UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,931,286 B1
APPLICATION NO. 1 16/937314
DATED : February 23, 2021

INVENTOR(S) : Nima Badizadegan

Page 1 of 1

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 28, Lines 32-33 Claim 1, please replace:
“from the deserializer to the computational circuitry”
With:

-- from the deserializer to computational circuitry --

Column 28, Line 66 Claim 1, please replace:
“by the serializer”

With:

-- by a serializer --

Column 29, Line 38-39 Claim 9, please replace:
“the second clock output pin”

With:

-- a second clock output pin --

Signed and Sealed this
Twenty-third Day of November, 2021

O Mo

Drew Hirshfeld
Performing the Functions and Duties of the
Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office
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Electronic Patent Application Fee Transmittal

Application Number:

16937314

Filing Date:

23-Jul-2020

Title of Invention:

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

First Named Inventor/Applicant Name:

Nima Badizadegan

Filer:

Keith J. Barkaus/Victoria Gilmore

Attorney Docket Number:

05301-0011

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Sub-Total in

Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION

2811 1 160 160
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Electronic Acknowledgement Receipt

EFS ID: 43977736
Application Number: 16937314
International Application Number:
Confirmation Number: 7214

Title of Invention:

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

First Named Inventor/Applicant Name:

Nima Badizadegan

Customer Number:

1912

Filer:

Keith J. Barkaus/Victoria Gilmore

Filer Authorized By:

Keith J. Barkaus

Attorney Docket Number: 05301-0011
Receipt Date: 07-0CT-2021
Filing Date: 23-JUL-2020
Time Stamp: 17:10:53

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $160

RAM confirmation Number E202107H11094212

Deposit Account

Authorized User

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

Document . . . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
149742
1 Request for Certificate of Correction 1-RequestforCOC.pdf no 2
1431b2b6c928a41d9a73000d820078d993
913c7d
Warnings:
Information:
175250
2 Request for Certificate of Correction 2-CertificateofCorrection.pdf no 2
a0d7619fa53d3151594fe165a3a74fe50003
Warnings:
Information:
38433
3 Fee Worksheet (SB06) fee-info.pdf no 2
8aaf7620dba44235cdf2954e3f620fee83e3¢
84a
Warnings:
Information:
Total Files Size (in bytes): 363425

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No. 05301-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors ; Nima Badizadegan

Patent No. : 10,931,286 B1

Issued : February 23, 2020

Appl. No. : 16/937,314

Filing Date : July 23, 2020

For : FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL

PHASE-LOCKED LOOP

Art Unit ; 2849
Examiner : Cheng, Diana
Confirmation No. ; 7214
Customer No. : 1912

REQUEST FOR CERTIFICATE OF CORRECTION
UNDER 35 U.S.C. §255 AND 37 C.F.R. §1.323

EFS

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Attn: Certificate of Corrections Branch

Sir;
In reviewing the above-identified patent, minor typographical errors were discovered

therein requiring correction. The errors noted are set forth on a Certificate of Correction (Form

PTO/SB/44), which is attached hereto.

Citadel Securities LLC, Exhibit 1003, Page 6 of 154



EFS

Inventor: Nima Badizadegan
Patent No.: 10,931,286 B1
Appl. No.: 16/937.314

Page 2 of 2

Specifically, Patentee requests the following corrections:

At column 28, line 32-33, Claim 1, please replace “from the deserializer to the
computational circuitry” with “from the deserializer to computational circuitry”.

At column 28, line 66, Claim 1, please replace “by the serializer” with “by a serializer”.

At column 29, line 38-39, Claim 9, please replace “the second clock output pin” to “a
second clock output pin”.

Patentee submits that the above errors are of a typographical nature and that the corrections
do not constitute new matter, nor do they necessitate reexamination. Accordingly, issuance of the
attached Certificate of Correction pursuant to 35 U.S.C. § 255 and 37 C.F.R. § 1.323 is respectfully
requested.

Patentee submits the required fee of $160.00 for requested certificate of correction.
Should any additional fee be required, authorization is hereby given to charge the amount of any
such fee to Deposit Account No. 01-1785.

Respectfully submitted,

AMSTER, ROTHSTEIN & EBENSTEIN LLP
Attorneys for Applicant

90 Park Avenue

New York, New York, 10016
(212) 336-8000

Dated: October 7, 2021 By /Keith J. Barkaus/
New York, New York Keith J. Barkaus, Reg. No. 51,431
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PTO/SB/44 (09-07)
Approved for use through 03/31/2023. OMB 0651-0033
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.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of _ 1
PATENT NO. : 10,931,286

APPLICATION NO.: 16/937,314

ISSUE DATE * February 23, 2021

INVENTOR(S) Nima Badizadegan

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

In the Claims

Column 28, Lines 32-33 Claim 1, please replace "from the deserializer to the computational circuitry" with:
-- from the deserializer to computational circuitry --

Column 28, Line 66 Claim 1, please replace "by the serializer" with:
-- by a serializer --

Column 29, Line 38-39 Claim 9, please replace "the second clock output pin" with:
-- a second clock output pin --

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

Keith J. Barkaus, Reg. No. 51,431
Amster, Rothstein & Ebenstein LLP
90 Park Avenue, New York, NY 10016

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,

VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

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

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

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (6 U.S.C. 5§52) and the Privacy Act (6 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. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

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

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

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

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

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

8. Arrecord 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. Arecord 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.

Citadel Securities LLC, Exhibit 1003, Page 9 of 154



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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/937,314 02/23/2021 10931286 05301-0011 7214
1912 7590 02/03/2021
AMSTER, ROTHSTEIN & EBENSTEIN LLP
90 PARK AVENUE

NEW YORK, NY 10016

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

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

Applicant will be able to obtain more detailed information by accessing the Patent 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):

Nima Badizadegan, New York, NY;

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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Doc Code: IFEE

Document Description: Issue Fee Payment (PTO-85B)

PTOL/85B-EFS

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.
16937314 23-Jul-2020 Nima Badizadegan 05301-0011 7214
TITLE OF INVENTION :
FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP
Entity Status Application Type Art Unit [Class - Subclass EXAMINER
Small Utility under 35 USC111(a) [2849 156000 DIANA CHENG
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$600 $0 $600 02-Feb-2021 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address:

1912
AMSTER, ROTHSTEIN & EBENSTEIN LLP

90 PARK AVENUE

NEW YORK NY 10016
UNITED STATES

212-336-8000
PTODOCKET@ARELAW.COM

Current Indicated Fee Address:

Change of correspondence address requested, system
generated AIA/122-EFS form attached

[

[

Fee Address indication requested, system generated SB/47-EFS
form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.
Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

(37 CFR 1.29(d)), and make the applicable certification online.

WEB IFEE 1.0

Applicant asserting small entity status. See 37 CFR 1.27.

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

Applicant changing to regular undiscounted fee status.
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable.

If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

[ | authorize USPTO to apply my previously paid issue fee to the

Issue Fee
IZ current fees due

The Director is hereby authorized to apply my previously paid
[ ] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any deftﬂeir}@é or credit any
overpayment, to Deposit Account Number

X The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

[] Advance Order - # of copies

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

2. Amster, Rothstein & Ebenstein

5.Assignee Name(s) and Residence Data To Be Printed

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

Name City State Country Category

6.Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /Keith J. Barkaus/ Date 01-15-2021

Name Keith J. Barkaus Registration Number | 51431
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Electronic Patent Application Fee Transmittal

Application Number:

16937314

Filing Date:

23-Jul-2020

Title of Invention:

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

First Named Inventor/Applicant Name:

Nima Badizadegan

Filer: Keith J. Barkaus/Victoria Gilmore
Attorney Docket Number: 05301-0011
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPL ISSUE FEE 2501 1 600 600
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 600
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Electronic Acknowledgement Receipt

EFS ID: 41656178
Application Number: 16937314
International Application Number:
Confirmation Number: 7214

Title of Invention:

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

First Named Inventor/Applicant Name:

Nima Badizadegan

Customer Number:

1912

Filer:

Keith J. Barkaus/Victoria Gilmore

Filer Authorized By:

Keith J. Barkaus

Attorney Docket Number: 05301-0011
Receipt Date: 19-JAN-2021
Filing Date: 23-JUL-2020
Time Stamp: 16:42:18

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $600

RAM confirmation Number

E202111G42159934

Deposit Account

Authorized User

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

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
45777
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
ed2769c64e681656ea31f3796656c0b7710
3a%e3
Warnings:
Information:
32345
2 Fee Worksheet (SB06) fee-info.pdf no 2
713272426dafb7badf7b1f037abaadd8c0a
b27fc
Warnings:
Information:
Total Files Size (in bytes): 78122

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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PTO/AIA/14
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

.. Attorney Docket Number 05301-0011
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Nima Badizadegan
Residence Information (Select One) (® USResidency (O Non US Residency (O Active US Military Service
City | NewYerk Salem State/Province | N¥ NH | Country of Residence | | US

Mailing Address of Inventor:

Address 1 455-W3FHh Street #7416 61 Kelly Rd

Address 2

City NewYerk Salem | State/Province N¥ NH
Postal Code | 46648 03079 | Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated
within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number 01912

Email Address ptodocket@arelaw.com

Application Information:

Title of the Invention FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Attorney Docket Number | 05301-0011 Small Entity Status Claimed X
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 26 Suggested Figure for Publication (if any)
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number

05301-0011

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Filing By Reference:

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

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

filed application

Application number of the previously Filing date (YYYY-MM-DD)

Intellectual Property Authority or Country

Publication Information:

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

months after filing.

Request Not to Publish. | hereby request that the attached application not be published under 35US.C.

|Z 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen

Representative Information:

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

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

Please Select One: (® Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 01912

Prefix Given Name Middle Name Family Name Suffix

Registration Number

Prefix Given Name Middle Name Family Name Suffix

Registration Number

selecting the Add button.

Additional Representative Information blocks may be generated within this form by

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

05301-0011

Application Number

Title of Invention

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Domestic Benefit/National Stage Information:

Prior Application Status

Pending

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

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

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

Application Number

Continuity Type

Prior Application Number

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

Prior Application Status

Continuation of

Expired

16672076

2019-11-01

Application Number

Continuity Type

Prior Application Number

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

16672076

Prior Application Status

Claims benefit of provisional

Expired

62803017

2019-02-08

Application Number

Continuity Type

Prior Application Number

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

16672076

Claims benefit of provisional

62755804

2018-11-05

selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form by

Foreign Priority Information:

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

Application Number Countryi Filing Date (YYYY-MM-DD)

Access Code i(if applicable)

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

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

Applications
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

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

.. Attorney Docket Number 05301-0011
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

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

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

Attorney Docket Number 05301-0011

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

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

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

[

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

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

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

.. Attorney Docket Number 05301-0011
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Applicant Information:

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

Applicant 1

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

O Assignee (O Legal Representative under 35 U.S.C.117 (O JointInventor

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Country‘ Postal Code
Phone Number Fax Number
Email Address

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

Citadel Securities LLC, Exhibit 1003, Page 22 of 154

WEB ADS 1.0



PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

05301-0011

Application Number

Title of Invention

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Assignee Information including Non-Applicant Assignee Information:

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

publication.

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

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

[l

Prefix

Given Name

Middle Name

Family Name

Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country | Postal Code

Phone Number

Fax Number

Email Address

selecting the Add button.

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

WEB ADS 1.0
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

05301-0011

Application Number

Title of Invention

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14(c).
This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner,
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

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

Signature

/Keith J. Barkaus/

Date (YYYY-MM-DD) 2020-11-18

First Name

Keith J.

Last Name

Barkaus

Registration Number 51431

Additional Signature may be generated within this form by selecting the Add button.

WEB ADS 1.0
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Electronic Acknowledgement Receipt

EFS ID: 41158637
Application Number: 16937314
International Application Number:
Confirmation Number: 7214

Title of Invention:

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

First Named Inventor/Applicant Name:

Nima Badizadegan

Customer Number:

1912

Filer:

Keith J. Barkaus/Victoria Gilmore

Filer Authorized By:

Keith J. Barkaus

Attorney Docket Number: 05301-0011
Receipt Date: 18-NOV-2020
Filing Date: 23-JUL-2020
Time Stamp: 15:01:57

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
75148
1 Application Data Sheet 1-Updated ADS.pdf no 8
2736044a5650b4a9094358¢57 189bf68e22ff|

9e8f
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Information:

This is not an USPTO supplied ADS fillable form

Total Files Size (in bytes): 75148

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
1912 7590 11/02/2020
AMSTER, ROTHSTEIN & EBENSTEIN LLP CHENG, DIANA
90 PARK AVENUE
NEW YORK, NY 10016 | ART UNIT PAPER NUMBER |
2849
DATE MAILED: 11/02/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
16/937,314 07/23/2020 Nima Badizadegan 05301-0011 7214

TITLE OF INVENTION: FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

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

nonprovisional SMALL $600 $0.00 $0.00 $600 02/02/2021

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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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

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

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

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

1912 7590 11/02/2020 Certificate of Mailing or Transmission
AMSTER. ROTHSTEIN & EBENSTEIN LLP 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
90 PARK AVENUE addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
NEW YORK, NY 10016 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

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

16/937.314 07/23/2020 Nima Badizadegan 05301-0011 7214

TITLE OF INVENTION: FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $0.00 $600 02/02/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHENG, DIANA 2849 327-156000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

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

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "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.

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) : (] Individuat [ Corporation or other private group entity (] Government

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

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

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

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

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

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

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
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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.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/937,314 07/23/2020 Nima Badizadegan 05301-0011 7214
| EXAMINER |
1912 7590 11/02/2020
AMSTER, ROTHSTEIN & EBENSTEIN LLP CHENG, DIANA
90 PARK AVENUE
NEW YORK. NY 10016 | ART UNIT PAPER NUMBER |

2849

DATE MAILED: 11/02/2020

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
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sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J 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.
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1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

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

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

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

/DIANA J. CHENG/
Examiner, Art Unit 2849
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Application/Control Number: 16/937,314 Page 2
Art Unit: 2849

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 AlA.

Allowable Subject Matter

Claims 1-22 are allowed.

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

Regarding Claim 1, the prior art does not disclose, teach or suggest a method for
processing a first serial data stream comprising market data, using a field
programmable gate array system, to generate a second serial data stream comprising
order entry data, wherein the method comprises steps of:

h) transmitting, via a first clock output pin on a second interface of the field
programmable gate array to a phase detector that is part of the field programmable gate
array system and not part of the field programmable gate array, the first receiver side
clock signal,;

i} generating, using the field programmable gate array system, a feedback clock
signal associated with a first transmitter side clock signal, the feedback clock signal
having a third frequency and a third phase, by performing the following stems until a first
output of the phase detector is below a first threshold level:

i. generating, by an adjustable oscillator in the field programmable gain

array system, a second clock signal having a fourth frequency and a fourth phase;
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Application/Control Number: 16/937,314 Page 3
Art Unit: 2849

ii. generating, by the phase detector, the first output based on a
comparison of the first receiver side clock signal and the feedback clock signal obtained
from the second clock signal;

iii. transmitting, from the phase detector to a phase controller of the field
programmable gate array system which is not in the field programmable gate array, the
first output;

iv. determining, by the phase controller, interim adjustment information
based on the first output; and

v. transmitting, from the phase controller to the adjustable oscillator, the
interim adjustment information;

wherein, the adjustable oscillator adjusts the second clock signal based on the
interim adjustment information and steps (i) through (v) are repeated until the first output
of the phase detector is below the first threshold level;

in combination with all the other claimed limitations.

Claims 2-22 are allowed for depending from Claim 1.

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.”
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Application/Control Number: 16/937,314 Page 4
Art Unit: 2849

Contact

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Diana J Cheng whose telephone number is (571)270-
1197. The examiner can normally be reached on Monday - Friday 9 am - 5:30 pm ET.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Lincoln Donovan can be reached on (571)272-1988. 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.

/DIANA J. CHENG/
Examiner, Art Unit 2849
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Keith J. Barkaus/ Date (YYYY-MM-DD) 2020-08-13
Name/Print Keith J. Barkaus Registration Number 51,431

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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.

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

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

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

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.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

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.

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
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
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require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
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attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
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court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
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Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

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

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.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
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.

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.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Examiner . CHENG, Diane
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INFORMATION DISCLOSURE STATEMENT LETTER
UNDER 37 CFR § 1.56
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Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In accordance with the duty of disclosure under 37 C.F.R. § 1.56, Applicant would like to
direct the Examiner’s attention to the references that are listed on the attached forms
PTO/SB/08A. In addition to any copies of Foreign Patent Documents and Non-Patent Literature
Documents submitted herewith, Applicant refers the Examiner to the references previously
submitted to or cited by the Patent Office during prosecution of U.S. Patent Application No.
16/672,076 filed November 1, 2019 from which the subject application claims priority under 35
U.S.C. § 120. Accordingly, pursuant to 37 C.F R. § 1.98(d), copies of previously cited or
submitted references and Non-Patent Literature Documents are not included with this
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U.S. App. No. 16/937,314
Atty Docket No..: 05301-0011

Since this Information Disclosure Statement is being filed before the first Office Action,
Applicant believes that no fee is required in connection with the filing of this Statement.
However, if a fee should be required, the Commissioner is hereby to charge any deficiency in the
fees filed, asserted to be filed or which should have been filed herewith to Deposit Account No.

01-1785, under Order No. 05301-0011.

Respectfully submitted

AMSTER, ROTHSTEIN & EBENSTEIN LLP
Attorneys for Applicant

90 Park Avenue

New York, NY 10016

(212) 336-8000

Dated: New York, New York By: __ /Keith J. Barkaus/
August 13, 2020 Keith J. Barkaus
Reg. No. 51,431
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AMSTER, ROTHSTEIN & EBENSTEIN LLP
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NEW YORK, NY 10016
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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)

Nima Badizadegan, New York, NY;
Applicant(s)

Nima Badizadegan, New York, NY;

Power of Attorney: The patent practitioners associated with Customer Number 01912

Domestic Priority data as claimed by applicant
This application is a CON of 16/672,076 11/01/2019
which claims benefit of 62/803,017 02/08/2019
and claims benefit of 62/755,804 11/05/2018

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

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

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

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 07/31/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/937,314

Projected Publication Date: Request for Non-Publication Acknowledged
Non-Publication Request: Yes

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

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP
Preliminary Class

365
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/937,314
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
o o o N/A N/A N/A 330 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 380 N/A
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 22 minus 20= 2 50 - 100 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 1 minus 3 = 230 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 885 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total . i “ =
> a7 CF% ?.16(i)) Minus = OR
= Independent * Minus | *** =
E (37 CFpR 1.16(h)) = OR
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = ~ OR
L (37 CFR 1.16(h)) -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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Doc Code: PA.
Document Description: Power of Attorney

PTO/AIA/82A (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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

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

directed

Application Number

Filing Date Herewith

First Named Inventor

Nima Badizadegan

Title

LOCKED LOOP

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-

Art Unit

Examiner Name

Attorney Docket Number J05301-0011

SIGNATURE of Applicant or Patent Practitioner

Signature /Keith J. Barkaus/

Date (Optional)

2020-07-23

Name

Keith J. Barkaus

Registration
Number

51,431

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

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

v

*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-PT8—i? g g lagg ésuegletot 0
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Doc Code: PA.,

B e . . o PTOY/AIAMBZE (07-13)
Document Description: Power of Attomey Approvad for use through D3/31/2021. OMB 0851-0035
U.8. Patent and Trademark Office; LS. DEPARTMENT OF COMMERCE
LUinder the Paperwork Reduction Act of 1995, no persons ars required 1o respond to a collection of information unless it displays 3 valic OMB contral number

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke ali previous powers of atiorney given in the application identified in gither the attached transmittal letter or
the boxes below.

| Appiication Number Filing Date

{Note: The boxes above rﬁay be feft blank if information is provided on form PTO/AIA/B2A.)

[v]

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), an

to transact all business in the United States Patent and Trademark Ofﬁce ccnnected therewith for the application referenced in
the aftached transmiltal letter (form PTO/AIA/B2A) or identified above: |

OR

-

| hereby appoint Practitioner(s) named in the attached list {form PTO/AIA/R2C) as myfour aftorney(s) or agent(s), and o transact
2l business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmitial lstter (form PTO/AIA/82A) or identified above. {Note: Complete form PTO/AIA/B2C.)

Please recognize or changarihe correspondeance address for the application identified in thé attached transmittal
intter or the boxes above to:

4
L]

The address associated with the above-mentioned Customer Number
OR

The address associated with Customer Number:
OR

Firmor
individual Name

L

Address
City
Country

I Siate t

Telephone | Email i

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

inventor or Joint Inventor {iide not required below)
Legal Represeniative 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)

DO

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
appiication or is concurrently being filed with this document) (provide signer’s title if anplicant s & jurisiic entity}

SIGNATURE of Applicant for Patent
The undersigned {(whose tile is supplied below) is authorized to act on behalf of the applicant (e.g., whers the applicant is a juristic entity).

Signature A ﬁg&.w‘“’w | Date (Optional) | @f 2204
7 VName Nima Badizadegan o
Title

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

-mtai of 1

forms are submitied.

me sofeuion of infonviation §

URPTO o
indduding gw
of Bpres you ¥
Quepasusnal of Dowengras, PO

rg gsm;f;f;m‘ smrl \dd M i 3
{ 'a*}pissm thig fory andion s..qqmimne ffs! meucw,; Eh S »;..rder‘ & hr:uld bg sem pie] E}‘M’ i q!ﬁm‘iﬁmﬂ i"-‘

sned by ’?' (‘l’*vxf FEH ‘5 ;2 and 1, 33 Fhe (m‘o'mat:or- is recsmrad to {\E‘Hul or re& st @ !wmfii by the pumznﬁei‘ is o fils {and by the
; F ke S rohivies w rdmpists,
sl case Ay cofvmants 4R e amound

s LES, Ftens sod Trademark Office, 18
. Flox 1458, Alsandiia, VA 2233 T4E0. DO ROT SERD FEES R COMPLETED FORMS TO THIS ADDRESE. SEND TO: Conumssionar

i

for Batents, P.C. Box 1450, A!esiandna VA 22313-1458.

If you need assistance in completing the form, call 1-800-PT(Q-8133 and seigct oplion 2.
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PTOAIASGT (08-12)

Approved for use through 11/30/2020. OMB 0681-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Unider the Paperwork Reduction Act of 1995, ne persons are raquired to respond to a collestion of information unless it dispisys a valid OMB control numbsr,

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

Title of | FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP

Invention

As the pslow named inventor, | hereby declare that

This declaration {38 , L
A #  The aftached ation, or
is directed to: B e aitached application, o

[: United States application or PCT international application number

filed on

The above-idantified application was made or authorized to be made by me.

' | beliave that | am the original inventor or an original joint inventor of & claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisenment of not more than five (5) years, or bath.

WARNING:

Patitionar/applicant is cautionsd 1o avnid submitiing parsanal infarmation in documents filed in a patent application that may
sontribute fo identity thatt, Parsonat informafion such as social securlty rumbers, bank account nuptbers, orovedit oard numbers
{nther then a check of credit card suthotzation oy BTG-20358 subniitted for peyhent purposss) is never required by the USRTO
1o suppart & patition o an application, ¥ this type of personal information is inchuded in dacumtents subraiitad fo the USPTO,
patitioners/appiicants should consider radacting steh parsonal information from the documents before submitting them to the

| USPTO. Fotiionerapplicant is advised hat the racorg of & patent spplication is available o the public after publication ofthe
application (uniess a8 non-publication renuest in compliance with 37 OFR £.24%(3) s miace iy the application; or lsaugnca of 8
patent. Furthemmors, the recand from an abandbnad gpplication may also be availatle o the public Hthe application is
referencad in a published agplication or un lssuad patent (see 37 CFR 1,14}, Cheoks and credit card authorization forms
PTC-2038 submitied for payment purposss are not retainad in the application fle and herefore are not pullicly avallable,

LEGAL NAME OF INVENTOR

rventor: 1IN Badazafjegan 7 7 Date (Optional)

Signature:

Noie: An application data sheet (PTC/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional BTO/AIAIQY form for each additional inventor.

This coliection of information is requirsd by 35 U.S.C. 115 and 37 CFR 1,63 The information is required to obtain or retain a benefit by he public which is to file {(and
by the USPTO to process) an application, Confidentiality is governed by 38 4.8.C. 122 and 37 CFR 1.1 and 1.14. This collection is astimated to taks 1 minute to
compiete, including gathering, preparing, and subrmitting the curmpleted application form to the USPTO. Time will vary depending upan the individual case. Any
comments on the amount of fime you require fo complsts this form andfer suggestion reducing this burden, should be sent 1o the Chief {nfarmation Officer, U
Patent and Trademark Office, U.S. Departmant of Commeroe, P.0. Box 1480, Alexandria, VA 22313-1450, DO NOT 8END FEES OR COMPLETED FORMS YO
THIS ADDRESS. SEND TO: Commissioner for Patents, £.0. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, cali 1-800-FTO-2719% and select aplion 2.

o

Citadel Securities LLC, Exhibit 1003, Page 68 of 154



| FPGA |
; 102 106 1
S .U ..
' FPGATRANSCEIVER 1! FPGA CORE !
0 BANKS }
Iy il g:
. IRXDATA 110 i
| |1 16:64BITS |
0GRS DATA 1 | ESEALTER s RECEVESDE |
T Rty S COMPUTATION | |
3 ::RKCLOCK ¥
122 T 100650 MHZ INTERMEDIATE 1
! AT 1
OSCILLATOR s | DA t
ORCLOCK - RATSLVELTER ¥ RYTOTY ¥
50300 MHZ PLL ,
GENERATOR | = 20 e U ¥ CLOCKDOMAN | 1"
REFERENCE ! | CK DO i
00 (LK 1 WRE (ROSSIG ;
t RATE ) INTERMEDIATE
i i - N i i
o oo JOOK nrxpam oy PR !
o i L L
1025 GBPS DATA | SRR | coweTaoy |
(615 GRPS DATA T , OMPUTATION i
g 1 TXCLOCK 1
. ¥ |1 100-650 MHZ i
EXTERNAL I o !
CONNECTION L |
PRIOR ART
FIG. 1

Citadel Securities LLC, Exhibit 1003, Page 69 of 154



AR :
D U0 P : e / P | | § TURPE

. aned § Dt 6 psgo "ﬁi&ﬂif Mo - oo : s
Brivard a0 § Pogt 2 i ) | Sany | 11 Conkot

Ve POt { By : —— !
/ $\\ i

U:LX \ y‘u-. P
Clack 3 § s

Dividass et efitant

}

i

i

i

i

i

i

i

i

‘ |
| FIFO . f
i

§

}

i

}

i

i

i

4

?:/ \)n T\‘

tertane

|

LS

3

E:

T Phsy imsmolaly

dirplsge ) N g ST
talerpil Dutrofer (0TS

TAPMA TR

“AR Ps et Diala Fivsy Y Pavelled Fron BY Pailel
S POS Data {Far-Ead PUA {ate {FarBind BB
ki Loopbacks Loonback:

)
o e won e vee oom we mom e me o o My b M e dw e o e G W o WY M e v e we bw My wn b b
oo £Go 00 BO0 BO BGC DO DKC GO0 DO BOD XXG DGO XKK DGO XXX DGO K 1B XXX B BN D DN DS O DX G BX OGN DX G0 B BN I

SR

|
|
i
|
|
i
|
i ¥ Phase
i
i
i
|
|
L

R pipg
{ntad

1) .
B § !
F!\ \‘SE Y %hp s‘f‘(‘,"n‘ s } ?
} s FRTEIe
o = ' ol
aaletiat w &g RioE
¥ : t ‘
..................... ek
4 Flewd B
Ny )
FRAY VD et
{rroba et} b
Vi |
|

Mmmmrassmmanendl

B Sont F‘ mf\: FOSParaiel
fainos Yook
TREUSRAE

{
i
i
i
i
f
{
!
{
Faa |1
i
i
i
!
!
{
i
i
i
i

FIG 14

Citadel Securities LLC, Exhibit 1003, Page 70 of 154



ESTEESDOA | o 1
T DL o |
@ HI™ i [ g s DROEDAE
CHORLATOR Hi } A BN
RO il REETT S
GENERATOR oI ; b a0 AN ix\
BEIERLNCE 1 e} i :
GWOOE ) R b |
K PreS Y B - Ricon
i PPN I I
PR Hows MK wimgm o PUS ;
! HE ‘
g e il AT |4 | %,%
E 1825 GRR DATA E E Vg LR
' H Wi g3 4

/11y 5

mmmmmmmmmmmmmm%

\ bl
Koy ' |

0 Q

3 oynfy .
] A:HC_{.«.........{.; i

‘o

R L P43

I
I

I

I 3

I
| 18
| |

|

|

I

!

pekLy "9 gt 79
counter counter

|
|
E
E
E
E
[Ay
E
E
i
E
E
|

FIG. 1B

Citadel Securities LLC, Exhibit 1003, Page 71 of 154



JR—

RX CLOCK (XCIK)

-

, \ / v/ \ \ / \/ ) \

! T 3 i T \ { y ] / y
wRIEPONTER (XBy {0 1 K2 K0 kTR o 1k
U ] ’\\/ >(/ \\/ \ \/~ / \\/ \ ’\\)

o " -
ey
St
<
e

3
XOREGISTER M‘( Dy /\< D,

/
Y1 REGISTER, ——————s < D, X D, ID. >
X REGISTER / D, >/ D \
TXCLOCK RCLK)
READ PONTER (R%) ~{ | ( ) 0 ><\ 1 /\ ) /< 0 ( ! >< 3 >
READ DATA (XS) < D, ></ D, // D, )< D, \< D, >/ D, ’i D, \;

FIG.1C

Citadel Securities LLC, Exhibit 1003, Page 72 of 154



LENGTH-MATCHED REFERENCE TRACE

A0 RS
" i
f St R """ MEASURED
T | FPGACORE Rty
0 ggig%;%?rRX: H 0 ) RACOGK
FERENCE  pr=mme=mmemceneans. 1 g ‘ . 00-650 M7
XED- leppex ) FPGATRANSCEIVER | f ZERODELAY 1) IROONRE
FREQUENCY I BANKS : E BUFFERPLL ! |
OSCILLATOR 104 uﬁxmm I
I I604Bm | n
125 (BPS DAT! T | . B
10/25 GBPS DATA ) eEALZER :: P E:
- ] [RX CLOCK i
50-800 MHZ TX | ' 108 | 1 100-650 MHZ ¥ . 2206
FREQUENCY- |REFERENCE ¢, | y
ORPHASE- |CLOCK 11| TRANSCEIVER | if | COMPUTATION |} PHASE |
ADIUSTABLE ¥ PLL | LOGIC |} DETECTOR
OSCILLATOR i b | ¥
2120 i WR CLOCKy 2110 1! TX DATA ¥
| i
o ¢ |
10 10725 GBPS DATA 11 G | :,“ sl T
MODULE 1N B = !
’ ' TX CLOCK, k
PHASE OR lrm | 100650 ; |
FREQUENCY i EMHZ W% ZERC-DELAY ::
OO ! DY TODT Y
CONNECTION § | , u TX CLOCK
1N i.w-.._.-..m-..m-..m-_..u-_.m:::::’:::’:::::::f:’::::::_E:ZZ:.., 100650 MHEZ
LOWBANDWIDTH LENGTH-MATCHED REFERENCE TRACE

(160HZ TO 40K HZ BW)

PLLDLL CONTROLLER PHASE MEASUREMENT

2201
FiG.2

Citadel Securities LLC, Exhibit 1003, Page 73 of 154



DESERIALIZER 2104

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm E
: g RX REFERENCE CLOCK |
| v l |
| 310
312 .
SERIALTO . INPUT
ATA = S )
:P‘X DATA®Y pARALLEL LR I
o i
| - /::\ 2 AN |
| RY CLK ¢ N a
| X -5 DFE
vy LK SNy INPUT BUFFER 3104 |
I gy ‘
l |
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm P ]
FIG. 3A

Citadel Securities LLC, Exhibit 1003, Page 74 of 154



DESERIALIZER 2104

| - RX REFERENCE CLOCK
E , o
l 16 /
|
Vi
ER}?%@@ SERIALTO CDRi/ T
PAERAT paraniL | '
|
e AA
| RUCLK 4—
E K L DFE
3120 — ﬁv 4
E WA

I

| I

INPUT BUFEER 3104
I

Citadel Securities LLC, Exhibit 1003, Page 75 of 154



DESERIALIZER 2104

|
E k3!
|
i

3122

3
IRx DATA

g -

SERIALTO
PARALLEL

3116

y

/— 3
v

.

|
| 310
#

¢

W'y

A

2
| RYCIK & A7

CDR

ol
%

l

Y

g |

Hry

COR316

L
-

#o

»

BFE

N

iwmﬂmmmmmmmmmmmmmm

-
M

CHARGE

PUMP

VCo

o e v e o oo o 7

V

2 'éE
-
<D

D

Q

.
Q‘l
'ﬂa

¢
#
’

14

N
1

"= REFERENCE CLK ——

PrD

CHARGE
PUMP

FIG.3C

Citadel Securities LLC, Exhibit 1003, Page 76 of 154

RXREFERENCE CLOCK

A

R O N R R RN N R DK NIRRT R R B
o~
.%‘a,

RECOVERED
DATA

RECOVERED
CLOCK



3118 RX REFERENCE CLOCK X - 306

l e M

510z |
nur!
s |

1 S
e SERIAL TG . i =
4 e (DR i~ ]

RXDATA PARALLEL (R '

A A TN

A
RX (1K ¢ 2 . \
w s L9 DFE N B
307 > UX | L “ INPUT BUFFER 310k
) DIV ;f & % |
3114 Ny E
90000 X000 MX0O( KOR QOO0 DOOO0 XXX X0M  eODd 09000 X000 OO0 ROOK 000K (000D G0 DOOB  ODDXX  00OC  EOX0 0000 JODOD KOOI QGOXX  DOOO® 0RO KXOOI  OSRXX an W00 000D X0 CORX D00 XOOD  KXOOK  GORX  DD00C 000D

Ty N

£ v v B o o oo o oo

T
N

\ :
¥ ; Aot 9 N }
3 ' . { R ) LR o
g e 3 B PR gy . TN
{“‘(‘ \ @““": ¥ “\'si- E‘SW‘“".;\ "A-.‘“\W% Aty H 3 ‘&\\. 3
S § o, B e S by TR g
¥ ¥ ’ v
N N N
i 3

E i
E |
| |
E |
| |
| |
| I
| B
E |
| |
| |
| |
| |
E |
| l
| |
L |

FiG. 3B

Citadel Securities LLC, Exhibit 1003, Page 77 of 154



DESERIALIZER 21047

rmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmq

| Receiver PMA 3512 |
3508 . -
| 3§ 3516 S g
| / f/ //‘ /’ |
| - - v - \[ Receiver |
| Recsiver Paralle Datall  Serial To Serial Data 0 Serial Data R 4 e |
l . Pes ¢ Parallel o Difforenti
| Parallel / Buffer i mmlai
I Datato y /:;\ /} o= Input Dmai
| FPGA Senal Clock 3502 |
| Core Parallel Clock |
2106
llﬂﬂ D KNG O DN O N0 WD NG O OO0 NED HOY X DN MO RO UON DOON OO BN NOD OGN OORX DN MO ROM NOMN OGN 00N RON O DO OO BN OME BN NS SN e Ilﬂa
FliG. 3K

Citadel Securities LLC, Exhibit 1003, Page 78 of 154



SERIALIZER 2110

rmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmq

l |
I |
PARALLEL b
TXDATA=3 70 SERIAL W FFE L {PU ; |
| ” PINS 4116
| 4102 A 4104 A 3 |
| 3 3 / V_ I |
TY (LK 4106 v QUTPUT BUFFER |
l I 4114 5
! 1Y
| | CLK WIRE-RATE CLOCK 4112 |
| 4108 | DIV (FROM TRANSCEIVER PLL 2108) |
l |

FG. 44

SERIALIZER 21107

rmmmmmmmmmmmmmmmmnmmmmmmmmmmmmmmmmmmmmmmmq

| Paralel Data Transmutter PMA 4216 Transmitter Serial |
| From FPGA Dufterential Quiput
Core 2106 Transmitte Parallel to Sertal Dan 428
I EEm— 'aismj :\ter g iy Transmitter g
l PCS 4206 H104 oo |
Buffer 4214 »
| % A |
| Pl Cloch |
l Clock E |
| Wireate clock ——s0 Generation | |
41 1 Sertal Clock
l He Block 4210 |
| |
l |

FIG. 4B

Citadel Securities LLC, Exhibit 1003, Page 79 of 154



Phase Detector 2206

RO TRy

Vid

4

RN

REY
B

par Y

|

E

E

:

| S
; R§Y
!

E

i

E

i

5

e |

FIG. 5A

Phase Detector 2206”

B SN RO MR BN OEE NN AR N M R OO B R BN NS R BN B SR B N B SR B N B B

|
| |
| |
B |
| |
| |
| + |
i s\f“”\ o ?.i:.;-:\ﬁ |
5 i
I |
| i
: i
| |
: |

FIG. 5B

Citadel Securities LLC, Exhibit 1003, Page 80 of 154



Phase Detector 2206™

DECODER

DELAY

G, 3C

Citadel Securities LLC, Exhibit 1003, Page 81 of 154



Phase Detector 2206

B
D

PD

PD “”"""!
I —

E
i
f
i
f
|
i
f
i
|
|
i
: ' DECODER +— DELAY
i
|
i
|
i
f
|
|
|
i
|
i

)

PD

Citadel Securities LLC, Exhibit 1003, Page 82 of 154



RX CLOCK

M
)
)
A}

'L__I

100-SSOMEZS i dlay (01" ™\, Mavimum dely 61084

6106A 7y Lok [

b

106-650
7 FIG. 6A
RX CLOCK

100-630 MEZ—> Miwimum defay (0)!

S Y

" Maximum defay 61083

Al

8108 — (1 0cK "
00-650
MEZ FIG. 6B
RX CLOCK AN
00650 MEZ s Vpimam delogt . Masiinum delay 61
" ;M,,—«—- —> Mininum delay ! \\.\\_Eammum delay 6108C
6106‘(: — "'E \\A
TXCLOCK |
100-650 -
TX CLOCK
100-630

MHZ > Minimum delay (0)!

61060 —Rx Lok

™, Maxinum delay 6108D

™

9

100650 MHZ

FIG, 6D

Citadel Securities LLC, Exhibit 1003, Page 83 of 154



e i BGA T | i
FIXED- L1 pors o svoroorn 1 FPGACORE I
REQUENCY | | PPGA Tﬁi\ggﬂﬁg E; FPGA CORE EE
OSCILLATOR | | o ¥ 1208) ZERODELAY [} T4
¥ ¥ BUFFERPLL !
EXTERNAL X ! I
CONNECTION | X DATAA sz :E
2 - L0 I
% DESERIALIZER | | & |
t it S -
i [ RXCLOCK A Ei 72063
OV T LA, o e !
O MODULE i: 71044 :§ COMPUTATION :: 0
T BF ] 00 |y T LOGIC !
iy X | RXDATAB Ny
STABLE | 11 : }
- Eﬁi’fﬁ% > DESERIALIZER | | D e
b LAY LA ! [ By
E 2 :; RYCLOCK B W :: . T
f [
L | SERIALIZER | t'TXDATAA :;
Vi Tl ¥ !
by 3 TERODET AV
| TSERIALIZER | U'TXDATAB| Lo igﬁ?—;@fz : .
Nt 3 5] E———
FREQUENCY- E; f N T
ORPHASE- | 11| TRANSCEIVER | 1 8 e opELAy |
1 ™ ™Y T 3 e T et 1
ADIUSTABLE | 117 PLLTI0g E; X CLOCK BUFFERPLL 1
OSCILLATOR | ! ' 1
& 700k L i",."m"..",.":’..",":.."1.";’,,"’_";',,"".":.,": :Z’;ZZZZZZZZZZZKZZT Pt Rt
7% T
DLL CONTROLLER
7202 ‘ |
PLL/DLL CONTROLLER

FiG, 7A

Citadel Securities LLC, Exhibit 1003, Page 84 of 154



7000 7100

' e i
FIXED 05C F— mgy PO 7106
i’“"“MM'M"'M"'M""P"”""”""””""”“””":ﬁ: mmmmmmmm i
1| TRANSCEIVERS 11 FPGACORE o
B ! b ZDBPLL M
WY DES 710 [ | .
moh f T g Pg‘“(’b
;I“h ANy :: P Z ‘ [ »
— DELAY d DES 710db (4 | :
IR d ! [ p— !
DELAY LMl DES 7104 o LOBPLL D
p b f I i v -
) ¥ » :i = | T206c
o DELAY |—a{ DES 7104 [T ADBRLL PD
I ! 708 ! 0
10 O | rvby Ta08d : 72064
( I N 4 i !
MODULES) T O T 1 g
! PV
g | COMPURATION |-y
o | i SER 0D e oge |
| i T i
' L T e | !
EXTERNAL : :: iy
CONNECTION o SER 71104 e IDBPLL i 2D
e I i T 0 P
15 NCRPLL | g
. R
i i
ADIOSC_ et CONTROLLER e
7200 )
o CONTROLLER
77| CONTROLLER
55| CONTROLLER
FIG. 7B

Citadel Securities LLC, Exhibit 1003, Page 85 of 154



wwww \wwnwmnwvmwnwwnwwnwwnwwmwnmmnmmnwmﬂwmﬂwnﬂw -
7000 1 FPGA 7067 Tt 72064 2060
o prrmmmmEmmmmmmmn mAnNG . ? T4 boange
FINED 0SC [ TRANSCEIVERS 1 FPGACORE /28 1 72 [ TE
g DES 71043 b ZDBPLL i T v&!
i, ) Mgt || e
e || TS 71045 [ VIDBRLL LD
-~ P DELAY :_; } T208¢ P :I Shis v}:D
U T~ ! NEC = ¥ /DBPLL T .
= T & DES 7Ti0de : e T i
T200d =1ty TR TIndd T B DB PLL ¥
- i HESLE Tk o, T
T00e- = M 7DBPLL H—r—3 PD
f DAy e T b e
UM neg 7t T » ZDBPLL |1 || PD
SLDELAY [ o : T
10 T [ 5 SER_Tiih @TL . e
MODULE(S) TSR Tl e }
i o ' | i
T 4 TR T k| COMPUTATION ]
Higem i N V¢S !
s ISLSER THiN e,l:J ;
EXTERNAL TR T : !
CONNECTION fi——— !
Y i SER_THOF mmﬁm
! I A
14 XCVRPLL | e 7
:I I i“
E_i:::::::::@g%::::E‘::::,‘_‘,’,‘:;‘::;‘::::::::::::::::_,E f
el ADIOSC WL CONTROLLER 2
i
CONTROLLER
120
e CONTROLLER
R e
CONTROLLER
T2 CONTROLLER
J) -
T2 CONTROLLER
FIG. 7C

Citadel Securities LLC, Exhibit 1003, Page 86 of 154



iC
2 B0 7 RERERENCE
TS STIVERO 61 38105 vz
: 11308125 MHy pree=smmas=xp
MICROCONTROLLER [ANALOG | /2 2
ANDF(C - b
S0 RXREFERENCE
- i ST 1611328125 MHZ
ANALOG ~# OSCLLATOR [ps=sss=s===h
DIFFERENTIAL 161 18125 Mtz VITA 571 FMC
CONNECTOR
$200 - (TOHOST
THG5I1-BASED |ANALOG ) - BOARD WITH
DIFFERENTIAL |[DIFFERENTIAL] MUIOUEPAD lemmmmmmmmmmnmee G
— T PHASE | MEASURED CLOCKS
ANTLALIASING R ectecedeeetl
B DETECTOR T
FILTER .
- G20 ZERO DELAY T
— TXS0108 COMPENSATION | ™
ey VOLTAGE LEVEL |, K
gpr | VOWSPEED 1 rpansiATOR | LoWw SPEED SEPSIGNALS
CONNECTOR
FIGH SPEED TRANSCEIVER CHANNELS

FIG. 84

Citadel Securities LLC, Exhibit 1003, Page 87 of 154



3400 PHASE-  |8410
FPGAHOST | FMC | LOCKING
BOARD | | DAUGHTER
CARD

mmmmmmm
mmmmmmmmmmm
“““““““““““
- -
mmmmmm
mmmmmmmm
mmmmmmm
wwwwwww
mmmmmmmmm

AR TOC MR Tia "M wn i W AR W A AR W A MR WU A IR WU AR WA R AR WA A AR W NG AR W AN A W AN UM W AN UV W AN U W AR I WU AR UV M AN U AR AR WV AR AN WA AR W AR AR W RN AR WA AR AR W AR I W AR UM MU AR A AR W R AR W R AR e A W W e

bt

)

T2
b4

00 | 8200 TX REFERENCE

— Ivﬂ(“kéi%%{z(;im T el I
e e | E160PPY

ANDEC

i

}
{
| |
z i
i i
! }
§ i
i i
; i
E i
i i
; }
2 i
5 i
; }
§

) {
§ S0 RX REFERENCE :
§ ie STV 11611328125 MHZ |
| OSCILLATOR ~ pres=========) ,
; DIFFERENTIAL 1611328125 MHz VITASTIEMC | |
| CONNECTOR |
| E
; i
; }
2 i
! i
i !
i |
! i
; I
E i
i i
§ i
i f
! i
2 i
i §
; i
2 i
! i
z !
! i
! i
; I
E f

A

ANALOG

8202 " (TOHOST
THS457 1 -BASED |ANALOG i BOARD WITH
DIFFERENTIAL |DIFFERENTIAL| MC!OOER40 Annosiuvininisiuiainiets IR 4C2Y
ANTI-ALIASING ﬁ PHASE Qﬁﬁl@lgﬁgﬁa
DETECTOR T
$320 ZERO DELAY [
XG0S COMPENSATION [
————» VOLTAGE LEVEL |, o
sppe | LOWSPEED ) rpansiaToR | Low SPEED SPP SIGNALS
CONNECTOR

FILTER

HIGH SPEED TRANSCEIVER CHANNELS

Citadel Securities LLC, Exhibit 1003, Page 88 of 154



5902: receiving, by a first plurality of data pins in a first interface of a field programmable gate array in the
field programmable gate array system, the first serial data stream

|

S904: receiving, by a first referance clock pin in the first interface, a first clock signal having a first frequency
and a first phase

5906: transmitting, from the first plurality of data pins in the first interface to a deserializer in the field
programmable gate array, the first serial data stream

5908: transmitting, from the first reference clock pin in the first interface to the deserializer, the first clock
signal

5910: generating. by the deserializer, a first receiver sice clock signal having a second frequency and a second
phase, based on the first clock signal

5912: converting, by the deserializer, the first serial data stream into a first plurality of parallel data streams

5914: transmitting, from the deserfalizer to computational circuitry in the fisld programmable gate array, the
first receiver sice clock signal

¥

Continued with FIG. 98
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Continued From FIG. 9A

5916: transmitting, from the deserializer to the computational circuitry, the first plurality of data streams
comprising a first plurality of data items

5918: transmitting, from the deserializer via a first clock output pin on a second interface of the field
programmable gate array to a phase detector of the field programmable gate array system which is not on the
field programmable gate array, the first receiver side clock signal

¥

5920: generating, using the field programmable gate array system, a first transmitter side clock signal having a
third frequency and a third phase

5922: transmitting, from the serializer to the computational circuitry, the first transmitter side clock signal

5924: performing, by the computational circuitry, a first set of operations on at least a portion of the first
plurality of data items to generate a second plurality of parallel data streams

¥

Continued with FIG, 9C
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Continued From FIG. 98

5926: transmitting, from the computational circuitry to the serializer, the second plurality of parallel data
streams

5928: converting, by the serializer, the second plurality of parallel data streams into the second serial data
stream

5930: transmitting, from the serializer off the field gate programmable array system via a second plurality of
data pins in the first interface, the second serial data stream
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§m%920: generating, using the field programmable gate array system, a first transmitter
side clock signal having a third frequency and a third phase, by performing the
following steps until a first output of the phase detector is below a first threshold
level

51002: generating, by an adjustable oscillator in the field programmable gate array system,
asecond clock signal having a fourth frequency and a fourth phase

¥

51004: generating a first wire rate clock signal having a fifth frequency and a fifth phase
based on the second clock signal

i

B
B
|
E
E
B
B
|
|
|
| | S1006: generating, by a serializer in the field programmable gate array, an interim
E
|
B
|
|
|
|
E
E
B

transmitter side clock signal having a sixth frequency and a sixth phase

y

51008: transmitting, from the serializer via a second clock output pin in the second
interface to the phase detector, the interim transmitter side clock signal

¥

Continued with FIG. 108

FIG. 10A
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e

Continued From FIG. 10A

¥

51010: generating, by the phase detector, the first output based on a comparison of the
first receiver side clock signal and the interim transmitter side clock signal

y

§1012: transmit, from the phase detactor to a phase controller of the field programmable
gate array system which is not in the field programmable gate array, the first output

i

§1014: determining, by the phase controller, interim adjustment information based on the
first output

¥

§1016: transmitting, from the phase controller to the adjustable osciliator, the interim
adjustment information, wherein, the adjustable oscillator adjusts the second clock signal
based on the interim adjustment information and steps 51002 through 51016 are repeated
until the first output of the phase detector is below the first threshold level

FIG. 10B
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§1004: generating a first wire rate clock signal having a fifth frequency and a fifth
phase based on the second clock signal

§1102: receiving, from the adjustable oscillator at a transceiver phase lock loop via a
second reference clock pin in the first interface, the second clock signai

¥

|
B
B
E
E
|
|
|
|
| | SL104: processing, by the transceiver phase lock loap, the received second clock signal
B
B
E
E
E
|
B
E
E
E

3

51106: providing, by the transceiver phase lock loop, the wire rate clock signal based on the
processing of the received clock signal

y

§1108: transmitting, by the transceiver phase lock loop, the wire rate clock signal to the
serfalizer

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmnﬂ

FlG. 11
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Prior Application Status | Expired
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Prior Application Status | Expired
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16672076 Claims benefit of provisional 62755804 2018-11-05
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selecting the Add button.
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This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
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The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
search results from the instant application without delay in a European patent application that claims priority to the instant
application.

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

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

u B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED
LOOP

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Application No. 16/672,076, filed on
November 1, 2019 and entitled FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL
PHASE-LOCKED LOOP which in turn claims the benefit of and priority to U.S. Provisional
Patent Application No. 62/755,804, filed on November 5, 2018 and entitled FIELD
PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP, and U.S.
Provisional Patent Application No. 62/803,017, filed on February 8, 2019 and entitled FIELD
PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOQP, the entire

content of each of which is hereby incorporated by reference herein .
FIELD

[0002] The present invention generally relates to a field programmable gate array system.
In embodiments, the present invention generally relates to a field programmable gate array and an
external phase controller providing phase matching between a receiver clock and a transmitter

clock used in the field programmable gate array.
BACKGROUND

[0003] Field programmable gate arrays (FPGAs) may be used in applications that require
fast processing since FPGAs allow for all computations to occur on a single chip that has massive
fine-grained parallelism. For example, FPGAs are used in the financial industry in high frequency
trading where the rapid processing of the FPGA is desired. One technological problem with
FPGAs is that there is a need to synchronize receiving side and transmitting side clock signals
within the FPGA. The prior art sought to address this problem by including a clock domain
crossing circuit in the FPGA, however, these circuits inherently add a delay to the processing that
takes place in the FPGA, which is not desirable since high frequency trading may include
timestamps that are accurate to the microsecond such that even small delays may present a large

problem.
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[0004] Accordingly, a technical problem is presented in FPGAs in that phase
synchronization between the receiver side clock and the transmitter side clock will introduce
unwanted latency that results in delay of processing. Accordingly, it would be beneficial to
provide an FPGA system that avoids these problems and provides sub-microsecond processing
with throughput of at least 10 Gbps. In embodiments, the sub-microsecond processing throughput
may be: 10-25 Gbps, 22-33 Gbps, 33-45 Gbps, 45-60 Gbps, 60-80Gbps, 80-120 Gbps, to name a

few.
SUMMARY

[0005] An object of the present invention is to address technological challenges that
currently exist in phase matching receiver side and transmitter side clocks of a FPGA without

introducing unnecessary delay in processing.

[0006] This and other objects shall be addressed by embodiments of the present invention

as set forth herein.

[0007] The present invention generally relates to a field programmable gate array system.
In embodiments, the present invention generally relates to a field programmable gate array and an
external phase controller providing phase matching between a receiver clock and a transmitter

clock used in the field programmable gate array.

[0008] In embodiments, a field programmable gate array system includes (a) a field
programmable gate array comprising (1) a first interface including: (A) a first reference clock pin,
wherein said first reference clock pin is configured to receive a first clock signal having a first
frequency and a first phase; (B) a second reference clock pin, wherein said second reference clock
pin is configured to receive a second clock signal having a second frequency and a second phase;
(C) a first plurality of data pins, wherein said first plurality of data pins is configured to receive a
first serial data stream; (D) a second plurality of data pins, wherein said second plurality of data
pins is configured to transmit a second serial data stream; (2) a deserializer operationally connected
to: (x) the first reference clock pin to receive as a first input the first clock signal and (y) the first
plurality of data pins to receive as a second input the first serial data stream, and wherein the
deserializer is configured to: (A) convert the first serial data stream into a first plurality of parallel
data streams having a first amount of data streams, and (B) generate a first receiver side clock

signal based on the first clock signal, wherein the first receiver side clock signal has a third
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frequency and a third phase; and (C) transmit the first plurality of parallel data streams and the
first receiver side clock signal within the field programmable gate array; (3) computational
circuitry operationally connected to the deserializer to receive the first plurality of parallel data
streams and the first receiver side clock signal, wherein the computational circuitry is configured
to perform a first set of operations on the first plurality of parallel data streams to generate a second
plurality of parallel processed data streams having a second amount of data streams; (4) a serializer
operationally connected to: (x) the second reference clock pin to receive as a third input a first wire
rate clock signal based on the second clock signal, wherein the first wire rate clock signal has a
fourth frequency and a fourth phase; (y) the second plurality of data pins to transmit as a first
output the second serial data stream; (z) the computational circuity, wherein the serializer receives
the second plurality of parallel processed data streams from the computational circuity and the
serializer transmits to the computational circuitry a first transmitter side clock signal including a
fifth frequency and a fifth phase; and wherein the serializer is configured to: (A) convert the second
plurality of parallel processed data streams into the second serial data stream; (B) generate the first
transmitter side clock signal based on the first wire rate signal, wherein the first transmitter side
clock signal has the fifth frequency and the fifth phase, wherein the fifth frequency is different
than and less than the fourth frequency; and (C) transmit the second serial data stream to the second
plurality of data pins for transmission off the field programmable gate array; (5) a second interface
including: (A) a first clock output pin configured to transmit the first receiver side clock signal,
wherein the first clock output pin is operationally connected to the deserializer; and (B) a second
clock output pin configured to transmit the first transmitter side clock signal, wherein the second
clock output pin is operationally connected to the serializer; and (b) a phase control circuit,
provided outside of the field programmable gate array, wherein the phase control circuit includes:
(1) a phase detector operationally connected to the first clock output pin and the second clock
output pin of the second interface of the field programmable gate array, and wherein the phase
detector is configured to compare the third phase of the receiver side clock signal to the fifth phase
of the transmitter side clock signal and to generate a phase difference indicator signal based on a
difference between the third phase of the receiver side clock signal and the fifth phase of the
transmitter side clock signal; (2) a phase controller operationally connected to the phase detector
and configured to receive the phase difference indicator signal, and wherein the phase controller

is configured to determine adjustment information based on the phase difference indicator signal;
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and (3) an adjustable oscillator operationally connected to the phase controller and configured to
receive the adjustment information as well as operationally connected to the second reference
clock pin of the first interface of the field programmable gate array, wherein the adjustable
oscillator is configured to generate the second clock signal including the second frequency and the
second phase based on the adjustment information and transmit the second clock signal to the
second reference clock pin of the first interface of the field programmable gate array; wherein the
transmitter side clock signal and the receiver side clock signal are phase aligned so that there is a

fixed phase difference between the third phase and the fifth phase.

[0009] In embodiments, the third frequency corresponds to the first frequency.

[0010] In embodiments, the third phase is not aligned with the first phase.

[0011] In embodiments, the third frequency is different than the first frequency.

[0012] In embodiments, the first set of operations does not include clock domain crossing

operations that delays processing of the first set of parallel data streams. In embodiments, the
adjustment information is used to do at least one of the following (i) set a bias to an oscillator; (i)

to set a divider ratio; and (ii1) to set a delay.

[0013] In embodiments, the first set of operations includes an arithmetic operation. In
embodiments, the first set of operations includes a logical operation. In embodiments, the first set
of operations includes a pipeline operation. In embodiments, the first set of operations includes a

memory access operation.

[0014] In embodiments, the first amount of data streams is the same as the second amount

of data streams.

[0015] In embodiments, the first amount of data streams and the second amount of data
streams are equal to eight (8) data streams. In embodiments, the first amount of data streams and
the second amount of data streams are equal to ten (10) data streams. In embodiments, the first
amount of data streams and the second amount of data streams are equal to sixteen (16) data
streams. In embodiments, the first amount of data streams and the second amount of data streams
are equal to twenty (20) data streams. In embodiments, the first amount of data streams and the
second amount of data streams are equal to thirty-two (32) data streams. In embodiments, the first

amount of data streams and the second amount of data streams are equal to forty (40) data streams.
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In embodiments, the first amount of data streams and the second amount of data streams are equal
to sixty-four (64) data streams. In embodiments, the first amount of data streams and the second
amount of data streams are equal to eighty (80) data streams. In embodiments, the first amount of
data streams and the second amount of data streams are equal to one hundred twenty-eight (128)
data streams. In embodiments, the first amount of data streams and the second amount of data

streams are equal to one hundred sixty (160) data streams.

[0016] In embodiments, the first amount of data streams and the second amount of data
streams are equal to two (2) to the power of N, where N is an integer. In embodiments, the first
amount of data streams and the second amount of data streams are equal to ten (10) times two (2)
to the power of N, where N is an integer. In embodiments the first amount of data streams and the
second amount of data streams are equal to thirty-three (33) times two (2) to the power of N, where

N is an integer.

[0017] In embodiments, the field programmable gate array further includes a phase lock
loop configured to: receive the second clock signal, as a fourth input, to generate the first wire rate

clock signal; and (B) transmit the first wire rate clock signal as the third input, to the serializer.

[0018] In embodiments, the fourth frequency is equal to x times the fifth frequency, where

x 18 the second amount of data streams.

[0019] In embodiments, the fourth frequency is equal to x times the fifth frequency, where

x 18 half of the second amount of data streams.

[0020] In embodiments, the fourth frequency is a rational multiple of the second frequency.
[0021] In embodiments, the phase difference indicator signal is a pulse signal.
[0022] In embodiments, the adjustment information indicates a desired phase. In

embodiments, the adjustment information indicates a desired frequency. In embodiments, the
adjustment information indicates a change in phase. In embodiments, the adjustment information
indicates a change in frequency. In embodiments, adjustment information comprises a voltage. In
embodiments, adjustment information comprises a digital transmission. In embodiments

adjustment information further comprises a digital transmission.

[0023] In some embodiments, the first serial data stream comprises market data, the second

serial data stream comprises order entry data, and the first operation comprises a trading algorithm.
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[0024] In embodiments, the trading algorithm includes the steps of: (a) parsing market
data; (b) performing mathematical operations at a portion of the market data; and (c) generating

order packets using at least an output of (b).

[0025] In embodiments, the first serial data stream includes market data and the second

serial stream includes trading data.

[0026] In embodiments, the field programmable gate array includes a transceiver phase

locked loop operatively connected between the to the serializer and the first reference clock pin.

[0027] In embodiments, the transceiver phase locked loop operatively connected between
the serializer and the first reference clock pin includes a second adjustable oscillator to provide the

first wire rate signal.

[0028] In embodiments, a second adjustable oscillator is provided outside of the

transceiver phase locked loop and operatively connected to the serializer.

[0029] In embodiments, the second adjustable oscillator is programmable with a desired
delay.

[0030] In embodiments, the desired delay is a constant value

[0031] In embodiments, the constant value is zero.

[0032] In embodiments, the adjustment information is provided to the second adjustable

oscillator to provide the first wire rate signal.

[0033] A method for processing a first serial data stream comprising market data, using a
field programmable gate array system, to generate a second serial data stream comprising order
entry data, wherein the method includes the steps of: (A) receiving, by a first plurality of data pins
in a first interface of a field programmable gate array in the field programmable gate array system,
the first serial data stream; (B) receiving, by a first reference clock pin in the first interface, a first
clock signal having a first frequency and a first phase; (C) transmitting, from the first plurality of
data pins in the first interface to a deserializer in the field programmable gate array, the first serial
data stream; (D) transmitting, from the first reference clock pin in the first interface to the
deserializer, the first clock signal; (E) generating, by the deserializer, a first receiver side clock
signal having a second frequency and a second phase, based on the first clock signal; (F)

converting, by the deserializer, the first serial data stream into a first plurality of parallel data
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streams; (G) transmitting, from the deserializer to computational circuitry in the field
programmable gate array, the first receiver side clock signal; (H) transmitting, from the deserializer
to the computational circuitry, the first plurality of data streams comprising a first plurality of data
items and a first amount of data streams; (I) transmitting, from the deserializer via a first clock
output pin on a second interface of the field programmable gate array to a phase detector that is
part of the field programmable gate array system and not part of the field programmable gate array,
the first receiver side clock signal; (J) generating, using the field programmable gate array system,
a first transmitter side clock signal having a third frequency and a third phase, by performing the
following steps until a first output of the phase detector is below a first threshold level: (1)
generating, by an adjustable oscillator in the field programmable gate array system, a second clock
signal having a fourth frequency and a fourth phase; (i1) generating a first wire rate clock signal
having a fifth frequency and a fifth phase based on the second clock signal; (ii1) generating, by a
serializer in the field programmable gate array, an interim transmitter side clock signal having a
sixth frequency and a sixth phase; (iv) transmitting, from the serializer via a second clock output
pin in the second interface to the phase detector, the interim transmitter side clock signal; (v)
generating, by the phase detector, the first output based on a comparison of the first receiver side
clock signal and the interim transmitter side clock signal; (vi) transmitting, from the phase detector
to a phase controller of the field programmable gate array system which is not in the field
programmable gate array, the first output; (vii) determining, by the phase controller, interim
adjustment information based on the first output; and (viii) transmitting, from the phase controller
to the adjustable oscillator, the interim adjustment information; wherein, the adjustable oscillator
adjusts the second clock signal based on the interim adjustment information and steps (i) through
(viii) are repeated until the first output of the phase detector is below the first threshold level; (K)
transmitting, from the serializer to the computational circuitry, first transmitter side clock signal;
(L) performing, by the computational circuitry, a first set of operations on at least a portion of the
first plurality of data items to generate a second plurality of parallel data streams comprising a
second amount of data streams; (M) transmitting, from the computational circuitry to the serializer,
the second plurality of parallel data streams; (N) converting, by the serializer, the second plurality
of parallel data streams into the second serial data stream; and (O) transmitting, from the serializer
off the field gate programmable array system via a second plurality of data pins in the first

interface, the second serial data stream.
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[0034] In embodiments, step (a) is performed before step (b).

[0035] In embodiments, step (b) is performed before step (a).

[0036] In embodiments, step (a) and step (b) are performed contemporaneously.
[0037] In embodiments, step (c) is performed before step (d).

[0038] In embodiments, step (d) is performed before step (c).

[0039] In embodiments, step (c) and step (d) are performed contemporaneously.
[0040] In embodiments, step (e) is performed before step (f).

[0041] In embodiments, step (f) is performed before step (e).

[0042] In embodiments, step (e) and step (f) are performed contemporaneously.
[0043] In embodiments, the second frequency corresponds to the first frequency.
[0044] In embodiments, the second phase is not aligned with the first phase.
[0045] In embodiments, the second frequency is different from the first frequency.
[0046] In embodiments, step (g) is performed before step (h).

[0047] In embodiments, step (h) is performed before step (g).

[0048] In embodiments, step (g) and step (h) are performed contemporaneously.
[0049] In embodiments, the transmission of the first receiver side clock signal from the

deserializer to the phase detector is also via a first zero delay buffer phase lock loop of the field

programmable gate array before being transmitted via the first clock output pin of the second

interface.

[0050] In embodiments, the third frequency corresponds to the second frequency.

[0051] In embodiments, the third phase is aligned with the second phase.

[0052] In embodiments, a difference between the third phase and the second phase is less

than a second threshold level.

[0053] In embodiments, the sixth frequency corresponds to the third frequency.
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[0054] In embodiments, the sixth phase is not aligned with the third phase prior to the first
output of the phase detector being below the first threshold level.

[0055] In embodiments, the transmission of the interim transmitter side clock signal from
the serializer to the phase detector is also via a second zero delay buffer phase lock loop of the
field programmable gate array before being transmitted via the second clock output pin of the

second interface.

[0056] In embodiments, the first set of operations does not include clock domain crossing

operations that delays processing of the first set of parallel data streams.

[0057] In embodiments, the first amount of data streams is the same as the second amount

of data streams.

[0058] In embodiments, the first amount of data streams and the second amount of data
streams is eight (8) data streams. In embodiments, the first amount of data streams and the second
amount of data streams is ten (10) data streams. In embodiments, the first amount of data streams
and the second amount of data streams is sixteen (16) data streams. In embodiments, the first
amount of data streams and the second amount of data streams is twenty (20) data streams. In
embodiments, the first amount of data streams and the second amount of data streams is thirty-two
(32) data streams. In embodiments, the first amount of data streams and the second amount of
data streams is forty (40) data streams. In embodiments, the first amount of data streams and the
second amount of data streams is sixty-four (64) data streams. In embodiments, the first amount
of data streams and the second amount of data streams is eighty (80) data streams. In
embodiments, the first amount of data streams and the second amount of data streams are equal to
one hundred twenty-eight (128) data streams. In embodiments, the first amount of data streams

and the second amount of data streams are equal to one hundred sixty (160) data streams.

[0059] In embodiments, the first amount of data streams and the second amount of data
streams are equal to two (2) to the power of N, where N is an integer. In embodiments, the first
amount of data streams and the second amount of data streams are equal to ten (10) times two (2)
to the power of N, where N is an integer. In embodiments the first amount of data streams and the
second amount of data streams are equal to thirty-three (33) times two (2) to the power of N, where

N is an integer.
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[0060] In embodiments, at least a portion of the first set of operations is performed prior
to step (k).

[0061] In embodiments, at least a portion of the first set of operations is performed after
step (k).

[0062] In embodiments, all of the first set of operations is performed after step (k).

[0063] In embodiments, the transmission of the second serial data stream from the

serializer off the field programmable gate array is transmitted to an input/output module off the

field programmable gate array.

[0064] In embodiments, the first serial data stream includes market data and the second

serial data stream includes trading data.

[0065] In embodiments, the step of generating the first wire rate clock signal further
includes: (a) receiving, from the adjustable oscillator at a transceiver phase lock loop via a second
reference clock pin in the first interface, the second clock signal; (b) processing, by the transceiver
phase lock loop, the received second clock signal; (c) providing, by the transceiver phase lock
loop, the wire rate clock signal based on the processing of the received clock signal; and (d)

transmitting, by the transceiver phase lock loop, the wire rate clock signal to the serializer.

[0066] In embodiments, a phase lock loop generates the first wire rate clock signal. In
embodiments, the phase lock loop is on the field programmable gate array. In embodiments, the
phase lock loop that is part of the field programmable gate array system and not part of the field

programmable gate array.

[0067] In embodiments, the step of generating the first wire rate clock signal further
includes: (a) processing the second clock signal; (b)providing the wire rate clock signal based on
the processing of the second clock signal; and (c) transmitting, to the serializer, the wire rate clock

signal.

[0068] In embodiments, the sixth frequency corresponds to the third frequency. In
embodiments, the sixth phase is not aligned with the third phase.

10
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BRIEF DESCRIPTION OF THE DRAWINGS

[0069] Exemplary embodiments of the present invention will be described with references

to the accompanying figures, wherein:
[0070] FIG. 1 is a block diagram of a conventional field programmable gate array;

[0071] FIG. 1A is a block diagram of an exemplary transceiver suitable for use in the field
programmable gate array of FIG. 1;

[0072] FIG. 1B is an exemplary block diagram of a Clock Domain Crossing Circuit

suitable for use in the field programmable gate array of FIG. 1;

[0073] FIG. 1C illustrates exemplary input output waveforms of the Clock Domain
Crossing Circuit of the field programmable gate array of FIG. 1;

[0074] FIG. 2 is a block diagram of a field programmable gate array system in accordance

with an embodiment of the present invention;

[0075] FIG. 3A is an exemplary block diagram of a deserializer suitable for use in the field
programmable gate array system of FIG. 2 in accordance with an embodiment of the present

invention;

[0076] FIG. 3B is an exemplary circuit diagram of a continuous-time linear equalizer
(CTLE) suitable for use in the deserializer of FIG. 3A in accordance with an embodiment of the

present invention;

[0077] FIG. 3C is an exemplary block diagram of a clock and data recovery (CDR) circuit
suitable for use in the deserializer of FIG. 3A in accordance with an embodiment of the present

invention;

[0078] FIG. 3D is an exemplary circuit diagram of a decision circuit suitable for use in the

deserializer of FIG. 3A in accordance with an embodiment of the present invention;

[0079] FIG. 3E is an exemplary block diagram of a deserializer suitable for use in the field
programmable gate array system of FIG. 2 in accordance with an embodiment of the present

invention;
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[0080] FIG. 4A is an exemplary block diagram of a serializer suitable for use in the field

programmable gate array system of FIG. 2 in accordance with an embodiment of the present

invention;
[0081] FIG. 4B is an exemplary block diagram of a serializer suitable for use in field
programmable gate array system of FIG. 2 in accordance with an embodiment of the present
invention;
[0082] FIG. 5A is an exemplary block diagram of a phase detector suitable for use in the
field programmable gate array system of FIG. 2 in accordance with an embodiment of the present
invention;
[0083] FIG. 5B is another exemplary block diagram of a phase detector suitable for use in

the field programmable gate array system of FIG. 2 in accordance with an embodiment of the

present invention;

[0084] FIG. 5C is another exemplary block diagram of a phase detector suitable for use in
the field programmable gate array system of FIG. 2 in accordance with an embodiment of the

present invention;

[0085] FIG. 5D is another exemplary block diagram of a phase detector suitable for use in
the field programmable gate array system of FIG. 2 in accordance with an embodiment of the

present invention;

[0086] FIG. 6A illustrates an example of a phase difference between the receiver side clock
and the transmitter side clock of an FPGA in accordance with an embodiment of the present

invention;

[0087] FIG. 6B illustrates an example of a phase difference between receiver clock and a

transmitter clock of an FPGA in accordance with an embodiment of the present invention;

[0088] FIG. 6C illustrates an example of a phase difference between receiver clock and a

transmitter clock of an FPGA in accordance with an embodiment of the present invention;

[0089] FIG. 6D illustrates an example of an inverted phase difference between receiver
clock and a transmitter clock of an FPGA in accordance with an embodiment of the present

invention;
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[0090] FIG. 7A is a block diagram of a field programmable gate array system in

accordance with another embodiment of the present invention,

[0091] FIG. 7B is a block diagram of another field programmable gate array system in

accordance with another embodiment of the present invention,

[0092] FIG. 7C is a block diagram of another field programmable gate array system in

accordance with another embodiment of the present invention,

[0093] FIG. 8A is a block diagram of another field programmable gate array system in

accordance with an embodiment of the present invention; and

[0094] FIG. 8B is another block diagram of another field programmable gate array system

in accordance with an embodiment of the present invention;

[0095] FIGs 9A-C are exemplary flow charts of a process implementing the field

programmable gate array system in accordance with an embodiment of the present invention;

[0096] FIGs. 10A-10B are exemplary flow charts of a process for generating a transmitter

side clock signal in accordance with an embodiment of the present invention; and

[0097] FIG. 11 is an exemplary flow chart of a process for generating a wire clock signal

in accordance with an embodiment of the present invention.
DETAILED DESCRIPTION

[0098] The present invention generally relates to a field programmable gate array system.
In embodiments, the present invention generally relates to a field programmable gate array and an
external phase controller providing phase matching between a receiver clock and a transmitter

clock used in the field programmable gate array.

[0099] FIG. 1 illustrates an exemplary schematic of a FPGA 100. Examples of currently
available FPGAs include the XCVU3P-2FFVCI517E, Intel 1SG280LH3F55E3VG, Xilinx
XCVU9P-2FLGA2104E the Vitrex® Ultrascale, the Vitrex® Ultrascale Plus, the Stratix® V, the
Stratix® 10, XILINX XC3042, the Intel £EP4CESEZ2CSLN and the Lattice I{E401LP384.8(32,

to name g few,

[0100] In embodiments, FPGA 100 may include an FPGA Core 106 and a number of

peripheral systems. In embodiments, the FPGA Core 106 includes 4 main components: logic
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elements, digital signal processor blocks (“DSP blocks™), clock distribution components, and
memories, to name a few, and may generally be referred to as the FPGA core, or simply logic core,
106. In embodiments, the peripheral systems may include CPU cores, reconfiguration controllers,
security features, hardened logic functions, FPGA transceiver banks 102, hardened high-speed
interface accelerators (e.g. PCle or 100 GbE controllers, to name a few), general-purpose I/O pins,
memory interface controllers, larger memories, analog components (e.g. ADCs or DACs to name
a few), and 3D-stacked memories (e.g. HBM), to name a few. The FPGA Transceiver banks 102
receive serial data to be processed from outside the FPGA and then transmit serial data out of the
FBGA after being processed by internal circuitry of the FPGA 100. Some FPGA’s may not include
FPGA Transceiver banks.

[0101] In embodiments, data may be received by a receiver side of the transceiver
banks 102 in the FPGA 100 at rates such as 10 or 25 Gbps, to name a few. In embodiments, rates
may be between a range of 9-25 Gbps, 10-25 Gbps, 22-33 Gbps, 33-45 Gbps, 45-60 Gbps, 60-
80Gbps, or 80-120 Gbps, to name a few. An exemplary transceiver (including deserializer 104’
and serializer 110”) suitable for use in FPGA 100 is shown in FIG. 1A. In embodiments, the input
data may be received from I/O module 120. The input data may then be deserialized, using
deserializer 104, for example, and parallelized into parallel data streams, such as 16-64 bits wide
at 1/16™ to 1/64" of the frequency of the incoming data stream, to name a few. In embodiments,
FPGA transceivers may support parallel streams with widths of, for example, 8 bits, 10 bits, 16
bits, 20 bits, 32 bits, 40 bits, 64 bits, 80 bits, 128 bits, and 160 bits (with corresponding clock
division), to name a few. In some FPGAs, a physical coding sublayer (PCS) may be used in the
transceiver 102. In some FPGAs, the PCS of the transceiver 102 may be bypassed and so that the
corresponding PCS functions may be done in the FPGA core 106. After deserialization, data is
available for computation in the FPGA logic core 106 where computation is completed. In
embodiments, the computation of the data may be computed by receive-side computation 110a of

the FPGA core 106. Similarly, data may be computed by the transmit-side computation 110b.

[0102] In embodiments, a REFERENCE CLOCK signal is provided, by Oscillator or
Clock Generator 122, to both the deserializer 104 and the serializer 110. The REFERENCE
CLOCK signal is received by the serializer 110 via the transceiver PLL 108 (Phase-Locked Loop).
The receiver side clock signal RXCLOCK, however, is different in both frequency and phase from
the REFERENCE CLOCK based on the deserialization process that occurs in the deserializer 104.

14
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Similarly, the transmitter clock signal TXCLOCK, while based on the REFERNCE CLOCK signal
varies in frequency and phase based on processing that occurs in the serializer 110. As a result,
the RXCLOCK signal and TXCLOCK signal will be out of phase. A known solution to this issue
is the inclusion of the RX to TX clock domain crossing circuit 112. An exemplary Clock Domain
Crossing circuit is suitable for use in FPGA 100 is shown as clock domain crossing circuit 112’ in
connection with FIG. 1B. As is noted above, the inclusion of the RX to TX clock domain crossing
circuit 112 creates a technical problem, introducing an inherent delay in the FPGA 100, which is
undesirable. The technical problem of an inherent delay is illustrated in FIG. 1C. FIG. 1C
illustrates an example of a phase difference between the receiver side clock and the transmitter

side clock of the conventional field programmable gate array of FIG. 1.

[0103] Thereafter, the data it transmitted out of the FPGA 100. After all computation
(computation by receive-side computation 110a and/or transmit-side computation 110b) and clock
domain crossing (by RX to TX clock domain crossing 112) is completed, the data goes back to the
transmit side of the FPGA transceiver 102 to be serialized by the serializer 110 out on an output
wire. The serializer 110 (e.g. the transmitter) typically runs off of a fast clock generated (e.g. 10
Gbps, 25 Gbps, or a range from 10 Gbps to 25 Gbps, or a range from 1Gbps to 100 Gbps, to name
a few) by the transceiver phase-locked loop 108 within the transceiver bank 102 from a reference

clock signal received by oscillator or clock generator 122.

[0104] The receiver (deserializer 104) and transmitter (serializer 110) of the transceiver
102 operate on different clocks that are independently generated within the transceiver 102. The
receiver clock domain is typically generated by a clock and data recovery (CDR) circuit from the
incoming data stream. The transmitter clock is typically generated by the transceiver phase-locked
loop 108. In conventional FPGAs, phase matching or synchronizing is provided using the clock
domain crossing circuit 112 that adjusts the phases of the two clock domains. The clock domain
crossing circuit 112 may be an asynchronous FIFO or an asynchronous gearbox, to name a few.
In embodiments, domain crossing circuit 112 may be a mesochronous clock crossing circuit. In
embodiments, clock domain crossing circuit 112 may be instantiated within transceiver 102 of
FPGA 100, although this structure has a higher latency cost than implementing it in logic fabric
106 of FPGA 100. As discussed above, a significant drawback of the clock domain crossing circuit

112 is that it adds latency related to the phase difference between the clocks plus the latency of the

15
4816-0782-3812v.1 Citadel Securities LLC, Exhibit 1003, Page 122 of 154



Atty. Dkt. No. 05301-0011

synchronizers used, and does not perform any computation, such that it slows the effective

processing speed of FPGA 100.

[0105] FIG. 2 illustrates a block diagram of a field programmable gate array (FPGA)
system in accordance with an embodiment of the present disclosure that provides phase control
while minimizing latency. In embodiments, the system generally includes FPGA 2100 which
preferably includes FPGA transceiver banks 2102. In embodiments, the FPGA transceiver banks
2102 includes deserializer 2104 on the receiver end of FPGA 2100, transceiver PLL 2108, and
serializer 2110 on the transmitter end of FPGA 2100. Deserializer 2104 may be similar to the
deserializer 2014’ and deserializer 2104’ discussed below in connection with FIGS. 3A-3E, the
descriptions of which applying herein. Serializer 2110 may be similar to serializer 2110’ and
serializer 2110”” discussed below in connection with FIGS. 4A and 4B respectively, the
descriptions of which applying herein. In embodiments, deserializer 2104 receives a serial data
stream via a first plurality of data pins in a first interface from the I/O module 2120 and provides
deserialized data to the FPGA core 2106. More specifically, the deserializer 2104 will provide
parallel data streams to the FPGA core 2106 for processing. As illustrated, this parallel data is
provided to receiver side computational element 2210a where processing and computation takes
place. The resulting data may then be provided to transmitting side computational element 2210b
where additional computation and processing may take place. FIG. 2 illustrates computational
logic 2210 as a single element. In embodiments, the computational logic 2210 may be
implemented as a plurality of logic elements. In embodiments, computational logic 2210 may also
include one or more of the following: RAM blocks or dedicated hardened accelerators. In
embodiments, when all computation is complete, the resulting data may be provided to serializer
2110 and then transmitted out of FPGA 2100, preferably via I/O module 2120, for example. In
embodiments, the I/O module 2120 may be a direct soldered cable, on-chip optics, or an on-board
optical transceiver, to name a few. I/O Module 2120, may be, for example, a Samtec® 1I/O Module
Firefly® I/O Module, to name a few. Additionally, the I/O module may be designed to meet one
or more of the following standards: SFP, a QSFP, a MicroQSFP, QSFPDD to QSFP-DD, or a
QSFPDD, to name a few.

[0106] FPGA 2100, in embodiments may include one or more interfaces, such as pins. By
way of example, a first interface of the one or more interfaces, may include a first plurality of pins

of FPGA 2100. The first plurality of pins may be used to transmit and/or receive data and/or
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signals. In embodiments, the first plurality of pins may include a first reference clock pin. The
first reference clock pin may be operationally connected to deserializer 2104. In embodiments,
the first reference clock pin may also be operationally connected to fixed-frequency oscillator 2000
such that a first clock signal having a first phase and a first phase may be transmitted from fixed-
frequency oscillator 2000 to deserializer 2104 via the first reference clock pin. In embodiments,

the first clock signal may have a frequency between 50 and 800 MHz.

[0107] In embodiments, the first plurality of pins may also include a second reference
clock pin. The second reference clock pin may, in embodiments, be operationally connected to
transceiver PLL 2108. The second reference clock pin, in embodiments, may be operationally
connected to frequency or phase adjustable oscillator 2200 such that a second clock signal having
a second phase and a second frequency may be transmitted from the frequency or phase-adjustable
oscillator 2200 to transceiver PLL 2108 via the second reference clock pin. In embodiments, the
second reference clock pin may be operationally connected to serializer 2110 such that the second
clock signal may be transmitted from the frequency or phase-adjustable oscillator 2200 to
serializer 2110 via the second reference clock pin. In embodiments, the second reference clock

pin may also receive a first wire rate clock signal.

[0108] In embodiments, the first plurality of pins may also include a first plurality of data
pins. The first plurality of data pins may be operationally connected deserializer 2104. In
embodiments, the first plurality of data pins may also be operationally connected to I/O
module 2120 such that a first serial data stream may be transmitted from external connection 2122
to deserializer via the I/O module 2120 and the first plurality of data pins. In embodiments, the

first serial data stream may range between 10 to 25 Gbps.

[0109] In embodiments, the first plurality of pins may also include a second plurality of
data pins. The second plurality of data pins may be operationally connected to serializer 2110. In
embodiments, the second plurality of data pins may also be operationally connected to I/O
module 2120 such that a second serial data stream may be transmitted from serializer 2110 to the
external connection 2122 via the /O module 2120 and the second plurality of data pins. In

embodiments, the second serial data stream may range between 10 to 25 Gbps.

[0110] Although reference is made to separate first reference clock pin, second reference

clock pin, first plurality of data pins and second plurality of data pins, in embodiments, each pin
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may be a fixed-function, fixed-location pin, connected internally through a wire. In embodiments,
each pin may be a multiplexed fixed-function pin, connected internally through a multiplexer or
crossbar. In embodiments, each pin may be a general purpose I/O pin connected through the FPGA
core 2106. In embodiments, one or more pin may be fixed function, fixed location pines, while

other pins may me multiplexed fixed function pins and/or a general purpose I/O pin.

[0111] In embodiments, the one or more interfaces may also include at least a second
interface. The second interface of the one or more interfaces, may include a second plurality of
pins of FPGA 2100. The second plurality of pins may be used to transmit and/or receive data
and/or signals. In embodiments, the second plurality of pins may include a first clock output pin.
The first clock output pin may be operationally connected to deserializer 2104. In embodiments,
the first clock output pin may also be operationally connected to computation logic 2210 such that
a receiver side clock signal is transmitted from the deserializer 2104 to computation logic 2210 via
the first clock output pin. Additionally, in some embodiments, the first clock output pin may also
be operationally connected to zero-delay buffer PLL 2208a such that the receiver side clock is
transmitted from the deserializer 2104 to the zero-delay buffer PLL 2208a via the first clock output
pin. In embodiments the receiver side clock signal may have a frequency ranging between 100-

650 MHz.

[0112] In embodiments, the second plurality of pins may also include a second clock
output pin. The second clock output pin may be operationally connected to serializer 2110. In
embodiments, the second clock output pin may also be operationally connected to computation
logic 2210 such that a transmitter side clock signal is transmitted from the serializer 2110 to
computation logic 2210 via the second clock output pin. Additionally, in some embodiments, the
second clock output pin may also be operationally connected to zero-delay buffer PLL 2208b such
that the transmitter side clock is transmitted from the serializer 2110 to the zero-delay buffer
PLL 2208b via the second clock output pin. In embodiments the transmitter side clock signal may

have a frequency ranging between 100-650 MHz.

[0113] In embodiments, the serializer 2110 and deserializer 2104 (SERDES) circuit(s)
may contain two major sections: (a) an analog side whose purpose is signal cleaning, and (2) a
digital side which turns the analog signal into bits and converts between parallel and serial data

streams. In embodiments, the analog side may include a few different types of amplifiers to
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provide signal cleaning. In embodiments, the adjustable oscillator 2200 may be implemented in a
variety of ways. In embodiments, the adjustable oscillator 2200 may be implemented as a voltage
controlled oscillator. A voltage controller oscillator may be implemented using a variety of
architectures. In embodiments, other types of oscillators may be used including negative-
resistance oscillators, Clapp oscillators, Colpitts oscillators, ring oscillators, and varactor-tuned

oscillators, to name a few.

[0114] In embodiments, a voltage controller crystal oscillator may be used as the adjustable
oscillator 2200, for example, the Si550 from Silicon Labs. In embodiments, a
numerically/digitally-controlled oscillator may be used as the adjustable oscillator 2200, which is
a digital version of an analog VCO, and may use switched circuit elements or a fixed frequency

oscillator and a digital PLL to adjust the frequency.

[0115] In embodiments, the adjustable oscillator 2200 may be implemented with a digital
delay line, e.g. the SY89295U from Micrel.

[0116] In embodiments, the adjustable oscillator 2200 may be implemented as a voltage-

controlled delay element, e.g. the HMC910 provided by Analog devices.

[0117] As illustrated in FIG. 2, in embodiments, the receiver side clock signal RXCLOCK
is based on, but has a different frequency and phase than the REFERENCE CLOCK signal
provided by oscillator 2200 based on the operation of the deserializer 2104, as is discussed above
with respect to the serializer 110. In embodiments, the transmitter side clock signal TXCLOCK
provided from the deserializer 2104 may be provided by transceiver phase locked loop 2108, which
is provided inside FPGA 2100, and may be controlled by frequency or phase adjustable oscillator
2200, external to FPGA 2100. In this manner, the frequency or phase of the transmitter side clock
signal TXCLOCK may be adjusted.

[0118] In embodiments, an external phase controller 2202 is connected to the frequency or
phase adjustable oscillator 2200 and provides control signals to allow for adjustment of the phase
of at least the transmitter side clock signal TXCLOCK. The phase of the incoming data, in
embodiments, may be adjusted by adjusting the data stream received by I/O module 2120. In
embodiments, the external phase controller 2202 provides control signals based on the phase
difference between the receiver clock signal RXCLOCK and the transmitter clock signal

TXCLOCK. In embodiments, the phase difference may be determined using phase detector 2206
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and zero-delay buffers, 2208a, 2208b. In embodiments, the zero-delay buffers 2208a, 2208b may
be incorporated into the FPGA core 2106 of the FPGA 2100. In embodiments, FPGA core 2106
may not include the zero-delay buffers 2208a, 2208b. In embodiments, zero-delay buffer 2208a
may have a reference trace T1 whose length 1s matched to a length of wire T3 between the I/O pin
of FPGA 2100 and external phase detector 2206. Similarly, zero delay buffer 2208b may have a
reference trace T2 whose length is matched to a second length of wire T4 between the I/O pin of
the FPGA 2100 and the external phase detector 2206. Any length mismatch between reference
traces T1 and wire T3 between the I/O pin of the FPGA 2100 and the external phase detector 2206
may introduce a deterministic phase error proportional to the mismatch of the length of the wires.
Any length mismatch between reference traces T2 and wire T4 between the I/O pin of the FPGA
2100 and the external phase detector 2206 may introduce a deterministic phase error proportional

to the mismatch of the length of the wires.

[0119] In embodiments, the transceiver PLL 2108 may include a second adjustable
oscillator. In embodiments, the second adjustable oscillator of the transceiver PLL 2108 may
provide the wire rate signal to the serializer 2110 which may be used to provide the transmitter
clock signal TX CLOCK. In embodiments, the adjustable oscillator of the transceiver PLL 2108
may be provided outside of the transceiver PLL 2108 and operatively connected to the serializer
2110. In embodiments, where a second adjustable oscillator is provided in the FPGA 2100, the
adjustable oscillator 2200 may not be necessary and the output of the controller 2202 may be
provided to and used by the second adjustable oscillator to adjust the wire rate clock signal W.R.
CLOCK provided to the serializer 2110 based on the information from the controller. In
embodiments, where the second adjustable oscillator is provided on the FPGA 2100 and the
adjustable oscillator 2200 is also provided off the FPGA, the delay of the second adjustable
oscillator may be set to a constant value and the controller 2202 may provide instructions to the
second adjustable oscillator based on this constant value. In embodiments, the constant value may

be zero.

[0120] Using the configuration of FIG. 2, the receiver clock signal RXCLOCK and the
transmitter clock signal TXCLOCK are sufficiently aligned in phase such that there is no need for
the clock domain crossing circuit discussed above, eliminating a technical problem. The technical
solution to a technical problem, in embodiments, is shown in the system of FIG. 2, which provides

a wire or a logic path via the controller 2202 and adjustable oscillator 2200 to adjust the phase of
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the transmitter side clock TMCLOCK to correspond to that of the receiver side clock signal
RXCLOCK. Some delays may be introduced in the path including min_delay and max_delay
constraints of the wire and components, however, such delays are insignificant compared to the
larger delays that are necessarily present when an asynchronous clock domain crossing circuit is

used.

[0121] In embodiments, zero delay buffers 2208a, 2208b may be configured to add a phase
offset such that the receiver clock signal RXCLOCK and the transmitter clock signal TXCLOCK
may be provided with any desired fixed phase offset with respect to each other. In such
embodiments, any phase difference may be used, depending on the length of the logic path between
the clocks and the corresponding delay constraints. In embodiments, with a phase difference
between about 45° and 360°, the min_delay should be set at 0 and the max_delay should be set
equal to the time between rising edges on the receive clock signal and transmit clock signal (as
shown in FIGs. 6A and 6B). The difference between 45 ° and 360 © approximates the minimum
amount of time required to safely capture data. In embodiments, the formula for the time is as

follows:
Equation 1:  fmin= fsetup T Fwire + fclock-out T Aljitter T Fskew

[0122] Referencing the above equation, fewp 1S the setup time of a flip-flop (i.e. a latch) on
FPGA 2100. The #wire 1s the delay of the, for example, shortest wire (as compared to other wires
on the FPGA) on FPGA 2100. In embodiments, the shortest wire is the shortest possible wire. In
embodiments, fclock-out 1S the clock-to-output time of a flip-flop on the FPGA 2100. In
embodiments, Afjiter 1S a safety factor for jitter on both clocks. Jitter, for example, is the deviation
from true periodicity of a periodic signal from a reference clock. In embodiments, #skew is the skew

between clock paths to the two flip-flops on FPGA 2100.

[0123] In embodiments where there is a phase difference with the transmitter clock running
less than 45° ahead of the receiver clock, metastability may occur unless the clocks are treated as
being greater than 360 degrees apart (as seen in FIG. 6C). In such embodiments, the min and max
delay are set with the min delay greater than the time difference between rising edges and the max
delay less than one full clock cycle plus the min delay. In embodiments, the transmit clock signal
may also sample on the opposite edge as the receiving clock signal launch edge, but cases are

symmetric. In embodiments, a change from positive to negative edge sampling adds an
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approximate 180 degrees offset. In embodiments, manufacturer analysis tools both may add a

reasonable jitter margin to account for times when jitter causes temporary misalignment.

[0124] In embodiments, to avoid instability, both the transceiver PLL 2108 and the zero-
delay buffer PLL 2208b preferably run at the highest bandwidth available, while the overall phase
locking system including the phase detectors 2206, controller 2202 and oscillator 2200 runs at a
low bandwidth. In such embodiments, the poles in the on-chip PLLs on the FPGA 2100 are
prevented from affecting the gain or phase margin of the off-chip PLL which may be included in
the controller 2202. In embodiments, any loop filter order may be used in the controller 2202 as
long as the bandwidth is low enough to avoid interaction of poles in the control system. In
embodiments, a low bandwidth may be, for example, 100Hz- 40kHz, 400Hz and 4khz, 4kHz and
10kHz, 100hz to 40kHz, OHz and 100Hz, to name a few. In embodiments, a second-order loop
filter may be used in an effort to improve lock time and phase locking error. In embodiments a
third-order filter may be used if the second-order filter is stable. In embodiments, a first-order
filter is also an option when the second-order filter has stability problems. In embodiments, other

order filters may be used, depending on the internal bandwidth of the FPGA 2100.

[0125] In embodiments, where the bandwidth of the controller 2202 is too low, the
receiving clock and the transmitter clock may not track each other closely enough to consider them
locked. In embodiment, such tracking issues may be solved by adjusting the min and max delay
constraints appropriately to provide a cushion for the clocks being away from the expected phase.
In embodiments, a PD control system may be provided after the loop filter to aid in resolving
tracking issues. In embodiments, tracking issues may be addressed by adding some nonlinearity

in the transfer function of the filter. Other solutions may also be possible.

[0126] In the embodiment of FIG. 2, the controller 2202 utilizes a phase-locked loop. In
embodiments, a derivative component may be provided in the loop filter to slow down the control
loop when the output value has changed recently and reduces the chance that the PLLs on the
FPGA will lose lock. In embodiments, the derivative component’s coefficient will be negative
(i.e. the derivative component will act against the loop filter, however, some references refer to
this as being a positive direction) and less than 1 (so the path straight from the filter dominates).
The loop filter consists of a standard PLL loop filter with bandwidth between 400 Hz and 40 kHz

of up to 4th order plus a derivative component that slows down the loop based on recent changes
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in the filter value. The bandwidth of the standard PLL loop filter, in some embodiments, may range
between 400Hz and 4khz, 4kHz and 10kHz, 100hz to 40kHz, OHz and 100Hz, to name a few. The
extra derivative component helps to keep the other components in the control system in their linear

operating regions. The loop filter is represented by DigitalFilter() in the pseudocode provided.

[0127] FIG. 3A is an exemplary block diagram of a deserializer suitable for use in the field
programmable gate array system of FIG. 2 in accordance with an embodiment of the present
invention. Deserializer 2104’, in embodiments, may include an input buffer 3104, a continuous
time linear equalizer (CTLE) 3106, a variable gain amplifier (VGA) 3108; voltage adder 3110;
decision feedback equalizer (DFE) 3110, clock and data recovery (CDR) 3116, Serial to parallel
box 3118, decision circuit 3112, and clock divider 3120. In embodiments, deserializer 2104’ may
not include one or more of the following components: CTLE 3106, DFE 3114, and/or VGA 3108,

to name a few.

[0128] A deserializer circuit accepts a data stream from an input buffer and converts it
into a parallel format at a lower bit rate. First, data comes into the chip from the input pins 3102
into an input buffer 3104. In embodiments, the input buffer receives a transmission from an I/O
module, such as I/O module 2120. A continuous time linear equalizer (CTLE) 3106 may be used
after the input buffer 3104 to improve signal quality by placing a zero near the dominant pole of
the transmission medium to cancel the first pole of the system. A variable-gain amplifier
(VGA) 3108 may then be used to scale the signal up for further processing. This output is then
turned into a binary O0-1 decision by the decision circuit 3112. In embodiments, the decision
circuit 3112 includes adder 3110. A decision feedback amplifier may be included to further
improve signal integrity by taking the results of the decision circuit, applying a weighting filter,
and adding the result to the output from the VGA 3108. When the signal is in the digital domain,
a clock and data recovery circuit (CDR) 3116 recovers the phase of the data and create a wire-rate
clock that is phase-aligned to the received data. The CDR 3116 may use a reference clock and a
priori knowledge of the nominal frequency of the data stream to set the frequency of the recovered
clock. With a clock aligned to the data stream, which in some embodiments may be a high speed
data stream (e.g. 10 Gbps, 25 Gbps, a range from 9-25 Gbps, 10-25 Gbps, 22-33 Gbps, 33-45
Gbps, 45-60 Gbps, 60-80Gbps, 80-120 Gbps, or 1 Gbps-100 Gbps, to name a few) the receiver

can use a clock divider 3120 and a serial-to-parallel circuit 3118 to convert the serial data stream
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into a lower-frequency than the data stream (e.g. 1/4' of the data rate of the high speed data stream

or 1/256'" of the data rate of the high speed data stream, to name a few) parallel data stream.

[0129] In embodiments, a decision feedback equalizer 3114 (DFE) may be provided. In
embodiments, the decision feedback equalizer may be a filter that subtracts or adds at least n
decided bits to cancel inter-symbol interference on the wire. In embodiments, a clock and data
recovery circuit may be provided and includes a data phase detector, which may be any of the

circuits discussed above, as well as a phase-locked loop circuit.

[0130] FIG. 3B is an exemplary circuit diagram of a continuous-time linear equalizer
(CTLE) suitable for use in the deserializer of FIG. 3A in accordance with an embodiment of the
present invention. CTLE 3104’, in some embodiments, places a zero to cancel out the dominant
pole of the trans mission line for an incoming signal. In embodiments, CTLE 3104’ is a linear
filter applied at a receiver, in the case of FIG. 3B, input buffer 3104, that attenuates low-frequency
signal components and filters off higher frequencies. The CTLE 3104” may be adjusted to
optimize the ratio of low frequency attenuation to high frequency amplification. In embodiments,
a variable gain amplifier may be provided and used to scale the output of the CTLE to as large of

a signal as possible. In embodiments, a decision circuit may also be provided.

[0131] FIG. 3C is an exemplary block diagram of a clock and data recovery (CDR) circuit
suitable for use in the deserializer of FIG. 3A in accordance with an embodiment of the present
invention. In embodiments, CDR 3118’ circuit recovers phase information from an incoming data
stream. The data stream, in embodiments, may be received by an alexander phase detector 3302.
The CDR 3118 may also obtain frequency information from a reference clock, output. The output,
may determine, in embodiments, whether the recovered clock have the same phase as the recovered

data.

[0132] FIG. 3D is an exemplary circuit diagram of a decision circuit suitable 3110’ for use
in the deserializer of FIG. 3A in accordance with an embodiment of the present invention. FIG.
3D illustrates an exemplary embodiment of such a decision circuit 3110’ utilizing a StrongARM

sense amplifier. In embodiments, any comparator circuit may be used as a decision circuit.

[0133] FIG. 3E illustrates an exemplary embodiment of deserializer 2104’°. In
embodiments, the deserializer 2104’ may include a receiver PMA 3512 and receiver PCS 3508.

The receiver PMA 3512 may include receiver buffer 3504, CDR 3516, and serial to parallel
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box 3118°. In embodiments, the receiver buffer 3504 receives serial differential input data 3502.
In embodiments, this data is received by an I/O module, such as the I/O module 2120 of FIG. 2.
In embodiments, the data is then received by the CDR 3516, from the receiver buffer 3504. The
CDR, in embodiments, transmits the inputted serial data, a serial clock signal, and a parallel clock
signal to the serial to parallel box 3506. The CDR may also transmits the parallel clock data to the
receiver PCS 3508. The serial to parallel box 3118’, in embodiments, then converts the serial data
into parallel data, transmitting the parallel data to the receiver PCS 3508. The receiver PCS 3508
transmits parallel data to the FPGA Core 2106.

[0134] In addition to the components illustrated in FIG. 3E, deserializer 2104’ may also
include or be electrically coupled to a continuous-time linear equalizer (CTLE) (see FIG. 3B)
which is a pure analog circuit that may be used to correct channel issues. In embodiments, the

deserializer 2104’” may include a shift register or demultiplexer with a counter.

[0135] FIG. 4A is an exemplary block diagram of a serializer suitable for use in the field
programmable gate array system of FIG. 2 in accordance with an embodiment of the present
invention. The serializer circuit accepts a clock running at wire rate 4112 (from transceiver PLL
2108) and accepts parallel data (e.g. TX data 4102) to serialize the data. Data is converted from a
parallel format to a serial data stream in the parallel to serial box 4104. A feed-forward equalizer
(FFE) 4106, which uses the history of bits serialized on the wire to filter out inter-symbol
interference, may be included to improve signal integrity. Finally, the serializer outputs the serial
data stream to a transmission medium using an output buffer 4114. The serializer also generates
a parallel clock (TX Clk 4110), that operates at a lower speed than the data stream (e.g. 100-400
MHz, 100-600 MHz, to name a few), for use by other components using either a simple clock
divider 4108 or a more complex clock generation block which can contain dividers and phase

shifting elements for aligning multiple transmitters.

[0136] FIG. 4B illustrates an exemplary embodiment of serializer 2110°”. As discussed
above with respect to FIGS. 2 and 4A, serializer 2110”’ receives parallel data streams from the
FPGA core 2106 and serializes them for transmission out of the FPGA 2100. In embodiments,
serializer 2110°” may include transmitter PCS 4206, clock generation block 4210, and transmitter
PMA 4216. In embodiments, transmitter PMA 4216 may include parallel to serial box 4104’ and
transmitter buffer 4214. The transmitter PCS 4206 may receive parallel data from FPGA
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core 2106. In embodiments, the parallel data is then transmitted to the parallel to serial box 4104,
The clock generation block 4210 may receive a wire-rate clock signal 4112. The clock generation
block 4210, in embodiments, may split the signal in to a parallel clock signal and serial clock
signal, both the parallel and serial signals being transmitted to the parallel to serial box 4104’. The
parallel to serial box 4104 may covert the data from parallel to serial, transmitting the serial
differential output data 4218 to the transmitter buffer 4214. Then, in embodiments, the transmitter
buffer 4214 outputs the serial differential output data 4218.

[0137] In embodiments the serializer 2110°” may be a shift register or a multiplexer with
a counter. In embodiments, the serializer 2110°” may include additional components, such as a
feed forward equalizer (FFE) which uses the last n bits to cancel inter symbol interference on the
wire. In embodiments, a buffer amplifier may be included which provides variable gain to allow
adjustable voltage swing on the output of the transmitter. In embodiments, a clock divider may be
provided. In embodiments, the clock divider may generate a low-speed clock (e.g. 100-400 MHz,
100-600 MHz, to name a few) for the serializer and the PMA/PCS. In embodiments, the clock
divider is typically provided using a counter. In embodiments, the clock generation block 4210
might also include a clock phase adjustment circuit to allow multiple transmitter lanes to be phase-

aligned.

[0138] Referring to FIGS. SA-5D, in embodiments, the phase detector 2206 may be an
analog, single bit phase detector which may be implemented using a variety of circuit components
including (1) an XOR gate; (2) S-R flip-flop; (3) D flip-flop; (4) Edge-triggered JK flip-flop; (5)
Gilbert cell multiplier and/or (6) Diode ring mixer, to name a few. FIG. 5A illustrates an
exemplary embodiment of a phase detector 2206 that utilizes D flip-flops. FIG. 5B illustrates
another exemplary embodiment of a phase detector 2206 that utilizes S-R flip-flops. FIG. 5C is
another exemplary block diagram of a phase detector suitable for use in the field programmable
gate array system of FIG. 2 in accordance with an embodiment of the present invention. FIG. 5D
is another exemplary block diagram of a phase detector suitable for use in the field programmable
gate array system of FIG. 2 in accordance with an embodiment of the present invention. Other
than a basic phase detector, a time-to-digital converter (TDC) can be used to detect the phase offset
of the clocks. Fig. 5C shows a Vernier TDC and Fig. 5D shows a parallel delay line TDC as
examples. The Vernier TDC uses a pair of unequal delay lines to delay the two signals by varying

amounts and uses D-type flip-flops to quantify the phase difference between the two signals at
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multiple points along the delay line. The parallel delay line TDC uses a set of simple phase
detectors with the two input signals delayed by varying amounts to quantify the phase difference
between the two signals. In both cases, a decoding circuit is used to translate the results of the

individual phase detection elements into a phase offset.

[0139] In embodiments, the phase detector 2206 may be a multi-bit phase detector,
sometimes referred to as a time-to digital converter (TDC). In embodiments, such a phase detector
may be a counter-based TDC that counts up the time between START and STOP. In embodiments,
such a phase detector may be an interpolator TDC in which time measurement may be performed
by measuring a voltage difference (e.g. by using a ramp wave and sampling at two points or by

charging a capacitor). In embodiments, a phase detector may be a vernier TDC. FIG. 5C

[0140] In embodiments the phase detector 2206 may be implemented using a tapped delay
line TDC. In embodiments, the phase detector 2206 may be implemented using a metastability-
based phase detector. In embodiments, the metastability-based phase detector is similar to a D
flip-flop phase detector but includes an averaging filter. In embodiments, a parallel-delay-line
TDC may be used to implement the phase detector 2206. FIG. 5D illustrates an example of a
parallel-delay-line TDC. In embodiments, the phase detector may be implemented as a pulse-
shrinking TDC. Such a pulse-shrinking TDC may generate a pulse and then send it circularly
through an engineered delay line to shrink it until it is gone, count the number of times it goes

through the pulse-shrinking circuit.

[0141] In embodiments, the phase detector may be implemented as a scrambling TDC.
Scrambling TDCs may be implemented with added digital noise shaping to suppress errors. In
embodiments, the phase detector 2206 may be implemented as a PLL/DLL-based TDC. In such
an embodiment, the phase detector may lock a digital PLL to the incoming feedback signal and

record the internal control code.

[0142] In embodiments, all of the phase detector embodiments discussed above may be
combined with or connected to a low-pass filter and an analog to digital converter (ADC). In
embodiments, other examples of phase detectors may be used consistent with the teachings of this

disclosure.

[0143] FIGS. 6A-6D illustrate example phase differences between the receiver side clock

and the transmitter side clock. It will be understood that other examples of phase differences may
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be present consistent with the teachings of this disclosure. Generally, when the clocks are aligned,
the minimum and maximum delays may be used to determine the time available for the

computation of data.

[0144] FIG. 6A illustrates an example of a phase difference between the receiver side clock
and the transmitter side clock of an FPGA in accordance with an embodiment. FIG. 6A depicts a
phase difference when the clocks are under 360 degrees apart. This embodiment results in
minimum delay 6106A and maximum delay 6108A, for which data may be computed. The
minimum delay 6106A is from the driving clock edge back to itself, as shown in FIG. 6A.

[0145] FIG. 6B illustrates an example of a phase difference between receiver clock and a
transmitter clock of an FPGA in accordance with an embodiment. The phase difference depicted
in FIG. 6B shows a phase difference with minimum delay 6106B and maximum delay 6108B. The
example shown in FIG. 6B shows a minimum delay 6106B of 0. However, in practice, while
designers may design for the phase difference in FIG. 6B, the phase difference may end up more

similar to the phase differences of FIGS. 6A and/or 6C.

[0146] FIG. 6C illustrates an example of a phase difference between receiver clock and a
transmitter clock of an FPGA in accordance with an embodiment. FIG. 6C depicts a phase
difference with the clocks are over 360 degrees apart. The time between minimum delay 6106C

and maximum delay 6108C may allow for more data computations within the phase difference.

[0147] FIG. 6D illustrates an example of an inverted phase difference between receiver
clock and a transmitter clock of an FPGA in accordance with an embodiment. This example of an
inverted phase difference between minimum delay 6106D and maximum delay 6108D shows that,

even inverted, the phase difference would work similarly to the phase detectors of FIGS. 6A-6C.

[0148] FIG. 7A is a block diagram of another field programmable gate array system in
accordance with an embodiment of the present invention. The system of FIG. 7A is similar to that
of FIG. 2, and common components are referred to using the same reference numbers (with a
differing first digit to indicate the Figure - e.g. if the first digit of a reference numeral is “7,” the
reference numeral is located on FIG. 7) as in FIG. 2. One difference between FIG. 2 and FIG. 7A
is FIG. 7A shows multiple deserializers 7104a, 7104b, and multiple serializers 7110a, 7110b.
Multiple deserializers and serializers, as opposed to one of each, allows FPGA 7100 to receive

more input data and transmit more output data.
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[0149] The system, in accordance with FIG. 7, may include FPGA 7100. FPGA 7100 may
include FPGA transceiver banks 7102 and FPGA core 7106. The FPGA transceiver banks 7102
may include multiple serializers and deserializers, such as deserializers 7104a,7104b, and
serializers 7110a, and 7110b. FPGA core 7106 may include zero-delay buffers 7208a, 7208b, and
7208c and computation logic 7210. The system may further include a fixed-frequency
oscillator 7000, an I/O module 7120 connected to an external connection 7122, an adjustable delay
line 7200a, a frequency or phase-adjustable oscillator 7200b, a DLL controller 7202a, a PLL/DLL
controller 7202b, and phase detectors 7206a, 7206b.

[0150] In a multi-channel system, phase alignment can be achieved by using multiple
serializers in a channel bonded mode, which keeps their parallel and serial clocks running at the
same phase, and by using an adjustable delay line 7200a (along with an additional
controller 7202a) on the data streams going to all but one of the deserializers. The adjustable delay
line 7200a may have adjustment range at least as wide as one period of the parallel RX clock. This
can be accomplished by using a long delay line or by using a pair of smaller delay lines with a

glitch-free switchover circuit to hide the boundary conditions of the delay lines.

[0151] Similar to the system described in connection with FIG. 2, the system of FIG. 7A
may or may not include zero delay buffers 7208a, 7208b, and 7208c. In embodiments, zero-delay
buffer 2208a may have a reference trace T1 whose length is matched to a length of wire T4 between
the I/O pin of FPGA 2100 and external phase detectors 7206a, 7206b. Similarly, zero delay buffer
2208b may have a reference trace T2 whose length is matched to a second length of wire TS
between the I/O pin of the FPGA 7100 and the external phase detector 7206a. Also, similarly,
zero delay buffer 2208c may have a reference trace T3 whose length is matched to a second length
of wire T6 between the I/O pin of the FPGA 7100 and the external phase detector 7206b. Any
length mismatch between reference traces T1 and wire T4 between the I/O pin of the FPGA 7100
and the external phase detectors 7206a, 7206b may introduce a deterministic phase error
proportional to the mismatch of the length of the wires. Any length mismatch between reference
traces T2 and wire TS between the I/O pin of the FPGA 7100 and the external phase detector 7206a
may introduce a deterministic phase error proportional to the mismatch of the length of the wires.
Any length mismatch between reference traces T3 and wire T6 between the I/O pin of the FPGA
7100 and the external phase detector 7206b may introduce a deterministic phase error proportional

to the mismatch of the length of the wires.
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[0152] The FPGA 7100, and all the components within the system shown in FIG. 7A, may
be similar to FPGA 2100 and all of the components within the system of FIG. 2, the descriptions
of which applying herein.

[0153] FIG. 7B is a block diagram of another field programmable gate array system in
accordance with an embodiment of the present invention. The system of FIG. 7B is similar to that
of FIGs. 2 and 7A, and common components are referred to using the same reference numbers
(with a differing first digit to indicate the Figure - e.g. if the first digit of a reference numeral is
“7,” the reference numeral is located on FIG. 7) as in FIG. 2. XCVR PLL 7108 stands for
Transceiver PLL 7108. Similar to the system shown in FIG. 7A, the system of FIG. 7B has
multiple deserializers 7104a-d and multiple serializers 7110a-d. As noted above, multiple
deserializers and serializers, as opposed to one of each, allows FPGA 7100’ to receive more input

data and transmit more output data.

[0154] The FPGA 7100’, and all the components within the system shown in FIG. 7B, may
be similar to FPGA 2100 and all of the components within the system of FIG. 2, the descriptions
of which applying herein. The FPGA 7100, and all the components within the system shown in
FIG. 7B, may be similar to FPGA 7100 and all of the components within the system of FIG. 7A,
the descriptions of which applying herein.

[0155] FIG. 7C is a block diagram of another field programmable gate array system in
accordance with an embodiment of the present invention. The system of FIG. 7C is similar to that
of FIGs. 2 and 7A, and common components are referred to using the same reference numbers
(with a differing first digit to indicate the Figure - e.g. if the first digit of a reference numeral is
“7,” the reference numeral is located on FIG. 7) as in FIG. 2. XCVR PLL 7108 stands for
Transceiver PLL 7108. Similar to the system shown in FIGS. 7A and 7B, the system of FIG. 7C
has multiple deserializers 7104a-f and multiple serializers 7110a-f. As noted above, multiple
deserializers and serializers, as opposed to one of each, allows FPGA 7100’ to receive more input

data and transmit more output data.

[0156] The FPGA 7100°’, and all the components within the system shown in FIG. 7C,
may be similar to FPGA 2100 and all of the components within the system of FIG. 2, the
descriptions of which applying herein. The FPGA 7100, and all the components within the
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system shown in FIG. 7C, may be similar to FPGA 7100 and all of the components within the
system of FIG. 7A, the descriptions of which applying herein.

[0157] An exemplary prototype for this system is shown in FIGs. 8A and 8B. In this
embodiment, the prototype is a VITA 57.1 FMC expansion card 8410 with an SFP+ connector for
10 gigabit Ethernet 8120 and the required hardware for a PLL approach to the phase locking
problem. In this embodiment, the VITA 57.1 FMC connector 8300 attaches the expansion card to
a host FPGA card 8400, for example. In this embodiment, adjustments to the transmitter side
clock signal may be based on frequency or phase adjustment provided via the SIS71 VXCO 8200.
Control of these elements may be provided via the ATSAML21 Microcontroller 8202b. Phase
detection may be provided by the phase detector 8206 which may provide phase difference
information to the microcontroller via the filter 8202a. A receiving side reference clock may be
provided by the SI570 crystal oscillator 8000. In this embodiment, control loop filtering is done
in software using the microcontroller, except for an anti-aliasing filter at half the sample rate of
the microcontroller ADC. In embodiments, the high-speed transceiver channels may have a data

stream of 8-12 Gbps.

[0158] In the embodiment of FIGS. 8A and 8B, the following pseudocode may be used to

implement an exemplary embodiment of the system discussed above in connection with FIG. 2.

[0159] The pseudo code shown below implements the control loop and communicates with
the host. In embodiments, the pseudocode shown is run by the microcontroller (8202b) and uses
an interrupt-based system to run the control algorithm for either the PLL or DLL paths on the
device. The pseudocode also includes a lock indicator and a memory-mapped I>C interface for
communication with the host system. The main control loop is triggered on every sample of the

internal ADC.

Begin:

Set up peripherals

Program Si5340 with configuration

Enable Analog Comparator to measure lock indicator from the phase detector
Set ADC in free-running mode and enable interrupts on every sample

Enable I°C interrupt

Wait

On ADC Interrupt:

31
4816-0782-3812v.1 Citadel Securities LLC, Exhibit 1003, Page 138 of 154



Atty. Dkt. No. 05301-0011

Read ADC value into Window[0]
ControlCode = DigitalFilter(Window)
Read MODE pin to Mode

If Mode = PLL MODE then:
Output ControlCode on DAC channel 0
Else:
Coarse = 9 MSBs of ControlCode
Fine = NonlinearCorrection(ControlCode — Coarse)
Output Coarse to DELAY CONTROL pins
Output Fine to DAC channel 1

Shift Window array by 1

On I’C Packet Received:
Address = 12C_packet[0]
Length = 12C_packet.length
If I2C_READ then:
12C write(I2C_regs[Address])
Else:
for i < Length:
12C regs[Address +1] =12C_packet[1 +1]

On Analog Comparator Interrupt:
Read comparator value to Ind
Output Ind to LOCK pin

[0160] FIGs 9A-C are exemplary flow charts of a process implementing the field
programmable gate array system in accordance with an embodiment of the present invention. The
field programmable gate array system, including the field programmable gate array and the
components thereof, may be similar to the field programmable gate array system of FIGs. 2, 7A-

7C and 8A-8C, the descriptions of which applying herein.

[0161] The process of FIGs. 9A-9C may begin at step S902. Referring to FIG. 9A, at step
S$902, a first serial data stream is received by a first plurality of data pins in a first interface of a
field programmable gate array in the field programmable gate array system. In embodiments, the
first serial data stream may include market data. In embodiments, market data may be price and

trade-related data for a financial instrument reported by a trading venue (i.e. a stock exchange).

[0162] At a step S904, a first clock signal having a first frequency and a first phase is

received by a first reference clock in in the first interface. In embodiments, step S904 may be
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performed before step S902. In embodiments step S904 may be performed contemporaneously

with step S902.

[0163] The process of FIGs. 9A-9C may continue with a step S906. At step S906, the first
plurality of data pins in the first interface may transmit the first serial data stream to a deserializer

in the field programmable gate array.

[0164] At a step S908, the first reference clock pin in the first interface may transmit the
first clock signal to the deserializer. In embodiments, step S908 may be performed before step

S906. In embodiments step S908 may be performed contemporaneously with step S906.

[0165] At a step S910, a first receiver side clock signal may be generated by the
deserializer. In embodiments, the first receiver side clock signal may have a second frequency and
a second phase. In embodiments, the second frequency is different from the first frequency. In
embodiments, the second frequency corresponds to the first frequency. In embodiments,
corresponding may refer to the frequencies being the same frequency. In embodiments
corresponding may also refer to frequencies being close (e.g. within an acceptable range in the art)
to the same frequencies. In embodiments, the first phase and the second phase may not be aligned.
In embodiments the first phase and the second phase are aligned. In embodiments, a difference
between the first phase and the second phase is below a threshold level. In embodiments, the

deserializer generates the first receiver clock signal based at least in part on the first clock signal.

[0166] At a step S912, the first serial data stream received by the deserializer may be
converted, by the deserializer, into a first plurality of data streams. In embodiments, the first
plurality of data streams may include a first amount of data streams. In embodiments, the first
amount of data streams is equal to eight (8) data streams. In embodiments, the first amount of data
streams 1s equal to ten (10) data streams. In embodiments, the first amount of data streams is equal
to sixteen (16) data streams. In embodiments, the first amount of data streams is equal to twenty
(20) data streams. In embodiments, the first amount of data streams is equal to thirty-two (32)
data streams. In embodiments, the first amount of data streams is equal to forty (40) data streams.
In embodiments, the first amount of data streams is equal to sixty-four (64) data streams. In
embodiments, the first amount of data streams is equal to eighty (80) data streams. In
embodiments, the first amount of data streams is equal to one hundred twenty-eight (128) data

streams. In embodiments, the first amount of data streams is equal to one hundred sixty (160) data
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streams. In embodiments, the first amount of data streams is equal to two (2) to the power of N,
where N is an integer. In embodiments, the first amount of data streams is equal to ten (10) times
two (2) to the power of N, where N is an integer. In embodiments the first amount of data streams

is equal to thirty-three (33) times two (2) to the power of N, where N is an integer.

[0167] At a step S914, the first receiver side clock signal is transmitted from the

deserializer to computational circuitry in the field programmable gate array.

[0168] Ata step S916, the first plurality of data streams is transmitted form the deserializer
to the computational circuitry. In embodiments, the first plurality of data streams includes a first
plurality of data items. In embodiments, step S916 may be performed before step S914. In

embodiments step S916 may be performed contemporaneously with step S914.

[0169] At a step S918, the first receiver side clock signal is transmitted from the
deserializer via a first clock output pin on a second interface of the field programmable gate array
to a phase detector of the field programmable gate array system which is not on the field
programmable gate array. In embodiments, the transmission of the first receiver side clock signal
is also via a first zero delay buffer phase lock loop of the field programmable gate array before

being transmitted via the first clock output pin of the second interface.

[0170] At a step S920, a first transmitter side clock is generated by the field programmable
gate array system. In embodiments, the first transmitter side clock has a third frequency and a
third phase. In embodiments, the third frequency corresponds to the second frequency. In
embodiments the third phase may be aligned with the second phase. In embodiments, the third
phase and the second phase may not be aligned. In embodiments, the third phase and the second
phase may have a difference in phases that is less than a second threshold level. In embodiments,
the first transmitter side clock signal is generated by performing the following steps until a first

output of the phase detector is below a first threshold.

[0171] Referring to FIG. 10A, generating the first transmitter side clock signal may begin
at step S1002. At step S1002, a second clock signal is generated by an adjustable oscillator in the
field programmable gate array system. In embodiments, the second clock signal may have a fourth

frequency and a fourth phase.
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[0172] The process of FIGs. 10A-B may continue at a step S1004. At step S1004, a first
wire rate clock signal having a fifth phase and a fifth frequency is generated. In embodiments, the
generation of the wire rate clock signal may be based in part on the second clock signal. In
embodiments the fifth frequency is a rational multiple of the fourth frequency. In embodiments
the fifth frequency is equal to x times the fifth frequency where x is the second amount of data
streams. In embodiments the fifth frequency is equal to x times the frequency of the of the

transmitter side clock signal where x is half of the second amount of data streams.

[0173] In embodiments, the generation of the wire rate clock signal may be performed with
the following steps. Referring to FIG. 11, ata step S1102, the second clock signal is received from
the adjustable oscillator at a transceiver phase lock loop via a second reference clock pin in the
first interface. At a step S1104, the second clock signal is processed by the transceiver phase lock
loop. As a step S1106, the wire rate clock signal is provided by the transceiver phase lock look.
The providing of the wire rate clock signal, in embodiments, may be based at least in part on the
processing of the received clock signal. Once the wire rate clock signal is provided, at a
step S1108. the wire rate clock signal is transmitted by the transceiver phase lock loop to a
serializer on the field programmable gate array. In embodiments, the first wire rate clock is
generated by a phase lock loop. In embodiments, the phase lock loop that generates the wire clock
is on field programmable gate array. In embodiments, the phase lock loop that generates the wire
clock is part of the field programmable gate array system and not part of the field programmable

gate array.

[0174] In embodiments, the generation of the wire rate clock may include processing the
second clock signal. Once the second clock signal is processed, the wire rate clock may be
provided. The providing of the wire rate clock, in embodiments, is based at least in part on the
processing of the second clock signal. After providing the wire rate clock, in embodiments, the

wire rate clock may be transmitted to the serializer.

[0175] Referring back to FIG. 10A, at a step 1006, an interim transmitter side clock signal
having a sixth frequency and a sixth phase is generated by the serializer in the field programmable
gate array. In embodiments, the sixth frequency corresponds to the third frequency. In
embodiments the sixth phase may be aligned with the third phase. In embodiments, the sixth

frequency may correspond to the third frequency and the sixth phase may not be aligned with the
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third phase. In embodiments, the sixth phase and the third phase may not be aligned. In
embodiments, the third phase and the sixth phase may have a difference in phases that is less than

a second threshold level.

[0176] At a step S1008, the interim transmitter side clock signal is transmitted from the
serializer via a second clock output pin in the second interface to the phase detector. In
embodiments, the transmission of the interim transmitter side clock is also via a second zero delay
buffer phase lock loop of the field programmable gate array before being transmitted via the second

clock output in of the second interface.

[0177] The process of FIGs. 10A-10B may continue with at a step S1010. Referring to
FIG. 10B, at a step S1010, a first output is generated by the phase detector. The first output, in
embodiments, is based at least on a comparison of the first receiver side clock signal and the
interim side clock signal. The first output, in embodiments, may include information indicating
the phase differences (if there is any) between the first receiver side clock and the interim side
clock signal. Additionally, in embodiments, the first output may include information indicating a
difference (if there is any) of frequencies between the first receiver side clock signal and the interim

side clock signal.

[0178] At a step S1012, the first output may be transmitted from the phase detector to a
phase controller of the field programmable gate array system which is not in the field

programmable gate array.

[0179] At a step S1014, interim adjustment information is determined by the phase
controller. In embodiments, the interim adjustment information may be based at least in part on
the first output. For example, the interim adjustment information may indicate necessary
adjustments to align the phases of the first receiver side clock signal and the interim side clock
signal. As another example, the interim adjustment information may indicate necessary
adjustments to align the frequencies of the first receiver side clock signal and the interim side clock

signal.

[0180] At a step S1016, the interim adjustment information is transmitted from the phase
controller to the adjustable oscillator. In embodiments, once the interim adjustment information
is received, the adjustable oscillator adjusts the second clock signal based on the interim

adjustment information. The adjustment of the second clock signal, in embodiments, may change
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the phase of the second clock signal. In embodiments, the interim adjustment information
indicates a desired phase. In embodiments, the interim adjustment information indicates a desired
frequency. In embodiments, the interim adjustment information indicates a change in phase. In
embodiments, the interim adjustment information indicates a change in frequency. In
embodiments, the adjustment information includes a voltage. In embodiments, the adjustment
information includes a digital transmission. For example, the adjustment information may be a
command over a serial bus (e.g. I°C or SPI) that adjusts a clock divider or phase rotator. As another
example, the adjustment information may trigger a set of parallel digital wires for
“frequency/phase up,” “frequency/phase down,” and/or “frequency/phase step.” In embodiments,

the adjustment of the second clock signal may change the frequency of the second clock signal.

[0181] In embodiments, steps S1002 through steps S 1016 are repeated until the first
output of the phase detector is below the first threshold level. This threshold level may indicate
that the first receiver side clock signal and the interim transmitter side clock signal have phases
that are aligned. This threshold level may indicate that the first receiver side clock signal and the

interim transmitter side clock signal have frequencies that correspond to one another.

[0182] Referring back to FIG. 9B, once the first output of the phase detector is below a
first threshold level, at a step S922, the serializer may transmit the first transmitter side clock signal
to the computational circuitry. At a step S924, a first set of operations ins performed by the
computational circuitry on at least a portion of the first plurality of data items to generate a second
plurality of data streams. In embodiments, the first operation includes a trading algorithm. In
embodiments the trading algorithm may include the parsing the market data. Once the market data
is parsed, mathematical operations are performed at a portion of the market data. After the
mathematical operations are performed, order packets are generated using at least an output of the
mathematical operations. In embodiments, the first set of operations includes at least one of the
following: (i) an arithmetic operation; (ii) a logical operation; (iii) a pipeline operation; and (iv) a
memory access operation.

[0183] In embodiments, at least a portion of the first set of operations is performed prior

to step S922. In embodiments, at least a portion of the first set of operations is performed after

step S922. In embodiments all of the first set of operations is performed after step S922.
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[0184] In embodiments, the second plurality of data streams may include a second amount
of data streams. In embodiments, the second amount of data streams may be the same as the first
amount of data streams. In embodiments, the second amount of data streams is equal to eight (8)
data streams. In embodiments, the second amount of data streams is equal to ten (10) data streams.
In embodiments, the second amount of data streams is equal to sixteen (16) data streams. In
embodiments, the second amount of data streams is equal to twenty (20) data streams. In
embodiments, the second amount of data streams is equal to thirty-two (32) data streams. In
embodiments, the second amount of data streams is equal to forty (40) data streams. In
embodiments, the second amount of data streams is equal to sixty-four (64) data streams. In
embodiments, the second amount of data streams is equal to eighty (80) data streams. In
embodiments, the second amount of data streams is equal to one hundred twenty-eight (128) data
streams. In embodiments, the second amount of data streams is equal to one hundred sixty (160)
data streams. In embodiments, the second amount of data streams is equal to two (2) to the power
of N, where N is an integer. In embodiments, the second amount of data streams is equal to ten
(10) times two (2) to the power of N, where N is an integer. In embodiments the second amount

of data streams is equal to thirty-three (33) times two (2) to the power of N, where N is an integer.

[0185] At a step S926, the second plurality of data streams is transmitted from the
computational circuitry to the serializer. Once received by the serializer, at a step S928, the
serializer converts the second plurality of parallel data streams into the second serial data stream.
The second serial data stream, in embodiments, includes trading data. Trading data, for example,

may be any data related to purchasing or selling of stocks, commodities, goods, and/or services.

[0186] At a step S930, the second serial data stream may be transmitted from the serializer
off the field gate programmable array system via a second plurality of data pins in the first
interface. In embodiments, the second serial data stream is transmitted from the serializer on the
field programmable gate array to an input/output module of the field gate array system but not on
the field gate array. The second serial data stream may then be transmitted from the input/output

module off the field gate array system.
EXAMPLES

[0187] The following examples may be used to illustrate embodiments of the present

invention. They are meant solely for illustration and not intended to be limiting.
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EXAMPLE 1

[0188] In embodiments a trading algorithm may be applied in a crossing auction on an
option exchange. In embodiments, a third serial data stream including target price information on
a set of options contracts is provided as in input to the FPGA. In embodiments, the first serial
stream includes market data includes bid, asks, trades and auction notifications. When an auction
is announced, as indicated in the market data, the FPGA compares the announced auction price to
its target price. In embodiments, the target price is stored in the FPGA and is provided via the
third serial data stream. In embodiments, the target price may be generated using a suitable pricing
model, e.g. Black Sholes. When there is some overlap, the field programmable gate array
generates and sends an order at its target price which is transmitted out of the FPGA in the second
serial data stream. In embodiments, the target price information on a set of options contracts is
streamed into the field programmable gate array as a simple set of triggers in the third serial data
stream. The target price information, may include a linearization of the result of the Black Scholes
computation or some other model. The field programmable gate array may implement Black-

Scholes, and instead receive market data on the underlying asset as a secondary data stream.
EXAMPLE 2

[0189] Another example of a trading algorithm is “signal based”. In embodiments, signals
refer to a trigger that is activated when certain events happen. In embodiments, a signal may
simply track a sale price which changes every time the market information indicates a sale has
taken place. In embodiments, a signal may be used as a measure of book pressure to determine
whether prices are likely to rise or fall. Some signals may be calculated quickly while others are
calculated more slowly because they require more data over a longer period of time. In
embodiments, order information may be based on a single signal or based on a plurality of signals.
Signals depending on the historical behavior of a financial instrument are programmed into the
field programmable gate array. A few simple and well-known examples of a signal here are
moving averages of past prices or book pressure signals (looking for an imbalance in the order
book). Signal-based trading involves receiving market data on the financial instrument,
constructing the order book for that instrument, calculating a predicted price based on a pre-defined
collection of signals, and sending an order if the signals indicate that the signal indicates that it is

a favorable time to trade. A secondary data stream here could be used to enable or disable signals
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or to change signal parameter values. In embodiments, the secondary data stream may be omitted.
An example of a signal-based trading system might be a system that updates the quotes for a market
maker when a set of signals indicates that a large directional move in the price of a stock is coming.

The parallel processing advantage shows up here more so than in the first example.

* * * * * * *

[0190] Now that embodiments of the present invention have been shown and described in
detail, various modifications and improvements thereon can become readily apparent to those
skilled in the art. Accordingly, the exemplary embodiments of the present invention, as set forth
above, are intended to be illustrative, not limiting. The spirit and scope of the present invention is

to be construed broadly.
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CLAIMS
What is claimed is:

1. A method for processing a first serial data stream comprising market data, using a field
programmable gate array system, to generate a second serial data stream comprising order entry
data, wherein the method comprises the steps of:

a) receiving, by a first plurality of data pins in a first interface of a field programmable
gate array in the field programmable gate array system, the first serial data stream;

b) receiving, by a first reference clock pin in the first interface, a first clock signal
having a first frequency and a first phase;

¢) transmitting, from the first plurality of data pins in the first interface to a deserializer
in the field programmable gate array, the first serial data stream,;

d) providing, from the first reference clock pin in the first interface to the deserializer,
a clock signal based at least on the first clock signal;

e) generating, by the deserializer, a first receiver side clock signal having a second
frequency and a second phase, based at least in part on the first clock signal;

f) converting, by the deserializer, the first serial data stream into a first plurality of
parallel data streams;

g) transmitting, from the deserializer to the computational circuitry, the first plurality
of data streams comprising a first plurality of data items and a first amount of data streams;

h) transmitting, via a first clock output pin on a second interface of the field
programmable gate array to a phase detector that is part of the field programmable gate array
system and not part of the field programmable gate array, the first receiver side clock signal;

1) generating, using the field programmable gate array system, a feedback clock signal

associated with a first transmitter side clock signal, the feedback clock signal having a third
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frequency and a third phase, by performing the following steps until a first output of the phase
detector is below a first threshold level:

1. generating, by an adjustable oscillator in the field programmable gate array
system, a second clock signal having a fourth frequency and a fourth phase;

il. generating, by the phase detector, the first output based on a comparison of
the first receiver side clock signal and the feedback clock signal obtained from the second clock
signal;

iil. transmitting, from the phase detector to a phase controller of the field
programmable gate array system which is not in the field programmable gate array, the first
output;

iv. determining, by the phase controller, interim adjustment information based
on the first output; and

V. transmitting, from the phase controller to the adjustable oscillator, the
interim adjustment information;

wherein, the adjustable oscillator adjusts the second clock signal based on the interim
adjustment information and steps (i) through ( v) are repeated until the first output of the phase
detector is below the first threshold level,

j)  generating, by the serializer, a first transmitter side clock signal based on the
second clock signal; and

k) transmitting, by the serializer to the computational circuitry, the first transmitter

side clock signal;
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1)  performing, by the computational circuitry, a first set of operations on at least a
portion of the first plurality of data items to generate a second plurality of parallel data streams
comprising a second amount of data streams;

m) transmitting, from the computational circuitry to the serializer, the second plurality
of parallel data streams;

n) converting, by the serializer, the second plurality of parallel data streams into the
second serial data stream; and

0) transmitting, from the serializer off the field gate programmable array system via

a second plurality of data pins in the first interface, the second serial data stream.

2. The method of claim 1, wherein the second frequency corresponds to the first frequency.
3. The method of claim 1, wherein the second phase is not aligned with the first phase.

4 The method of claim 1, wherein the second frequency is different from the first frequency.
5. The method of claim 1, wherein the transmission of the first receiver side clock signal from

the deserializer to the phase detector is also via a first zero delay buffer phase lock loop of the field
programmable gate array before being transmitted via the first clock output pin of the second

interface.

6. The method of claim 1, wherein the third frequency corresponds to the second frequency.
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7. The method of claim 1, wherein the third phase is aligned with the second phase.

8. The method of claim 1, wherein a difference between the third phase and the second phase

is less than a second threshold level

9. The method of claim 1, wherein the feedback clock signal is provided to the phase detector
via a second zero delay buffer phase lock loop of the field programmable gate array before being

transmitted via the second clock output pin of the second interface.

10. The method of claim 1, wherein the first set of operations does not include clock domain

crossing operations that delay processing of the first set of parallel data streams.

11. The method of claim 1, wherein the first amount of data streams is the same as the second

amount of data streams.

12. The method of claim 11, the first amount of data streams and the second amount of data
streams is one of the following:

(1) eight (8) data streams;

(i)  ten (10) data streams;

(iii)  sixteen (16) data streams;

(iv)  twenty (20) data streams;

(v) thirty-two (32) data streams;

(vi)  forty (40) data streams;
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(vil)  sixty-four (64) data streams; and
(viil) eighty (80) data streams;
(ix)  one hundred twenty-eight (128) data streams; and

(x) one hundred sixty (160) data streams.

13.  The system of claim 11, wherein the first amount of data streams and the second amount

of data streams are equal to two (2) to the power of N, where N is an integer.

14.  The system of claim 11, wherein the first amount of data streams and the second amount

of data streams are equal to ten (10) times two (2) to the power of N, where N is an integer.

15. The method of claim 11, wherein the first amount of data streams and the second amount

of data streams are equal to thirty-three (33) times two (2) to the power of N, where N is an integer.

16. The method of claim 1, wherein at least a portion of the first set of operations is performed

prior to step (k).

17. The method of claim 1, wherein at least a portion of the first set of operations is performed

after step (k).

18. The method of claim 1, wherein all of the first set of operations is performed after step (k).
45
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19. The method of claim 1, wherein the transmission of the second serial data stream from the
serializer off the field programmable gate array is transmitted to an input/output module off the

field programmable gate array.

20. The method of claim 1, wherein the first serial data stream includes market data and

the second serial data stream includes trading data.

21. The method of claim 1, further comprising generating a first wire rate clock signal
including:

(a) receiving, from the adjustable oscillator at a transceiver phase lock loop via a
second reference clock pin in the first interface, the second clock signal;

(b) processing, by the transceiver phase lock loop, the received second clock signal;

(©) providing, by the transceiver phase lock loop, the wire rate clock signal based on
the processing of the received second clock signal; and

(d) transmitting, by the transceiver phase lock loop, the wire rate clock signal to the

serializer.

22. The method of claim 1, wherein the feedback clock signal is provided from a second clock

output pin in the second interface to the phase detector.
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ABSTRACT
The present invention relates to a field programmable gate array system that provides phase

control with minimal latency.
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