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and power domain, labelled Domain B again for comparison with Figure 1. External 

connections to input and/or output transducers are shown, along with power (VDD) 

connections, for both domains. 

5 Both domains are shown having clock and frame generators, corresponding to those in 

Figure 1. The digital mixing core and DSP in the AO domain (along with the other 

circuitry in the data path(s) between transducers and e.g. the other domain and/or the 

external connection to an external application/comms/DSP processor) may thus 

correspond to the data communication unit 150 in Figure 1, and the digital mixing core 

10 in the central domain (along with the other circuitry in the data path between 

transducers and e.g. the other domain and/or the external connection to an external 

application/comms/DSP processor) may thus correspond to the data communication 

unit 250 in Figure 1. 

15 In this regard, the frame generator in the AO domain (Domain A) may generate frame 

clock signals equivalent to FCLKA in Figure 1, and one or both of the frame generators 

in the central domain (Domain B) may generate frame clock signals equivalent to 

FCLKB in Figure 1, for use by the data communication units concerned. 

20 Thus, one typical scenario may be that an audio data stream is first received from the 

relevant input transducer by the data communication unit circuitry in the AO domain 

(Domain A) with the frame generator in that domain thus operating in master mode. At 

that time, the central domain may be powered down, or in a low-power mode. The 

data may for example be routed to an external application processor via the external 

25 connection to the AO domain, which subsequently "wakes up" the central domain, i.e. 

transitions it into a powered-up or operational mode. Once powered up, one or both of 

the frame generators in the central domain (Domain B) may be slaved to the frame 

generator in the AO domain (Domain A), so that an audio data stream may be passed 

from the digital mixing core of the AO domain to that of the central domain without 

30 causing glitches or suffering significant latency. It will be appreciated that the 

functionality disclosed herein may help enable low latency transfer of such audio 

between domains, with reduced risk of audio artefacts or similar. 
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It will already be understood that clock-controlled circuitry considered herein may be 

implemented in a host device, for example an electrical or electronic device. Examples 

include a portable and/or battery powered host device such as a mobile telephone, an 

audio player, a video player, a PDA, a mobile computing platform such as a laptop 

5 computer or tablet and/or a games device, for example. 

Figure 7 is a schematic diagram of an electrical or electronic device 3000, which may 

be considered such a host device. Device 3000 comprises clock-controlled circuitry 

1000 or 2000 as considered earlier herein, connected to interact with other circuitry 

10 (not shown) of the electrical or electronic device 3000. 

The skilled person will recognise that some aspects of the above described apparatus 

(circuitry) and methods may be embodied as processor control code, for example on a 

non-volatile carrier medium such as a disk, CD- or DVD-ROM, programmed memory 

15 such as read only memory (Firmware), or on a data carrier such as an optical or 

electrical signal carrier. For example, the configuration unit may be implemented as a 

processor operating based on processor control code. 

For some applications, such aspects will be implemented on a DSP (Digital Signal 

20 Processor), ASIC (Application Specific Integrated Circuit) or FPGA (Field 

Programmable Gate Array). Thus the code may comprise conventional program code 

or microcode or, for example, code for setting up or controlling an ASIC or FPGA. The 

code may also comprise code for dynamically configuring re-configurable apparatus 

such as re-programmable logic gate arrays. Similarly, the code may comprise code for 

25 a hardware description language such as Verilog TM or VHDL. As the skilled person 

will appreciate, the code may be distributed between a plurality of coupled components 

in communication with one another. Where appropriate, such aspects may also be 

implemented using code running on a field-(re)programmable analogue array or similar 

device in order to configure analogue hardware. 

30 

Some embodiments of the present invention may be arranged as part of an audio 

processing circuit, for instance an audio circuit (such as a codec or the like) which may 

be provided in a host device as discussed above. A circuit or circuitry according to an 

embodiment of the present invention may be implemented as an integrated circuit (IC), 
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for example on an IC chip. One or more input or output transducers may be connected 

to the integrated circuit in use. 

It should be noted that the above-mentioned embodiments illustrate rather than limit 

5 the invention, and that those skilled in the art will be able to design many alternative 

embodiments without departing from the scope of the appended claims. The word 

"comprising" does not exclude the presence of elements or steps other than those 

listed in the claim, "a" or "an" does not exclude a plurality, and a single feature or other 

unit may fulfil the functions of several units recited in the claims. Any reference 

10 numerals or labels in the claims shall not be construed so as to limit their scope. 
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CLAIMS: 

1. Clock-controlled circuitry organised into at least first and second clock domains, 

5 the first clock domain configured to operate based on a first clock signal and the 

second clock domain configured to operate based on a second clock signal, wherein: 

the first clock domain comprises a first signal generator operable to generate a 

first repetitive signal comprising a repeating pattern of pulses synchronised to the first 

clock signal; 

1 0 the second clock domain comprises a second signal generator operable to 

15 

20 

25 

generate a second repetitive signal comprising a repeating pattern of pulses 

synchronised to the second clock signal; 

the first signal generator is operable, when operating in master mode, to output to 

the second signal generator a first synchronisation signal indicative of a phase of the 

first repetitive signal, wherein the first synchronisation signal is a pulse signal, and is 

part or all of the first repetitive signal or derived from the first repetitive signal; and 

the second signal generator is operable, when operating in slave mode, to: 

set a timing of the second repetitive signal relative to the second clock 

signal based on the first synchronisation signal so that the second repetitive 

signal is set to have a phase relationship with the first repetitive signal which then 

meets a slave specification; and 

re-set the timing of the second repetitive signal relative to the second clock 

signal if it is determined that the phase relationship has changed such that it no 

longer meets the slave specification, 

wherein the second signal generator, or another signal generator of the 

clock-controlled circuitry, is operable: 

to monitor the phase relationship between the second repetitive signal and 

the first repetitive signal after the timing of the second repetitive signal relative to 

the second clock signal has been set, by monitoring a phase relationship 

30 between corresponding edges of the second repetitive signal and the first 

synchronisation signal or between corresponding edges of the second repetitive 

signal and a retimed first synchronisation signal being a retimed version of the 

first synchronisation signal; and 
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to determine if that phase relationship has changed such that it no longer 

meets the slave specification. 

2. The clock-controlled circuitry as claimed in claim 1, wherein the second signal 

5 generator is operable to re-set the timing of the second repetitive signal relative to the 

second clock signal based on the first synchronisation signal so that the second 

repetitive signal is again set to have a phase relationship with the first repetitive signal 

which then meets the slave specification. 

10 

15 

20 

25 

3. The clock-controlled circuitry as claimed in claim 1 or 2, wherein the first and 

second repetitive signals comprise regular series of pulses. 

4. The clock-controlled circuitry as claimed in any of the preceding claims, wherein 

the second signal generator or the other signal generator is operable to monitor the 

phase relationship between the second repetitive signal and the first repetitive signal by 

obtaining a count value indicative of the phase relationship by: 

incrementing a counter between corresponding edges of the second repetitive 

signal and the first synchronisation signal or retimed first synchronisation signal; or 

incrementing a counter while the second repetitive signal and the first 

synchronisation signal or retimed first synchronisation signal have the same value as 

one another; or 

incrementing a counter while the second repetitive signal and the first 

synchronisation signal or retimed first synchronisation signal have different values from 

one another. 

5. The clock-controlled circuitry as claimed in any of the preceding claims, wherein 

the second signal generator is operable: 

when operating in slave mode, to receive a release signal, and, if the release 

signal is received, to transition its operation to free-running mode; and 

30 in connection with the transition to free-running mode, to continue generation of 

the second repetitive signal at its existing timing relative to the second clock signal 

without taking account of the phase relationship between the second repetitive signal 

and the first repetitive signal. 
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6. The clock-controlled circuitry as claimed in any of the preceding claims, wherein 

the second signal generator is operable: 

when operating in slave mode, to receive a re-synch signal indicating a change in 

the first repetitive signal, and, if the re-synch signal is received, to re-set the timing of 

5 the second repetitive signal relative to the second clock signal. 

7. The clock-controlled circuitry as claimed in claim 6, wherein: 

the re-synch signal indicates a change in a repeating pattern of the first repetitive 

signal; and 

10 the second signal generator is operable, if the re-synch signal is received, to re-

15 

20 

25 

set the timing of the second repetitive signal relative to the second clock signal based 

on the re-synch signal and re-configure the second repetitive signal based on the 

change in the repeating pattern indicated by the re-synch signal. 

8. The clock-controlled circuitry as claimed in any of the preceding claims, wherein 

the second signal generator is operable, when operating in slave mode, to monitor 

operation of the first signal generator, and, if the first signal generator is determined to 

become disabled, to: 

transition its operation to master mode; and then 

continue generation of the second repetitive signal at its existing timing relative to 

the second clock signal without taking account of the phase relationship between the 

second repetitive signal and the first repetitive signal, and output a second 

synchronisation signal indicative of a phase of the second repetitive signal. 

9. The clock-controlled circuitry as claimed in claim 8, wherein the first signal 

generator is operable, when re-enabled after being disabled, to: 

monitor operation of the second signal generator and determine if the second 

clock control circuit is operating in master mode; and 

when it is determined that the second clock control circuit is operating in master 

30 mode, operate in slave mode. 

10. The clock-controlled circuitry as claimed in claim 9, wherein the first signal 

generator is operable, when operating in slave mode, to: 
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set a timing of the first repetitive signal relative to the first clock signal based on 

the second synchronisation signal so that the first repetitive signal is set to have a 

phase relationship with the second repetitive signal which then meets the slave 

specification; and 

5 re-set the timing of the first repetitive signal relative to the first clock signal if it is 

determined that that phase relationship has changed such that it no longer meets the 

slave specification. 

11. The clock-controlled circuitry as claimed in claim 10, wherein the first signal 

10 generator is operable to re-set the timing of the first repetitive signal relative to the first 

clock signal based on the second synchronisation signal so that the first repetitive 

signal is again set to have a phase relationship with the second repetitive signal which 

then meets the slave specification. 

15 

20 

12. The clock-controlled circuitry as claimed in claim 10 or 11, wherein the first signal 

generator, or another signal generator of the clock-controlled circuitry, is operable to 

monitor the phase relationship between the first repetitive signal and the second 

repetitive signal after the timing of the first repetitive signal relative to the first clock 

signal has been set and to determine if that phase relationship has changed such that it 

no longer meets the slave specification. 

13. The clock-controlled circuitry as claimed in claim 12, wherein the first signal 

generator or that other signal generator is operable to monitor the phase relationship 

between the first repetitive signal and the second repetitive signal by monitoring a 

25 phase relationship between the first repetitive signal and the second synchronisation 

signal. 

14. The clock-controlled circuitry as claimed in claim 12 or 13, wherein the first signal 

generator or that other signal generator is operable to monitor the phase relationship 

30 between the first repetitive signal and the second repetitive signal by monitoring a 

phase relationship between the first repetitive signal and a retimed second 

synchronisation signal being a retimed version of the second synchronisation signal. 
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15. The clock-controlled circuitry as claimed in claim 13 or 14, wherein the first signal 

generator or that other signal generator is operable to monitor the phase relationship 

between the first repetitive signal and the second repetitive signal by obtaining a count 

value indicative of the phase relationship by: 

5 incrementing a counter between corresponding edges of the first repetitive signal 

and the second synchronisation signal or retimed second synchronisation signal; or 

incrementing a counter while the first repetitive signal and the second 

synchronisation signal or retimed second synchronisation signal have the same value 

as one another; or 

10 incrementing a counter while the first repetitive signal and the second 

15 

20 

synchronisation signal or retimed second synchronisation signal have different values 

from one another. 

16. The clock-controlled circuitry as claimed in any of claims 8 to 15, wherein the 

second synchronisation signal is part or all of the second repetitive signal, or is derived 

from the second repetitive signal. 

17. The clock-controlled circuitry as claimed in any of the preceding claims, wherein 

the first signal generator and second signal generator are operable to generate the first 

and second clock signals, respectively, based on the same global clock signal. 

18. The clock-controlled circuitry as claimed in any of the preceding claims, wherein 

the first repetitive signal comprises a plurality of different component repetitive signals 

synchronised with the first clock signal, and/or the second repetitive signal comprises a 

25 plurality of different component repetitive signals synchronised with the second clock 

signal. 

19. The clock-controlled circuitry as claimed in any of the preceding claims, 

organised into at least first and second power domains, wherein the first power domain 

30 comprises the first clock domain and the second power domain comprises the second 

clock domain. 
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20. The clock-controlled circuitry as claimed in claim 19, comprising first and second 

IC chips, wherein the first IC chip comprises the first power domain and the second IC 

chip comprises the second power domain. 

5 21. The clock-controlled circuitry as claimed in any of the preceding claims, 

comprising a first data communication unit in the first clock domain and configured to 

operate based on the first clock signal, and a second data communication unit in the 

second clock domain and configured to operate based on the second clock signal, 

wherein: 

10 the first data communication unit is operable to process a first data signal which 

15 

20 

is synchronous with the first clock signal, based on the first repetitive signal; 

the second data communication unit is configured to process a second data 

signal which is synchronous with the second clock signal, based on the second 

repetitive signal; and 

the first and second communication units are configured to transfer such a data 

signal between them based on their respective first and second repetitive signals and 

via a retiming circuit so that the first data signal becomes the second data signal or vice 

versa. 

22. The clock-controlled circuitry as claimed in claim 21, wherein the data signals are 

audio data signals, and wherein the clock-controlled circuitry is clock-controlled audio 

circuitry. 

23. The clock-controlled circuitry as claimed in claim 22, wherein the audio data 

25 signals are organised into frames, and wherein the first and second data 

communication units are configured to align the frames in their respective audio data 

signals with their respective repetitive signals. 

24. The clock-controlled circuitry as claimed in any of the preceding claims, 

30 comprising storage for storing information defining the slave specification, wherein: 

the first signal generator and/or the second signal generator is configured to set 

the timing concerned based on the information; and/or 

the determination that a said phase relationship has changed such that it no 

longer meets the slave specification is made based on the information. 
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25. The clock-controlled circuitry as claimed in claim 24, wherein the information 

comprises parameter values, and wherein 

the first signal generator and/or the second signal generator is configured to set 

5 the timing concerned based on one or more of the parameter values; and/or 

the determination that a said phase relationship has changed such that it no 

longer meets the slave specification is made based on one or more of the parameter 

values. 

10 26. The clock-controlled circuitry as claimed in claim 24 or 25, comprising a controller 

operable to store the information in the storage so as to define the slave specification 

currently in use, optionally based on a user input. 

15 

20 

27. The clock-controlled circuitry as claimed in any of the preceding claims, 

implemented as an integrated circuit. 

28. A method of controlling clock-controlled circuitry which is organised into at least 

first and second clock domains, the first clock domain configured to operate based on a 

first clock signal and the second clock domain configured to operate based on a 

second clock signal, wherein: 

the first clock domain comprises a first signal generator operable to generate a 

first repetitive signal comprising a repeating pattern of pulses synchronised to the first 

clock signal; 

the second clock domain comprises a second signal generator operable to 

25 generate a second repetitive signal comprising a repeating pattern of pulses 

synchronised to the second clock signal; and 

the first signal generator is operable, when operating in master mode, to output to 

the second signal generator a first synchronisation signal indicative of a phase of the 

first repetitive signal, wherein the first synchronisation signal is a pulse signal, and is 

30 part or all of the first repetitive signal or derived from the first repetitive signal, 

the method comprising controlling the second signal generator, when operating in 

slave mode, to: 

set a timing of the second repetitive signal relative to the second clock 

signal based on the first synchronisation signal so that the second repetitive 
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signal is set to have a phase relationship with the first repetitive signal which then 

meets a slave specification; and 

re-set the timing of the second repetitive signal relative to the second clock 

signal if it is determined that the phase relationship has changed such that it no 

5 longer meets the slave specification, 

wherein the second signal generator, or another signal generator of the 

clock-controlled circuitry, is operable: 

to monitor the phase relationship between the second repetitive signal and 

the first repetitive signal after the timing of the second repetitive signal relative to 

1 0 the second clock signal has been set, by monitoring a phase relationship 

between corresponding edges of the second repetitive signal and the first 

synchronisation signal or between corresponding edges of the second repetitive 

signal and a retimed first synchronisation signal being a retimed version of the 

first synchronisation signal; and 

15 

20 

to determine if that phase relationship has changed such that it no longer 

meets the slave specification. 

29. A computer program which, when executed on a processor of clock-controlled 

circuitry, causes the clock-controlled circuitry to carry out a control method, 

wherein: 

the clock-controlled circuitry is organised into at least first and second clock 

domains; 

the first clock domain is configured to operate based on a first clock signal and 

the second clock domain is configured to operate based on a second clock signal; 

25 the first clock domain comprises a first signal generator operable to generate a 

first repetitive signal comprising a repeating pattern of pulses synchronised to the first 

clock signal; 

the second clock domain comprises a second signal generator operable to 

generate a second repetitive signal comprising a repeating pattern of pulses 

30 synchronised to the second clock signal; and 

the first signal generator is operable, when operating in master mode, to output to 

the second signal generator a first synchronisation signal indicative of a phase of the 

first repetitive signal, wherein the first synchronisation signal is a pulse signal, and is 

part or all of the first repetitive signal or derived from the first repetitive signal, 
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the method comprising controlling the second signal generator, when operating in 

slave mode, to: 

set a timing of the second repetitive signal relative to the second clock 

signal based on the first synchronisation signal so that the second repetitive 

5 signal is set to have a phase relationship with the first repetitive signal which then 

meets a slave specification; and 

re-set the timing of the second repetitive signal relative to the second clock 

signal if it is determined that the phase relationship has changed such that it no 

longer meets the slave specification, 

10 wherein the second signal generator, or another signal generator of the 

15 

20 

clock-controlled circuitry, is operable: 

to monitor the phase relationship between the second repetitive signal and 

the first repetitive signal after the timing of the second repetitive signal relative to 

the second clock signal has been set, by monitoring a phase relationship 

between corresponding edges of the second repetitive signal and the first 

synchronisation signal or between corresponding edges of the second repetitive 

signal and a retimed first synchronisation signal being a retimed version of the 

first synchronisation signal; and 

to determine if that phase relationship has changed such that it no longer 

meets the slave specification. 

30. A computer-readable medium having the computer program of claim 29 stored 

thereon. 
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sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

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

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

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 
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Notice of Pre-A/A or A/A Status 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Allowable Subject Matter 

Claims 1-12 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, using a field programmable gate array system, 

to generate a second serial data stream, wherein the method comprises the steps of: 

(f) transmitting, from the deserializer to a phase lock loop of the field 

programmable gate array system that is not within on the field programmable gate 

array, the receiver side clock signal; 

(g) generating, using the phase lock loop, a second clock signal; 

(h) generating, within the field programmable gate array, a transmitter side clock 

signal derived from the second clock signal; 

(i) performing, by the computational circuitry, a set of operations on at least a 

portion of the first plurality of parallel data streams to generate a second plurality of 

parallel data streams; and 

(j) transmitting, from the field programmable gate array system, the second serial 

data stream, derived from the second plurality of parallel data streams, wherein said 
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method does not use clock domain crossing operations that delay processing of the first 

set of parallel data streams; 

in combination with all the other claimed limitations. 

Claims 2-12 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." 

Conclusion 

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 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, Menatoallah Youssef can be reached on (571 )270-3684. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273-8300. 
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Information regarding the status of published or unpublished applications may be 

obtained from Patent Center. Unpublished application information in Patent Center is 

available to registered users. To file and manage patent submissions in Patent Center, 

visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent­

center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For 

additional questions, contact the Electronic Business Center (EBC) at 866-217-9197 

(toll-free). If you would like assistance from a USPTO Customer Service 

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

/DIANA J. CHENG/ 
Primary Examiner, Art Unit 2849 
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PTO/SB/26 
U.S. Patent and Trademark Office 

Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 17723145 

Filing Date 18-Apr-2022 

First Named Inventor Nima Badizadegan 

Attorney Docket Number 00287-0017 

Title of Invention 

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP 

l'vl Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
iL:::,J Office Action 

IZJ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

HFT SOLUTIONS, LLC 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

11128305 

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

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

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 
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I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

@ Small Entity 

Q Micro Entity 

Q Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 51431 
-----

Q A sole inventor 

0 

0 

A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

A joint inventor; all of whom are signing this request 

Signature 
/Keith J. Barkaus/ 

Name Keith J. Barkaus 

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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Petition: 
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Extension-of-Time: 
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This patent is subject to a terminal disclaimer 
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Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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New Agglications 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 
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Application No. 
17/723, 145 

Applicant(s) 
Badizadegan, Nima 

Office Action Summary Examiner 

Diana J Cheng 

Art Unit 

2849 

AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on 09/08/2022. 
□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b) □ This action is non-final. 
3)□ An election was made by the applicant in response to a restriction requirement set forth during the interview 

on __ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) 0 Claim(s) 1-12 is/are pending in the application. 

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

6) D Claim(s) is/are allowed. 

7) 0 Claim(s) 1-3,8 and 10 is/are rejected. 

8) 0 Claim(s) 4-7,9 and 11-12 is/are objected to. 

9) □ Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )□ The drawing(s) filed on __ is/are: a)□ accepted or b)□ objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

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

Certified copies: 

a)□ All b)D Some** c)D None of the: 

1.□ Certified copies of the priority documents have been received. 

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

3.□ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) D Notice of References Cited (PTO-892) 

2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) D Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) D Other: __ . 

Part of Paper No./Mail Date 20220912 



Application/Control Number: 17 /723,145 
Art Unit: 2849 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

Page 2 

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

under the first inventor to file provisions of the AIA. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the conflicting claims are not identical, but at 

least one examined application claim is not patentably distinct from the reference 

claim(s) because the examined application claim is either anticipated by, or would have 

been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 

USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. 

Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on nonstatutory 

double patenting provided the reference application or patent either is shown to be 

commonly owned with the examined application, or claims an invention made as a 

result of activities undertaken within the scope of a joint research agreement. See 
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MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. tor 

applications not subject to examination under the first inventor to file provisions of the 

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/patent/patents-forms. The filing date of the application 

in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, 

PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may 

be filled out completely online using web-screens. An eTerminal Disclaimer that meets 

all requirements is auto-processed and approved immediately upon submission. For 

more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Claims 1-3, 8 and 10 are rejected on the ground of nonstatutory double patenting 

as being unpatentable over claims 1, 20, 20, 1, and 8 of U.S. Patent No. 11,128,305, 

respectively. Although the claims at issue are not identical, they are not patentably 

distinct from each other because the claimed limitations the present invention are 

recited in the respective claims of U.S. Patent No. 11,128,305. 

Claim 1 is provisionally rejected on the ground of nonstatutory double patenting 

as being unpatentable over claim 10 of copending Application No. 17/405, 188 

(reference application). Although the claims at issue are not identical, they are not 

patentably distinct from each other because the claimed limitations of the present 

invention are recited in the respective claims of copending Application No. 17/405, 188. 



Application/Control Number: 17 /723,145 
Art Unit: 2849 

This is a provisional nonstatutory double patenting rejection because the 

patentably indistinct claims have not in fact been published as patented. 

Allowable Subject Matter 

Page 4 

Claims 4-7, 9, 11 and 12 are objected to as being dependent upon a rejected 

base claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

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 Monday - Friday 9 am - 5:30 pm ET. 
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Examiner interviews are available via telephone, in-person, and video 

Page 5 

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, Menatoallah Youssef can be reached on (571 )270-3684. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273-8300. 

Information regarding the status of published or unpublished applications may be 

obtained from Patent Center. Unpublished application information in Patent Center is 

available to registered users. To file and manage patent submissions in Patent Center, 

visit: https ://patentcenter. uspto. gov. Visit https ://www. uspto. gov /patents/apply /patent­

center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For 

additional questions, contact the Electronic Business Center (EBC) at 866-217-9197 

(toll-free). If you would like assistance from a USPTO Customer Service 

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

/DIANA J. CHENG/ 
Primary Examiner, Art Unit 2849 
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Commissioner for Patents 
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Sir: 

This responds to the Office Action dated September 8, 2022. A response to the Office 

Action is due December 8, 2022 such that the present response is being timely filed. 

Claims begin on page 2. 

Remarks begin on page 6. 
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What is claimed is: 

CLAIMS 

1. (Original) A method for processing a first serial data stream, using a field programmable 

gate array system, to generate a second serial data stream, wherein the method comprises the 

steps of: 

(a) receiving, by a deserializer in a field programmable array, a clock signal; 

(b) receiving, by the deserializer, the first serial data stream; 

( c) generating, by the deserializer, a receiver side clock signal; 

( d) converting, by the deserializer, the first serial data stream into a first plurality of 

parallel data streams; 

( e) transmitting, from the deserializer to computational circuitry in the field 

programmable gate array, the first plurality of parallel data streams; 

(f) transmitting, from the deserializer to a phase lock loop of the field programmable gate 

array system that is not within on the field programmable gate array, the receiver side clock 

signal; 

(g) generating, using the phase lock loop, a second clock signal; 

(h) generating, within the field programmable gate array, a transmitter side clock signal 

derived from the second clock signal; 

(i) performing, by the computational circuitry, a set of operations on at least a portion of 

the first plurality of parallel data streams to generate a second plurality of parallel data streams; 

and 

G) transmitting, from the field programmable gate array system, the second serial data 

stream, derived from the second plurality of parallel data streams, 

wherein said method does not use clock domain crossing operations that delay processing 

of the first set of parallel data streams. 

2. (Original) The method of claim 1, wherein the first serial data stream comprises market 

2 
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data, the second serial data stream comprises order entry data, and the set of operations are 

associated with a trading algorithm. 

3. (Original) The method of claim 1, wherein the first serial data stream includes market 

data and the second serial data stream includes trading data. 

4. (Original) The method of claim 1, wherein the 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. 

5. (Original) The method of claim 1, wherein at least a portion of the set of operations 

performed in step (h) are performed prior to step (g). 

6. (Original) The method of claim 1, wherein at least a portion of the set of operations 

performed in step (h) are performed after step (g). 

7. (Original) The method of claim 1, wherein all of the set of operations performed in step 

(h) are performed after step (g). 

8. (Original) The method of claim 1, wherein step (g) further comprises: 

(i) generating, by the phase lock loop, a feedback clock signal associated with the 

transmitter side clock signal by performing the following steps until a first output of a phase 

detector of the field programmable gate array system is below a first threshold level: 

(1) generating, by an adjustable oscillator in the field programmable gate array 

system, the second clock signal; 

(2) generating, by the phase detector, the first output based on a comparison of the 

receiver side clock signal and the feedback clock signal obtained from the second clock 

signal; 

(3) transmitting, from the phase detector to a phase controller of the field 

programmable gate array system, the first output; 

3 
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( 4) determining, by the phase controller, interim adjustment information based on 

the first output; and 

(5) 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, 

wherein steps (1) through (5) are repeated until the first output of the phase 

detector is below the first threshold level. 

9. (Original) The method of claim 1, wherein the first plurality of data streams has the same 

number of data streams as the second plurality of data streams. 

10. (Original) The method of claim 1, wherein the first plurality of data streams and the 

second plurality of data streams comprise one of the following: 

(i) eight (8) data streams; 

(ii) 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; 

(vii) sixty-four (64) data streams; 

(viii) eighty (80) data streams; 

(ix) one hundred twenty-eight (128) data streams; and 

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

11. (Original) The method of claim 1, wherein the transmitter side clock signal and the 

receiver side clock signal have the same frequency and phase. 

12. (Original) The method of claim 1, wherein the transmitter side clock signal and the 

receiver side clock signal have the same frequency and different phases. 
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REMARKS 

This responds to the Non-Final Office Action dated September 8, 2022. A response to this 

Office Action is due December 8, 2022. Accordingly, this Response is being timely filed. 

Claims 1-12 are pending. No amendments are presented by this response. A listing of the 

claims including the status of each is included herein for the convenience of the Examiner. 

Reconsideration based on the following remarks is respectfully requested. 

Double Patenting 

Claims 1, 4, 8 and 10 have been rejected based on nonstatutory double patenting over 

claims 1, 5 and 8 of U.S. Patent No. 10,763,865. 

Claims 1, 4 and 10 have been rejected based on nonstatutory double patenting over claims 

1, 6 and 10 of U.S. Patent No. 10,771,069. 

Claim 1, has been rejected based on nonstatutory double patenting over the below­

identified claims of the below-identified United States patents as well as a pending patent 

application (also identified below): 

• Claim 12 of U.S. Patent No. 10,826,502; 

• Claim 10 of U.S. Patent No. 10,931,286; 

• Claims 1, 6 and 8 of U.S. Patent No. 11,018,678; 

• Claim 10 of of pending U.S. Patent Appl. Ser. No. 17/405,188 

Claims 1-3, 8 and 10 have been rejected based on nonstatutory double patenting over 

claims 1, 20, and 8 of U.S. Patent No. 11,329,655. 

While Applicant does not necessarily agree with these rejections, in an effort to advance 

prosecution, Applicant submits herewith a Terminal Disclaimer to overcome the rejections of the 

claims based on nonstatutory double patenting. Applicant respectfully requests reconsideration 

and withdrawal of the rejections of the claims. 

Since there are no other rejections of claims 1-10, they are believed to be patentable and in 

condition for allowance. 

Applicant appreciates the Examiner's indication that dependent claims 11 and 12 would be 

allowable if rewritten in independent form. Claims 11 and 12 depend on claim 1 which is believed 

5 
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to be patentable as discussed above. Accordingly, claims 11 and 12 are believed to be patentable 

in their present form for at least the same reasons. 

Accordingly, Applicant respectfully submits that claims 1-12 are patentable and m 

condition for allowance. 

Reference to Related Patents and Co-pending Applications 

The below chart provides information regarding related issued patents and co-pending 

applications filed by the present Applicant: 

SERIAL NO. 
ATTORNEY 

FILING DATE STATUS 
DOCKET NO. 

16/672,076 00287-0007 2019-11-01 Issued USP 10,826,502 
16/670,702 00287-0008 2019-10-31 Issued USP 10,771,069 

16/888,218 00287-0009 2020-05-29 Issued USP 10,763,865 
16/937,314 00287-0011 2020-07-23 Issued USP 10,931,286 
16/937,309 00287-0012 2020-07-23 Issued USP 11,018,678 

17/248,304 00287-0013 2021-01-19 Issued USP 11,128,305 
17/236,577 00287-0014 2021-04-21 Issued USP 11,329,655 

17/405,188 00287-0015 2021-08-18 
Allowed- Issue Fee Paid 2022-05-
31 

17/723,130 00287-0016 2022-04-18 
Docketed New Case - Ready for 
Examination 

17 /723,145 00287-0017 2022-04-18 Present Application 

The Examiner is invited to review the prosecution history of each of these applications, 

including the cited references of record and related office actions, as the Examiner deems 

appropriate. 

CONCLUSION 

In view of the foregoing, Applicant respectfully submits that all pending claims are 

patentable over the cited art and in condition for allowance. Reconsideration and prompt 

allowance of this application are both respectfully solicited. 

Applicant respectfully asserts that the foregoing constitutes a bona fide response to all 

outstanding objections and rejections within this Office Action. 

This application is in condition for immediate allowance. However, should any issue(s) of 

6 
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a minor nature remain, the Examiner is respectfully requested to telephone the undersigned at 

telephone number (212) 336-8000 so that the issue(s) might be promptly resolved. 

Favorable reconsideration of the present application is respectfully requested. 

* * * * * * 

Any claim amendment(s), claim(s) added, claim(s) canceled, argument(s), remark(s), 

and/or any combination(s) thereof made in this response pertain solely to the specific aspects of 

this specific claimed invention. Further, any claim amendment(s), claim(s) added, claim(s) 

canceled, argument(s), remark(s), and/or any combination(s) thereof are made without prejudice 

to or disclaimer of Applicant's right to seek patent protection of any unclaimed subject matter such 

as, but not limited, to narrower unclaimed subject matter, broader unclaimed subject matter, 

different unclaimed subject matter, variations of unclaimed subject matter, any combination 

thereof, and/or any other unclaimed subject matter that may or may not be filed, for example, in 

any design and/or utility patent application(s) such as, but not limited to, continuation patent 

application(s), continuation-in-part patent application(s), and/or divisional patent application(s) 

and/or any other patent application(s). 

Applicant's silence as to any assertion(s) by the Examiner in the Office Action and/or to 

any certain fact(s) or conclusion(s) that may be implied and/or alleged by objections(s) and/or 

rejection(s) in the Office Action is not in any way a concession by Applicant that such assertion(s), 

implication(s), and/or allegation(s) are accurate, and that all requirements for any objection(s) 

and/or a rejection(s) have been met. Accordingly, Applicant reserves the right to analyze and 

dispute any such assertion(s), implication(s), and/or allegation(s) in the future. 

Dated: September 8, 2022 
New York, New York 

4862-6786-6673v. l 

Respectfully submitted, 

AMSTER, ROTHSTEIN & EBENSTEIN LLP 
Attorneys for Applicant 
90 Park A venue 
New York, NY 10016 
(212) 336-8000 

By: I Keith J. Barkaus/ 
Keith J. Barkaus 
Registration No. 51,431 

7 



Electronic Acknowledgement Receipt 

EFSID: 46579849 

Application Number: 17723145 

International Application Number: 

Confirmation Number: 1635 

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. BarkausNictoria Gilmore 

Filer Authorized By: Keith J. Barkaus 

Attorney Docket Number: 00287-0017 

Receipt Date: 08-SEP-2022 

Filing Date: 18-APR-2022 

Time Stamp: 17:22:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

133370 

1 1-ResponsetoNFOA.pdf yes 7 
3fab36df371 e49fc5c82748154c9788c7e7d 

1cdf 



Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Request for Reconsideration-After Non-Final Rejection 1 1 

Claims 2 5 

Applicant Arguments/Remarks Made in an Amendment 6 7 

Warnings: 

Information: 

Total Files Size (in bytes) 133370 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

17/723,145 04/18/2022 

1912 7590 09/08/2022 

AMSTER, ROTHSTEIN & EBENSTEIN LLP 
90 PARK A VENUE 
NEW YORK, NY 10016 

FIRST NAMED INVENTOR 

Nima Badizadegan 

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

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

ATTORNEY DOCKET NO. 

00287-0017 

CONFIRMATION NO. 

1635 

EXAMINER 

CHENG, DIANA 

ART UNIT PAPER NUMBER 

2849 

MAIL DATE DELIVERY MODE 

09/08/2022 PAPER 

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

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

PTOL-90A (Rev. 04/07) 



Application No. 
17/723, 145 

Applicant(s) 
Badizadegan, Nima 

Office Action Summary Examiner 

Diana J Cheng 

Art Unit 

2849 

AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on 06/02/2022. 
□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)D This action is FINAL. 2b) 0 This action is non-final. 
3)□ An election was made by the applicant in response to a restriction requirement set forth during the interview 

on __ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) 0 Claim(s) 1-12 is/are pending in the application. 

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

6) D Claim(s) is/are allowed. 

7) 0 Claim(s) 1-10 is/are rejected. 

8) 0 Claim(s) 11-12 is/are objected to. 

9) □ Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on 04/18/2022 is/are: a)0 accepted or b)□ objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

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

Certified copies: 

a)□ All b)D Some** c)□ None of the: 

1.□ Certified copies of the priority documents have been received. 

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

3.□ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) D Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) D Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) D Other: __ . 

Part of Paper No./Mail Date 20220902 



Application/Control Number: 17/723, 145 
Art Unit: 2849 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

Page 2 

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

under the first inventor to file provisions of the AIA. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the conflicting claims are not identical, but at 

least one examined application claim is not patentably distinct from the reference 

claim(s) because the examined application claim is either anticipated by, or would have 

been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 

USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. 

Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on nonstatutory 

double patenting provided the reference application or patent either is shown to be 

commonly owned with the examined application, or claims an invention made as a 

result of activities undertaken within the scope of a joint research agreement. See 
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MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. tor 

applications not subject to examination under the first inventor to file provisions of the 

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/patent/patents-forms. The filing date of the application 

in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, 

PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may 

be filled out completely online using web-screens. An eTerminal Disclaimer that meets 

all requirements is auto-processed and approved immediately upon submission. For 

more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Claims 1, 4, 8, and 10 are rejected on the ground of nonstatutory double 

patenting as being unpatentable over claims 1, 5, 1, and 8 of U.S. Patent No. 

10,763,865, respectively. Although the claims at issue are not identical, they are not 

patentably distinct from each other because the claimed limitations the present 

invention are recited in the respective claims of U.S. Patent No. 10,763,865. 

Claims 1, 4, and 10 are rejected on the ground of nonstatutory double patenting 

as being unpatentable over claims 1, 6, and 8 of U.S. Patent No. 10,771,069, 

respectively. Although the claims at issue are not identical, they are not patentably 

distinct from each other because the claimed limitations the present invention are 

recited in the respective claims of U.S. Patent No. 10,771,069. 
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Claim 1 is rejected on the ground of nonstatutory double patenting as being 

unpatentable over claim 12 of U.S. Patent No. 10,826,502, respectively. Although the 

claims at issue are not identical, they are not patentably distinct from each other 

because the claimed limitations the present invention are recited in the respective 

claims of U.S. Patent No. 10,826,502. 

Claim 1 is rejected on the ground of nonstatutory double patenting as being 

unpatentable over claim 10 of U.S. Patent No. 10,931,286, respectively. Although the 

claims at issue are not identical, they are not patentably distinct from each other 

because the claimed limitations the present invention are recited in the respective 

claims of U.S. Patent No. 10,931,286. 

Claims 1, 4, and 10 are rejected on the ground of nonstatutory double patenting 

as being unpatentable over claims 1, 6, and 8 of U.S. Patent No. 11,018,678, 

respectively. Although the claims at issue are not identical, they are not patentably 

distinct from each other because the claimed limitations the present invention are 

recited in the respective claims of U.S. Patent No. 11,018,678. 

Claims 1-3, 8 and 10 are rejected on the ground of nonstatutory double patenting 

as being unpatentable over claims 1, 20, 20, 1, and 8 of U.S. Patent No. 11,128,305, 

respectively. Although the claims at issue are not identical, they are not patentably 

distinct from each other because the claimed limitations the present invention are 

recited in the respective claims of U.S. Patent No. 11,128,305. 

Claims 1-10 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1, 24, 24, 7, 13-15, 1, 8 and 9 of U.S. Patent No. 11,329,655, 

respectively. Although the claims at issue are not identical, they are not patentably 
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recited in the respective claims of U.S. Patent No. 11,329,655. 

Page 5 

Claim 1 is provisionally rejected on the ground of nonstatutory double patenting 

as being unpatentable over claim 10 of copending Application No. 17/405, 188 

(reference application). Although the claims at issue are not identical, they are not 

patentably distinct from each other because the claimed limitations of the present 

invention are recited in the respective claims of copending Application No. 17/405, 188. 

This is a provisional nonstatutory double patenting rejection because the 

patentably indistinct claims have not in fact been published as patented. 

Allowable Subject Matter 

Claims 11 and 12 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

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 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 
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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, Menatoallah Youssef can be reached on (571 )270-3684. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273-8300. 

Information regarding the status of published or unpublished applications may be 

obtained from Patent Center. Unpublished application information in Patent Center is 

available to registered users. To file and manage patent submissions in Patent Center, 

visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent­

center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For 

additional questions, contact the Electronic Business Center (EBC) at 866-217-9197 

(toll-free). If you would like assistance from a USPTO Customer Service 

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

/DIANA J. CHENG/ 
Primary Examiner, Art Unit 2849 



Search Notes 

CPC - Searched* 

Symbol 

Application/Control No. 

17/723,145 

Examiner 

Diana J Cheng 

H03L7/085,087,089,0891,0893,0895,0896,0898,091,093,095 

G06F30/30,34,343,347 

G06F1/04,08 H04J3/0658 H03L2207/50 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

Badizadegan, Nima 

Art Unit 

2849 

Date Examiner 

09/02/2022 DJC 

09/02/2022 DJC 

09/02/2022 DJC 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

Refreshed Search 09/02/2022 DJC 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

U.S. Patent and Trademark Office 
Page 1 of 1 

Part of Paper No.: 20220902 



Receipt date: 06/02/2022 17/723,145 - GAU: 2849 

Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 17723145 

Filing Date )022-04-18 

INFORMATION DISCLOSURE First Named Inventor I t'Jima 8adizadegan 
STATEMENT BY APPLICANT 

Art Unit 12849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number I 00281-0011 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 ~0037568 82 Q018-07-31 Taylor et al. 

2 no169814 82 R019-01-01 Parsons et al. 

3 ~068188 A n918-01-10 Yokoyama 

4 ~745372 A n9a8-o5-11 Miwa 

5 8467418 82 Q013-06-18 /\weya et al. 

6 V333570 82 R008-02-19 /\ung et al. 

7 V080345 81 Roo6-07-18 otov 

8 9330740 81 R016-05-03 Baeckler et al. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.J,C/ 



Receipt date: 06/02/2022 17/723,145 - GAU: 2849 

Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

9 ~001951 B1 t2015-04-07 Kumpulainen 

10 ~0411720 B2 t2019-09-10 enzen et al. 

11 6675306 B1 t2004-01-06 Baxter 

12 17084709 B1 t2006-08-01 eong, et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20190025413 A1 t2019-01-24 iu et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

,_ 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.J,C/ 



Receipt date: 06/02/2022 17/723,145 - GAU: 2849 

Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

1 
KILINX, "7 Series FPGAs GTX/GTH Transceivers - User Guide," Page 26, available at https:/lwww.xilinx.com/support/ 
~ocu mentation/user _gu ides/ug4 76 _?Series_ T ransceivers.pdf (August 14, 2018) _ 

2 
SARAH HARRIS, "Timing & Synchronization," Harvey Mudd College Engineering Department, Page 24, available at 
https://cseweb.ucsd.edu/classes/wi06/cse291-b/slide/let4/timingint.pdf (January 31, 2006). 

3 
SAM PALERMO, "ECEN 720 High-Speed Links: Circuits and Systems - Lab 5," Texas A&M University, Page 5, 
~vailable at: http://ece.tamu.edu/-spalermo/ecen689/ECEN720_1ab5_2017 .pdf (2017). 

4 
~L TERA, "Stratix V Device Handbook," Volume 2: Transceivers, Intel, Page 13, available at: https://www.intel.com/ 
t;ontent/damlwww/programmable/us/en/pdfs/literature/hb/stratix-v/stx5_xcvr.pdf (February 15, 2017). 

5 
STACKEXCHANGE, "Phase Frequency Detector in PLL," StackExchange, available at: https://electronics. 
stackexchange.com/questions/301402/phase-frequency-detector-in-pll (April 24, 2017). 

6 
EEE STANDARDS ASSOCIATION, "IEEE Standards for Ethernet," IEEE 802.3-2018, Section 4, Clauses 49 and 51, 
Section 6, Clauses 82 and 83, available at: https:/lstandards.ieee.org/standard/802_3-2018.html (August 31, 2018)_ 

7 
SLOBODAN MILIJEVIC, "The basics of synchronized Ethernet," EE Times-Asia, available at: https:l/www.microsemi. 
t;om/document-portal/doc_view/126475-the-basics-of-synchronized-ethernet-synce. 

MACIEJ LIPINSKI, et al., "White Rabbit: a PTP Application for Robust Sub-nanosecond Synchronization," 2011 IEEE 

8 
ntemational Symposium on Precision Clock Synchronization for Measurement, Control and Communication, Munich, 
Pages 25-30, available at: http://white-rabbit.web.cem.ch/documents/White_Rabbit-
~_PTP _application_for_robust_sub-nanosecond_synchronization.pdf (2011 ). 

9 
;::LOYD M. GARDNER, "Phaselock Techniques," Third Edition, Wiley-lnterscience, Chapters 1, 4, 9, 10, 11, 13, and 17 
2005). 

10 
UENS TWIEFEL, et al., "Digital signal processing for an adaptive phase-locked loop controller," Proceedings of SPIE -
lrhe International Society for Optical Engineering, Volume 6926 (April 2008). 

11 
CHEN YAO, "Time to Digital Converter used in ALL digital PLL," Master of Science Thesis In System-on-Chip Design, 
Stockholm (August 2011 ). 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.J,C/ 



Receipt date: 06/02/2022 17/723,145 - GAU: 2849 

Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

12 
BEHZAD RAZAVI, "A CIRCUIT FOR ALL SEASONS: The StrongARM Latch," IEEE Solid-State Circuits Magazine 
Spring 2015)_ 

13 
PING LU, et aL, "A 2-D GRO Vernier Time-to-Digital Converter with Large Input Range and Small Latency," Lund 
University- EIT Department, University of Toronto, IEEE Radio Frequency Integrated Circuits Symposium (2013)_ 

14 
CHRISTIAN LEBER, et al_ "High Frequency Trading Acceleration using FPGAs," University of Heidelberg, lnternationa 
Conference on Field Programmable Logic and Applications, Germany (2011)_ 

15 
NTERNATIONAL TELECOMMUNICATION UNION, "Timing and synchronization aspects in packet networks," ITU-T, 
G_8261/Y_1361, International Telecommunication Union (May 2006)_ 

16 
NTERNATIONAL TELECOMMUNICATION UNION, "Distribution of timing information through packet networks," ITU-
Ir, G_8264/Y_ 1364, International Telecommunication Union (August 2017)_ 

17 
EEE STANDARDS ASSOCIATION, "IEEE Standards for Ethernet," IEEE 802_3-2018, Section 4, Figure 52-4, page 
534 (2018) 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /DIANA J. CHENG/ I Date Considered 11 09/02/2022 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www_USPTO_GOV or MPEP 901 _04_ 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST3)_ 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST_ 16 if possible_ 5 Applicant is to place a check mark here i1 
English language translation is attached_ 

EFSWeb2_1-17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.J.C/ 



Receipt date: 06/02/2022 17/723,145 - GAU: 2849 

Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

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 

D 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) 2022-06-02 

Name/Print Keith J _ Barkaus Registration Number ~1,431 

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.S.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. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.J,C/ 



Receipt date: 06/02/2022 17/723,145 - GAU: 2849 

Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

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

EFSWeb 2.1.17 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.J,C/ 



PE2E SEARCH - Search History {Prior Art) 

Ref# Hits 

L119 7 

L120 0 

L121 11 

L122 647 

L123 614 

L124 13 

L125 9 

L126 59 

L127 239 

L128 27 

L129 23 

09/02/2022 04:54:38 PM 
VVorkspace: 17723145 

$earch Query DBs 

((("BADIZADEGAN") (US-PGPUB; USPAT; 
near3 ("Nima"))).INV. USOCR; EPO; JPO; 

DERWENT) 

(fpga near tranceiver) (US-PGPUB; USPAT; 
and (deserializ$4) and USOCR; FPRS; EPO; 
((gate data) near array) JPO; DERWENT; 
and serializ$4 IBM_TDB) 

tranceiver and (US-PGPUB; USPAT; 
(deserializ$4) and USOCR; FPRS; EPO; 
((gate data) near array) JPO; DERWENT; 
and serializ$4 IBM_TDB) 

(deserializ$4) and (US-PGPUB; USPAT; 
((gate data) near array) USOCR; FPRS; EPO; 
and (phase near JPO; DERWENT; 
detect$4) and serializ$4 IBM_TDB) 

fpga and L60 (US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

fpga and (deserializ$4) (US-PGPUB; USPAT; 
and ((gate data) near USOCR; FPRS; EPO; 
array) and (phase near JPO; DERWENT; 
detect$4) and IBM_TDB) 
((adjustable variable) 
near oscillat$4) and 
serializ$4 

(fpga near transceiver) (US-PGPUB; USPAT; 
and (deserializ$4) and USOCR; FPRS; EPO; 
((gate data) near array) JPO; DERWENT; 
and (phase near IBM_TDB) 
detect$4) and 
((adjustable variable) 
near oscillat$4) and 
serializ$4 

(fpga near transceiver) (US-PGPUB; USPAT; 
and (deserializ$4) and USOCR; FPRS; EPO; 
((gate data) near array) JPO; DERWENT; 
and serializ$4 IBM_TDB) 

transceiver near bank (US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(("93307 40") or (US-PGPUB; USPAT; 
("9001951 ") or USOCR; FPRS; EPO; 
("10411720") or JPO; DERWENT; 
("8675306") or IBM_TDB) 
("20190025413")).PN. 

(("10037568") or (US-PGPUB; USPAT; 
("10169814") or USOCR; FPRS; EPO; 
("4068188") or JPO; DERWENT; 

Default Plurals 
Pperator 
OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR OFF 

OR OFF 

British rl"ime Stamp 
Equivalents 
ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

OFF 

OFF 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

Page 1 of 4 
DC 



L130 25217 

L131 12297 

L132 16253 

L133 3021 

L134 886 

L135 237 

L136 68 

L137 341 

09/02/2022 04:54:38 PM 
VVorkspace: 17723145 

("4745372") or 
("8467 418")).PN. 

(H03L 7 /085,087,089,08 
91 ,0893,0895,0896,089 
8,091,093,095).cpc. 

(G06F30/30,34,343,347 
).cpc. 

(G06F1/04,08 
H04J3/0658 
H03L2207 /50).cpc. 

(L68 L70) and FPGA 

L69 and ((phase near 
lock$4 near loop) PLL) 

(L71 L72) and 
(deserial$4) and 
(serial$4) 

("20020110211" I 
"20020190751" I 
"20030052709" I 
"3473160" "4229825" 
"4680779" "5034967" 
"5084891" "5162762" 
"5184350" "5256918" 
"5357249" "5457717" 
"5481563" "5483180" 
"5552942" "5610953" 
"5689195" "5726988" 
"5757240" "5760844" 
"5781038" "5793822" 
"5802103" "5838749" 
"5896067" "5896561" 
"5909126" "5917850" 
"5920600" "5963608" 
"5974464" "5987543" 
"5999025" "6008680" 
"6031428" "6031473" 
"6091261" "6166572" 
"6178213" "6215326" 
"6223089" "6256722" 
"6259271" "6266799" 
"6292116" "6295563" 
"6327196" "6341142" 
"6374361" "6400291" 
"6407576" "6421796" 
"6463109" "6538656" 
"6631144" "6650720" 
"6834367" 
"6917661 ").PN. OR 
("7333570").URPN. 

"10037568""10169814" 
"4068188" "4745372" 

IBM_TDB) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

Page2of 4 
DC 



L138 12 

L139 23 

L140 3620 

L141 382 

L142 136 

09/02/2022 04:54:38 PM 
VVorkspace: 17723145 

"8467418" "7333570" 
"7080345" "9330740" 
"9001951""10411720" 
"6675306" 
"20190025413" 

(("10771069") or 
("10826502") or 
("10763865") or 
("10931286") or 
("11018678")).PN. 

"7084709" 

(clock NEAR domain 
NEAR crossing) 

(clock NEAR domain 
NEAR crossing).clm. 

L 141 AND ((field NEAR 
programmable NEAR 
gate NEAR array) fpga) 

JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

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

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

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 

OR OFF OFF 

OR OFF OFF 

OR ON ON 

OR ON ON 

OR ON ON 

2022/09/02 
01 :00 PM 

2022/09/02 
01 :00 PM 

2022/09/02 
03:52 PM 

2022/09/02 
03:52 PM 

2022/09/02 
03:53 PM 

Page 3of 4 
DC 



NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L143 29 L 142 AND ((phase (US-PGPUB; USPAT; 
NEAR lock$4 NEAR USOCR; FIT (AU, AP, 
loop$4) PLL) AT, BE, BG, BR, BY, 

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

PE2E SEARCH - Search History (Interference) 

Ref# Hits 

N3 0 

N4 1 

09/02/2022 04:54:38 PM 
VVorkspace: 17723145 

$earch Query DBs 

(fpga AND (US-PGPUB; USPAT) 
(deserializ$4) AND 
((gate data) NEAR 
array) AND (phase 
NEAR detect$4) AND 
((adjustable variable) 
NEAR oscillat$4) AND 
serializ$4).clm. 

(fpga AND (US-PGPUB; USPAT) 
(deserializ$4) AND 
((gate data) NEAR 
array) AND (phase 
NEAR detect$4) AND 
serializ$4).clm. 

OR ON 

Default Plurals 
pperator 
OR ON 

OR ON 

ON 2022/09/02 
03:53 PM 

British rTime Stamp 
Equivalents 
ON 

ON 

2022/09/02 
01 :02 PM 

2022/09/02 
01 :02 PM 

Page4of 4 
DC 



PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 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 displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number I Filing Date I Substitute for Form PTO-875 
17/723,145 04/18/2022 □To be Mailed 

ENTITY: D LARGE 0 SMALL D MICRO 

APPLICATION AS FILED - PART I 
Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

LJ BASIC FEE N/A N/A N/A 
(37 CFR 1.16(al, (bl, or (ell 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (ii, or (m)) 

LJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (pl, or !nii 

TOTAL CLAIMS 
minus 20 = * X $50 = 

(37CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $240 = 

(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3 
CLAIMS HIGHEST 

09/08/2022 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

I- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR w 
::iii: Total * 12 Minus ** 20 =0 X $50 = 0 C f37CFR 1.16'ill 

z Independent * 1 Minus *** 3 =0 X $240 = 0 w f37 CFR 1.16fhll 

::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

0 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3 
CLAIMS HIGHEST 

REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 
I- AMENDMENT PAID FOR z w Total * Minus ** = X $0 = 
::iii: (37 CFR 1.16"ill 

C Independent * Minus *** X $0 z (37 CFR 1.16(h)) = = 

w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( LJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 

1.16(j)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 

** If the "Hiahest Number Previouslv Paid For" IN THIS SPACE is less than 20, enter "20". /ANGELA S WHITE/ 

*** If 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 number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 07/31/2012. 0MB 0651-0031 

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

Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I ~ima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 12849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 100281-0011 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 noo37568 B2 R018-07-31 ~ayloret al. 

2 no169814 B2 Ro19-01-01 Parsons et al. 

3 ~068188 A h978-01-10 Yokoyama 

4 ~745372 A h988-os-11 Miwa 

5 ~467418 B2 R013-06-18 /\weya et al. 

6 ~333570 B2 R008-02-19 /\ung et al. 

7 ~080345 B1 Roo6-07-18 otov 

8 S33074o B1 Ro16-os-03 Baeckler et al. 

EFSWeb2.1.17 



Application Number 17723145 

Filing Date 2022-04-18 
INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

9 9001951 B1 t/015-04-07 Kumpulainen 

10 ~0411720 B2 Q019-09-10 enzen et al. 

11 6675306 B1 t/004-01-06 Baxter 

12 ~084709 B1 Q006-08-01 eong, et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20190025413 A1 t1019-01-24 iu etal. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

EFSWeb2.1.17 



Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

1 
KILINX, "7 Series FPGAs GTX/GTH Transceivers - User Guide," Page 26, available at https:/lwww.xilinx.com/support/ 
:locumentation/user_guides/ug476_7Series_ Transceivers.pdf {August 14, 2018). 

2 
SARAH HARRIS, "Timing & Synchronization," Harvey Mudd College Engineering Department, Page 24, available at 
https://cseweb.ucsd.edu/classes/wi06/cse291-b/slide/let4/timingint.pdf {January 31, 2006). 

3 
SAM PALERMO, "ECEN 720 High-Speed Links: Circuits and Systems - Lab 5," Texas A&M University, Page 5, 
~vailable at: http://ece.tamu.edu/-spalermo/ecen689/ECEN720_lab5_2017.pdf (2017). 

4 
I\LTERA, "Stratix V Device Handbook," Volume 2: Transceivers, Intel, Page 13, available at: https://www.intel.com/ 
::ontenl/damlwww/programmable/us/en/pdfs/literature/hb/stratix-v/stx5 _ xcvr.pdf {February 15, 2017). 

5 
STACKEXCHANGE, "Phase Frequency Detector in PLL," StackExchange, available at: https://electronics. 
,tackexchange.com/questions/301402/phase-frequency-detector-in-pll {April 24, 2017). 

6 
EEE STANDARDS ASSOCIATION, "IEEE Standards for Ethernet," IEEE 802.3-2018, Section 4, Clauses 49 and 51, 
Section 6, Clauses 82 and 83, available at: https://standards.ieee.org/standard/802_3-2018.html {August 31, 2018). 

7 
SLOBODAN MILIJEVIC, "The basics of synchronized Ethernet," EE Times-Asia, available at: https://www.microsemi. 
::om/document-portal/doc_ view/1264 75-the-basics-of-synchronized-ethernet-synce. 

MACIEJ LIPINSKI, et al., "White Rabbit: a PTP Application for Robust Sub-nanosecond Synchronization," 2011 IEEE 

8 
nternational Symposium on Precision Clock Synchronization for Measurement, Control and Communication, Munich, 
Pages 25-30, available at: http://white-rabbit.web.cern.ch/documents/White_Rabbit-
~_PTP _application_for_robust_sub-nanosecond_synchronization.pdf (2011 ). 

9 
rLOYD M. GARDNER, "Phaselock Techniques," Third Edition, Wiley-lnterscience, Chapters 1, 4, 9, 10, 11, 13, and 11 
2005). 

10 
JENS TWIEFEL, et al., "Digital signal processing for an adaptive phase-locked loop controller," Proceedings of SPIE -
~he International Society for Optical Engineering, Volume 6926 {April 2008). 

11 
:;HEN YAO, "Time to Digital Converter used in ALL digital PLL," Master of Science Thesis In System-on-Chip Design, 
Stockholm {August 2011 ). 

EFSWeb2.1.17 



Application Number 17723145 

Filing Date 2022-04-18 

INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

12 
BEHZAD RAZAVI, "A CIRCUIT FOR ALL SEASONS: The StrongARM Laich," IEEE Solid-Slate Circuits Magazine 
Spring 2015). 

13 
PING LU, et al., "A 2-D GRO Vernier Time-lo-Digital Converter with Large Input Range and Small Latency," Lund 
University- EIT Department, University of Toronto, IEEE Radio Frequency Integrated Circuits Symposium (2013). 

14 
:;HRISTIAN LEBER, et al. "High Frequency Trading Acceleration using FPGAs," University of Heidelberg, lnlernaliona 
:;onference on Field Programmable Logic and Applications, Germany (2011). 

15 
NTERNATIONAL TELECOMMUNICATION UNION, "Timing and synchronization aspects in packet networks," ITU-T, 
3.8261/Y.1361, International Telecommunication Union (May 2006). 

16 
NTERNATIONAL TELECOMMUNICATION UNION, "Distribution of liming information through packet networks," ITU-
T, G.8264/Y.1364, International Telecommunication Union (August 2017). 

17 
EEE STANDARDS ASSOCIATION, "IEEE Standards for Ethernet," IEEE 802.3-2018, Section 4, Figure 52-4, page 
534 (2018) 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 



Application Number 17723145 

Filing Date 2022-04-18 
INFORMATION DISCLOSURE First Named Inventor I Nima Badizadegan 
STATEMENT BY APPLICANT 

Art Unit 2849 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CHENG, Diana 

Attorney Docket Number 00287-0017 

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 

D 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) 2022-06-02 

Name/Print Keith J. Barkaus Registration Number ~1,431 

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.S.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. 

EFSWeb2.1.17 



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 
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applications filed by the present Applicant: 
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ATTORNEY 

FILING DATE STATUS 
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16/672,076 00287-0007 2019-11-01 Issued USP 10,826,502 
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Allowed - Notice of Allowance 
mailed 2022-05-25 
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Docketed New Case - Ready for 
Examination 

17/723,145 00287-0017 2022-04-18 Present Application 

The Examiner is invited to review the prosecution history of each of these applications, 

including the cited references of record and related office actions, as the Examiner deems 

appropriate. 

* * * * * 

As provided by 37 C.F.R. § l.97(g) and (h), no representation is being made that a search 

has been conducted or that this statement encompasses all the possible relevant information, and 

no inference should be made that the information and references cited are, or are considered to 

be, material to patentability because they are in this statement. No inference should be made that 

the information and references cited are prior art merely because they are in the statement. 

Since this Information Disclosure Statement is being filed within three months of the 

filing date and before the mailing date of a first Office Action on the merits in the present 

application, Applicant believes that no fee is required in connection with the filing of this 

Statement. Applicant(s) hereby petition(s) that the Information Disclosure Statement be 

considered. Please charge any fee deficiency or credit any overpayment to Deposit Account No. 
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01-1785 as needed to ensure consideration of the disclosed information under order no. 00287-

0017. 

Dated: New York, New York 
June 2, 2022 
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Attorneys for Applicant 
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(212) 336-8000 
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Decision Granting Request for 
Prioritized Examination (Track I) Examiner 

Fl Kl RTE A GEREMEW 

1. THE REQUEST FILED 18 April 2022 IS GRANTED. 

Art Unit 
OMBL 

The above-identified application has met the requirements for prioritized examination 
A. ~ for an original nonprovisional application (Track I). 
B. D for an application undergoing continued examination (RCE). 

AIA (FITF) Status 
Yes 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

filing a petition for extension of time to extend the time period for filing a reply; 

filing an amendment to amend the application to contain more than four 
independent claims, more than thirty total claims, or a multiple dependent claim; 

filing a request for continued examination ; 

filing a notice of appeal; 

filing a request for suspension of action; 

mailing of a notice of allowance; 

mailing of a final Office action; 

completion of examination as defined in 37 CFR 41.102; or 

abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to Fl Kl RTE GEREMEW at (703) 

756-1930. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282. 

/CHERYL GIBSON BAYLOR/ 
Paralegal Specialist, OPET 

U.S. Patent and Trademark Office 

PTO-2298 (Rev. 02-2012) 
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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 
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Applicant( s) 
HFT Solutions, LLC, New Canaan, CT; 
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Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
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Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
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appropriate. 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
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Projected Publication Date: Request for Non-Publication Acknowledged 

Non-Publication Request: Yes 

Early Publication Request: No 
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Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

page 2 of 4 



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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: 

Nima Badizadegan I ~iii~~~isionalApplication Number(if I 
Title of 
Invention: FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. [?] Original Application {Track One) - Prioritized Examination under§ 1.102{e){1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 

II. 

inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature/Keith J. Barkaus/ Date 2022-04-18 

~p~~~Typed) Keith J. Barkaus Practitioner 51 431 
Registration Number ' 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

~ *Total of 
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forms are submitted. 



Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-LOCKED LOOP 

As the below named inventor, I hereby declare that: 

This declaration F,_• ____ i, is directed to: .!11111 The attached application, or 

D United States application or PCT international application number _________ .. ____ _ 

filed on ______ .... _________ _ 

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

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

I hereby acknowledge that any willful false statement made in this declaration is punishabie under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avnid submitiing personal 1riformation in documents filed in a patent application that may 
contribute to identity theft Personal infomiation such as social security rwmbers, bank account numbers, or creoit card numb-ers 
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes} is never required by the USPTO 
tn support a petition or an application. If this type of persona.I information is included 1n documents submitted to the USPTO, 
petitionersfapplioants. should consider redacting such personal information from the documents before submitting them to the 
USPTO. Peti!ioner/apphcant is advised that the record of a patent application is available to the public after pubHcation ofthe 
appticafon (unless a non-publicati.on request in cornplianet, with 37 CFR 1.213(a) is made in the application) or issuane0 of a 
patent. Furthermore, the record from an abandoned applicatim1. may also be avail,3ble to the pubiic if the application ls 
referenced in a pubHshed appHcation or an issued patent (see 37 CFR i.14). Ct1ecks and credit card authorization forms 
PHl·2038 submitted for payment purposes are not retained in the appi,oation file and therefore am not publicly ava!lable 

LEGAL NAME OF INVENTOR 

Date (Optional) ·-------~---

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additions! PTOIAIN01 form for each additional inventor. 

This collection ot information is rc.,qu!red by 35 U.S.C. 115 and 37 CFR. 1.63. Troe 1r1formatlo11 is required to obtain or retam a benc.,f1! by tne pub!1c which 1s to f1:e (:one 
by the US,"TO lo process) an applica!icn, Confidentiality is governed by 35 U.S.C. ·122 and 37 CFR 1:1'! and 1.14. H1is collection is estimated \o t:oke 1 minute tc 
complete, including g;,,tierir.g, 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 cc;nplete this form andicr suggestions for reducing tnis 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. 

lf you need assistance in completing !he form1 caH 1·,800-Pr0-9199 and select option 2. 
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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/828) to identify the appiication 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/AIA828 identifies the application to which the Power of Attorney is 
directed, the Power of Attorney wiii not be recognized in the application. 

Application Number 

Filing Date Herewith 

Nima Badizadegan 
First Named Inventor 

Title FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL PHASE-
LOCKED LOOP 

Art Unit 

Examiner Name 

Attorney Docket Number 00287-0017 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Keith J. Barkaus/ Date (Optional) 2022-04-18 

Name Keith J. Barkaus Registration 51,431 
Number 

Title (if Applicant is a 
juristic: entity) 

Applicant Name (if Applicant is a juristic entity) 

I 
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 tllan one applicant, use multiple forms. 

[Z] *Total of j forms are submitted. 

This collection of information is required by 37 CFR 1.13·1, 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 coliection is estimated to take 3 minutes to complete, including ~iatllerin~l, preparing, and submitting tile completed 
application form to the USPTO. Time will vary depending upon the individuai case. Any comments on the amount of time you require 
to complete tllis 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 -/-800-PT0-9199 and select option 2. 
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I t1ereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

□ 

I Appl;caMn Number I Fmng Date 

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

I hereby appoint the Patent Practitioner(s) associated with the foiiowing Customer Number as my/our attomey(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
tile attached transmitta! letter (forn1 PTO/AiA/82A) or identJfied above: ! ----------------------------------------------------------------------------

OR 101912 
~---------~ 

i hereby appoint Practitioner(s) named in tile attached list (form PTOIAIA/82C) as my/our attorney(s) or agent(s), and to transact 
aii business in the United States Patent and Trademark Office connected therewith for tile patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 
[Z] The address associated with the above-mentioned Customer Number 

OR 

□ Tile address associated with Customer Number: [ I 
OR ~----------~ 

□ Firmor 
Individual Name 

Address 

City 

Country 

Telephone 

I State I 

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

I Zip I 

HFT Solutions, LLC I 
D Inventor or Joint Inventor (title not required below) 

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

[l] Assi~inee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

D Person Who Otherwise Shows Sufficient Proprietary interest (e.g., a petition under 37 CFR 1 A6(b)(2) was granted in the 
appiication or is concurrently being med with this document) (provide signer's title if appiicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose tit~upp.l(ed below) is au1J1orized to act on t,e~1alf of the applicant (e.g., w~1ere the applicant is a juristic: entity). 

Signature __ -,,,,,,,---';_/7 ~i, I Date (Optional) I 04/04/2022 
Name Corey Horowit~-,• 

Title Ci1airman and Chief Executive Ol'ficer 

NOTE: Sifinature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and ce1iifications. If more than one applicant, use multiple forms. 
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including gathering, preparmg, and subrrntting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require lo complete this form andior suggestions for reducing this burden, shou!d be sent to the Chief lnlormation Officer, U.S. Patent and Trademark Office, U.S. 
Depa1tment of Commerce. P,O. Box 1450, Alexamiria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THiS ADDRESS. SEr~D TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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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. 17/405,188, filed on 

August 18, 2021 and entitled FIELD PROGRAMMABLE GATE ARRAY WITH EXTERNAL 

PHASE-LOCKED LOOP, which is a continuation of U.S. Patent Application No. 17/248,304, 

filed on January 19, 2021 and entitled FIELD PROGRAMMABLE GATE ARRAY WITH 

EXTERNAL PHASE-LOCKED LOOP, which is a continuation of U.S Application No. 

16/937,314, filed on July 23, 2020 and entitled FIELD PROGRAMMABLE GATE ARRAY 

WITH EXTERNAL PHASE-LOCKED LOOP which in turn 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 

LOOP, 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 

1 
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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. 

[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 
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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 

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 
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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; 

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] 

[0010] 

[0011] 

In embodiments, the third frequency corresponds to the first frequency. 

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

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; (ii) 

to set a divider ratio; and (iii) 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. 
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[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. 

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 ofN, 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 is the second amount of data streams. 

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

x is half of the second amount of data streams. 

[0020] 

[0021] 

In embodiments, the fourth frequency is a rational multiple of the second frequency. 

In embodiments, the phase difference indicator signal is a pulse signal. 
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[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. 

[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] 

delay. 

[0030] 

[0031] 

[0032] 

In embodiments, the second adjustable oscillator is programmable with a desired 

In embodiments, the desired delay is a constant value 

In embodiments, the constant value is zero. 

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 
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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 

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: (i) 

generating, by an adjustable oscillator in the field programmable gate array system, a second clock 

signal having a fourth frequency and a fourth phase; (ii) generating a first wire rate clock signal 

having a fifth frequency and a fifth phase based on the second clock signal; (iii) 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 
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(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 (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. 

[0034] 

[0035] 

[0036] 

[0037] 

[0038] 

[0039] 

[0040] 

[0041] 

[0042] 

[0043] 

[0044] 

[0045] 

[0046] 

[0047] 

[0048] 

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

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

In embodiments, step (a) and step (b) are performed contemporaneously. 

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

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

In embodiments, step (c) and step (d) are performed contemporaneously. 

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

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

In embodiments, step (e) and step (f) are performed contemporaneously. 

In embodiments, the second frequency corresponds to the first frequency. 

In embodiments, the second phase is not aligned with the first phase. 

In embodiments, the second frequency is different from the first frequency. 

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

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

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

interface. 

[0050] 

[0051] 

[0052] 

In embodiments, the third frequency corresponds to the second frequency. 

In embodiments, the third phase is aligned with the second phase. 

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. 

[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 
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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 ofN, where 

N is an integer. 

[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. 
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[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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

to the accompanying figures, wherein: 

[0070] FIG. I is a block diagram of a conventional field programmable gate array; 

[0071] FIG. IA is a block diagram of an exemplary transceiver suitable for use in the field 

programmable gate array of FIG. I; 

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

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

[0073] FIG. IC illustrates exemplary input output waveforms of the Clock Domain 

Crossing Circuit of the field programmable gate array of FIG. I; 

[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; 
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[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; 

[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. SA 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. SB 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. SC 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. SD 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; 
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[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; 

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

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. 1 OA-1 OB 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 

13 
4863-5654-3516, V. 1 



Atty. Dkt. No. 00287-0017 

external phase controller providing phase matching between a receiver clock and a transmitter 

clock used in the field programmable gate array. 

[0099] FIG. I illustrates an exemplary schematic of a FPGA 100. Examples of currently 

available FPGAs include the XCVU3P-2FFVC l 5 l 7E, Intel I SG280LH3F55E3VG, Xilinx 

XCVU9P-2FLGA2 l 04E the Vitrex® Ultrascale, the Vitrex® Ultrascale Plus, the Stratix® V, the 

Stratix® 10, XILINX XC3042, the Intel EP4CE6E22C8LN and the Lattice 1CE40LP384-SG32, 

to name a few. 

[0100] In embodiments, FPGA I 00 may include an FPGA Core I 06 and a number of 

peripheral systems. In embodiments, the FPGA Core 106 includes 4 main components: logic 

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 I 02, hardened high-speed 

interface accelerators (e.g. PCie or 100 GbE controllers, to name a few), general-purpose 1/0 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 I 00. Some FPGA' s may not include 

FPGA Transceiver banks. 

[0101] In embodiments, data may be received by a receiver side of the transceiver 

banks I 02 in the FPGA I 00 at rates such as IO 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 11 O') suitable for use in FPGA I 00 is shown in FIG. IA. In embodiments, the input 

data may be received from 1/0 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 I/16th to I/64th 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, IO 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 
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transceiver I 02. In some FPGAs, the PCS of the transceiver I 02 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 I 06 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 I 08 (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. 

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 I 00 is shown as clock domain crossing circuit 112' in 

connection with FIG. IB. 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. IC. FIG. IC 

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 11 0a and/or transmit-side computation 11 Ob) 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 I 02 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. I 0 

Gbps, 25 Gbps, or a range from IO Gbps to 25 Gbps, or a range from I Gbps to I 00 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 I 04) and transmitter (serializer 110) of the transceiver 

I 02 operate on different clocks that are independently generated within the transceiver I 02. The 
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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 ofFPGA 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 

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

processing speed ofFPGA 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 1/0 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 221 0a where processing and computation takes 

place. The resulting data may then be provided to transmitting side computational element 221 Ob 

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 oflogic elements. In embodiments, computational logic 2210 may also 

include one or more of the following: RAM blocks or dedicated hardened accelerators. In 
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embodiments, when all computation is complete, the resulting data may be provided to serializer 

2110 and then transmitted out of FPGA 2100, preferably via 1/0 module 2120, for example. In 

embodiments, the 1/0 module 2120 may be a direct soldered cable, on-chip optics, or an on-board 

optical transceiver, to name a few. 1/0 Module 2120, may be, for example, a Samtec® 1/0 Module 

Firefly® 1/0 Module, to name a few. Additionally, the 1/0 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 

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 1/0 

module 2120 such that a first serial data stream may be transmitted from external connection 2122 
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to deserializer via the 1/0 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 1/0 

module 2120 such that a second serial data stream may be transmitted from serializer 2110 to the 

external connection 2122 via the 1/0 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 

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 1/0 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 1/0 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 
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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 

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. 

[O 114] 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 
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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 1/0 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 

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 Tl whose length is matched to a length of wire T3 between the 1/0 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 1/0 pin of 

the FPGA 2100 and the external phase detector 2206. Any length mismatch between reference 

traces Tl and wire T3 between the 1/0 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 1/0 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 
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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 

the transmitter side clock TMCLOCK to correspond to that of the receiver side clock signal 

RX CLOCK. 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 O 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: lmin = tsetup + lwire + tc1ock-out + Llljitter + lskew 

[0122] Referencing the above equation, tsetup is the setup time of a flip-flop (i.e. a latch) on 

FPGA 2100. The lwire is 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, tc1ock-out is the clock-to-output time of a flip-flop on the FPGA 2100. In 
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embodiments, Lltjitter is 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, tskew 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 

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, 1 00Hz- 40kHz, 400Hz and 4khz, 4kHz and 

1 0kHz, 1 00hz to 40kHz, 0Hz and 1 00Hz, 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 
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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 

in the filter value. The bandwidth of the standard PLL loop filter, in some embodiments, may range 

between 400Hz and 4khz, 4kHz and 1 0kHz, 1 00hz to 40kHz, 0Hz and 1 00Hz, 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 311 0; 

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 1/0 

module, such as 1/0 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 0-1 decision by the decision circuit 3112. In embodiments, the decision 
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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 

into a lower-frequency than the data stream (e.g. 114th of the data rate of the high speed data stream 

or 11256th 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 oflow 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. 
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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 

box 3118'. In embodiments, the receiver buffer 3 504 receives serial differential input data 3 502. 

In embodiments, this data is received by an 1/0 module, such as the 1/0 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 
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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 211 O'' 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 

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. 5A-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) 

26 
4863-5654-3516, V. 1 



Atty. Dkt. No. 00287-0017 

Gilbert cell multiplier and/or (6) Diode ring mixer, to name a few. FIG. SA illustrates an 

exemplary embodiment of a phase detector 2206 that utilizes D flip-flops. FIG. SB illustrates 

another exemplary embodiment of a phase detector 2206 that utilizes S-R flip-flops. FIG. SC 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. SD 

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. SC shows a Vernier TDC and Fig. SD 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 

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 ST ART 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. SC 

[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. SD 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. 
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[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 

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. 
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[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. 7 A is a block diagram of another field programmable gate array system in 

accordance with an embodiment of the present invention. The system of FIG. 7 A 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. 7 A 

is FIG. 7A shows multiple deserializers 7104a, 7104b, and multiple serializers 71 l0a, 71 l0b. 

Multiple deserializers and serializers, as opposed to one of each, allows FPGA 7100 to receive 

more input data and transmit more output data. 

[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 71 l0a, and 71 l0b. 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 1/0 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. 7 A 

may or may not include zero delay buffers 7208a, 7208b, and 7208c. In embodiments, zero-delay 

buffer 2208a may have a reference trace Tl whose length is matched to a length of wire T4 between 
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the 1/0 pin ofFPGA 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 1/0 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 1/0 pin of the FPGA 7100 and the external phase detector 7206b. Any 

length mismatch between reference traces Tl and wire T4 between the 1/0 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 1/0 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 1/0 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. 

[0152] The FPGA 7100, and all the components within the system shown in FIG. 7 A, 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 FI Gs. 2 and 7 A, 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. 
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[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 FI Gs. 2 and 7 A, 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 71 l0a-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 

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 SI571 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 of8-12 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. 
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[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 I2C 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 I2C interrupt 
Wait 

On ADC Interrupt: 
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 Control Code 
Fine= NonlinearCorrection(ControlCode - Coarse) 
Output Coarse to DELAY_ CONTROL pins 
Output Fine to DAC channel 1 

Shift Window array by 1 

On I2C Packet Received: 
Address = I2C _packet[0] 
Length = I2C _packet.length 
If I2C READ then: 

I2C _ write(I2C _regs[ Address]) 
Else: 

for i < Length: 
I2C_regs[Address + i] = I2C_packet[l + i] 

On Analog Comparator Interrupt: 
Read comparator value to Ind 
Output Ind to LOCK pin 
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[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 ofFIGs. 2, 7A-

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

[0161] The process ofFIGs. 9A-9C may begin at step S902. Referring to FIG. 9A, at step 

S902, 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 

performed before step S902. In embodiments step S904 may be performed contemporaneously 

with step S902. 

[0163] The process ofFIGs. 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. 
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[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 is 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 

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 ofN, 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] At a 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 
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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. I0A, generating the first transmitter side clock signal may begin 

at step SI 002. At step SI 002, 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. 

[0172] The process of FIGs. I0A-B may continue at a step Sl004. At step Sl004, 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, at a step S 1102, 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 S 1104, the second clock signal is processed by the transceiver phase lock 

loop. As a step SI 106, 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 Sll08. 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. 
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[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. 1 0A, 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 

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 Sl008, 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. l0A-l0B may continue with at a step Sl0l0. Referring to 

FIG. 1 OB, at a step S 1010, 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 (ifthere is any) of frequencies between the first receiver side clock signal and the interim 

side clock signal. 

[0178] At a step Sl012, 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. 
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[0179] At a step Sl014, 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 S 1016, 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 

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. I2C 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 S 1002 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 
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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. 

[O 183] 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. 

[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 ofN, 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 ofN, 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. 
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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. 

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. 
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EXAMPLE2 

[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 

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, using a field programmable gate array 

system, to generate a second serial data stream, wherein the method comprises the steps of: 

(a) receiving, by a deserializer in a field programmable array, a clock signal; 

(b) receiving, by the deserializer, the first serial data stream; 

( c) generating, by the deserializer, a receiver side clock signal; 

( d) converting, by the deserializer, the first serial data stream into a first plurality of 

parallel data streams; 

( e) transmitting, from the deserializer to computational circuitry in the field 

programmable gate array, the first plurality of parallel data streams; 

(f) transmitting, from the deserializer to a phase lock loop of the field programmable gate 

array system that is not within on the field programmable gate array, the receiver side clock 

signal; 

(g) generating, using the phase lock loop, a second clock signal; 

(h) generating, within the field programmable gate array, a transmitter side clock signal 

derived from the second clock signal; 

(i) performing, by the computational circuitry, a set of operations on at least a portion of 

the first plurality of parallel data streams to generate a second plurality of parallel data streams; 

and 

G) transmitting, from the field programmable gate array system, the second serial data 

stream, derived from the second plurality of parallel data streams, 

wherein said method does not use clock domain crossing operations that delay processing 

of the first set of parallel data streams. 
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2. The method of claim 1, wherein the first serial data stream comprises market data, the 

second serial data stream comprises order entry data, and the set of operations are associated 

with a trading algorithm. 

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

second serial data stream includes trading data. 

4. The method of claim 1, wherein the 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. 

5. The method of claim 1, wherein at least a portion of the set of operations performed in 

step (h) are performed prior to step (g). 

6. The method of claim 1, wherein at least a portion of the set of operations performed in 

step (h) are performed after step (g). 

7. The method of claim 1, wherein all of the set of operations performed in step (h) are 

performed after step (g). 

8. The method of claim 1, wherein step (g) further comprises: 

(i) generating, by the phase lock loop, a feedback clock signal associated with the 

transmitter side clock signal by performing the following steps until a first output of a phase 

detector of the field programmable gate array system is below a first threshold level: 

(1) generating, by an adjustable oscillator in the field programmable gate array 

system, the second clock signal; 

(2) generating, by the phase detector, the first output based on a comparison of the 

receiver side clock signal and the feedback clock signal obtained from the second clock 

signal; 
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(3) transmitting, from the phase detector to a phase controller of the field 

programmable gate array system, the first output; 

( 4) determining, by the phase controller, interim adjustment information based on 

the first output; and 

(5) 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, 

wherein steps (1) through (5) are repeated until the first output of the phase 

detector is below the first threshold level. 

9. The method of claim 1, wherein the first plurality of data streams has the same number of 

data streams as the second plurality of data streams. 

10. The method of claim 1, wherein the first plurality of data streams and the second plurality 

of data streams comprise one of the following: 

(i) eight (8) data streams; 

(ii) 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; 

(vii) sixty-four (64) data streams; 

(viii) eighty (80) data streams; 

(ix) one hundred twenty-eight (128) data streams; and 

(x) one hundred sixty (160) data streams. 
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11. The method of claim 1, wherein the transmitter side clock signal and the receiver side 

clock signal have the same frequency and phase. 

12. The method of claim 1, wherein the transmitter side clock signal and the receiver side 

clock signal have the same frequency and different phases. 
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ABSTRACT 

The present invention relates to a field programmable gate array system that provides phase 

control with minimal latency. 

45 
4863-5654-3516, V. 1 



10/25 GBPS DATA. 

122 

OSCILLATOR 

100 ,----------------------------------------------------------~ 
: FPGA 
I 102 106 

i 
I 
I 

I ,.. 

1411 
i 
I 
I 
i 
I 
I 

FPGA TRANSCEIVER : : FPGA CORE 
i I 

BANKS 11 
I I 
I I 

104 : : RX DATA 1l0a 
I I _ 

________ 1 __ 1 16-64 BITS -
DESERIALIZER 

-.. RECEIVE-SIDE 
. COMPUTATION ,. 

RX CLOCK 

108 100-650 MHZ iINTERlvrE 
!DATA. 

TRANSCE1VER 
112 11, 

DIATE 

OR CLOCK T_! _ _.., 

GENERATOR 50-800 MHZ 1 
1 

PLL '”� RXTOTX 

120 

I/0 A 
�~� 

MODULE 
,11,. 

,. 
EXTERl~AL 
CO~'N'ECTION 

REFERENCE 
CLOCK 

I 
l 0/25 GBPS DATA 

I I CLOCK DOMAIN 
i I '”� 

WIRE I I CROSSING 
I I 

RATE i I i INTERMEI I I )IATE 

1F CLOCK 
I I 

110 i I TX DAL\ 110b iDATA 
I I 

. 1 1 16-64 BITS 

SERIALIZER 
.... 

I I TRANSMIT-SIDE 
' I I ----11, COl\!lPTTTATION CLOCK I -- ---- --- I 

i I _ 
1 1 l 00-6'.:10 MHZ 
I I 

LL~~~~~~~~~~~~~~~~~~~~~:::::::::::::::::::::::::::::::::::_1 

PRIORART 

l?IG. 1 



:al i 
u.. ~- I 

I 
x I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I �~� 
I ,... 

I �~� -I �~� 

I 

if3g, : 



1 •::-'.'5 GE:PS DAP. 

'.:22 

O'iCll_l_,\:'(:E 
O? ... CLOCK 

0£:2-..:E::..._ .. .:-._11_}K )t3 •. :-;c:o ~\1B2 
_________________________ 1 P..EFERE~;cE 

12:J CLOC!( 

102 

F!'(iATJU.,''5'.:CleTVEF. 
:8,U,KS 

1C1-

Dc,Sf:K:ADZUc 

/":i_ -------
.l.l) 188 

' i 
'--' ---~, _V_.cJ_R_;"--�~� 

TRA¾S;~-1=:'\T.~ 
PI.l 

: !~_,.\Tt 

FP(7..,.\ 

EXD!~T/~. 
1.S-6-~ fHTS 

RX CLOCK 

!7t{GACOR.E 

~iDo 

RECEJV[-f'[DE­
,::·o~\1If~TATlON 

1::J~: 

;_a<, 

1{-Ci-65{~M}£ZI �~� ~~Y.} • .fEDIATE 

'" 12 : DXfA ' 

A
l __ ,_,j RXI �~� 

: -, ,{ .,.- ; ;- '.',.{: /, ,.-i , l, k.!·, ,)d.·, .. 1, \ ;i\ 
i--~i CFo:,..;St''<:b 

if :~ f"· T" "ll,,li!1DWf"' ¥ : ..... :--'-~• ··--

OTX 

I ?,i,};~;u I 

l 
DcTERc·JAL 
co::-.:~,;]~CTt:O?-; 

,x~~ • ,101:, """!D~ , 

rn,rnS~O;iA '"""•'''"' �:�;�~�;�:�i�:�i�~�·�;�1�: !Ò�~�~�~�\�i� '''' 
11G CtOCK 

/ 112' '-f :lllllll!lo 111111111! �~� OIIIIIIC all!! :lllllll!lo 111111111! �~� Ollllllll ~:lllllll!lo 111111111! OIIIIIIC OIIIIIIII �~� 
'.(! • 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1xdk 

I_ """"' 

X 

)( p(J,.-,_,,,,,,,{f: t, 

xpl ....... 

xp2 
/ .... 1 .... i,' ,t,. 

:<p ---·~ 
.-''IV 

01····: .. :. ... 1 I 
I 
I 

I :<4 --1········.>.:·SI 

rp {3 

I 
I 
I 
I 
I 
I 
I 

ring 
counter 

rdk ,.,, ring I 
counter I 

l?IG. lH 



RX CLOCK (XCLK) 1 1 17 17 lj 1n 
' L_J L_J L_J L_ _______ J ---------· 

WRI11~POlNTER(XP) 

WRITE DAIA(X) �~�~�~�~�_�@� 

XO REGISTER ---<( D0 X D3 X D6 ) 

Xl REGISTER -----( Dl X D4 ® 
X2 REGISTER -------( D2 X D5 ) 

TX CLOCK (RCLK) 1 n _________ _ 

REmP~~~ 

READ DATA (XS) �,�:�~�~�~�~� 

FIG. 1C 



I 

2120 

110 

2000 50-800 MHZ RX 

I FIXED- I REFERENCE 
FREQlJENCY CLOCK 

OSCILLATOR 

2100 
FPGA 

2102 
,-------------- l 
1 FPGA TRANSCEIVER : 
I . I 
1 BAr{KS , i 

I 2104 : 

LENGTH-MATCHED REFERENCE TRACE 
T1 !,-----, 

2106 

FPGACORE MEASURED 

�2�2�, %¡�8�:�I� I , RX CLOCK 
ZERO-DELAY : : 100-650 lvlliZ 
BUFFERPLL • 

.. 

RX DATA 
: I '-----.-·· �-�r %º� -:-i 16-64 BITS t: l 0/25 GBPS DATA : : %º�I� DESERlALIZER 

I I 
I I 

T3 

...-22_0_0 ____ ...., 50-800 MHZ TX : : 2108 
FREQUENCY- REFERENCE : : ~------~ 

OR PHASE- CLOCK : : _ TRANSCEIVER 
ADJUSTABLE : : PLL 

Ii 
OSCILLATOR I I -----

* : : W.R. CLOCK i 2110 
I 

L..o 
10/25 GBPS DATA i: 

RX CLOCK 
100-650 l\t1HZ 

2210 I COMPUTATION 
LOGIC 

TX DATA. 
�~� , , 16-64 BITS 

v 2206 

PHASE 
DETECTOR 

• 
T4 

MODULE ..... i I SERIALIZER I : %º� 
: '-· --------'· : TXCLOCKI 

l 
EXTERNAL 
CONNECTION 

2122 

PHASE OR 
FREQUENCY 
CONTROL 

l - - - - - - - - - - - - - - - - - - 1 l 00-650 

MHZ ZERO-DELAY . ,___,_~-~ 

2208b BUFFER PLL : : MEASURED 

1 : : TX CLOCK 
' ---------------1-----------1 . - --
,_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - t - - - - - - ff - - 1 l 00-6)0 I\.1HZ 

LOW-BAND\VIDTH LENGTH-MATCHED REFERENCE TRACE 

-

(lO0HZ TO 40KHZ B\V) �1 %Ä� 1 

PLL/DLL CONTROLLER • PHASE MEASUREMENT 

2202 
FIG.2 



D ESERIA1JZER 21 04' 
�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�1� 

I 
I 
I 
I 

3118 ---.. RX REFERENCE CLOCK 

3122 
iRX DATA 
I 
I 

SERIAL TO 
PARALLEL 

I RX �C�U�( %Ä� I 

I ,J C LK 1+-----1-----
I 3120 ---7 DIV 

3116 / 
I \V 

JJ 

DFE 

- 3112 

' 

- 311('.t:1 3108 

-------- 3 114 

3106 

,,_\ 

3102 
INPUT I 
PINS I 

I 

lNPUT BUFFER 3104 
I 

�L�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

"FIG. 3A 



DESERIALIZER 2104' 
�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�,� 

I 1118 --.. RX REFERENCE CLOCK ,., 106 
I • " '��- 3112 311(' / 3108 ..,.~ ., 

: \ ,..............~ ....... ~16 / / '.t./1 ,,, .. :z;;,' 
I 3122 SERIAi TO 1RXDATA -· ,---._, _,- lf 

PARALLEL 
I ~\ �~� I 
I ~---~ A, �~� 

RX CLK -- .----. .; ""' ..,.. \ 

3102 
INPUT I 
PINS I 

�~� I 

I 
I .....-.....__, D FE ..................... .; .; 
I 3 J 20 _: CLK _ __._ ___ __. ~--..-~ .; \\ INPUT BUFFER 31 o1 I • DIV .; r .; \ I 
l ...................................................................... Ji14 .................... 7.i:::. ....................................................... Jtr .............................. -

.; .; CTLE 3106" \ 
�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

�v 'V �+� ----­

Dkt· -t 

v~i .. 

•-.·1-·. o~r.+ ?:,,~ 

�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�J� 

F'IG. 3B 



DESERJALIZER 2104' 
�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�,� 

I 
I 
I 
I �~� 102 I ., .:. 
RX DATA 

I 

3118 --..'\ 
RX REFERENCE CLOCK 

\\ 

SERIAL TO 
PARALLEL 

3116 ;­

I,.,, I ', V ..-'¥...__....., 

\ ,..____,....---, 
JI 

I A �~� 

3112 ,,,.,-

I _...,....., ___ ,,........-#' - .,,,,,. - - -

I RX CLK --,....:_:_-----. ,,. -- ...., 

3108 3106 

3102 
INPUT I 
PINS I 

I 
I 
I 

1 ... me-- ----
' CI.)( _ __. ___ __. ~-,,--~ 1114 ...., ...., _ INPUT BUFFER 3104 
1 1)1v - - • - - - 1 L--~--------------~--~~~-------:~~~-----~ ,."' CDR3116' ---- --....,...., ----------------------------------------~ 3302 ··-...."" .,. '°.---·-· ·-........ ... RECOVERED 

�~� .. , DATA .,· " ,. 
' , 
" , 
' I 

J 

DAT:W-re+ 

\ I CHARGE 
\ PUMP 

�~� 

! 

I 

D Q---
\ vco RECOVER.ED 

CLOCK 

\ 

\ 

\ 

\ 

\ 

'"-:-JD ... 

-+ 
! 

I 

�~� 
Q D Qi------- IN 

,.. _____ _, 
,,, 

...... .,,,,."' 
........ - • - • - • -R.1~f':f~RENCE CLK ---1 

PFD 
CHAR.GE 

PUMP 

�L�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

FIG. 3C 



lJ t~I~~I/~_JZJ~:,Ji 2io~ ii!li!li!li!li! l!li!li!li!li!I !li!li!li!li!I Rli!li!li!li li!li!li!li!II ii!li!li!li!li! l!li!li!li!li!I !li!li!li!li!I Rli!li!li!li li!li!li!li!II ii!li!li!li!li! l!li!li!li!li!I !li!li!li!li!I Rli!li!li!li li!li!li!li!II ii!li!li!li!li! l!li!li!li!li!I !li!li!li!li!I li!li!li!li!II li!li!li!li!II ii!li!li!li!li! l!li!li!li!li!I !li!li!li!li5 li!li!li!li!li li!li!li!li!II ii!li!li!li!li! !li!li!li!li!I !li!li!li!li5 li!li!li!li!II li!li!li!li!II ii!li!li!li!li! !li!li!li!li!I !li!li!li!li5 

I 3118 _ RX REFERENCE CLOCK , . 
�~� 3116 r-3112 --, ' -- / 

I ,_..L-~ �~� ' / 

I 3122 SI-'RI ~, '!'(-) • '/ ..---- ..... \ '.t 
RXDATA ' !. f-\L -,- _IT 

I PARALLbL 
I 

I RXCLK <Ill- l 

I 

A 

I
,_ ..... ' 

,." I I I',, 
CLK DFE 

3108 3106 

' 
\:~""'\ 

\ 

3102 
INJ>UTI 
PINS I 

I 

INPUT BUFFER 31 OI+ 312() --::,1 1'8! ' ' i I "-
- I DIV '�� A. '' 

'�� \ ' I 
I ............................................. ~-!,. .............................. 111;;!-............................................. ::: ~""C"° ............................................ _I 

FIG. 3D 

' _LJ3112' ' �L�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 
l/ 
VPi··, 

, ; l j <,}<J 

.. ' _ 

1 

i-J ( __ ...,_1 l l L ••• J _ <--•••3 l "'· ., .· z , . ,~ �~� , ' �~� �~� _, . z , f": K •----i {s/. ,..,,,,,,__ ,,,,,,,, 1. ti 1- 1. f---• ,, A{ 
"'' 1-------

1 
____________ �,�, '�� ___ i:----___ i ____ ,,.···x: .. _ .. ______ i_i----l_'" __ b _________ _r-----1-i ,, • ,, 

X t:'-~0;':;J Y 
A.f-. ! i,,,,,,/ •.,,,,,,i �~� fvf 

•• :} r-····· �~� -~· �~� �f�·�· %º�~� • 4 
i \.(,.,,,,,,, ! 

I 'T!Tuu I , 
p ·' • ! ; ['"> r .............. ,,, .. , , .. ,,,, ........... ., �,�,�, '��,� 

i -. .--. 1 ·, ••• J .flAe . . . L. .... i i ,,_ s . ., v,,-,. v· ...... ,,,,,: t .<t ,/ Alf.,-. . 1 f,,,,, ..... ,./ V,-.. •., 
1.~ �~� s , �.%º�.� 1Vf.·1 / �~� ). �~� ,;~ I,./.. 

',, l__ ____ _._, ________ , .. ______________ , .. __ J "!' 

,,,, . ; .,,,J 
f K ........... 1 l !vf .. , 
L< :: ... , , .,/ 



DESERIALIZER 2104" 
�r�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

Receiver PMA3512 
I 

I 
3508 

; 3118' 

I v·--/ 
I 
I Parallel Data . Receiver Serial To Serial Data 

- ,_ 
-If" 

Parallel PCS 
.. Parallel 

I 
Data to I\ I\ 

I -~ 
FPGA 

,l i I Core 
Serial Clock 

I 2106 
Parallel Clock 

3516 3504 

j) ,( 
) 

Se1ial Data 
CDR 

. Receiver ... 
Bufier 

.. 
�~� 

.. -

I 
Receiver I 

Serial I 
Differential I 
Input Data 

1 
3502 I 

L----------------------------------------1 
FIG. 3E 



SERJALIZER 2110' 
�r�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

TX DATA 
4102 

PARAlLEL 
TO SERIAL 

TXCLK %Ä� I 

4110 
CLK 

4108 _ __,.,.-..,I DIV ----

4106 

WIRE-RATE CLOCK 4112 

OUTPUT BUFFER 
4114 

(FROM TRANSCErVER PLL 2108) 

OUTPUT 
PINS 4116 

L----------------------------------------1 
FIG. 4A 

SERIAUZER 2110" 
�r�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

Parallel Data Transrnitter PMA 4216 Transmitter Serial I 
FromFPGA lhtterential Uutpu - . -- .. - t I 

I Data 4218 .... Parallel to Serial 
Transmitter 

Core 2106 Transmitter .... 
4104' .ii,, 

Buffer 4214 ... 
..... 

PCS 4206 

D, ~-
Parallel Clod 

Clock 
Wire-rate clock .,., Generation Serial Clock 

. 

4112 Block 4210 

L----------------------------------------1 
FIG. 4B 



rllllllllllllllllllllilllllllll'llllllllll!llllllll!illllllllllllllllllllilllllllll'llllllllll!llllllll!illllllllllllllllllllilllllllll' 

r 1111111111 1111111111 1111111111 '111111111, llllllllll illlllllll' 1111111111 1111111111 '111111111, 1111111111 1111111111 

IIIIIIIXOIIIIIICllllllllll~IIIIIIIIIIIIIIIIIIXOIIIIIICIIIIIIIIO~IIIIIIIIIIIIIIIIIIXIIIIIIIIIIIIIIIIIIO~ 

'-0 
C) 
N 
N 

1--, 

0 _,_. 
Ll 
0.) ..... 
<l) 

Q 
<l) 
VJ 
�~� 

,..c:: 
�~� -



IOOOOI OOOOC IIOOOCI ilOOOO IOOOOI IOOOOI OOOOC IIOOOCI ilOOOO IOOOOI OOOOC OOOOC IIOOOCI ilOOOO IOOOOI OOOOC OOOOC IIOOOCI ilOOOO IOOOOI OOOOC 000111 

I"""\ ,.... 

Cl 

0 
�~� ,., 

>-< '""' I"""\ <1, ,.... 
,-.. ' V -r ' iTl 
V -CT' 

,...., 
'""' ...... 
I"""\ -

• <Ill> • u • <Ill> <Ill> Rf') 

<Ill> • <Ill> :j -i;;.., 
r""Y "-

I"""\ ,.... 

0 



Phase Detector 2206"" 
�,�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

' !'--�~� 

U1 

U2 

I~ 

,_ 

..__ 

/ v / 

' �~� 
;I"" v 

" / 

�~� 
V 

r--.. 
�~� 

t,., v 
r-... r-,.. 

�~� 
v v v 

PD 

PD 

-
PD n 
• 
tt DECODER 1-- DELAY 

• 

PD ............... ,.............. 

PD 

PD 

�L�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�J� 

'FIG. 5D 



RX CLOCK __ __, I r. .. 
~,, 

l C~.]ylllZ-> Minimum delay ~0) ~,_) "·,, ...... ,,.~~axinmrn delay 6108A 

6106A ---1s.c CLOCK _____ ___j I I I , I i------------

61068 

100-650 
MHZ 

RX CLOCK 

FIG. 6A 

I [ ....................... 
I ', 

l 00-650 MIJZ-'--7 Minimum delav (0) l ',.... ~faximum delav 6108B 
___,/- �~� J • ' '·< J ,------, 

---TX CLOCK I I j I '•,.,1 ~-
100-650 
MHZ l<'IG.6B 

RX CLOCK -- l I; ......... ,.... I I , -......... 
100-650~1HZ.-----~ Minimum delay¾ '·--....... , .. _ Maximum delay 6108C 

6106C ------- .-----. : ........ __ .-----, .-------, 
TX CLOCK 7 I I I I 1 .__I~ 

6106D 

l 00-650 
MHZ 

TX CLOCK 
100-650 

FlG. 6C 

I [, ........... 
! ... _ ..... 

l\1HZ ___ -----;> Minimum delay (0) l '·---...... Maximum delay 6108D 
__/'- --~ - y ........ , ---~ 

------RXCLOCK I I I I '4 I ~I_ 
100-650 MHZ 

FIG. 6D 



EXTERNAL 
CONNECTION 
,+ 7122 

7000 

FIXED­
FREQUENCY 
OSCILLATOR 

7100 : Tl ---------------------------------------L-----:-----. i I 
i I 7102 FPGA 7106 ' ---------------1,-----------------

: FPGA TRANSCEIVER 1 1 FPGA CORE 
i I 1 

: BANKS 
I 
I 
I 
I 
I 
I 
I 

�~� 
RXDATAA 

'7?08a 
I~ ----• 

_,.,, .. 

~

i :: 
I 1 

ZERO-DE __ :_1 T4 
BUFFER PLL 

7210 

i l,---------+--1-....-1 
I 

I 111 

i I 
I I 

DESERIALIZER I 
I _,__ _____ __,_ r, RX CLOCK A 7206a 

VO MODULE 

7120 7200a 

ADJUST,\BLE 
11 �~� DELAY LINE 

i I 
i I 
I I 

7104a 
i I 
i I 7104b 
I I 

I I 
I I 
I I 
I I 
I I 
I I RXDATAB I 

i I , · . ! I 
DESERJALIZER I I 

: : 1.. _______ _;-~:- 1 _R_X_;_(_:I-,(-)-C-:K-B~-
1 I I I 

i I --------~ 11 

COMPUTATION 
LOGIC s 

�~� 7206b 
TS 

I I SERIAUZER I 1TXDATAA 
L-----------:--'----1 

FREQlJENCY-
ORPHASE­

ADIDSTABLE 
OSCILLATOR 

7110a 1 1 
I I 

,--· _ ... ,---· : : 'I'X I) \'I'AI} ZERO-DELAY 
SERIAUZER I ,· h. } . BUFFER PLL I I i T2 

711 Ob : 1 7208b ,___ ______ __, -;-----> 

I I --------- I 1 I I I 1 

TRANSCEIVER : : nose ZERO-DELAY : : 
1 1 PLL 7108 : : TX CLOCK BUFFER PLL ,_1_:----~ 

i I '-----------' I I - / • 1..----------' I I 
i I I I I I 
I ! ___________________ • ! __ - - - - - - - - - - - - - - - - - - - - - - - - - • I 
L--------------------------------------

T6 

1 
I 

7202al L T3 
• DLL CONTROLLER f 

». 7200b 

7202b 
PLL/DLL CONTROLLER ------------------~ 

FIG. 7A 



7000 TWO' 
I ----------------------------------------

I~ __________ _7]Q2' FPGA 7106': 
i I . _ .., !P'"'°""'"""' .... ....,....,...,,.,,. .... """ ,.,,. .... ....,"""' .... ...., """'"'°""'""" ............. ...,,.,,. .... i 

FIXED OSC 

: 1 TRANSCEIVERS : : FPGA CORE 7208a : : 
'' I z-1-I - I 1 r- _________ __; __ _t_ - DES 7104a ___ _t_,___________ -" ) :S PLL r+.1--,----.------r--~ 

'7'1001 1-------...l I i ..._ ____ _i I i 'c.. ) ,-------- I I ,------~ I I 

I DELAY DES 7104b 1-1-+----- i ZDB PLL --:--'----1 -----+----1--J__..i 

720
-n L P __ ___ __, 1...- _____ ...1 1 1 i 1 1 

vC ---r"'-.._______ r------- I I 7!208C ,------~ 1 
I 

DES 7104c 1--r-.---- • ZDB PLL 1-i-': 1--+----1--111,1 

I/0 
MODULE(S) 

7120' f 
t 

EXTERNAL 
CONNECT1ON 

7122' 

DELAY 

DELAY 

7200d 

I I I I 
i i ,------~ i i 

DEs 1104d r---r, 1 ------T zDB PLL 1-r-'
1 

1---1-111,l 

i i I 

SER 7110a 

SER 7110b 

SER 71 l0c 

! 7208d 1
1 

• ,1'. ! ,1'. ,1'. !,1'.:'f i : I 
a 1 11 

COlvIPUTA.TION 
LOGIC 

7210 

I 
I 
I 
I 
I 
I 
i 
I 
I 

SER 7 l lOd �I %Ä� : : I I %º�I� ZDB PLL 8 
I I '-· -------1. i I 

: : 7208e : : 
11 1 1 

11 
1

1 

I 7108 Ii Ii 

L::::::: :I::::: - - I I============ - - - - - - - - - - - - - - j: 

XC\lRPLL 

I ADJ OSC �1 %Ä�7�2�0�2 �a� I CONTROLLER I 

7200a 
7202d ! CONTROLLER I 

7202c I CONTROLLER 1 

PD 
-,-l 

7206< 

I 7202b I CONTROLLER �1 %Ä�.�.�-�-�-�-�-�-�-�-�-�-�_�_�J� 

FIG. 7H 



7100" 
7000 

r FIXED OSC 

1--------------------------------------------
j rJJ('" 
1 ,--- - - ---- - _ ]lQii:---~.:. _r~-;. _____ ---- __ ---- -~l_0§~': 7206f 72~6d 7296b 

TRA~SCEIVERS ___ 1_: FPGA CORE 7208a : : \ 7206e / 72(;6c 
1
\ 

DES 7104a ----tr----------- ZDB PLL ---i--(----------, , ,-----------1------------- 1 

'Y)00b _ 1 
1 

, \ , 1 ; /.:-, i - i I I f 

t------lll<I DELA"; DES 7104b I ZDB PLL 1 • 
"'20·- F=-=~===·1::::! I I ~======::::: \ 
1 Uc---- -~- DEI AY DES 7l04c 1--,-'--

1 
--1 ZDB PLL rr--t-'+·'.-+--t-+-i--+:..........,-

7200d ; _, - 1 1 
,- _ I, 

- --------DELAY DES 7104d !----,¾-----l ZDB PLL •, 
T'00 t : :.:======== I I ' /., e-- t DELAY DES 7104e 

1 
; ZDB PLL 

I/0 
MODULE(S) 

7120" �~� 

t 
EXTERNAL 

, 1 i 

DELAY DES 7104f ---{-i--------------1 ZDB PLL 
I : 

I 7200f SER 711 0a I I _ 7208f 
1-is-+H+-1-----1 ,...;======~ v ···""·"'- 1210 

SER 7110b 
SER 7110c COJVlPUTATION 

I SE'l' LOGIC 
1 

1 -- • "- 71 l Od 
I 

I 
1 1------ SER 7J 10e 

CONNECT1ON 
--------------H------ SER 711 Of t--:--t--------L_-ll!J_Z_D_B_P_L_L ___ l_Mj PD I 7122'' 

I I '-------I I I 

I I ----- XCVR PLL 72080 I I 
I I ..._ _ __,,,.---1 I I b : 1 / 

:I 7108 :I 1
1 

( 

1~::::::: ::::---L===========--------------~: I 

7202a j T 72·-6· 7200a ADJ OSC ----------------CONTROLLER �~� U a 
I 7 2 ~,f 
~---------_!_'.!:'.';!_:_(L':!c_jl CONTROLLER �1�-%Ä�-�-�-�-�-�_�_�J� 

I 7202el CONTROLLER �I %Ä� I 

I 
7202d I CONTROLLER �I %Ä� I 

I 7~r)2 
~-----------1-.f.L~lr.:::::c~· 1 CONTROLLER �I %Ä� I 

I 
7202b j CONTROLLER �I %Ä� I 

FIG. 7C 



8300 

FC -,.. 
8202b 8200 TX REFERENCE 

ATSA1v1L21 
SI57l VCXO 161.1328125 MHZ . . 161 1328125 MHz e==========c!lil 

MICROCONTROLLER ANALOG. 
ANDFC 

:1:160 PPM 

8000 RX REFER.ENCE 

FC Sl570 161.1328125 MHZ 
ANALOG �~� OSCILLATOR ==========,• ,. 

DIFFERENTIAL 161.1328125 MHz VITA 57.l FMC 
CONNECTOR 

8202a 8206 
(TO HOST 

THS452 l-BASED ANALOG BOARD WITH 

DIFFERENTIAL DIFFERENTIAL MC100EP40 '4=============== = FPGA) 
= ------ PHASE �~� MEASURED CLOCKS 

ANTI-ALIASING ============== �~� 

FILrER DETECTOR Tl 
ZERO DELAY~ 

8120 8320 
TXS0108 COMPENSATION �~� 

,- . VOLTAGE LE\lEL T2 ,- ...... 
IA .. 

LOW SPEED TRANSLATOR 
..... ,.. 

SFP+ LOW SPEED SFP SIGNALS 
CONNECTOR 

-
HIGH SPEED TRANSCEIVER CHANNELS 

FIG. 8A 



8400 PHASE- 8410 
FPGAHOST 

�~� 

FMC . LOCKING 
�~� �~� 

BOARD DAUGHTER 
CARD 

- ___ ...., 

- ______________________________________________________ :::_~-::::::::::::::::~::-------~--~ 
8300 

FC -
8202b i 

. 
8200 TX REFERENCE 

ATSA1v1L2l 
S1571 VCXO 161.1328125 MHZ 

MICROCONTROLLER ANALOG:: 161.13~8125 J\;ffiz ~----------=• 
AND FC +160 PPM 

8000 RX REFERENCE 

FC . 
SI570 161.1328125 MHZ 

ANALOG - OSCILLATOR ===========• 
DIFFERENTIAL 161.1328125 MHz VITA 57.1 FMC 

CONNECTOR 

8202a 8206 
(TO HOST 

THS4 521-BASED ANALOG BOARDvVITH 

DIFFERENTLI\L DIFFERENTLAL MC100EP40 i..=============== �~� FPGA) 
= �~� ---------- Pr_1ASE l<f= MEASURED CLOCKS 

ANTI-ALIASING ============== = 

FILTER DETECTOR Tl 

8120 8320 ZERO DELAY~ 
('()MP!::Ns ,\I'I()N: �~� TXS0108 ./ .,L • _J.,L ~--L L........ 

,. . VOLTAGE LEVEL T2 
�~� . 

�~� . 
LO\V SPEED SFP+ TRANSLATOR 

. 
LOW SPEED SFP SIGNALS 

CON1'-rECTOR 
,. 

HIGH SPEED TRANSCEIVER CHANNELS , __ -
l<'IG.8B 



S902: 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 

i 
5904: receiving, by a first reference dock pin in the first interface, a first dock signal having a first frequency 
and a first phase 

i 
S906: 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 dock pin in the first interface to the deseriaiizer, the first dock 
signal 

! 
S910: generating. by the deserializer, a first receiver side dock signal having a second frequency and a second 
phase, based on the first dock signal 

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

1 
S914: transmitting, from the deseria!izer to computational circuitry in the field programmable gate array, the 
first receiver side dock signal 

i 
Continued with FIG. 9B 

FIG. 9A 



Continued From FIG. 9A 

S916: transmitting, from the deserializer to the computational circuitry, the first plurality of data streams 
comprising a first plurality of data items 

S918: transmitting, from the deserializer via a first dock 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 

S920: generating, using the field programmable gate array system, a first transmitter side dock signal having a 
third frequency and a third phase 

,, 

S922: transmitting, from the serializer to the computational circuitry, the first transmitter side clock signal 

,, 
S924: 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 

11r 

Continued with FIG. 9C 

FIG, 9B 



Continued From FIG. 98 

S926: transmitting, from the computational circuitry to the seriaiizer, 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 

,, 
S930: 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 

FIG, 9C 



~------------------------------S920: generating, using the field programmable gate array system, a first transmitter 
side dock 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 

S1002: generating, by an adjustable oscillator in the field programmable gate array system, 
a second clock signal having a fourth frequency and a fourth phase 

S1004: generating a first wire rate clock signal having a fifth frequency and a fifth phase 
based on the second clock signal 

S1006: generating, by a serializer in the field programmable gate array, an interim 
transmitter side clock signal having a sixth frequency and a sixth phase 

S1008: 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 



Continued From FIG. 10A 

S1010: generating, by the phase detector, the first output based on a comparison of the 
first receiver side dock signal and the interim transmitter side dock signal 

" 
S1012: transmit, 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 

,. 

S1014: determining, by the phase controller, interim adjustment information based on the 
first output 

', 

S1016: 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 S1002 through S1016 are repeated 
until the first output of the phase detector ls below the first threshold level 
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FIG. 10B 



r------------------------------S1004: generating a first wire rate clock signal having a fifth frequency and a fifth 
phase based on the second dock signal 

S1102: 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 

,. 

S1104: processing, by the transceiver phase lock loop, the received second clock signal 

,. 

S1106: providing, by the transceiver phase lock loop, the wire rate clock signal based on the 
processing of the received clock signal 

" 

S1108: transmitting, by the transceiver phase lock loop, the wire rate clock signal to the 
serializer 

------------------------------J 
FIG. 11 
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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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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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: 

Inventor 1 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Nima Badizadegan 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Salem I State/Province I NH I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 61 Kelly Rd 

Address2 

City I Salem I State/Province I NH 

Postal Code I 03079 I Country i I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be generated 

I Add I 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). 

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

Customer Number 1912 

Email Address ptodocket@arelaw.com I I Add Email I I Remove Email I 

Application Information: 

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

Attorney Docket Number 00287-0017 I Small Entity Status Claimed �~� 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 26 I Suggested Figure for Publication (if any) I 
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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). ;_ 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time ofRequest 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 35 u.s.c. 
122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an 
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen 
months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number 
will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 1912 

Prefix Given Name Middle Name Family Name Suffix 

I Remove I 

Registration Number 

Prefix Given Name Middle Name Family Name Suffix 

I Remove I 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 
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Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate National 
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific 
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Application Number 

Application 
Number 

Continuity Type 

Continuation of 

Continuity Type 
Prior Application 

Number 

17405188 Continuation of 17248304 

Application 
Number 

Continuity Type 
Prior Application 

Number 

17248304 Continuation of 16937314 

Application 
Number 

Continuity Type 
Prior Application 

Number 

16937314 Continuation of 16672076 

Application Number Continuity Type 

16672076 Claims benefit of provisional 

Application Number Continuity Type 

16672076 Claims benefit of provisional 

Prior Application Number 
Filing or 371 (c) Date 

(YYYY-MM-DD) 

17405188 

Filing Date 
(YYYY-MM-DD) 

2021-01-19 

Filing Date 
(YYYY-MM-DD) 

2020-07-23 

Filing Date 
(YYYY-MM-DD) 

2019-11-01 

2021-08-18 

Patent Number 

11128305 

Patent Number 

10931286 

Patent Number 

10826502 

Issue Date 
(YYYY-MM-DD) 

2021-09-21 

Issue Date 
(YYYY-MM-DD) 

2021-02-23 

Issue Date 
(YYYY-MM-DD) 

2020-11-03 

Filing or 371 (c) Date 
Prior Application Number (YYYY-MM-DD) 

62803017 2019-02-08 

Filing or 371 (c) Date 
Prior Application Number (YYYY-MM-DD) 

62755804 2018-11-05 

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

Foreign Priority Information: 
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Application Number 
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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 

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 Jrrn be used by the Office to automatically attempt retrieval 

pursuant to 37 CFR 1.SS(i)(l) 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.SS(g)(l). 

Application Number Country
1 Filing Date (YYYY-MM-DD) 

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

Access Codei(if applicable) 

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

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

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

0 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 AIA. 
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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 Bin 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 offiling of this Authorization. See 37 CFR l.14(h)(l ). 

B. Search Results from U.S. Application to EPO- Unless box Bin 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 l.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 
D 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 1 A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D 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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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. 

I Clear I 

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

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

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

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. �~� 
Organization Name I HFT Solutions, LLC 

Mailing Address Information For Applicant: 

Address 1 65 Locust Avenue 

Address 2 

City New Canaan State/Province CT 

Country
1 I us Postal Code 06840 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 
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Assignee Information including Non-Applicant Assignee Information: 

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

Assignee 1 
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application 
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an 
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application 
publication. 

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

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 
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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 behalfofalljoint inventor-applicants. 

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

Signature /Keith J. Barkaus/ Date (YYYY-MM-DD) 

First Name Keith J. I Last Name I Barkaus I Registration Number 51431 

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