal, the first stage to low pass filter and to decimate to a first 

intermediate sample rate the first stage input signal to form a fi.rst stage output signal, 

wherein the first intermediate sample rating is 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 s€age to low pass filter and to decimate to the 

lower sample rate the second stage input signal, wherein the lower sample rate is lower 

than the first intermediate sampling rata the decimation module to convert to pulse code 

modulation (PCM) ibrinat. 
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Response 4ated February 25.2021 
Reply tp Mice Action of 0.9,1011200 

Claim 24 (New). The system ofelaim  22, the decimation module further 

comprising: 

a first stage, the f.€rst stage to receive as a first stage input s€gnal the 

delayed PDNI output signal, the first stage to low pass filter and to decimate to a first 

intermediate sample rate the first stage input signal to form a first stage output signal, 

wherein the first intermediate sample rating is less than the sampling clock frequency; 

a second 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 decimate to as 

second intermediate sample rate the second stage input signal, wherein the second 

intermediate sample rate is lower than the first 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 filter and to decimate to the lower sample 

rate the third stage input signal, wherein the lower sample rate is lower than the second 

intermediate sample rate, the decim€ation module to convert to pulse code modulation 

(PCM) tbrmat, 

Claim 25 (New). The system of claim 24, wherein the first stage employs a 

cascaded-integrator-comh (Cl.C.) filter structure, 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 2:1 

half band decimation stages, the third stage provides 4:1 decimation which results in a 
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has band sampling rate of 16 kFlz, low pass filtering throughout the decimation module 

filters high frequency components from the sigma-delta modulation process. 

Claim 27 (New). The system ofclaim 20, wherein the sampling clock frequency is 

selected from the group consisting of 1 MHz to 4 MHz and a user defined sampling rate, 

Claim 28 (New). The system ordain) 27, wherein the digital sensor is a digital 

microphone and the field quantity is acoustic pirsspre, 

Claim 29 (New) The system of claim 28, wherein the digital microphone utilizeS a 

micro-electromechanical. systems ( M EMS)•sensor. 

Claim 3(1 (New). The system of claim wherein the first time delay element is a 

buffer, wherein a minimum length of the buffer is equal to the sampling clock frequency 

divided by the lower sample rate and the time delay is equal to a. value of the buffer. 

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). Thi'z,•.system of elaim 22,. wherein the first time delay element is 

implemented with a delay line. 
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Claim 33 (New.). The :system of Claim 3.2, where the time delay provided by the 

delay line is programmable with the control signal. 

Claim 34 (New). The system of claim 22, wherein the fractional time delay is eels€.al 

to a fraction of a baseband sampling period. 

Claim 35 (New). The system of claim 22 wherein the fractional time delay is 

greater than a baseband sampling period. 

Claim 36 (New) A decimation module for use in time delaying digital signals, 

comprising: 

a general number of N stages, the decimation module having as an input an 

oversampled digital oat€put signal from a digital sensor; 

an stage, the iE€1  stage to low pass filter and to der€mate to an i°1  intermediate 

sampling rate an stage input s€gnal to form an stage output s€gnat, wherein the ith 

intermediate sample rating is less than a sampling clock frequency used to create the 

oversampled digital output signal; 

a first time delay element, the first time delay element to delay the ith stage output 

signal by a fractional time delay, wherein the fractional time delay is equal to an integer 

number of intermediate sampling rate cycles times the intermediate sampling rate 

period, the first time delay element to output a delayed stage output signal; 

an i 41 stage, the i +1 stage to receive as an i +1 stage input signal the delayed ith 

stage output signal, the i+1 stage to low pass filter and to decimate to an i l intermediate 
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sampling rate the i+1 stage input sianal to form an i+1 stage output signal, wherein €he 

i+1 intermediate sampling rate is lower than the intermediate sampling rate; 

a second time delay element, the second time delay element is conf€gured to 

receive, as an input, the i+ I stage output signal and to impart an integer delay, the integer 

delay is equal to an integer number of cycles at the i4-1 intermediate sampling rate times 

the i th  intermediate sampling rate period, the integer delay is applied to the i+ I stage 

output signal, the intermediate sampling rate is a hasehand sampling rate, the 1+1 

stage output signal is an output signal from the decimation module that is time delayed by 

a combi€aed time delay, the comb€ned time delay is a sum of the fractional time delay and 

the integer tirzae delay; and 

a controller, the controller is configured to supply a conntil signal to set the 

fractional time delay and the integer time delay. 

Claim 37 (New). The decimation mod€rle of claim 36, wherei€a the digital sensor is a 

digital Microphone and the combined  time delay is used during a beam forming operation 

with the output signal from the decimation mod€le. 

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 is created at a sampling clock rate; 
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delaying the oversampled digital signal by a fractional time delay wherein the 

fractional time delay is equal to an integer number of sampling clock cycles to produce a 

delayed oversampled digital signal; 

applying a. low pass filter with decimation to the delayed oversampled &a: that 

signal to output a haseband digital signal that is delayed by the fractional time delay; and 

delaying,  the haseband digital signal by an integer time delay, wherein the integer 

time delay is equal to a number of eye es at a haseband sampling rate times the haseband 

sampling rate period, 

Claim 39 (New) The method of claim 38, wherein the fractional time delay is equal 

to a traction of a baseband sampling period. 

Claim 40 (New). The method of claim 3£f, wherein the fractional time delay is 

greater than a baseband sampling period. 

Claim 41 (New.). The method of claim I3$ wherein the oversampled digital signal is 

digitized to create sampleswhieh are more than one hit deep. 

Claim $2 (New A computer-readable storage medium storing program code for 

causing a data processing system to perform the steps comprising: 

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

field; 
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processing the signals to create an oversampled 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 time delay is equal to an integer number of sampling, clock cycles times the 

sampling clock period to produce a delayed oversampled digital signal; 

applying a low pass tiller with deei M ation to the delayed oversampled 

signal to output a lase and digital. signal that is 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 a number of sampling clock cycles times the sampling clock period 

at a baseband sampling rate. 

Claim 43 (New). The computer readable storage medium of claim 42, wherein the. 

fractional time delay is equal to a fraction of a. baseband sampling period, 

€'laim 44 (New)„ The computer readable storage medium of claim 42, wherein the 

fractional time delayis. greater than a baseband sampling period. 

Claim 45 (Newry. The computer readable storage medium of claim 42. wherein the 

oversampled digital signal is digit.€zed to create samples which are more than one bit 

deep. 

Claim 46 (New). A system to delay digital signals, comprising: 

sensing means for measuring an analog field quantity;. 
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over sampl€ng means, the over sampling means to over sample a signal detected 

by the sensing means resulting in an oversampled digital signal; 

fractional delaying means, the fractional delaying means to apply a fractional time 

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

number of sampling clock cycles times the sampling clock period, resulting in a delayed 

oversampled digital signal; 

decimating means, the decimating means to receive the delayed oversampled 

digital signal and to low pass filter and to decimate to a lower sampling rate-4 

integer delaying means, €he integer delaying means to apply an integer timtime delay 

to the delayed oversampled digital signal, the integer time delay if.4 a number of lower 

sampling rate cycles; and 

controlling means, the controlling means to adjust the fractional time delay and 

the integer time delay to establish a total time delay, wherein the-a resulting digital signal 

is delayed by a total time delay, wherein the total time delay is a su€i3 of the fractional 

time delay and the integer time delay, and contains a digital representation of the analog 

field quantity without the noise introduced by the over sampling means. 

Claim 47 (New). The system of claim 46, wherein the decimating means is 

accomplished in a multistage module. 

Claim 48 (New). The system of claim 46, wherein the total time delay is equal to a. 

fraction of a llaseband sampling period. 
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Claim 49 (Newt). The System of Claim 46. wherein the total time delay is greater than 

a baseband sampling period. 

Claim 50 (New). The system of claim 1Ei. wherein the .oversampled digital signal is 

digitized to create samples which are more than one bit deep. 

Claim 51 (New), A system to time delay digital signals, comprising: 

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 repheator, the replicator to receive the oversampled digi€a.l. output signal and to 

output a lirSt replica of the oversampled digital output signal and a second replica of the 

oversampied digital output signal; 

a first fractional time delay element, the first fractional €ime delay element is 

configured to receive as an input the first replica and to output a first time delayed 

trieMimpled digital oard rat signal; 

a first f€lter, the first filter is configured to receive as an input the first time 

delayed oversampled digital output signal, the first filter to low pass filter and to 

decimate to a lower sample rate the firs€ time delayed oversampled digital output signal 

and to output a 'rim low pass filtered decimated delayed digital output signal, wherein the 

lower sample rate is less than the sampling clock frequency; 

a firs€ integer time delay element, the first integer time delay element is 

configured to receive, as an input, the first low pass filtered decimated delayed digital 
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output signal and to output a first time delayed digital output sianal at the lower sample 

rate; 

a second fractional time delay element, the second fractional time delay element 

is configured to receive as an input the second replica and to output a. second time 

delayed oversampled digital output signal; 

a second filter, the second filter is configured to receive as an input the second 

time delayed oversampled digital ou€pu€ 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 ou€pu€ a second low pass filtered decimated delayed digital output signal; 

and 

a second integer time 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 ou€put a second time delayed digital output sienal at the lower 

sample rate. 

Claim 5:2 (New). 'l he: of claim 51,, T herein the replicator is a splitter.. 

Claim. 5 (New). The system of claim 52,herein the splitter isai -way splitter.. 

Claim 54 (New). The system of claim 51, wherein the first time delayed digital 

output signal and the second time delayed digital output signal are used tin. bearnlbrming. 
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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 is configured to produce a pulse density modulated (1)DM) output 

signal at the sampling clock frequency responsive to the analog field quantity. 
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AMENDMENTS TO SPECIFWATION  

Kindly amend Specification paragraph 10063] as shown below, No new matter 

has been entered. 

[0063] In operation, a time delay At€ is associated with the digital signal output, at 91.2 for 

the digital microphone 920. Similarly, a time delay At3 is associ.a€ed with the digital 

signal output at 914 for the digital microphone 930940, And a time delay Atn is 

associated with the digital signal output at 916 for the digital microphone 960. A 

controller £934 is used to supply one or more control signals to each signal path 906,, 908, 

up to 910. As described above it 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 

924 €o the oversampled digital signal received from the microphone 920. Optionally, the 

controller 904 can supply a control signal 928 to a time delay element 44-09$0 (if present 

in a given system continuration). Similarly, a. control signal 947? supplied to a time delay 

element 944 is used to specify a time delay applied by the time delay element 944 to the 

oversampled digital signal received from the microphone 940. Optionally, the controller 

904 can supply a control signal 948 to a time delay element 950 (if present in a given 

system coi:.thgunitioaal. 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 time delay clement 964 which is used to specify a time delay applied by the time 

delay element 964 €o the oversampled digital signal received from the microphone 960. 

Optionally, €he controller 904 can supply a control signal 968 to a time delay element 970 

(if present in a given system configuration). 
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NONSTATUTORY DOUBLE PATENTING REJECTION 

In the Office Action, mail date September 09, 2020 the Officeissued 

nonstatutory double patenting rejected. of all pending, claims 1-10 over the issued claims 

itt US Patents: U.S. Patent No. 10,651,866. 

Applicant files herewith an :Terminal Disclaimer to remove the statutory double 

patenting rejections. 
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NEW CLAIMS 

New claims I I through 55 are presented for examination herein. Applicant 

requests entry of new claims I I through 55. 
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CONCLUSION  

All pending claims are in condition ler allowance. Applicant requests a timely 

notice of allowance. 

February 25, 207  
Date 

Respectfully .s ubmi tied, 

PELOQUIN, 

(Mark S. Peloquini 
Mark S. Peloquin, Es q. 

tiSPTO Registration # 50,787 
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DETAILED ACTION 

Notice of Pre-AIA or AIA Status 

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

inventor to file provisions of the AIA. 

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-AIA), 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 AIA. 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-I.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: outputting 

a first oversamp€ed 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 oversarnpled digital signal is 

creates€ at a sampling dock frequency; delaying the first oversampled digital signal by a time delay 

wherein the time delay is equal to an integer number of sampling dock cycles to produce a t€nne delayed 
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first oversampied digital signai: and combining the time delayed first oversai-npled digital signal with a 

second oversampied digital signal to obtain the bearnfori-ned digital signal. wherein the second 

oversampled digital signal is responsive to the analog field. 

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: wherein 

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: wherein 

the combining performed in a baseband signal 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: wherein 

the first oversampled digital siimal 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: wherein 

the first oversampled digital signal and the second oversampled digital signal are obtained€ from the 

same sensor. 

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 a 

low pass filter with decimation to the time delayed first oversarnpled 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: wherein 

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 to 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. 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 
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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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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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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 

BIB DATA SHEET 

CONFIRMATION NO. 9885 

SERIAL NUMBER 

16/851,044 

FILING or 371(c) 
DATE 

04/16/2020 

RULE 

CLASS 

341 

GROUP ART UNIT 

2845 

ATTORNEY DOCKET 
NO. 

K41090.P8C3 

APPLICANTS 
SOLOS TECHNOLOGY LIMITED, Hong Kong, HONG KONG 

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

** CONTINUING DATA ************************* 
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 ************************* 
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY ** 

04/22/2020 

Foreign Priority claimed 0 Yes W' No 

35 USC 119(a-d) conditions met ij Yes W' No 

Verified and /LAM T MAI/ 

W' I\AIZIM Ic'e 
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STATE OR 
COUNTRY 

WA 

SHEETS 
DRAWINGS 

20 

TOTAL 
CLAIMS 

10 

INDEPENDENT 
CLAIMS 

1 Acknowledged Examiner's Signature Initials 

ADDRESS 

PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 
UNITED STATES 

TITLE 

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

FILING FEE 
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865 

FEES: Authority has been given in Paper 
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0 All Fees 
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PLUS Search Results for S/N 16851044, Searched Mon Aug 31 11:34:53 EDT 2020 
The Patent Linguistics Utility System (PLUS) is a USPTO automated search system 

for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which 
produces a list of patents that are most closely related linguistically to the application 
searched. This search was prepared by the staff of the Scientific and Technical Information 
Center, SIRA. 
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UNITED 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 

Dashen FAN K41090.P8C3 
CONFIRMATION NO. 9885 

INFORMAL NOTICE 

1111111111111111111111111CIIEIEU 11110111 11111111111111111111111 

Date Mailed: 08/26/2020 

16/851,044 

51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

04/16/2020 

INFORMATIONAL NOTICE TO APPLICANT 

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). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

•A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Dashen FAN 
Joseph Yong KWON 

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. 

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

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

Date Mailed: 08/26/2020 

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 to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

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

If Required, Foreign Filing License Granted: 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 AIA (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 
Substitute for Form PTO-875 

Application or Docket Number 

16/851,044 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

20, 

in 

SMALL ENTITY OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OTHER THAN 
SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A 330 N/A 

EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) N/A N/A N/A 380 N/A 

TOTAL CLAIMS 
(37 CFR 1.16(0) 10 minus 20= x 50 = 0.00 

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) 1 minus 3 = x 230 = 0.00 

APPLICATION SIZE 
FEE 
(37 CFR 1.16(s)) 

If the specification and drawings exceed 100 
sheets of paper, the application size fee due is 
$310 ($155 for small entity) for each additional 
50 sheets or fraction thereof. See 35 U.S.C. 
41(a)(1)(G) and 37 CFR 1.16(s). 

0.00 

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. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

TOTAL 

SMALL 

785 TOTAL 

OTHER 
SMALL ENTITY 

THAN 
ENTITY 

A
M

E
N

D
M

E
N

T
 A

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

RATE($) 
ADDITIONAL 

FEE($) 
RATE($) 

ADDITIONAL 
FEE($) 

Total 
(37 CFR 1.16(i)) 

Minus x x 

Independent 
(37 CFR 1.16(h)) 

Minus x x 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column 1) (Column 2) (Column 3) 

TOTAL 
ADD'L FEE 

TOTAL 
ADD'L FEE 

A
M

E
N

D
M

E
N

T
 B

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

RATE($) 
ADDITIONAL 

FEE($) 
RATE($) 

ADDITIONAL 
FEE($) 

Total 
(37 CFR 1.16(i)) 

Minus x = x 

Independent 
(37 CFR 1.16(h)) 

Minus 
X = x 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 
"" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 

""" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found 

TOTAL 
ADD'L FEE 

3. 
enter "20". 

"3". 
the appropriate box 

TOTAL 
ADD'L FEE 

in column 1. 
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 UNUED STATES PATEN'r AND TRADEMARK 01-1.10E  

 

'UNITED.  f•vF:5..1`1•:Sk iZTMF:V3.  474, 'OM g.P.W.F: 
i, tear f..itmvs k`;:te•rtx Tradeatatis (atm 

: • PAT EN'rO 

NE3M.Eri, 

4 04/1.6/2tra 1. FAN 

51340 
PELOQUIN, PLLC 
800 Fif- 3 H AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

CONFIRMATION NO. 9885 
FORMALITIES LETTER 

inouggiviltunItH 
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 FEE$ DUE:  

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment islare 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 
PTCWSB/15A and 15E) 

•$ 80 surcharge. 
•$1_011mktalmplAjolgaymentammit, 
•$ 80 TOTAL FEE BALANCE DUE. 

Items Required To Avold 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 del iciency 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 inventors oath or declaration has not been received for the foilowing inventor(s): 
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Dashen FAN 
Joseph Yong KWON 

Replies must be received in the LISPTO 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/S[3/92 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". 
httpsiisportal.uspto.goviauthenticate/AuthenticatetiserLocalEPF 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 yo€i. must includelteOpy of this notiCe. 

Questions about the contents or notice and the 
requirements it sets forth should l>e directed to the o ffice 

of Dat, Management,. Application Assistance Unit, at 
(571) 2724000 or (571) 272,4200 or 1-888-7M-0101. 
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Filed 
04116/2020 

App€icaticn Number 
16/851z 044 

For 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1,136(a) 

Docket Number (Optiona€ 

K41090,P8C3 

BEAMFORMNG US€NG FRACTIONAL 'MAE DELAY iN DIGITALLY OYERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

Art U
nit2845 

Examiner 
Not yet assigned 

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

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

r"---: 
Fee  Small Entity Fee  Micro Entity Fee 

I One month (37 CFR 117(^)(1)) $200 $100 $50 $ 

Two months (37 CFR 117(02)) $600 $ $150 $ 300.00 

r---
Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 

Four months (37 CFR 1.17(a)(4)) $2,200 $1.100 $550 $ 

Five months (37 CFR 1.17(a)(5)) 33,000 $1.500 $730 

I71 Applicant asserts small entity status. See 37 CFR 1.27. 

Applicant certifies micro entity status. See 37 CFR I.29. 
Form PTOiSE:15A or E or equivalent must either be enclosed or have been submitted previously. 

A check in the amount of the fee is enclosed. 

Payment by credit card Form PTO-2038 is attached. 

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

The Director is hereby authorized to charge any fees which may be required, or cred€t any overpayment, to 

Deposit Account Number  

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 information and authorization on PTO-2038. 

I am the 

applicant. 

50 787 Ea attorney or agent of record Registration number ,  

ri attorney or agent acting under 37 CFR 1.34. Registration number  „„ 

/MARK S. PELOQUIN/ AUGUST 24, 2020 
Signature Date 

MARK S PELOQU1N (206) 447-1336 
Typed or printed name Telephone Number 

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

. . PIGAiAt.22 103.13} 
Approved tar use throUgh 11130M25. OMB 0661-0031 

U.S. Patent and Trademark Otfluoi U.S., DEPARTfilENT Cir 00MfilEP,CE. 
Under the Pa .rstrikork Reduction Act of 1995, Po, .iortortaare reoultad tca mood ₹o a toiler:Slott a inforroatfian unless it displays a valid ONIS.controi nunabs.y. 

*Total of t forms are siJbmitted. 

This C-FR ire information is required: to obtain ix by the pa:Co, la (and by the 
USPTO process.) art appioation. Confidentiality is grawmed by 35 U. S.C 12.2. and 37 CFR 1.11 red  1 14 ̂ T hi.s. ia to take 6 minutes to 
cotaOiste. including „gethelihf:. preparing,.  and submitting the completed' appiioation form to the LlSPTCi Time vary depending upon the indMaual ease. Any 
comments on the amouni yoo require to nom .Leta form acrd o, suggestions for :educing this burden should be sent to the Chief information Officer. 
U.S. Patent and Trademark office, Depaarnora Oak-aromas, P.O. Scut 1450. AlaKand4a, VA 223134450. DO NOT SEND. FEES OR COMPLETED FORMS 
TO THIS ADDRESS. SEND TO; Mail Stop PCT, Commissioner for Patents, PO. Box 14$0, Alexandria:  VA 22:313-1450. 
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Pr€vacy Act Statement 

The Privacy Act of 1974 (P.L 93,579) requires that you be given certain information in connection with yair 
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 
applicat₹on or expiration of the patent. 

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

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 
br 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 Intel€ectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

8. 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 pa₹rt 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 Co₹nmerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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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 USC 111(a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

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: 

Page 254 of 344



Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

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 

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: 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 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 
Applicant Response to Pre-Exam 

Formalities Notice 
20200423K41090P8C3NFTCAPi. 

pdf 

292909 

no 2 
5c60334fdl6e6adbb56853199152a27db4c 

50340 

Warnings: 

Information: 

2 Extension of Time 
20200824K41090P8C3EXTTIME 

aia0022i.pdf 

464270 

no 2 
11d5calc3038cb13e8m48f1461d6a739e0b 

ffle 

Warnings: 

Information: 

3 Fee Worksheet (SB06) fee-info.pdf 

32626 

no 2 
2a0ddeb0fed243dba506“4af4d69d873da 

52fb 

Warnings: 

Information: 

Total Files Size (in bytes): 789805 

This Acknowledgement Receipt evidences receipt 
characterized by the applicant, and including page 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

on the noted date by the USPTO 
counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 

of the indicated documents, 
It serves as evidence of receipt similar to a 

for a filing date (see 37 CFR 
course and the date shown on this 

is compliant with the conditions of 35 
acceptance of the application as a 

Filing Receipt, in due course. 

includes the necessary components for 
of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 

If a new application is being filed and the application 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 
National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, 
national security, and the date shown on this Acknowledgement Receipt will 
the application. 
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Dashen FAN 04/16/2020 16/851,044 

51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

K41090.P8C3 

CONFIRMATION NO. 9885 
FORMALITIES LETTER 

11111 1111 1111 

 UNITED STATES PATENT AND TRADEMARK OFFICE  

 

UNITED 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 

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/AuthenticateUserLocal EP F. htm I  

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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FIL FEE REC'D 

GRP ART 

UNIT IND CLAIMS TOT CLAIMS 

FILING or 

371(c) DATE 

K41090.P8C3 785 2845 04/16/2020 

APPLICATION 

NUMBER 

16/851,044 

51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

ATTY.DOCKET.NO 

10 1 
CONFIRMATION NO. 9885 

FILING RECEIPT 

11111111111111111111111111A1411111llit IMI111111111111111111111111 

 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, VirgLnia 22313-1450 
www.uspto.gov 

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 to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

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

If Required, Foreign Filing License Granted: 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 AIA (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 
Substitute for Form PTO-875 

Application or Docket Number 

16/851,044 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

20, 

in 

SMALL ENTITY OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OTHER THAN 
SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A 330 N/A 

EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) N/A N/A N/A 380 N/A 

TOTAL CLAIMS 
(37 CFR 1.16(0) 10 minus 20= x 50 = 0.00 

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) 1 minus 3 = x 230 = 0.00 

APPLICATION SIZE 
FEE 
(37 CFR 1.16(s)) 

If the specification and drawings exceed 100 
sheets of paper, the application size fee due is 
$310 ($155 for small entity) for each additional 
50 sheets or fraction thereof. See 35 U.S.C. 
41(a)(1)(G) and 37 CFR 1.16(s). 

0.00 

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. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

TOTAL 

SMALL 

785 TOTAL 

OTHER 
SMALL ENTITY 

THAN 
ENTITY 

A
M

E
N

D
M

E
N

T
 A

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

RATE($) 
ADDITIONAL 

FEE($) 
RATE($) 

ADDITIONAL 
FEE($) 

Total 
(37 CFR 1.16(i)) 

Minus x x 

Independent 
(37 CFR 1.16(h)) 

Minus x x 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column 1) (Column 2) (Column 3) 

TOTAL 
ADD'L FEE 

TOTAL 
ADD'L FEE 

A
M

E
N

D
M

E
N

T
 B

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

RATE($) 
ADDITIONAL 

FEE($) 
RATE($) 

ADDITIONAL 
FEE($) 

Total 
(37 CFR 1.16(i)) 

Minus x = x 

Independent 
(37 CFR 1.16(h)) 

Minus 
X = x 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 
"" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 

""" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found 

TOTAL 
ADD'L FEE 

3. 
enter "20". 

"3". 
the appropriate box 

TOTAL 
ADD'L FEE 

in column 1. 
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NONPUBLICATION REQUEST 
UNDER 

35 U.S.C 122(b)(2)(B)€i) 

1". First Named inventor Dashen Fan 

Title BEAMFORMING USING FRACTIONAL TIME DELAY IN 

Attorney Docket Number K41090.P8C3 

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. 

I hereby request that the attached application not be published under 35 U.S.G. 122(b). 

!MARK S PELOQUINI April 16, 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 submitted with the 
application upon filing. 

Applicant may rescind this nonpublication request at any time. If applicant rescinds a request 
that an application not be published under 35 U.S.G. 122(b), the application will be scheduled 
for publi€cation at eighteen months from the earliest claimed filing date for which a benefit is 
claimed. 

If applicant subsequently files an application directed to the invention disclosed in the attached 
application in another country, or under a multilateral international agreement, that requires 
publication of appl€cations eighteen months after filing, the applicant must notify the United 
States Patent and Trademark Office of such filing within forty-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.S,C. 122(b)(2)(B)(iii)). 

PT0i36r35 tr37-3.4). 
Approveti €or me :through 0.77:,31 /2012. OMB 0651-0031 

U.S. Patent and Trademark °Toe; U. S. DEPARTMENT OF COMMERCE 
Uhder the Pafienk..dric Perciuctieli Act of IOW nO;p0MLIFISerPf*eired to respond to a collection of infortnaton unioss it display s a vai,ci OME cameo number. 

This caeO61-)n er₹ inforrrWion Fs egoired by 37 CFR 1.213(a). The isitcrinatitm is required ₹c+ obtain cn ff3Wf) a :benefit by the public which is ₹x: file (and by the 
USPTO to process) an application. ConildentiUT4 is governed by 35 'U.S.C. 122 and 37 CFR 1.11 and 1.14. This r.xAectien is estimated to take 6 minu₹es to 
complete, indl.;:iing •.:kalteikl,.74, preparing, end sar.imithrig the completed applicalion form to M8 USPTO. Time wit vary depending upon the individual case. Any 
corrirneras on ₹tie arriOUM of ₹₹roe you rewire to compiete ibis form endear suggestions for reduciN ₹his burden, should be sent to the Chief infonnation Office£, 
U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O. Box ₹450, Alekandha, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO TEES ADDRESS. SEND TO Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ifs:xi need assistance ie completing me tom, call 1-300-iz TO-9199 (1-800-786-9.199.) and select option 2: 
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application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this €€formation 
is 35 U.:SS:, 4b)(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. 
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tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

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

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

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

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. 151) 
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 a part of that agency's responsibility to ri,,cornmend 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 govern€ng 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 3513,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 flied in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application,an application open to public inspections or an issued patent. 

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

[0001 j This patent application iS:a..COritinuatiOn<OVilited States Patent. 

Application Serial Number 15/947,845, titled "TIME. DELAY IN DIGITALLY 

OVERSAMPLED SENSOR. SYSTEMS, APPARATUSES, AND METHODS," filed on 

April 08,2018, which 4 a continuation of United States Patent Application Serial 

Number 15/225,745, titled "TIME DELAY IN DIGITALLY OVERSAM PLED 

SENSOR SYSTEMS, APPARATUSES, AND METHODS,* filed on August 01, 2016, 

now U.S. Patent 9,941,895. United States Patent Application Serial Number 15.=225,745 

and United States Patent Application Number 15/947,845 are hereby incorporated by 

reference. 

7KGROUND OF THE INVENTION 

I. FIELD OF INVENTION  

[0002] The invention relates generally to sampled systems more specifically to 

time delay in digitally:oyersample4 sensor systems, apparatuses, and methods. 

ART BACKGROUND 

[0003] Field quantities which exist in the natural world are generally analog 

signals which have continuously varying amplitude as a function of time. Examples of 

these field quantities are sound pressure, vibration, light, etc Measurement of a field 

quantity 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 elect onics presents a 

technical problem for which a technical solution using a technical means is needed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

100041 The invention may best be understood by referring to the following 

description and accompanying drawings that are used to illustrate embodiments of the 

invention. The invention is ill€strated by way of example in the embodiments and is not 

limited in the figures of the accompanying drawings, in which like references indicate 

similar elements. 

[0005] Figure 1 illustrates a digital sensor system. 

100061 Figure 2A illustrates time delaying an oversampled signal within an 

analog-to-digital converter (ADC) system, according to embodiments of the invention. 

100071 Figure 28 illustrates two signals from Figure 2A, according to 

embodiments of the invention. 

100081 Figure 2C illustrates an oversampling, system utilizing sigma-delta 

modulation and pulse density modulation (PDM), according to embodiments of the 

invention. 

100091 Figure 3 illustrates applications of the system from€ Figure 2C, according 

to embodiments of the invention. 

(0010) Figure 4 illustrates a pulse density modulation (PDM) receiver 

architecture, according to embodiments of the invention. 

100111 Figure 5 illustrates placing a time delay between stages of a pulse density 

modulation (PDM) receiver, according to embodiments of the invention. 

100.121 Figure 6 illustrates placing a time delay between different stages of a 

pulse density modulation (PDM) receiver, according to embodiments of the invention. 
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[00.13] Figure 7 illustrates placing a time delay in yet another location within a 

pulse density modulation (PDIVI) receiver, according to embodiments of the invention. 

(00.14] Figure 8 illustrates programmable time delay in an analog-to-digital 

converter (ADC) system, according to embodiments of the invention. 

(0015) Figure 9A illustrates time delays for multiple sensors, according to 

embodiments of the invention. 

I00161 Figure 9B illustrates multiple time delays applied to an output from a 

single sensor, according to embodiments of the invention. 

100171 Figure 10 €llustrates beamforming, according to embodiments of the 

invention. 

[00181 Figure 11 A and 11 B illustrate increased resolution provided by a 

fractional delay, according to embodiments of the invention. 

(00191 Figure .1.2 illustrates a process to impart: a time delay to an oversampled 

system, according to embodiments of the invention. 

10020) Figure 13 illustrates a process to use a time delay imparted to an 

oversampled system in a beamforming process, according to embodiments of the 

invention. 

(00211 Figure 14 illustrates a data processing system in which embodiments of 

the invention may be used. 

(40221 Figure 154-15B illustrates integrated circuit dies in which embodiments 

of the invention may be implemented. 
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DETAILED DESCRIPTION  

100231 In the following detailed description of embodiments of the invention, 

reference is made to the accompanying drawings in which like references indicate similar 

elements, and in which is shown by way of illustration, specific  embodiments in which 

the invention may be practiced. These embodiments are described in sufficient detail to 

enable those of skill in the art to practice the invention. In o€her instances, well-known 

circuits; structures, and techniques have not been shown in detail in order not to obscure 

the understanding of this description. The following detailed description is, therefore, not 

to be taken in a limiting sense, and €he scope of the invention is defined only by the 

appended claims. 

100241 Systems and methods are described tbr applying a time delay to an 

oversampled digital. signal. In various embodiments the time delay is applied i.n various 

locations within the oversampled domain of the digital signal during signal processing in 

an analog-to-digital converter (ADC). 

100251 Figure 1 illustrates, generally at 100, a digital sensor system With 

reference €o Figure 1, an analog field quantity 102 is sensed by a digital sensor system 

104. As represented in Figure 1 at 104, the digital sensor system includes a digital 

sensor which is typically configured to oversample the analog signal 102. Within the 

digital sensor system 104 the oversampled signal is input 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 winch is the digital representation of the analog field quantity 102. 

A time delay cati-be imparted to the digital baseband. signal at 108. The time delay 108 
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can be of various lengths and is sometimes expressed in two pans, i.e., an integer part and 

a fractional part. .A first part 114 can be referred to as an integer delay where "integer" 

refers to an integer number of baseband sampling rate cycles. A second part. 110 can be 

referred tows 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 is output at 

116. The time delayed digital signal 116 can be used in various subsequent processes 

such as beamforming, etc. 

[00261 Figure 2A illustrates, generally at 200, time delaying an oversampled 

signal within an analog-to-digital converter (ADC) system, according to embodiments of 

the invention. With reference to Figure 2A, a time delay is inserted in the oversampled 

domain of the ADC. In various embodiments, the time delay is inserted between a 

digitally oversampled sensor output signal and a receiver 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 converts 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 employed to digitize the oversampled signal. The 

oversampling which occurs 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 

integrated circuit with a digital sensor. 

100271 The oversampled digital sianal 214 is input into a delay element 2.16 and. 

is output at 218 after a time delay "At" is imparted to the oversampled digital signal. The 

time delay At imparted. to the oversampled digital signal 214 at delay element 216 is 

represented by an integer number of sampling clock cycles. When it is desirable to 

impart a "fractional delay" at delay element 216, then the maximum number of sampling 

clock cycles that would be imparted at 216 is equal to the ratio of sampling clock 

frequency divided by the baseband sampling rate, indicated herein by the variable "R," 

R is discussed more completely below in conjunction with the figures that follow. Note 

that in other embodiments, systems are configured without the constraint ft of equation 

(3). in such cases, the delay imposed by the delay element 216 exceeds the upper limit R 

of equation (3). 

[0028.1 In various embodiments, the delay element 216 is implemented as a 

buffer, which can be programmable. In other embodiments, the delay element is 

implemented with a delay line; the delay line can be a programmable delay line. In yet 

other embodiments, the delay element is implemented with a circuit constructed to 

provide a delay and the delay can be programmable. A programmable delay 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 to be steered to different directions. Beamtbrming will be discussed more 

completely below in conjunction with the figures that follow. 
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[0029] The output signal from the delay element 216 is a delayed oversampled 

digital signal 218 which is input into a receiver module 220. The. receiver module. 220 

performs the functions of low pass filtering and decimation. Low pass filtering removes 

the high frequency noise resulting from the oversampling process and decima€.ion reduces 

the sampling frequency to a baseband 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. 

t00301 As an illustration of a sinusoidal representation of an analog field quantity 

204 is illustrated as a function of time 206 and amplitude 208. A marker 210 indicates a 

peak tr in the field quantity 204. After the time delay "AC is imparted to the 

oversampled digital signal and the post processing described above in the receiver 220 is 

performed, for illustration herein, when the signal at 222 is converted back to an analog 

signal it would appear as illustrated at 224 where the time delayed amplitude 224 is time 

delayed by At resulting in the peak amplitude of the signal 224 delayed to ti 4- At as 

illustrated at 219. Thus, a time delay is imparted to the oversampled digital signal in the 

system described above in Figure 2A. imparting the time delay is accomplished by 

insertion of the delay element 21.6 which can be accomplished, in various embodiments, 

by inserting, in one embodiment, a buffer as shown between the oversampled digital 

sensor output 214 and the input to the receiver module 220. In alternative embodiments, 

described in the figures that follow, a time delay element will be inserted between stages 
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of a receiver module. Thus, embodiments of the invention. are not limited to introduction 

ofthe time. delay element on the input to the receiver module 220, 

100311 In various embodiments, the oversampling performed in the digital sensor 

212 is accomplished with a sigma-delta modulator 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 

2B). Note that for illustration purposes only, without limiting embodiments of the 

invention, the illustration of the oversampled digital signal. 2-I4-is presorted at 252 as a 

pulse density modulated (PDM) signal in the time domain and again. in Figure 2B in. 

enlarged view. At 252 the oversampled digital signal is illustrated with marker 254 

indicating a peak of the analog signal 256. 

10032j Following application of the time delay At, imparted by delay element 

2.16, the time delayed oversampled digital signal 218 is 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.. 

[00331 The illustrative example presented with 252, 262, Figure 2A, and Figure 

28 illustrates oversampling where one wavelength of an analog signal has been sampled 

one hundred (100) times. No limitation is implied thereby and this example is provided 

merely for illustration. Figure 2B illustrates, generally at 250, two signals from Figure 

2A, according to embodiments of the invention. 

Referring back to Figure 2A, as described above the sampling clock 

frequency is represented by a variable fsp; the baseband sampling frequency is given by 

the variable ilk. Equation (1) is the requirement for the oversampling condition where 
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fsF> I'm). The ratio of the sampling clock frequency to the baseband sampling frequency 

is given by equatiOn (2) as R = fsF ffik, In analog-to-digital conversion methodologieg 

that are one-bit deep. R will represent the number of su(in€erval.s 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 is 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 "7 corresponds with a 

pulse of negative polarity (-A), Equation (3) indicates that a fractional delay can be 

selected based on a number of sampling clock cycles N from the range 1€ < N < R, and the 

time delay which is applied by delay element 216 is given by equation (4) as: M =N 

'SF, Where Ts",  is the period of the sampling clock. Where 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) is modified to equation (5) as follows: 

At = N *(\l Isr). Where 'Ts',  is the period of the sampling clock, M is the bit depth of 

the digitization methodology and the product N*M, given by equation (6), which is: 1 

N*M < R. with N being an integer subject to the constraint of equation (6) for a fractional 
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delay. Note that in other embodiments, systems are configured without the constraint R 

of equation (6). 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. 

[0036] For example, in one non-limiting embodiment, given merely for 

illustration, a 2-bit amplitude modulated digitization methodology utilizes 2 bits to 

establish 4 amplitude states for a digital representation of an analog 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 integer number (a multiple) of two successive 

sampling clock cycles, e.g., 2, 4, 6, 8, etc., thus the oversampled digital signal is delayed. 

2 bits at a time in this example of introducing a delay of one sampling clock cycle 

or three sampling 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, i.e.., a sample. 

[00371 A variety of different digital sensors can be used at 212. For example, 

some non-limiting examples of sensors used to detect field quantities are sensors used to 

detect pressure fluctuations such as acoustic pressure fluctuations in air or water. 

Frequency ranges can range from the low end of the audio spectrum to 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 is introduced in the oversam.pled 

digital domain. 

100381 Figure 2€ illustrates, generally at 270, an oversampling system utilizing 

sigma-delta modulat€on and pulse density modulation (PDM), according to embodiments 

of the invention. With reference to Figure 2C. a digital microphone is. indicated at 272. 

Digital microphone 2.72 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 

microelectromechanic.al systems (MEMS) technology as a component on an integrated. 

circuit. In some embodiments, MEMS digital microphones are made as a structure on an 

integrated circuit which uses 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 in the integrated circuit.. 

(0039, The MEMS digital microphones can be configured with a sigma-delta 

modulator 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 

microphone outputs a pulse density modulated (PDM) oversampled signal. A. clock 

signal can be provided as an external clock s€gnal from a digital data processing system 

or 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 

to operate at a variety of sampling clock frequencies. Common sampling clock 
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frequencies are in the range of 1 MHz to 5MHz.. The sampling clock frequencies listed 

here are given merely for illustration and do not limit embodiments of the invention. 

100401 Some baseband audio signal applications have established frequency 

ranges and these ranges together with a desired dynamic range for the audio signal place 

requirements 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 invention 

as described herein. Some non-limiting examples are, for example, pulse code modulated 

(PCM) audio which. can be provided at various dynamic ranges and. sample rates, which 

could be provided at 16 bits per sample at 48 kill in one or more embodiments. Another 

non-limiting example is 16 bit CD quality stereo PCM at 44.1 kHz. Telephony can be 

accommodated at different specifications. .A notAimiting example i.$ PCM audio at 12 

bits per sample at 8 kHz. The foregoing examples of baseband audio formats are 

provided merely for example and do not limit embodiments of the invention. 

100411 The oversampled digital output 274 is input to a delay element 276 as 

described previously. The delay element 276 applies a time delay to the oversampled 

digital signal and outputs a time delayed oversampled digital signal at 278. 

100421 The oversampled. digital signal 278 is input into 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 invention. The 

PDM receiver module 280 decimates and low pass filters the time delayed oversampled 

digital signal 278 and outputs a time delayed PCM baseband digital signal at 282. Those 
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of ordinary skill in the art will recognize that KM. format is a digital data format in use 

with digital signals such as digital audio signals. PDM receiver modules such aS 2 80, as 

well as other receiver modules described in the other figures in this description of 

embodiments, can be implemented with conversion to a format other than PCM format 

and the description given herein with conversion to PCM format does not impose any 

limitation on embodiments of the invention. 

10043j As described above, the time delay element 276 can apply a fractional 

time delay to the oversampled digital signal 274. In some embodiments, the system 

design is such that a total time delay applied to the baseband signal .28E is made up from 

the fractional delay contribution at 276 and an integer delay contribution at 284. in other 

embodiments, the entire 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 in 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 fsF the baseband sampling frequency is given by fhb, therefore 

from equation (I) > fbb. The ratio of the sampling clock frequency to the baseband 

sampling frequency is given by equation (2) as R fsF -fib. Equation (3) indicates that 

a fractional delay can be selected based on a number of sampling clock cycles N from the 

range I < N < .R, and the time delay which is applied by delay element 276 is given by 

equation (4) as: N Where tsr is the period of the sampling clock. Iii. various 

K41090.P8C3 Page 15 of 44 

Page 289 of 344



embodiments, die PDM receiver module 280 is constructed with a sequence of stages as 

explained below in conjunction with the figures that follow. 

18046] Figure 3 illustrates, generally at 300, applications of the system from 

Figure. 2C, according to embodiments of the invention„ With reference to fqgure.3, a 

non-limiting example of a digital microphone system is provided with a low stage PDM 

receiver module. An analog field quantity e.g., an acoustic field 302 is sensed by a 

digital microphone 304. The digital microphone 304 employs a one-bit sigma-delta. 

modulation to perform analog-to-digital conversion (ADC). In one non-limiting 

embodiment, the digital microphone 304 is driven with a 2.048 MHz sampling clock 

frequency to output an oversampled digital output 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. = 2,048,000/10100 =128. Thus, the period of the baseband sampling 

frequency can be divided by 128 by selecting a time delay At which is related to a 

number of sampling clock cyCles 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 'CV where 'LI' is the period of the 2.048 MHz sampling clock frequency, 

which equals 4.8828 X 10-7  seconds. Equation (4) from Figure 28 then provides as a 

fractional delay: At::::≥ * 4.8828 X le. 

100461 In one or more embodiments, the time delay element 308 is implemented 

with a buffer one-bit deep and 128 bits wide. At. 8 bits per byte the buffer needed for 

tiine delay element 308 in the present example is of size 16 bytes. 1.6 bytes is a very 

small buffer which makes the system and process needed to impart a fractional time delay 

to an oversampied digital signal much less resource intensive than that of existing 
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systems which impart a fractional time delay to the baseband signal through application 

of filtering and or post processing in the baseband domain. The time delay element 308 

can be configured to be controllable, such that the time delay imparted to the 

oversa€tipied digital signal can be set using a. control. line 310. A controller can be 

configured with one or more digital microphones according to embodiments of the 

invention to provide a steerable array of microphones for beamforming applications. 

Utilizing a controller with multiple microphones is described more fully below in 

conjunction with the figures that. follow. 

100471 Illustrated in Figure 3, is a PDM receiver module 314 which has, in one 

embodiment, an architecture based on four main stages, also shown in Figure 3 in 

enlarged view at 332. The time delay element 308 applies a delay to the oversampled 

digital signal outputting a time delayed oversampled digital signal at 312. The 

oversampled digital signal 312 is input in 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 is a cascaded-integrator-comb (CIC) filter structure. The integrator 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 multiple of 2. In the example of Figure 3, the CIC 

filter provides 8:1 decimation which reduces the sampling clock. frequency of 2.048MHz 

to 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 dynamic range of the output 

digital signal at 318. 
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[00481 In the example of Figure 3, the second stage of PDM receiver module 314 

is a half-ba€€d filter 320. Halfiband filter 320 decimates by a factor of 2:1 thereby 

reducing the sampling rate of the input signal 318 from256 kHz to 128 kHz at. the output 

322. Half-band 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 a factor of 2:1 

thereby reducing the sampling rate of the inpu€ signal 32.2 from. 128 kHz to 64 kHz at the 

output 326. Half-band filter 324 provides further low pass filtering and a further increase 

in dynamic range of thee signal at 326 

1.0O50.1 In the example of Figure 3, the fourth stage of PDM receiver module 314 

is a low pass filter 328 which decimates by a factor of 4:1 thereby reducing the input. 

digital signal. at 326 from a sample rate of 64 kHz to a baseband sample rate of 16 kHz at 

330. A finite impulse response (FIR) filter structure or an infinite impulse response (IIR) 

filter structure can be used in the stages of the PDM receiver module 31.4 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.O48 MHz and outputs a baseband signal, which in some embodiments is an acoustic 

signal, at a baseband sampling rate of 16 kHz at 330. Note that in order to eliminate 

abasing, the useful frequency range of the baseband signal will be reduced by a factor of 

1/2 from the baseband sampling rate in order to satisfy the Nyquist sampling criteria 

which requires the maximum useful frequency FINyQuisT < fbb 12, where fbb is the 

baseband sample rate. 
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[00511 Figure 4 illustrates, generally at 400, a pulse density modulation (PDM) 

receiver architecture, according to embodiments of the invention. With respect to Figure 

4, alternative locations for the time delay element 308 from Figure 3 are illustrated. An 

initial position for the time delay element 416 corresponds with. the position of the time 

delay element 308 in Figure 3. In this initial position, as described above the time delay 

element 416 delays the oversampled digital signal and outputs a time delayed digital 

signal at 312. 

[00521 Tice time delay element can be located throughout the oversampled 

domain of the PDM. module 314. In Figure 4, a. -first alternative location of the delay 

element is indicated at 418 between the first stage 402 and the second stage 406 .at 

location 418. In this alternative location, in one embodiment, the time delay element 416 

is removed. and312 represents the digital oversampled signal, the time delay is applied 

internal to 314. When the delay element is located at 418 the number of fractional delay 

elements is obtained by dividing the sampling rate which exists at 404, which is the 

output of 402 and the input to time delay element at 418, by the baseband sampling rate 

at 330. For the non-limiting example of Figure 3, R 256 kElzi16 kHz 16. Thus, the 

fractional delay which.tan be imparted by the time delay element when located at 

position 418 is calculated by equation (4) from Figure 2B as: At = N * TV where is the 

period of the 256 Wiz sampling rate period equals 3:90625 X le seconds.. Equation (4) 

from Figure 2B then provides: At = N * 3.90625 X le seconds. 

[00531 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 is removed and 312 
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represents the digital oversampled signal, the time. 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 kHz/16 kHz = 8. 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 211 as: At = N * Tv where TSF is the period of the 

128 kHz sampling rate period which equals 7.8125 .X  le seconds. Equation (4) from 

Figure 28 then provides: At = N * 7.8125 X 10'6  seconds. 

10054j in Figure 4, a third alternative location of the delay element is indicated at 

4?2 between the third stage 41.0 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 timedelay is applied internal to 31.4. When 

the delay element is located at 422 the number of fractional delay elements is obtained by 

dividing the sampling rate which exists at412, which is the output of 410 and the input to 

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 time delay element when located at position 422 is calculated by equation (4) from 

Figure 2B as: At = N Up where TSI,  is the period of the 64 kHz sampling rate period 

Which equals 1.5625 X 10 seconds. Equation (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, 420, and 422. 
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OO55J Figure 5 illustrates, generally at 500, placing a time delay between stages 

of a pulse density modulation (PDM) receiver, according to embodiments of the 

invention. With respect to Figure 5, a PDM receiver module 580 is illustrated with an 

oversarnpled digital input signal at 578. The oversampled digital. input signal 578 

originates in various embodiments, for example, from a digital microphone such as 272 

in Figure 2C. The PDM receiver module 280 is configured with a 1st stage 502, a 

second stage 510, a third stage 514, and up to an ith  stage 518. Each stage can provide 

one or both of decimation and low pass fikerimL A time delay element 506 is located 

between the first stage 502 the second stage 5.10. In operation, an oversampled-digital 

signal 578 originates from example a digital microphone or another type of digital sensor 

as described above. 

100561 The oversampled digital signal 578 i.s input into a first stage 50.2 of the 

PDM receiver module 580 where the signal is decimated and low pass filtered. An 

output of the first stage 502 is then input at 504 into the time delay element 506. An 

output of the time delay element 506 is input at 508 into the second stage 510. The 

second stage 510 performs further declination and low pass filtering with an output 512 

providing an input into the third stage 514. The third stage 514 performs further 

decimation and low pass filtering with an output 516 providing an input into the ith  stage 

518. The stage 518 provides the output 582 from the PDM. receiver module 580 which 

can be configured to be at the baseband sampling rate. In various other embodiments, the 

time delay element 506 can be placed between other stages of the PDM receiver module 

580. 
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100571 Figure 6 illustrates, generally at 600, placing a time delay between 

different stages of a pulse density modulation (PDM) receiver, according to embodiments 

of the invention. With respect to Figure 6, the-PDM receiver module 580 from Figure 5 

illustrated with stages 502, 510, 51.4, up to 518, Here in Figure 6, a time delay element 

is inserted between the second stage 510 and the third stage 514. An output 604 from the 

second stage 510 is input to 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. 

[00581 Figure 7 illustrates, generally at 700, placing a time delay in -.;fet another. 

location 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 -5 

illustrated with stages 502, 510, 514, up to 518. In Figure 7, a time delay element is 

inserted between the i-1 stage 514 and the stage 518, An output 704 from the I-1 stage 

514 is time delayed at time delay element 702. An output 706 from the time delay 

element 702 is a time delayed digital signal at an intermediate sampling rate which is 

input into the it  stage 518 for further processing before being output at 582 from the 

PDM receiver module 580. The output 582 is at a sampling frequency which is a reduced 

sample rate, which in some embodiments can be the baseband sample rate of the desired 

output signal from the system. 

[00591 Figure 8 illustrates, generally at 800, programmable time delay in an 

analog-to-digital converter (ADC) system, according to embodiments of the invention. 

With respect to Figure 8, an analog field quantity is represented by 802 incident on a 

digital sensor 804, which in various embodiments, is a digital microphone, vibration 

sensor, electromagnetic energy sensor, etc. For the discussion herein, digital sensor 804 
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is referred to as a digital microphone without limitation implied thereby. In response to 

the incident field 802 the digital microphone 804 outputs an oversampled digital signal at 

806. The oversampled digital signal output 806 is input to a time delay element 80$ 

which outputs a time delayed oversampled digital output at 810. The time delayed 

oversampled digital output 810 is input into a PDM receiver module 812. The PDM 

receiver 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. In some embodiments, a controller 818 

provides a control signal 820 to the time delay element 808. I n some embodiments, when 

the time delay element 816 is configured with the system, the controller 818 or a separate 

controller provides a control signal at 822 to the time delay element 816. 

f00601 in various embodiments, the time delay element. such as 808 can be 

configured as a buffer or to include a buffer which has a number of values, where each 

value corresponds to 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 

configured to provide a fixed time delay to the input digital signal 806 or the time delay 

element 808 can be programmable. In operation, the controller 818 provides a control 

signal 820 which is used to specify a number of sampling clock cycles which will be used. 

by the time delay element 808 to provide the time delay to the input signal 806. 

10061] Similarly, 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 

each value corresponds to a different number of cycles at the lower sample rate 

corresponding to the output oldie ADM 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 

digital signal 814 or the time delay element 816 can be programmable. In operation,. the 

controller 818 provides a control signal 822 which is used to specify a nuniber of cycles 

atthe 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 imparted by the system at 

the output 822 relative to the input 806 is the stun of the time delay imparted by the time 

delay element 808 and the time delay element 816. 

[00621 Figure 9A. illustrates, generally at 900,. time delays for multiple sensors, 

according to embodiments of the invention. With respect to Figure 9A, an analog field 

quantity is represented by 902, which is incident on digital sensors 920, 940,. up to a 

general number of h sensors indicated by 960, which in various embodiments 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 without 

limitation implied thereby. Each digital microphone has a signal transmission path 

indicated by 906, 908 and 910. A controller 904 is used to adjust time delay(s), which 

are used to delay each of the microphone signal paths. 

[00631 In operation, a time delay Ali is associated with the digital signal output at 

912 for the digital microphone 920. Similarly, a time delay z!tt2 is associated with the 

digital signal output at 914 for the digital microphone 930. And a time delay Ati is 

associated with the digital signal output at 916 for the digital microphone 960. A 

controller 904 is used to supply one or more control signals to each signal path 906, 908, 

.up to 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 to 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 in a 

given system configuration). Similarly, a control signal 942. supplied. to a time delay 

element 944 is used to specify a tithe delay applied by the time delay element 944 to the 

oversampled digital signal received from the microphone 940. Optionally, the controller 

904 can supply a control signal 948 to a time delay element 950 (if present in a given 

system configuration). Control signals are supplied as need to successive microphone 

signal paths, and finally within microphonesignal path 910 a control 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 digital signal received from the microphone. 9O. 

Optionally, the controller 904 can supply a control signal 968 to a time delay element 970 

(ifpresent i.n a given system configuration). 

10064] Note that the time delay element 924 can be located within the PDM 

receiver module 926, e.g., between stages of the .PD.M receiver module 926 as described 

in the figures above. Similarly, and without limitations, the time delay element 944 can 

be located within the PDM receiver module 946, e.g., between stages of the PDtvl 

receiver module 94€i and 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, 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 to the PDM receiver module. 
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[00651 In various embodiments, the controller 904 is used to steer the array of 

microphones 920, 940, through 960 as needed in order to perform beamforming with the 

time delayed microphone signals 912, 914, through 916. As described in Figure 9A, a 

general number of D. microphones has been described; however, beamforming can be 

performed with as few as two microphones as described below in conjunction with 

Figure 10. 

[0066] Figure 9B illustrates, generally at 980, multiple time delays applied to an 

output from a single sensor, according to embodiments of the invention,. 'With respect to 

Figure 9B, an analog field quantity is represented by 902, whiCh is incidenton a digital 

sensor 920. which in various embodiments is a digital microphone, vibration sensor, 

electromagnetic energy sensor, etc. For the discussion herein, the digital sensor 920 is 

referred to as digital microphone without limitation implied thereby. The digital 

microphone 920 outputs a signal 912 which is replicated (split) at 982 into 11 replicas, 

indicated by 984 through 986. Each replica of the microphone 920 signal 912 has a 

signal transmission 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. 

[0067] In operation, the signal 912 is input into 982 in order to produce the H 

replicas 984 through 986. In various embodiments, 982 is an it-way splitter. In other 

embodiments, replication at 982 is accomplished by other means. In some embodiments, 

replication is performed. in software. A time delay Att is associated with the digital signal 

output at 984 for the digital microphone 920 at 924. Similarly, a time delay Ato is 
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associated with the digital signal output at 986 for the digital microphone 920 at 964. A 

controller 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 supplied to the 

time delay element 92.4 is used to specify a time delay applied by the time delay element 

924 to the oversampled digital signal received from the microphone 920. Optionally, the 

controller 904 can supply a control signal 928 to a time delay element 930 (if present in a 

given system 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 the time delay element 964 which is used to specify a time delay applied 

by the time delay element 964 to the oversampled digital signal received from the 

microphone 920 at 986. Optionally, the controller 904 can supply a control signal 968 to 

a time delay element 970 (if present in a given system configuration). 

(O06S 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. Similarly, and without limitations, 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 a 

digital microphone and a PDM receiver module while another microphone signal path 

can be configured with a time delay element inserted internally to the PUM receiver 

module. 

K41090.P8C3 Page 27 o€ 44 

Page 301 of 344



[00691 In various embodiments, the controller 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. Figure 9.B, a general number of ft time delayed signals from. a single microphone has 

been described. However, beamforming, as described below in conjunction with Figure 

10, can be performed with as few as two time delayed signals (111=2) from a single 

microphone. Thus, in some embodiments, the il-way splitter is a splitter providing two 

outputs (n -2) from a single input. 

100701 Figure 10 illustrates, generally at 1000, beamforming, according to 

embodiments of the invention. With respect to Figure 10, an analog field quantity 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 

limitation is implied thereby. The digital microphone 1004 outputs atn oversampled 

digital signal which is time delayed at a time delay element 1008. Optionally a gain is 

adjusted at 1010 which either increases or decreases an amplitude of the signal output at 

1016. The second microphone 1006 outputs an oversampled digital signal which is time 

delayed at a time delay element 1012. Optionally a gain is adjusted at 1014 which either 

increases or decreases an amplitude of the signal output at 1018. 

100711 The signals 1016 and 1018 are input into an arithmetic block at 1020 and 

the beamformed output is provided at 1022. Depending on a given implementation of a 

system and the processing of the signals therein, the arithmetic block 1020 can perform a 

summation or a subtraction of the inputs 1016 and 1018 as needed for the given 
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beamforming operation. In Figure 10, bearnforming is illustrated with two microphones 

however beamforming can be performed with a general number of microphones. The 

example of Figure 10 is provided merely for illustration and does not limit embodiments 

of the invention. 

(0072) Figure 1.1A and 1.1B illustrate 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 cycle. In 

the context of beamforming, increased resolution in time corresponds to increased 

resolution in space, which is advantageous to the beamforming process.. 

1.00731 Equation (7) provides the relationship between a signal with frequency f 

and period T. As described above, a time delay can be introduced into an output of an 

analog-to-digital converter (ADC) process which has an integer time delay based on the 

baseband sampling rate of the system given by equation (8). Similarly, when the time 

delay is introduced at the sampling clock frequency in the oversampled domain, the time 

delay is given by equation (9). 

[00741 Equations (8) and (9) are substituted into equation (2) Figure 2A to yield 

equation (10). Solving equation (10) for Atfraetiowd &lay yields forequation I): 

Atfractional delay Atinteger delay/R. 

100751 The Nyquist sampling theorem states that the highest unaliased frequency 

"INYQVUT" which can be measured with sampling frequency fs is defined to be: fyilmst 
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in this context the sampling frequency 1; which is relevant is the baseband 

sampling rate fin. Thus 641(QUIST =A '2<. 

[0076] The periods for three waveforms are illustrated in Figure 11B. 1.102 is an 

illustration of a period corresponding with a sampling clock frequency which would be 

used to oversample a digital sensor according to embodiments of the invention, 1104 is 

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 is given by equation O0). 1104 also represents an integer time delay which can 

be applied to a baseband signal. 1106 represents a period of the waveform that 

corresponds with the Nyquist frequency for the system. The Nyquist wavelength 1106 is 

the shortest wavelength (and highest frequency) of the field quantity that can be 

processed without aliasing. 

[0077] Fractional time delay qualitatively represented by 1102 can be applied to 

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. 

100781 Field quantities such as those indicated in the figures above represent 

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, tbr 

example in the case of air and water the speed of sound will vary with temperature, 

pressure, and salinity (water). In the non-limiting examples presented herein a nominal 

value of 340 meters per second is used for illustration purposes and no limitation is 

implied thereby. 
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[00791 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 

time delay. The spatial resolution is given by Ax in terms of C and brae€:ional delay, 

where AX = C * Atfractional delay. 

[00801 In other embodiments as described above, a time delay element can be 

inserted within a receiver module for a digital oversampled sensor such as for example a 

PDM receiver module. In such cases a period 1102 represents an intermediate sampling 

rate. The number of sampling clock cycles or intermediate sampling rate cycles that are 

used to produce a time delay in the oversampled domain that is incorporated into the 

decimated and low pass filtered signal can vary as described above. 

f0081] in the oversampled systems described above, in various non-limiting 

embodiments, the variable 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 fop equal to 2.048 MHz and 14 equal to 16 kHz, then 

from equation 2 in Figure 2A, R fsr/fhb = 128. From equation (10) in Figure HA in 

this non-limiting example a. minimum fraction that R represents with respect to the 

integer sampling rate is 1/128. Other fractional time delay values are achieved by the 

techniques described herein, such as by time delaying for additional clock cycles at fir or 

additional intermediate sampling rate cycles or by changing the sampling clock frequency 

that is used to drive the A.DC in the digital sensor. 

[0082] Figure 1.2 illustrates, generally at 1200, a process to impart a time delay to 

an oversampled system, according to embodiments of the invention. Witi£ reference to 

K41090.P8C3 Page 31 of 44 

Page 305 of 344



Figure 12, a process begins at a bock. 1202. At. a block 1204 a relationship is established 

between sampling clock cycles and the digital representation of the analog signal 

produced. by the dig€tization methodology employed in an analog-to-digital converter 

(ADC) process. In some instances, this is a one-bit deep process such as with Pulse 

Density Modulation. (PDM) described above. In other embodiments, the process is 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 

signal is delayed by a number of clock cycles that represents the time delay calculated in 

the block .1206. The process stops at the block 1210. 

[0083.1 Figure 13 illustrates, generally at 1300, a process to use a. time delay 

imparted to an oversampled system in a beamforming process, according to embodiments 

of the invention. With reference to Figure .13, a process starts with a block 1302. At a 

block 1304 a time delay is selected for a beamforming process. At a block 1306 the time 

delay from the block 1304 is applied to a d€gitally oversampled signal in the oversampled 

domain tier 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 digital sensor or 

in other embodiments the time delay is inserted at a location within the receiver module. 

In yet other embodiments, the time delay is inserted at more than one location within the 

oversampled domain. At a block 1308 a beamforming process is performed with the time 

delayed digital signal that represents the field quantity of interest. The time 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 sum 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 exceed the duration of a sampling interval (or clock cycle) in 

the baseband domain. Thus, use of the terms "fractional delay" does not limit 

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 number of baseband 

sampling rate cycles. The process ends at a block 1310. 

100841 Figure 14 illustrates, generally at 1400, a data processing system in which 

embodiments of the invention may be used. The block diagram is a high-level. 

conceptual representation and may be implemented in a variety of ways and by various 

architectures. With reference to Figure. 14, bus system 1402 interconnects a Central 

Processing Unit (CPU) 1404, Read Only Memory (ROM) 1496, Random Access 

Memory (RAM) 1408, storage 1410, display 1420, audio 1422; keyboard .1424, pointer 

1426, data acquisition unit (DAU) 1428, and communications 1430. The bus system 

1402 may be for example, one or more of such buses as a system bus, Peripheral 

Component Interconnect (PCI), Advanced Graphics Port (AGP), Small Computer System 

Interface (SCSI), Institute of Electrical and Electronics Engineers (IEEE) standard 

number 1394 (FireWire), Universal Serial Bus (USE), or a dedicated bus designed for a 

custom appl€cat€on, etc. The CPU 1404 may be a single, multiple, or even a distributed. 

computing resource or a digital signal processing (DSP) chip. Storage 141.0 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, etc.). Note that depending upon the actual implementation of the acoustic 

signal processing system,. the acoustic signal processing system may include some, all, 

more, or a rearrangement of components in the block diagram. In some embodiments, 

aspects of the -System 1.400 are performed in software. While in some embodiments, 

aspects of €he system 1400 are performed in dedicated hardware such as a digital signal 

processing (DSP) chip 1440, or a system on a chip (SOC) which can also be represented 

at 1440, etc. as well as combinations of dedicated hardware and software as is known and 

appreciated by those of ordinary skill in the art. 

10085) Thus, in various 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. 

100861 For example, embodiments of the invention can be implemented on a 

computer system 1400 configured as a desktop computer or work station, on thr example 

a WINDOWS' compatible computer running operatingsystems such as WINDOWS* 

XP Home or WINDOWS*  XP Professional, WINDOWS*  10 Home or WINDOWS'' 1.0 

Professional, Linux, Unix, etc. as well as computers from APPLE COMPUTER, 

running operating systems such as OS X, etc. Alternatively, or in conjunction with such 

an implementation, embodiments of the invention can be configured with devices such as 

speakers, earphones, video monitors, etc. configured for use with a Bluetooth 
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communication channel. in yet other implementations, embodiments of the invention are 

configured to be implemented by mobile devices such as a smart phone, a tablet 

computer, a wearable device, such as eye glasses, a near-to-eye (NTE) headset., or the 

like. 

100871 In various embodiments, the components of systems as well as the systems 

described in the previous figures are implemented in an integrated circuit device, which 

may include an integrated. circuit package containing the integrated circuit. In some 

embodiments., the components of systems as well. as. the systems are implemented in a 

single integrated circuit die. In other embodiments, the components of systems as well as 

the systems are implemented in more than one integrated circuit die of an integrated 

circuit device which may include a multi-chip package containing the integrated circuit. 

For example, in one non-limiting embodiment using Figure 8, as illustrated by the 

example of Figure 8 and Figure 154, the components of the system are implemented 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 integrated 

circuit die 1504 includes one or more of the PDM receiver module 812. time delay 

controller-818, and time delay element 816. In some embodiments the second integrated 

circuit die 1504 does not include time delay controller 818 and time delay element 816. 

PDM receiver module 812 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 illustrated by the example of Figure 8 and Figure 15B, the 

components of the system are implemented in more than one integrated circuit die. With 

reference to1550 a first integrated circuit 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 ₹i08, and one or more of the time delay controller 818, and time delay element 

816. In some embodiments the second integrated circuit die 1504 does not include time 

delay controller 818 and time delay element 816. PDM receiver module 812 and 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. Distribut€on of any of 

the systems illustrated in the figures above (e.g., any one or more of Figure 1 through 

Figure 14) can be distributed between one or more integrated circuits dies. The 

examples of Figure 15A and Figure 15B are provided merely for illustration and do not 

limit embodiments of the invention. In some embodiments, the components of systems 

illustrated in the first integrated circuit die 15.02, and the second integrated circuit die 

1504 are implemented in a single integrated circuit die, in some embodiments, the entire 

system is implemented in a single integrated circuit die. 

[00881 For purposes of discussing and understanding the embodiments of the 

invention, it is to be understood that various terms are used by those knowledgeable in 

the art to describe techniques and approaches. Furthermore, in the description, for 

purposes of explanation, numerous specific details are set forth in order to provide a 

thorough understanding= of the present invention. It will be evident, however, to one of 

ordinary skill. in the art that the present invention may be practiced without these specific 

details. In some instances, 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 skill in 

the art to practice the invention, and it is to be understood that other embodiments may be 
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utilized and that logical, mechanical,- electrical, and other changes may be made without 

departing from the scope of the present invention. 

100891 Some portions of the description may be presented in terms of algorithms 

and symbolic representations of operations on, for example, data bits within a computer 

memory. These algorithmic descriptions and representations are the means used 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 generally, 

conceived to be a self-consistent sequence of acts leading to a desired result The acts are 

those requiring physical manipulations of physical quantities. Usually, though not 

necessarily, these quantities take the form of electrical or magnetic signals capable of 

being stored, transferred, combined, compared, and otherwise manipulated. It has proven 

convenient at times, principally for reasons of common usage, to refer to these signals as 

bits, values, elements, symbols, characters, terms, numbers, waveforms, data, time series 

or the like. 

100901 It should be borne in mind, however, that all of these and similar terms are 

to be associated with the appropriate physical quantities and are merely convenient labels 

applied to these quantities. Unless specifically stated otherwise as apparent from the 

discussion, it is appreciated. that throughout the description, discussions utilizing terms 

such as "processing" or "computing" or "calculating" 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 system's registers and memories into other 
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data similarly represented as physical. quantities within the computer system memories or 

registers or other such information storage, transmission, or display devices. 

10091i An apparatus for performing the operations herein can implement the 

present invention. This apparatus may be specially constructed for .the required purposes, 

or it may comprise a general-purpose computer, selectively activated or reconfigured by a 

computer program stored in the computer. Such a computer program may be stored in a 

computer readable storatte 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 (ROMs), random access memories 

(RAMS), electrically programmable read-only memories (EPROM)s, electrically erasable 

programmable read-only memories (EEPROMs), FLASH memories, magnetic or optical 

cards, etc,, or any type of media suitable for storing electronic instructions either local to 

the computer or remote to the computer. 

[00921 The algorithms and displays 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 hardwired 

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 computers, and the like. The invention€ can also be 

practiced in distributed computing environments where tasks are performed by remote 

processing dev€ces 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 circuits (ICs) or in other implementations 

of hardware and software. 

1.0093.1 The methods of the invention may be implemented using computer 

software. If written in a programming language conform€ng to a recognized 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 

systems, In addition, the present invention is not described with reference to any 

particular programming language. It will be appreciated that a variety of programming 

languages may be used to implement the teachings of the invention as described herein. 

Furthermore, it is common in the art to speak of software, in one form or another (e..g., 

program, procedure, application, driver,...), as taking an action or causing a result. Such 

expressions are 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. 

[0094 It is to be understood that various terms and techniques are used by those 

knowledgeable in the art to describe communications, protocols, applications, 

implementations, mechanisms, etc. One such technique is the description of an 

implementation of a technique in terms of an algorithm or mathematical expression. That 

is, wh€le the technique may be, for example, implemented. as executing code on a 
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computer, the expression of that technique may be more aptly and succinctly conveyed 

and communicated as a formula, algorithm, mathematical expression, flow diagram or 

flow chart. Thus, one of ordinary skill in the art would recognize a block denoting 

A- S=C as an additive'ftinction whose implementation in hardware and/Or software 

would take two inputs (A and. B) and produce a summation output (C). 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 invention may be practiced as well as 

implemented as an embodiment). 

10095I Non-transitory machine-readable media is understood to include any 

mechanism for storing information in a form readable by a machine (e4g., a computer). 

Fm-  example, a machine-readable medium, synonymously referred to as a. computer-

readable medium, includes read only memory (ROW; random access memory (RAM); 

magnetic disk storage media; optical storage media; flash memory devices; except 

electrical, optical, acoustical or other forms of transmitting information via propagated 

signals (e.g., carrier waves, infrared signals, digital signals, etc.); etc. 

[00961 As used in this description, "one embodiment" or "an embodiment" or 

similar phrases means that the feature(s) being described are included in at least one 

embodiment of the invention. References to "one embodiment" in this description do not 

necessarily refer to the same embodiment; however, neither are such embodiments 

mutually exclusive. Nor does "one embodiment" imply that: there is but a single 

embodiment of the invention. For example, a feature, structure, act, etc. described in "one 

embodiment" may also be included in other embodiments. Thus, the invention may 
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include a variety of combinations and/or integrations of the embodiments described 

herein. 

100971 Thus, embodiments of the invention can be used in various acoustic 

systems. Some non-limiting examples of such systems are, but are not limited 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 input 

line (wire, cable, or other connector), mounted on or within the frame of eyeglasses, a 

near-to-eye (NTF) headset display or headset computing device, a long boom headset for 

very noisy environments such as industrial, military, and aviation applications as well as 

a gooseneck desktop-style microphone which can be used to provide theater or 

symphony-hall type quality acoustics without the structural costs. 

10098j 'While the. invention has been described in terms of several embodiments, 

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 reaarded as illustrative 

instead of limiting. 
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What is claimed is: 

1. A computer-readable storage medium storing program code for causing a data 

processing, system to perform the steps comprising: 

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. 

2. The computer-readable storage medium of claim 1, wherein the combining is 

performed i€€ an oversampled signal domain. 

The computer-readable storage medium of claim 1, wherein the combining is 

performed at an intermediate sampling rate. 

'The computer-readable storage medium of claim 1, wherein the combining is 

performed in a baseband signal domain. 
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S. The computer-readable storage medium of claim 1, wherein the first oversampled 

digital signal and the second oversampled digital signal are Obtained from different 

sensors. 

6. The computer-readable storage medium of claim 1, wherein the first oversampled 

digital signal and the second oversampled digital signal are obtained from the same 

sensor. 

7. The computer-readable storage medium of claim 1, further comprising: 

applying a low 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. 

8. The computer-readable storage medium of claim 7, wherein the time delay is 

equal to a fraction of a baseband sampling period. 

9. The computer-readable storage medium of claim 7, wherein the time delay is 

greater than a baseband sampling period. 

1.0. 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 

Systems and methods are described to time 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 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 fitters 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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