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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No. 28427US15
 

In the Application of:

Madhukar Reddy Electronically Filed: July 12, 2022

Serial No.: Not yet assigned

Filed: Concurrently

SYSTEM AND METHOD FOR

Title: RECEIVING A TELEVISION
SIGNAL

Group Art Unit: Not yet assigned

Confirmation No.: Not yet assigned

Customer No.: 23466

   
 

PRELIMINARY AMENDMENT

Applicant submits this Preliminary Amendment in connection with the above-

identified newly filed continuation application (“Instant Application”).

CONTENTS OF THIS CORRESPONDENCE

General Statement on Filing of Amendments begins on page 2.

Amendmentsto the Specification begin on page 3.

Amendments to the Claims begin on page4.

Remarksbegin on page8.
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Attorney Docket No. 28427US15

Filmg Of Amendments

Title 37 USC, §1.125(a) states that “If the number or nature of the amendments or the

legibility of the application papers rendersit difficult to consider the application, or to arrange the

papersfor printing or copying, the Office may require the entire specification, including the claims,

or any part thereof, be rewritten.” The Applicant submits that this does not apply in the present

situation because the preliminary amendment submitted wasin the proper format, docs not include

an excessive number of amendments, and is perfectly legible. Accordingly, the Applicant

respectfully submits that, in general, a preliminary amendment is a proper vehicle for effecting

changesto the claims.
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Amendmentsto the Specification

Please amendthetitle as follows:

SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL WIDEBAND

FUNERARCHITECTURE

 

Please amend paragraph [0001] as follows:

[0001] This application is a continuation of U.S. patent application 17587,462 filed on

January 28, 2022 (allowed), which is a continuation of U.S. patent application 17/217,244

filed on March 30, 2021 (abandoned), which is a continuation of U.S. patent application

16/430,506 (now patent 10,972,781) filed on June 4, 2019, which is a continuation of U.S.

patent application 15/792,318 (now patent 10,313,733) filed October 24, 2017, which is a

continuation of U.S. patent application 14/948,881 (now patent 9,819,992) filed November

23, 2015, which is a continuation of U.S. patent application 14/617,973 (now patent 

9,210,363) filed on February 10, 2015, which 1s a continuation of U.S. patent application

13/962,871 (now patent 9,100,622) filed on August 08, 2013, which is a continuation of

U.S. patent application 12/762,900 filed on April 19, 2010 (now U.S.Patent 8,526,898),

which claims the benefit of priority to U.S. provisional application 61/170,526 filed April

17, 2009, now expired. Each of the above referenced documents is hereby incorporated by

reference in its entirety.
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Attorney Docket No. 28427US15

Amendments to the Claims:

This listing of claims will replace all prior version and listings of claims in the

application.

Whatis claimed 1s:

1-18 (Cancelled)

19.

20.

21.

(New) A method for operating a television receiver, comprising:

receiving, by an input terminal, an input signal comprising broadcast channels, the

broadcast channels comprising a plurality of desired channels and a

plurality of undesired channels;

processing, by a radio front end coupled to the input terminal, the input signal to

generate a processed input signal;

concurrently digitizing, by an analog-to-digital converter (ADC) coupled to the

radio front end,all broadcast channels in the processed input signal to

generate a digitized signal;

selecting, by a digital frontend (DFE) coupled to the ADC,the plurality of desired

channels from the digitized signal; and

outputting, by the DFE,the selected plurality of desired channels to at least one

demodulator as a digital datastream, wherein the demodulator extracts

information encodedin the digital datastream.

(New) The method of claim 19, wherein the DFE outputs the digital datastream

via a serial interface.

(New) The method of claim 19, wherein the DFE outputs the digital datastream

via a parallel interface.

-4-
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22.

23.

24.

25.

206.

27.

28.

29.

Attorney Docket No. 28427US15

(New) The methodof claim 19, wherein the ADC comprises:

a first ADC configured to generate a digital in-phase signal; and

a second ADC configured to generate a digital quadrature signal.

(New) The method of claim 19, wherein the extracted information is stored for

use in a digital video recorder (DVR).

(New) The method of claim 19, wherein the extracted information is output for a

picture-in-picture display.

(New) The method of claim 19, wherein the plurality of desired channels

comprises at least one television channel.

(New) The method of claim 19, wherein the plurality of undesired channels

comprisesat least one television channel.

(New) The methodof claim 19, wherein the broadcast channels comprise satellite

broadcast channels.

(New) The methodof claim 19, wherein the broadcast channels comprise cable

broadcast channels.

(New) A television receiver device, comprising:

an input terminal operable to receive an input signal comprising broadcast

channels, the broadcast channels comprising a plurality of desired channels

and a plurality of undesired channels;

a radio front end, coupled to the input terminal, operable to process the input

signal;
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30.

31.

32.

33.

34.

35.

36.

Attorney Docket No. 28427US15

an analog-to-digital converter (ADC), coupled to the radio front end, operable to

concurrently digitize all broadcast channels in the processed input signal to

generate a digitized signal; and

a digital frontend (DFE), coupled to the ADC, operable to select the plurality of

desired channels from the digitized signal and outputthe selected plurality

of desired channelsto at least one demodulator as a digital datastream,

wherein the demodulator is operable to extract information encodedin the

digital datastream.

(New) The television receiver device of claim 29, wherein the DFE 1s operable to

output the digital datastream via a serial interface.

(New) The television receiver device of claim 29, wherein the DFE is operable to

output the digital datastream via a parallel interface.

(New) The television receiver device of clatm 29, wherein the ADC comprises:

a first ADC configured to generate a digital in-phase signal; and
a second ADC configured to generate a digital quadrature signal.

(New) The television receiver device of claim 29, wherein the extracted

information is stored for use in a digital video recorder (DVR).

(New) The television receiver device of claim 29, wherein the extracted

information is output for a picture-in-picture display.

(New) The television receiver device of claim 29, wherein the plurality of desired

channels comprisesat least one television channel.

(New) The television receiver device of claim 29, wherein the plurality of

undesired channels comprisesat least one television channel.
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37.

38.

Attorney Docket No. 28427US15

(New) The television receiver device of claim 29, wherein the broadcast channels

comprise satellite broadcast channels.

(New) The television receiver device of claim 29, wherein the broadcast channels

comprise cable broadcast channels.

-7-
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REMARKS

The Applicant requests entry of this preliminary amendmentprior to prosecution on

the merits. No new matter has been added.

With respect to the present application, Applicant hereby rescinds any disclaimer of

claim scope madein the parent application or any predecessor or related application. The

Examiner is advised that any previous disclaimer of claim scope, if any, and the alleged

prior art that it was made to allegedly avoid, may need to be revisited. Nor should a

disclaimer of claim scope, if any, in the present application be read back into any

predecessoror related application.

The Commissioner is hereby authorized to charge any fees required by this

submission including any extra claims fees, to the deposit account of McAndrews, Held &

Malloy, Ltd., Account No. 13-0017.

Respectfully submitted,

Date: July 12, 2022 ‘WayneH.Bradley /
Wayne H.Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street - Suite 3400

Chicago,Illinois 60661
(312)-775-8000
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Electronic Patent Application Fee Transmittal 

Application Number:

Filing Date:

Title of Invention: SYSTEM AND METHOD FORRECEIVING A TELEVISION SIGNAL

 

First Named Inventor/Applicant Name: Madhukar Reddy

Attorney Docket Number: 28427US15

Filed as Small Entity

Filing Fees for Track | Prioritized Examination - Nonprovisional Application under 35 USC 111(a)

cote|com “st

Basic Filing:

UTILITY FILING FEE (ELECTRONIC FILING) 

UTILITY SEARCH FEE

UTILITY EXAMINATION FEE 2311

REQUEST FOR PRIORITIZED EXAMINATION 2817 2100 2100

Miscellaneous-Filing:
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ar . Sub-Totalin

PROCESSING FEE, EXCEPT PROV. APPLS. 2830

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Miscellaneous:

 
Total in USD ($) 3000
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Electronic AcknowledgementReceipt

EFS ID: 46171371
 

Application Number: 17862946

Title of Invention: SYSTEM AND METHOD FORRECEIVING A TELEVISION SIGNAL

ee

Attorney Docket Number: 28427US15 

Receipt Date: 12-JUL-2022

Application Type: Utility under 35 USC 111{a)

Paymentinformation:

 
Deposit Account 130017

Authorized User Laura Foley

The Director of the USPTOis hereby authorized to charge indicated fees and credit any overpaymentas follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Documentsupply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document

DocumentDescription
Number 4 "ptt

File Size(Bytes)/
File Name MessageDigest Part /.zip| (if appl.) 

Track One Request

Information:

Application Data Sheet

Information:

Drawings-only black and whiteline
drawings

Information:

Oath or Declarationfiled

113975

28427US15_Track_1_Certificati
on_AlA-424.pdf ©96613924fbh3 1e90d75d8d3 18601 19888;

16ae9

2197303

28427US15_ADS.pdf 6e34281 a8fdbc5758e3c4aa47dafbS669a91
96fo

4419764

28427US06_Figures.pdf 3146aa71 1b9cb1885113ed88fc1c2537ca0
$159

336661

28427US06_Declarations_exec
uted. pdf 44750254e8ce14db07258504c15bc9b027:

9eb02

 

Warnings:

Information:

135177

28427US08_CON_Specification
.pdf db8ad20ff9549a1be835281e273d2302ebf|

Multipart Description/PDFfiles in .zip description

DocumentDescription 

Specification  
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Information:

Powerof Attorney

Information:

178652

Entropic_POA.pdf e6db8e1b2d4d91029828cft590ccdcH#8015
ee72

 

Information Disclosure Statement(IDS)
Form (SB08)

Information:

1237269

28427US15_IDS_sb08a_EFS-
WEB.pdf 8a273b975¢757b9017eeaecfh74fh6a4dfot

£428

 

Foreign Reference

Information:

NonPatent Literature

Information:

NonPatent Literature

112213

EP2087623A2.pdf 112c7af198fa09Sa1 9b 1da28e1827b7e61c
9aef

603163

NPL_1.pdf 5088d48613579b3d281 6d5S22ec4dd7a0e|
ccal6f

443966

NPL_2.pdf 4afc54746c564f3cb9b7cd840ddo8df22fb2|
fe7a

 

Warnings:

Information:

NonPatent Literature

413840

NPL_3.pdf d2b4d3610b34404176c07a733fd52032965
754d1

 

Warnings:

Information:

28427US15_FINAL_Prelim_Am

endment_.pdf 8279e94.9b242¢88b1 ale67edObabe702b9c|
06170
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Multipart Description/PDFfiles in .zip description

cnn)see

Information:

 
 

Fee Worksheet (SB06) fee-info.pdf 987b66f2 1a6c425dc3da37e189a23e91 dO7}
09959

Information:

Total Files Size (in bytes) 10280843 

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora 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 onthis
AcknowledgementReceiptwill establish thefiling date of the application.
NationalStage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTOas a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request PTO/AIA/424 (04-14)

CERTIFICATION AND REQUESTFORPRIORITIZED EXAMINATION

UNDER37 CFR 1.102(e) (Page 1 of 1)

Madhukar ReddytonrteLT
SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

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 beenfiled with the request. The publication fee requirement is met
becausethat 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. | understand
that any required excess claims fees or application size fee must be paid for the application.

| understand that the application may not contain, or be amendedto 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 | request to be dismissed.

3. The applicable box is checked below:

Original Application (Track One) - Prioritized Examination under § 1.102(e)(1

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

(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.

An executed inventor’s oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each

inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

A request for continued examination has been filed with, or prior to, this form.
If the application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisionalutility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 3771.

iv. This certification and requestis being filed prior to the mailing of a first Office action responsive
to the request for continued examination.
No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

signature’Wayne H. Bradley/ July 12, 2022

Name Wayne H. Bradley Practitioner 39,916(Print/Typed) Registration Number

Date 

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 multiple forms if more than one signature is required.*
 

*Total of 1 forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and TrademarkOffice 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 abandonmentof 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 whetherdisclosure of these records is required by the
Freedom of Information Act.

A record from this system of records maybedisclosed,as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counselin the course of
settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Memberwith respect to the subject matter of the record.
A record in this system of records may bedisclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSAaspart of that agency’s
responsibility to recommend improvements in records managementpractices 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 (7.¢., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records maybe 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, subjectto the limitations of 37 CFR 1.14, as a routine use, to the public if the record
wasfiled 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.
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 awareofa violation or potential violation of law or regulation.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

ULS. 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 GMB control number.

Attorney Docket Number|28427US15
Application Data Sheet 37 CFR 1.76
 

Application Number   
Title of Invention|SYSTEM AND METHODFORRECEIVING A TELEVISION SIGNAL

The application data sheetis part of the provisional or nonprovisional application for whichit is being submitted. The following form contains the
bibliographic data arrangedin 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 paperfiled application.

 
Secrecy Order 37 CFR 5.2:

Portionsorall of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuantto
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may not befiled electronically.)

  

  
 
 

Inventor Information:

Inventor

Legal Name

 

Prefix) Given Name Middle Name Family Name Sufi
Ey estena FaydS

Residence Information (Select One) e US Residency Non US Residency Active US Military Service

[aaivesst| olapment
[address2[pe99

Ce|a
[PostsiGode—O———SCSCSCidConnySCS
menorpSRT

Legal Name

 

 

 
 

Prefix) Given Name Middle Name Family Name

 
 

Address 2

city|Bas
[PostalCode«POSC*d

Inventor

Legal Name

[Pref]GivenNamedMlleName=iFamlyNameSi
Toe Fawr1]

Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

 

  

 

 
EFS Web 2.2.13
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15
Application Data Sheet 37 CFR 1.76 —

 

 
Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

Mailing Address of Inventor:

Address1 | pa6e La Place Court

 

Address 2 i te. 100
|City=| arlsbad State/Province

Postal Code Country i | ys
All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

 

 
  
CorrespondenceInformation:

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

[_] An Addressis being provided for the correspondenceInformation of this application.

Email Address | hmpto@mcandrews-ip.com Add Email Remove Email

Application Information:

Total Number of Drawing Sheets(if any) fo Suggested Figure for Publication(if any) fo
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 sectionif
application papers including a specification and any drawingsare 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 purposesof a filing date under 37 CFR 1.53(b), the description and any drawingsof the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). i

Application numberof the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

po
Publication Information:

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

  
 

 

  

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

EFS Web 2.2.13
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15

 

Application Data Sheet 37 CFR 1.76
 

Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL
 

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 powerof 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
Numberwill be used for the Representative Information during processing.

Please Select One: @ Customer Number US Patent Practitioner C) Limited Recognition (37 CFR 11.9) 
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.
Whenreferring to the current application, please leave the “Application Number’field blank.

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

TTFreon po

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

  

| 7587462 |Pontinuatonof| 17217244 2021-03-30 
 

Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

- 16430506 2019-06-04 10972781 2021-04-06

Application _ Prior —__ ling Date relDateNumber Continuity Type YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|[16430506 |[Continuationof|_|] [15792318 pot10-24 |ftos13733 P019-06-04

Prior Application StatusApplication _ Prior—_ Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

15792318 ontinuation of rl 14948881 2015-11-23 9819992 2017-11-14

 

  

  
 

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15

 

Application Data Sheet 37 CFR 1.76
 

Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL
 

Application Prior Application Filing Date Issue Date
Number Number (YYYY-MM-DD) Patent Number=|(yyyY-MM-DD)

 

Continuity Type

|jr494gea1 |[Continuationof|x] [14617973 |bors:02-10 |fp210363 b015-12-08
Prior Application Status Prior —__ Filing Date Patent Number Issue Date

Number (YYYY-MM-DD) (YYYY-MM-DD)

|[13962871 2013-08-08 g 015-08-04
Prior Application StatusPatented=

  

Application Continuity Type

  

Application
Number Prior Application Filing Date Patent Number Issue Date

Number (YYYY-MM-DD) (YYYY-MM-DD)

13962871 Continuation oftee12762900 4h10-04-19 526808 bot 3-09-03Prior Application Status

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

| 2762900 | laims benefit of provisional | 61170526 2009-04-17
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Continuity Type
 

 
    

 

 
Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. Whenpriority is claimed to a foreign application
thatis eligible for retrieval under the priority document exchange program (PDX)! the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55{1}(1) and (2). Under the PDX program, applicant bears the ultimate

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Filing Date (YYYY-MM-DD} Access Codel (if applicable)

 

Application Number Country

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

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15
Application Data Sheet 37 CFR 1.76
 

Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

 

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

[] 16, 2013.
NOTE: Byproviding 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 underthefirst inventorto file provisions of the AIA.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15

 

Application Data Sheet 37 CFR 1.76
 

Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL
 

Authorization or Opt-Out of Authorization to Permit Access:

Whenthis 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 paragraphBin 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 INITIALfiling 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 otherforeign intellectual property office
participating with the USPTOin a bilateral or multilateral priority document exchange agreementin which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
andits related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application andits related bibliographic data, and (3) the date offiling of this Authorization. See 37 CFR 1.14(h)
(1).

 

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

 

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copyof 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 USPTOto permit a participating foreign IP office access to the instant
|] application-as-filed. If this box is checked, the USPTOwill not be providing a participating foreign IP office with

any documents and information identified in subsection 1A above.

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

application.

NOTE: Oncethe application has published or is otherwise publicly available, the USPTO mayprovide access to the
application in accordance with 37 CFR 1.14.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15

 

Application Data Sheet 37 CFR 1.76
 

Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL
 

Applicant Information:

Providing assignmentinformation 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 11

If the applicantis the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
Theinformation to be provided in this section is the name and addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and addressof 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 inventoris obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

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

 

 

 

Person to whom theinventor is obligated to assign. Person who showssufficient proprietary interest  
If applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

 

Nameof the Deceased or Legally Incapacitated Inventor:Po
If the Applicant is an Organization check here.

Mailing Address Information For Applicant:

feiyifewvon——SSC~*diS terovinceTY
Peounty[PSidtacoforos
[ProneNumberJ]idFamerif
femaiagiess[|

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

 

 

  
 

Assignee Information including Non-Applicant Assignee Information:
 

Providing assignmentinformation in this section does not substitute for compliance with any requirementof part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15
Application Data Sheet 37 CFR 1.76 —

[ApplicatonNumber[|

 

 
Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL
 

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 assigneeis also desired on the
patent application publication. 

Remove 

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

Given Name Middle Name Family Name

Mailing Address Information For Assignee including Non-Applicant Assignee:

Email Address

 

  
 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.  

 
Signature:
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However,if this Application
Data Sheet is submitted with the INITIALfiling of the application and either box A or B is not checkedin
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
patentpractitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
powerof attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of alll joint inventor-applicants.

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

ayne H. Bradley/ Date (YYYY-MM-DD) por
First Name . Last Name Registration Number 

Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032

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

Attorney Docket Number|28427US15
Application Data Sheet 37 CFR 1.76 —

[ApplicatonNumber[|

 

 
Title of Invention|SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL
 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPT®to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amountof 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: Commissionerfor Patents, P.C. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirementsof 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 informationis 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 mayresult in termination of proceedings or abandonmentof
the application or expiration of the patent.

The information provided by youin this form will be subjectto the following routine uses:

1. The information onthis form will be treated confidentially to the extent allowed under the Freedom ofInformation 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 Departmentof Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

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

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

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

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

Arecordin this system of records maybedisclosed, 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)).

Arecord from this system of records may bedisclosed,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 managementpractices and
programs, under authority of44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
recordsfor this purpose, and any otherrelevant(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

Arecord from this system of records may bedisclosed,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,
te the public if the record wasfiled in an application which became abandonedor in which the proceedings were terminated and which applicationis
referenced byeither a published application, an application open to public inspections or an issued patent.

Arecord from this system of records may be disclosed,as a routine use, to a Federal, State, or local law enforcement agency,if the USPTO becomes
aware of a viclation or potential violation of law or regulation. 
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Attorney Docket No. 89194-002720US-883945
PTOIAIAIN (06-12)

Approved for use through 61/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Paperwork Reduction Act of 1996, no persons are required to respond to a collection of information uniessit displays a valic OMB control number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.79}

Titeof PVVIDEBAND TUNER ARCHITECTURE
invention

As the below named inventor, | hereby dectare that:

tim o . . a
This declaration i The atiached application, oris directad to:

T3862 BFAUnited States application or PCT international application number

August &, 2043fled on

| The above-identified application was made or authorized io be mada by me.

i believe ihat i amthe original Inventor or anoriginal joint Inventorof a claimed invention in the apolcation.

i hereby acknowledge tnat anywillful faise statement made in this declaration is punishable under 18 U.S.C. 1604
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

| Patitioner/applicant is cautioned to avoid submitting personal! information in documents filed in a patent application that may
i contribute to identity theft. Personal information such as social security numbers, bank account nurnbers, or credit card numbersi {other than a check orcredit card authorization form PTO.2038 suomitted for payment purposes) is never required by the USPT
fio support a petition or an agpication. ff this type af personal informationis included in documents submitted to the USPTO,

; patonerstapplicarts shauld consider radacting such perrson1ai information from ihe documents befare submitting them: fo the
USPTO. Petiticner/anpiicant is advised that the record of a patent appreation ig availabie to the public after publication ofthe
| application (unless a non-pudlication request in compliance with 27 CFR 1.275(a) is mace inthe socaln) or issuance of a[ patent. Furthermee the record from an abandoned apsiication may also be“available to the public the application isapplication or an issued patent (see 37 CFR 1.14). Checks and crecittoaed auihorization forms

ayment purposes are not retainedin the apelication file and therefore are nat publicly available. 

ie (Optional) -_

Signature: |

Noie: An appiication data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form ar musi have
been previouslyfiled. Use an additional PTO/AIA/O1 formfor each additional inventor.

 
This collection of iform tion is required oy 35 U.S.C. 148Sand 37 CFR 1. SS, Theinformat ‘fe is required io obtainorretain a benefit oy the public which is to file (anby the USPTO to process) an application. Contsiderniay is governed by 35 U.S.C. 122 and 37 CFR 4.411 and 4.14. This collection is estimated to take 7 minute tocomplete, inducing gathering, preparing, a he compietad apt ion formto the USPTO. Time will vary depending upon theindividual case. Any
comments on the amount of time you require te“complete i¢ farm and/or suggestions for reducing this burden, should be seni fa the Chief information Officer, U.S.
Patant and Ty ark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22543.1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADORESS. SEND TO; Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22343-14590,

if you need assistancein completing the fam, cali 1-800-PTO-9198 and select option 2.
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Afiamey Docket No. §9194-0027209US-583946
PTOVAIAIO4 (05-12)

Aporoved for use through 01/34/2014. OMB 0851-0032

te 5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCEUnder the Flaperwork Reduction Act of 1998, no persons are required to respondto3 collection of information unless li displays a valid OMS control number.

DEGLARATION (37 CFR 1.93) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET 7 CFR 1.76)

 

: Titeot [WIDEBAND TUNER ARCHITECTURE
i invention

I Asthe below namedinventor, | hareby declare that:

This daciaration [~~ The mntirea tioon @ atlached application, oris directed to: a & akacned app
4

nited States application or PCT international application number

August &  fled on

| The above-identified application was made or authorized io be made by me.

beleve that] arm the onginal inventor or anoriginal joint inventor of a claimed invention in the application.

: fheraby acknowledae that any willful false staternent made inthis deciaration is punishable undar 18 U.S.C. 1004
i by fine or imprisonment of nat rnore than five (5) years, or both.

WARNING:

| Petitioner/applicant is cautioned to avoid submitting personal informationin documents Med in a patent application that may '
I contribute to identity theft. Personal inferrnation such as social securily numbers, bank account numbers, or credit card numbers

I (ather than a check or credit card authorization form PT°2038 submitiad for payment purposes) is never required by the USPTOio support a petition or an apolication. Hf this type of personal informationis included in docurnents submitted to the USPTO,

petitioners/apsiicants should consider redacting such personal:information from the doournents before subrnitting them to the
USPTO. Felitioner/applicant is advised that the record of a patent apolication is available io the public after publication of the
application (unless a nen-publication request in cornpliance with 37 CFR 41.2433)|is made in the application) or issuance of a
patent, Furhermore, the record from an abandoned application may aiso be ava Hable to the public ifthe appication isreferencedin 4s published application or an issued patent (see 37 CFR 4.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application fila and therefore are net publicly available,

 

LEGAL NAME OF INVENTOR

Date (Optiona)):

{ Note: An application data sheet (PTO/SB/14 ofealvuatentt), Including naming the entire inventive entity, must accompanythis form ar must have
i been previously fled. Use an addilonal PTOVAMA/O4 formfor each additional inventor,

rsre 445 and 37 GFR 1.63, The informatio aquired to obtain or retain a harnefit by theiniblic which is to file (and
dantialityjis governedby 38 U.S.C. 122 and 37 CER 4.44 aad 71.44, Thiscollection is estimated ta take 7 minute toring rd submitting the completed application formio the USPTO. Time will vary depending upon the individual case, Any

comments on the amount af time youtrequire to complete this form and/or suggestions for reducing this burden, should be seni to the Chiaf Information Officar, U.S
Patent ana Tr. wark Office, U.S. Separtment af Commerce, P.O, Box 1450, Alexandria, VA 22373-1450. DO NOT SEND FEES OR COMPLETES FORMS TO
THIS ADDRESS. SEND TO: Camrmissioner for Patents, P.O. Box 1450, Sloxandria, VA 22343-1450,

if you need assisiance in completing the form, call 1-B00-FTO-9199 and select option2,
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Attorney Docket No. 89194-CO2720UIS-883946
PTOIAIA/O1 (G8-4

Approved for use through 04/37/2914, OMS 0651-0042
US. Patent and Trademark Offica: U.S. DEPARTMENT OF COMMERCE

Sons are required to respond to 8 collection of information unt { displays 8 valid OMB contral number,

 
 

  Under the Paperwork Reduction Act of 1995, no a

DECLARATION (37 CFR 1.93) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

| Titear|WIDEBAND TUNER ARCHITECTURE
i invention

As the below named inventor, | hereby declare that

This deslaration
, The atiached anplication, orig directed io: PP ~ “im eye

United Siates applicationareer international application number 1Si262,874

The above-identiied application was made or authorized ta be made by me.

| i believe that lam the original inventor or an original joint inventor of a claimed invention in the application.

i hereby acknowledge that any wilful faise statement madein this declaration is punishable under 18 U.S.C. 1004
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

i Petitioner/applicant is cautioned tc avoid submitting personal information in documents filed in a patent application that may i
| contribute fo identity theft. Personal information such as sooial security numbers, bank account numbers, or credit card numbers |
I (otherthan a check or credit card authorization form PTO-2038 submitted for payment purposes) is never requirad oy the USPTO}
ite support a petition or an application, If this type of personal informationis included in documents submitted to the USPTO,
| petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
PUSPTO. Patiticner/applicantis advisedthat the record of a patent apniication is available to the public after publication of the
| anplication (unless a non-publication request in compliance with 97 CFR 1.213(a) is made in the application) or issuance of a
fpatent. Furthermore, the record from an abandoned application may alsa be availableto the public ifthe applicationis

| referenced in 4a published application or an issued patent (see 37 CFR 1.14}. Checks andcredit card authorization forms
PPTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OFINVENTOR

inventor: Tim IS

Note: An application data shaet (PTO/SU/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously fled. Use an additio ial PTOVAIAION form for each additional inventor.

 
~

This collection of information |is required by 25 U.S.C. 445 and 3? CFR 1.53. The information is required io obtain of retain a benefit by the gublic whicby the USPTO to process) an application, Confidentiality is governed by 35 ULS.C. 122 and 37 CFR 1.14 and 4 This collection is estimated to take 7 minute ta
complete, including gathering, preparing, and subrnitiing the completed application formio the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of tirns you require to complete this forrand/or suggestions for reducing this burden, should be sent ta the Chief Information Officer, US.
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: Cammissionerfor Patents, P.O. Box 1486, Alexandria, VA 22313-1450,

if you need assistance in compigting tie form, caf 1-800-PTO-9199 and select option 2
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Attorney Docket No. 28427US07

WIDEBAND TUNER ARCHITECTURE

PRIORITY CLAIM

[0001] This application is a continuation of U.S. patent application 14/617,973

(now patent 9,210,363) filed on February 10, 2015, which is a continuation of U.S. patent

application 13/962,871 (now patent 9,100,622) filed on August 08, 2013, which is a

continuation of U.S. patent application 12/762,900 filed on April 19, 2010 (now U.S.

Patent 8,526,898), which claims the benefit of priority to U.S. provisional application

61/170,526 filed April 17, 2009, now expired. Each of the above referenced documents

is hereby incorporated by referencein its entirety.

BACKGROUND

[0002] This invention relates to wideband receiver systems and methods having a

wideband receiver that is capable of receiving multiple radio frequency channels located

in a broad radio frequency spectrum. In particular, the invention relates to wideband

receiver systems that are capable of receiving multiple desired television channels that

extend over multiple non-contiguous portions of the broad frequency spectrum and

grouping them into a contiguous, or substantially-contiguous, frequency spectrum.

[0003] Receivers used to down-convert and selectively filter TV channels are

referred to as tuners, and tuners designed to concurrently receive several TV channels are

referred to as wideband tuners. Existing tuners for these applications down-convert a

swath of channels to an intermediate frequency, which are then sent to a demodulator.

Because the swath of channels is not contiguous, this swath includes the desired channels

as well as undesired channels. The demodulator employs a high-speed data converter to

capture this swath of desired and undesired channels in the digital domain and

subsequently filters out the desired channels.
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[0004] In general, television channels broadcasted over the air or over cable

networks are distributed across a broad frequency spectrum. That is, the channel

frequencies may not be adjacent to each other. In certain applications such as DVR and

picture-in-picture, the receiver system may have to concurrently receive several desired

channels that may or may not be contiguous. The widebandreceiver requirement poses a

trade-off to the system to limit either the dynamic range of the widebandtuner or reduce

the bandwidth covered by the tuner so that fewer channels may be received and processed

by the demodulator.

[0005] FIG. 1 shows a conventional wideband tuner 100. Tuner 100 may be a

direct conversion tuner and includes a low noise amplifier LNA1 having an input

terminal coupled to a radio frequency (RF) input signal 102 and an output terminal

coupled to a mixer M1. The RF signal may include one or more television channels

receiving from a cable network via an RF connector or wirelessly via an antenna. The RF

input signal may include the VHF and UHFtelevision channels in a terrestrial television

broadcasting system or the CATV channels in cable networks. In order to receive all

broadcasted channels present in the RF input signal, LNA1 must necessarily have a wide

tuning range, high linearity, and low noise. Mixer M1 is coupled to a synthesizer $1 that

can generate an oscillator frequency located around the center of the RF signal. Mixer

M1 frequency down-converts the received RF input signal to a more convenient

intermediate frequency (IF) band. Tuner 100 includes an amplifier V1 having a

programmable gain for amplifying the IF signal, which is then band-passfiltered by a

filter F1 before outputting to a demodulator.

[0006] In general, the RF signal includes multiple desired channels that are located

in non-contiguous portions of a radio frequency spectrum. As shown in FIG. 1, the swath

of channels 110 occupies a bandwidth BW1 120 at an RF center frequency fi, 130.

Synthesizer S1 may be tuned to a frequency around the center frequency f, 130 for
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mixing channels 110 to an intermediate frequency fiz, 160, the frequency down-mixed

channels 140 are amplified by amplifier V1 and then filtered by F1 to produce a swath of

channels 170 centered around frequency fj;, 160. In an exemplary application shown in

FIG. 1, bandwidth BW1 contains 10 channels. In the case where channels are TV

channels that are spaced at either 6 MHz or 8 MHzin mostparts of the world, bandwidth

BW1 120 would span from 60-80 MHz, 1.e., the down-converted bandwidth at the

intermediate frequency would require a bandwidth equal to at least BW1, or at least 80

MHz when such architecture is used. It is noted that in other applications where the

desired RF channels are located in the low band such as channels numbers 2 to 6 (VHFin

the terrestrial TV broadcast or CATV)and in the high band such as channels numbers 14

to 83 of the UHF TV broadcast or channel numbers 63-158 of the CATV's ultra band, the

bandwidth BW1 can be 800 MHz or higher. This wide bandwidth of 800 MHz would

require a very expensive digital processing circuitry such as very high-speed analog to

digital conversion and high-speed processor in the demodulator.

[0007] It is desirable to have wideband receiver systems that can increase the

dynamic range without requiring expensive data conversion, filtering and channel

selection at the demodulator.
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BRIEF SUMMARY

[0008] An embodiment of the present invention includes a wideband receiver

system that is configured to concurrently receive multiple radio frequency (RF) channels

including a numberof desired channels that are located in non-contiguous portions of a

frequency spectrum and group the desired channels in a contiguous or substantially-

contiguous frequency band at an intermediate frequency spectrum, where the term

“substantially-contiguous” includes spacing the desired channels close to each other(e.g.

as a fraction of the total system bandwidth, or relative to a channel bandwidth) but with a

spacing that can be variable to accommodate the needs of overall system. The term

“contiguous” heretofore encompasses “substantially-contiguous.” The term “spacing” is

referred to as the frequency difference between adjacent channels. The system includes a

wideband receiver having a complex mixer module for down-shifting the multiple RF

channels and transforming them to an in-phase signal and a quadrature signal in the

baseband or low intermediate frequency (IF) band. The system further includes a

wideband analog-to-digital converter module that digitizes the in-phase and quadrature

signals. The digital in-phase and quadrature signals are provided to a digital frontend

module that contains a bank of complex mixers that frequency-shift the number of

desired channels to a baseband where the desired channels are individually filtered.

[0009] The digital frontend module may also include a decimator module that

decimates the desired RF channels by a factor M before demodulating them to a digital

data stream.

[0010] In certain embodiments of the present invention, the wideband receiver

system additionally includes an up-converter module having multiple complex up-mixers,

each of the complex up-mixers is configured to frequency up-shift each one of the desired

RF channels to a sub-portion of an IF spectrum, wherein all sub-portions of the desired

channels are adjacent to each another and form a contiguous frequency band in the IF
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spectrum. The act of frequency shifting the desired channels to the IF spectrum allows

the wideband receiver system to directly interface with commercially available

demodulators. Allowing the spacing of the desired channels in the contiguous spectrum

to be variable allows a system to optimize placement of these desired channels for the

purposes of avoiding sensitive portions of the spectrum which mayeither be vulnerable

to spurious signals and interference; or which may generate interference directly or as a

harmonic product, to other systems.

[0011] In another embodiment of the present invention, a multi-tuner receiver

system having two or more tuners is provided to receive multiple desired RF channels

that extend over several non-contiguous sub-portions of a broad frequency spectrum and

group them into a contiguous frequency spectrum. The multi-tuner system includes at

least a first tuner that processesa first sub-portion of the broad frequency spectrum into a

first in-phase signal and a first quadrature signal and a second tuner that processes a

second sub-portion of the broad frequency spectrum into a second in-phase signal and a

second quadrature signal. The multi-tuner receiver system further includes a first analog-

to-digital converter module that digitizes the first in-phase and quadrature signals and a

second analog-to-digital converter module that digitizes the second in-phase and

quadrature signals. In addition, the multi-tuner system includes a first digital frontend

module having a first number of complex mixers corresponding to a first number of the

desired RF channels located in the first sub-portion of the broad frequency spectrum and

a second digital frontend module having a second number of complex mixers

corresponding to a second numberof the desired RF channels located in the second sub-

portion of the broad frequency spectrum. The first digital frontend module frequency

shifts the first number of the desired RF channels to a first plurality of baseband signals

and the seconddigital frontend module frequency shifts the second numberof the desired

RF channels to a second plurality of baseband signals.
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[0012] The multi-tuner system further includes a first up-converter module having

a plurality of N complex mixers, wherein N is an integer value equal to the number of

desired channel. The first up-converter module frequency up-shifts the first plurality of

the basebandsignals to a first portion of an intermediate frequency. In addition, the multi-

tuner system includes a second up-converter module that frequency up-shifts the second

plurality of the baseband signals to a second portion of an intermediate frequency. The

first and the second portions of the intermediate frequency are non-overlapping and

located adjacent to each other to form a contiguous intermediate frequency (IF) band. The

multi-tuner system further includes a digital-to-analog converter that converts the

contiguous IF band to an analog waveform signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic block diagram of a conventional wideband tuner;

[0014] FIG. 2 is a schematic block diagram of a wideband receiver system

according to an embodimentof the present invention;

[0015] FIG. 3 is a simplified circuit diagram of a complex down-mixer according

to an embodimentof the present invention;

[0016] FIG. 4 is a simplified schematic block diagram of a wideband receiver

system according to another embodimentof the present invention;

[0017] FIG. 5 is a simplified circuit diagram of a complex up-mixer according to

an embodimentof the present invention;

[0018] FIG. 6 is a simplified schematic block diagram of a wideband multi-tuner

receiver system according to an embodimentof the present invention;

[0019] FIG. 7 is a block diagram illustrating an exemplary digital front end

according to an embodimentof the present invention in moredetail;

[0020] FIG. 8 is a block diagram illustrating an exemplary tiled up-converter

module according to an embodimentof the present invention in more detail;

[0021] FIG. 9 is a simplified block diagram of a wideband multi-tuner receiver

system 900 according to an embodimentof the present invention; and

[0022] FIG. 10 is a simplified block diagram of a wideband multi-tuner receiver

system 1000 according to another embodiment of the present invention.

Page 47 of 183



Page 48 of 183

Attorney Docket No. 28427US07

DETAILED DESCRIPTION

[0023] FIG. 2 is a schematic block diagram of a wideband receiver system 200

according to an embodiment of the present invention. Wideband receiver system 200

includes a radio [ront end 210 and a digital front end 230. Radio [ront end 210 may be a

single very wide-band tuner receiver that captures the desired swath of channels located

in non-contiguous portions of the spectrum having a frequency bandwidth BW1 120. In

this example, the number of available channels in BW1 120 is assumed to be 10 with

each channel occupying an 8 MHz bandwidth for a total of 80 MHz. Radio front end 210

is shown as including a low noise amplifier LNA 202 having an input terminal

configured to receive an RF input signal 102. In the example shown, RF signal 102

includes four desired RF channels having the respective carrier frequencyfy), fp, fy, and

f4 that are located in non-contiguous portions of the wide frequency spectrum BW1. It 1s

understood, however, that spectrum BW1 120 may have any other number of desired

frequencies that are not contiguous. LNA 202 has a very low noise figure and very high

linearity and a wide tuning range (Le., very high IIP2 and IIP3 intercept points) to

maximize a signal-to-noise-and distortion ratio (SNDR) at the amplifier output. LNA 202

may have a programmable gain to amplify RF signal 102 to adequate voltage levels for

mixers M1 211 and M2 221.

[0024] Mixers M1 211 and M2 221 may be conventional mixers formed using, for

example, differential Gilbert cells. Each of the mixers 211 and 221 multiplies (mixes) an

amplified RF signal 203 with a respective first oscillator frequency signal 205 and a

second oscillator frequency signal 207 to generate an in-phase signal 212 and a

quadrature signal 222 that have a phase shift of 90° degree between them. Mixers 211

and 221 are identical so that the amplitude of the in-phase signal 212 and quadrature

signal 222 are the same. Thefirst and second oscillator frequencies 205 and 207 are

identical and have a 90° degree phase shift generated through a 90° degree phase shifter

P1 206. Synthesizer S1 may be a single local oscillator operable to generate the oscillator
8
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frequency 205 for converting the receive RF signal 102 to a zero-IF or low-IF band.

Synthesizer S1 can be a coarse (large step) phase locked loop. Synthesizer S1 can also be

programmable to cover the wideband frequency of the analog and digital terrestrial

broadcast and/or the cable television system. The RF signal 102 may haverelatively

uniform signal strength in a cable network. However, its signal strength may extend in

several orders of magnitude in a terrestrial broadcast system, thus, LNA 202 and/or

mixers M1 211, M2 221 are required to have a relatively high dynamic range to handle

the large variations in the signal strength.

[0025] In-phase signal 212 and quadrature signal 222 are further amplified and

filtered by respective amplifiers V1 213, V2 223 and filters Fl 215, F2 225 to generate a

filtered in-phase signal 216 and a filtered quadrature signal 226. Filters Fl 215 and F2

225 may be passive or active low-passfilters to filter out any unwanted frequency

components of the signals 214 and 224 before digitizing them for further processing in

digital front end 230. It is understood that the in-phase path 216 and the quadrature path

226 must have the same amplitude spectrum and maintain a fixed phase relationship,i.e.,

amplifiers V1 213, V2 223 andfilters Fl 215, F2 225 must be substantially identical.

Because the two paths 216 and 226 are in quadrature, the spectral components from both

positive and negative frequencies can be overlaid so that the bandwidth (cutoff

frequency) offilters Fl 215 and F2 225 can be one half of the BW1 bandwidth 120.

[0026] Analog-to-digital converters ADC] 218 and ADC2 228are high-speed (ie.,

high sampling rate) converters to maximize the dynamic range. In an exemplary

application, radio front end 210 operates as a nominal zero-IF down-mixerso that signals

216 and 226 have a nominal bandwidth 290 equal to one half of the RF signal bandwidth

BW1thanks to the complex down-mixer architecture. In other embodiment, radio front

end 210 operates as a low-IF down-mixer so that the nominal bandwidth 290 of signals

216 and 226 is greater than one half of the bandwidth BW1. In practice, the sampling rate

9
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of ADC! 218 and ADC2 228 is chosen to be higher than the Nyquist sampling

requirement, 1.e., the filtered analog quadrature signals 216 and 226 may be over-sampled

in order to reduce or avoid aliasing of undesired signals into the digitized I and Q signals.

[0027] ADC] 218 generates a digital signal I 232 that is a digital representation of

the analog filtered signal 216; ADC2 228 generates a digital signal Q 242thatis a digital

representation of the analog filtered signal 226. Digital signals I 232 and Q 242 are then

applied to a bank of N complex mixers 250, wherein N is an integer value corresponding

to the number of desired RF channels located in the non-contiguous portions of the

frequency spectrum BW1. It is understood that the number N can be any integer value. In

one embodiment, N can be equal to the numberof all available channels that exist in the

licensed frequency spectrum to provide system flexibility. In other embodiments, N can

be equal to the numberofall receivable channels within a geographic area. In yet another

embodiment, N can be an integer value less than the numberof receivable channels with

the geographic area to reduce system costs. In the exemplary embodiment shownin FIG.

2, the number of desired channels is 4. That is, each of the 4 complex mixers 250 mixes

in-phase and quadrature signals 232 and 242 with an associated frequency to generate a

corresponding baseband, whichis then individually filtered, decimated and provided to

an associated demodulator.

[0028] Each of the N complex mixers 250 receives the digital signals [ 232 and Q

242 from ADCs 218 and 228 to extract a different one of the desired channels and

frequency-shifts the extracted signals to the baseband frequency. Each of the frequency

shifted desired channels 252 is filtered by an associated filter module (identified as 260a

to 260n). In an embodiment, each ofthe filtered signals 260a to 260n may be sent directly

to an associated demodulator (identified as 270a to 270n) for extracting the original

information transmitted in the associated desired channel. In another embodiment, each

10
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of the filtered signals 262a to 262n is further decimated before providing to a

demodulator. A path of digital front end 230 is described in more detail below.

[0029] FIG. 3 is a simplified circuit diagram of one of the signal paths 272a to

272n of digital front end 230 shownin FIG. 2 according to an embodimentof the present

invention. In an embodiment, digital signal I 232 may be further filtered by a filter 311 to

obtain a filtered signal 312. Similarly, digital signal Q 242 may be further filtered by a

filter 321 to obtain a filtered signal 322. Thus, digital signals 312 and 322 only contain

low-frequency components with undesired high-frequency components being eliminated

by respective filters 311 and 321. It is noted that filtered signals 312 and 322 are

interposed between the respective ADCs 218, 228 and the bank of N complex mixers

250.

[0030] Mixer 300, which represents one of the N complex mixers 250, includes

four multipliers 313, 315, 323, and 325. Multipliers 313 and 315 multiply the filtered

signal 312 with respective cos(@,;t) and sin(w,;t) signals and generate respective products

314 and 316. Similarly, multipliers 323 and 325 multiply the filtered Q signal 322 with

respective cos(@,;t) and sin(@,;t) signals and generate respective products 324 and 326.

An adder 317 sumsthe products 314 and 326 to generate a frequency-shifted signal I 318.

An adder 327 sums the products 324 and 316 to generate a frequency-shifted signal Q

328. Basically, complex mixer 300 causes a frequency shift of the filtered components

312 and 322 to respective baseband signals 318 and 328 in the digital domain according

to the operation:

Y(t) = X(t) « e Jeet (1)

or taken the Fourier transform, we obtain:

Y(@)=X(o-©,) (2)

11
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[0031] Multipliers 313, 315, 323, and 325 are identical digital multipliers. In an

embodiment, a numerically controlled oscillator with quadrature output generates the

cos(@,it) and sin(@,;t) signals. Numerically controlled oscillators (NCO) can be

implemented using a phase accumulator and a look-up table. NCOs are knownto those of

skill in the art and will not be described herein. The frequency @,; is so chosen that each

one of the desired channels embedded in the digital signals I 232 and Q 242 will be

downshifted to the baseband. In the given example shown in FIG. 2, the bank of N

complex mixers will have four complex mixers, each one of the N (1.e., four) complex

mixers is coupled to an individual NCO having a distinct frequency @,, so that when

mixing the filtered digital I and Q signals 312 and 322 with that frequency, each one of

the complex mixers will generate the signals I (318) and Q (328) of a corresponding one

of the desired channels at the baseband.

[0032] In an embodiment, baseband signals 318 and 328 are further individually

filtered by respective filters 330 and 340 that are identified as one of the filters 260a-n in

FIG. 2. Filters 330 and 340 may be band-pass or low-pass filters having a narrow

bandwidth equal to the bandwidth of a desired channel. In certain embodiments, filters

330 and 340 can be analog passive or active low-pass or complex band-passfilters such

as polyphasefilters. In another embodiment, filters 330 and 340 can be digital low-pass

filters, such as finite impulse response (FIR) filters to eliminate high frequency

components that may be aliased back to the basebandsignals [i (332) and Qi (342) when

decimated by subsequent decimator 350.

[0033] The reduced sampling rate of the N desired baseband channels will be sent

as a serial or parallel digital data stream to a demodulator using a serial or parallel data

interface according to commonly known methods, as shown in FIG. 2. This approach

provides several advantages over conventional tuner architectures. First, it eliminates the

need of expensive data conversion, filtering and channel selection on the demodulator

12
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side. Second, it removes undesired channels from the signal path at an early stage, thus

relieves the large dynamic range requirement in the demodulator.

[0034] FIG. 4 shows a simplified schematic block diagram of a wideband receiver

system 400 according to another embodiment of the present invention. Wideband

receiver system 400 includes a radio front end 410, a digital front end 430, a tiled up-

conversion module 450, and a summing digital-to-analog converter module DAC 470.

Radio front end 410 includes a low noise amplifier LNAI that receives an RF input

signal 102 and provides an amplified RF signal 403 to mixers M1 411 and M2 421.

Mixer M1 411 is coupled to an oscillator frequency 405 of a synthesizer S1 whereas

mixer M2 421 is coupled with the oscillator frequency 405 via a phase shifter P1 406 that

generates a 90° degree phase-shift to the oscillator frequency 405. Mixers M1 411 and

M2 421 generate respective in-phase signal 412 and quadrature signal 422 that are further

amplified by respective amplifiers V1 413 and V2 423. The amplified in-phase and

quadrature signals 414, 424 are then filtered by filters Fl 415 and F2 425 to eliminate

undesired frequency components that would be aliased back to the in-phase and

quadrature signals when digitally sampled by subsequent analog-to-digital converters

ADC] 418 and ADC2 428. Digital signals I 422 and Q 442 at the input of digital front

end 430 are digital representations of the filtered analog in-phase and quadrature signals

416, 426 before the ADCs. Digital front end 430 include a bank of N complex mixers 432

comprising 432a to 432n identical mixers, where N is an integer value corresponding to

the numberof the desired channels located in non-contiguous portions of the frequency

spectrum. Each of the N complex mixers 432a to 432n frequency down-converts signals I

432 and Q 442 to an associated baseband. Each of the frequency down-converted I and Q

signals are coupled to respective low-pass, band-pass, or decimating filters 434. In this

regard, the radio front end 410 and the digital front end 430 are similar to respective radio

front end 210 and digital front end 230 of FIG. 2 that have been described in detail above.

13
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[0035] Tn an alternative embodiment of the present invention, the N filtered and

decimated channels 438a to 438n (where indices a to n correspond to the associated

numberof desired channels) are not provided to a demodulator for demodulation. Instead,

the N filtered and decimated channels 438a to 438n are further frequency up-converted to

an intermediate frequency (IF) spectrum. In order to achieve that, the N filtered and

decimated channels are coupled to a tiled up-conversion module 450 that includes a bank

of N complex up-mixers, where N is an integer value correspond to the numberof desired

received channels. The N complex up-mixers include identical digital mixers 452a to

452n that will be described further in detail below with reference to FIG. 5. The N up-

shifted channels are then filtered by a subsequent bank of channelfilters 454 that, in an

embodiment, comprises N individual finite impulse response (FIR) filters. The N filtered

channels are then digitally combined and converted to the analog domain by a summing

digital-to-analog converter module DAC 470. The N up-shifted channels are adjacent to

each other and form a contiguous or substantially-contiguous set of channels 475 in the

IF spectrum centered aroundfir as illustrated in FIG. 4. In an embodiment, the spectra of

the mixed products are spaced in such a way so as to avoid overlap with known

frequency bands containing potential or actual interferers. In another embodiment, the

spectra of the mixed products are spaced in such a way so as to avoid overlap with

frequency bands that might introduce interference to other systems. In general, because

the bandwidth BW); is substantially lower than BW, the IF frequency fj can be set

proportionally lower, e.g., typically about 16 MHz to accommodate the spectrum of BW2

of up to 32 MHz(correspondingto the total bandwidth of the four desired channels, each

having a bandwidth of 8 MHz in this example).

[0036] The up-conversion approach of FIG. 4 provides several advantages over

conventional tuner architectures. First, it allows the demodulator to operate the data

converter at a lower data rate and with lower resolution (fewer bits) due to the fact that

the contiguous channels have a narrower bandwidth. Second, the up-conversion approach
14

Page 54 of 183



Page 55 of 183

Attorney Docket No. 28427US07

provides full compatibility with existing demodulators that require an analog IF signal.

Third, it removes undesired channels from the signal path at an early stage, thus relieves

the requirement of a high dynamic range requirement of the demodulator's analog-to-

digital converter and the demodulatoritself.

[0037] FIG. 5 shows a simplified exemplary circuit diagram of a complex up-

mixer 500 according to an embodiment of the present invention. Up-mixer 500 is one of

the N complex up-mixers 452a to 452n in tiled up-conversion module 450 shown in FIG.

4. Up-mixer 500 includesfilter 510 and 520 configured to eliminate unwanted frequency

components present in respective input signals [ 501 and Q 502. Filtered signals 512 and

522 are provided to up-mixers UMI 515 and UMQ 525that multiply the filtered signals

512 and 522 with respective cos(@,t) and sin(@,t). The products 516 and 526 are summed

in an adder 530 to generate an IF signal 532 according to the following equation:

IF(t)=I(t)*cos(a@,t)+Q(t)*sin(@,yt) (3)

[0038] Up-mixers UMI 515 and UMQ 525 are identical digital multipliers that

multiply the respective filtered signal 512 and 522 with a cosine function 505 and a sine

function 506 that can be generated from a NCO using a digital phase accumulator and a

look-up table.

[0039] As described above, TV channels are grouped into multiple frequency

bands in North America. For example, channels 2 through 6 are grouped in VHF-low

band (aka band I in Europe), channels 7 through 13 in VHF-high band (band IID, and

channels 14 through 69 in UHF band (bands IV and V). In order to receive such a wide

frequency spectrum, the low noise amplifier and mixer must have very low noise, wide

tuning range and high linearity as described above in the wideband receiver systems 200

and 400. However, a wideband receiver having a single tuner with high sensitivity may

have a high power consumption.For certain applications, 11 may be advantageous to use

multiple tuners that are optimized for a given frequency band, such as a dedicated tuner

15
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for the low VHFband, another dedicated tuner for the high VHF band and the UHF band,

and yet other dedicated tuners for receiving the digital video broadcasting (DVB) via

satellite (DVB-S), via cable (DVB-C), or terrestrial digital video broadcasting (DVB-T).

The multi-tuner approach may also be advantageously applied to cable networks that

carry TV programs on an 88 MHz to 860 MHzaccording to the Data Over Cable Service

Interface Specification (DOCSIS) protocol.

[0040] FIG. 6 shows a simplified schematic block diagram of a wideband multi-

tuner receiver system 600 according to an embodiment of the present invention. In an

embodiment, multi-tuner system 600 includes low noise amplifier Al 602 for receiving

an RF input signal 601. Amplifier A1 602 is coupled to at least a tuner! 610 and a tuner2

720. In another embodiment, multi-tuner system 600 may not include amplifier 602 so

that RF input signal 601 can be received directly at each tuner 610 and 720.

[0041] Tuner] 610 includes an amplifying filter AF1 613 that filters and amplifies

a first portion BWtunerl 604 of a broad frequency spectrum 608 that contains a first

plurality of RF channels 606 including desired channels 607 having respective channel

frequencies fi, and fp. The first portion of the broad frequency spectrum BWtuner! 604

is then frequency down-converted to a low-IF or zero-IF in-phase signal I] 612 and a

quadrature signal Q1] 622 through respective mixer M1 611 and M2 621. Signals [1 612

and Q1 622 are further amplified and low-pass filtered before applying to respective

analog-to-digital converters ADC] 618 and ADC2 628 that convert analog signals Ial

616 and Qal 626 to respective digital in-phase signal Id1 631 and digital quadrature

signal Qd1 641. Because tuner! 610 only covers a portion BWtuner! 604 of the entire

frequency spectrum 608 having fewer channels, the ADC] 618 and ADC2 628 can be

slower-speed analog-to-digital converters with a large numberofbits, 1.e., large dynamic

range.

16
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[0042] Digital signals Id] 631 and Qd1 641 are then providedto a digital front end

DFE 630 that includes a first bank of N complex mixers 632 and channel and decimating

filters 634. The first bank of N complex filters 632 has N identical complex mixers,

where N is an integer value equal to the number of desired channels located in the first

portion BWtuner1 604 of the broad frequency spectrum 608. In an embodiment, each one

of the first bank of N complex mixers includes four digital mixers that multiply digital

stream Id1 631 and Qd1 641 with respective digitized cosine function and sine function

to generate the sum and difference frequency components, as shown in FIG. 3. The

digitized cosine and sine frequency,1.e., the mixer frequency is so chosen so that when

mixing signals Id1 631 and Qd1 641 will move them to a baseband or a low-IF band. In

an embodiment, channel and decimating filters have similar structures as filters 330 and

340 and demodulator 350 as shown in FIG. 3. That is, channel and decimating filters

include digital low-pass filters 330 and 340 that eliminates unwanted high frequency

components of the baseband signals I and Q prior to applying them to a decimator 350

(FIG. 3) that reduces the sample frequency without any loss of information since Id] 631

and Qd1 641 are sampled at a much higher frequency by the respective ADC1 618 and

ADC?628.

[0043] The decimated desired channels are then provided to an up-converter

module 650 that includes a bank of N up-mixers. The bank of N up-mixers includes N

identical up-mixers whose structure is shown in FIG. 5. In an embodiment, N is an

integer value equal to the numberof desired channels present in BWtuner! 604. Each one

of the up-mixer [requency-shifts the baseband signals I and Q of each one of the desired

channels to an appropriate portion of the intermediate frequency band according to

Equation (3). In other words, the bank of N up-mixers is “frequency multiplexing” the

desired channels onto a first portion 682 of an IF band 686.
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[0044] Similarly, tuner2 720 includes an amplifying filter AF2 713 that is

configured to receive a second portion BWtuner2 704 of the broad frequency spectrum

608. The second portion 704 contains a second plurality of RF channels 706 including a

second numberof desired channels. In the exemplary illustration of FIG. 6, the second

portion 704 has a frequency bandwidth of BWtuner2 that contains desired channels 707

having respective channel frequencies f,,; and fy4. Tuner2 720 includes elements such as

mixers M3 711, M4 721, amplifiers V3 714, V4 724,filters F3 715, F4 725 and analog-

to-digital converters ADC3 731 and ADC4 741 that are substantially the sameas the like-

named elements of the signal path of tuner] 610. Thus, redundant description is omitted

herein.

[0045] Digital in-phase signal Id2 731 and digital quadrature signal Qd2 741 are

then provided to digital front end 740. Digital front end 740 includes a bank of L

complex filters, where L is an integer value equal to the number of desired channels in

the second portion BWtuner2 704 of the broad frequency spectrum 608. Each one of the

bank of L complex filters is a digital complex mixer configured to transform the signals

Id2 731 and Qd2 741 to baseband signals that are further filtered by individual digital

low-pass filters such as FIR filters before decimated by a subsequent decimator. The

elements of digital front end 740 are substantially similar to those described in digital

front end 630. Thus, redundantdescription is omitted herein.

[0046] The decimated baseband I and Q channels are further provided to a

subsequent up-conversion module 760 that performs a function substantially similar to

that of the up-conversion module 650 already described above. The outputs of up-

conversion module 650 and 760 can be tiled to generate a contiguous set of IF

frequencies 682, 684 centered at f,; 686. In an embodiment, the outputs of up-conversion

module 650 and 760 are digitally summed and converted to an analog signal by summing

DAC 670. In another embodiment, the up-conversion modules 650 and 760 and the
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digital summing function 672 can be performed using an inverse discrete Fourier

transform or an inverse Fast Fourier transform operation.

[0047] The multi-tuner architecture provides the flexibility that multiple

commercially available tuners can be used without the need of designing a wideband

tuner. For example, a tuner designed for a terrestrial broadcast digital TV can be used

together with a tuner dedicated to receiving a cable signal and/or a tuner for receiving a

satellite broadcast signal. The multi-tuner receiver system provides an additional

advantage that other tuners can be added quickly to the system to accommodate any

future applications. Additionally, the multi-tuner architecture allows the use of slower

speed (1.e., lower cost) analog-to-digital converters with a larger number of bits for

achieving large dynamic range.

[0048] FIG. 7 shows a block diagram of an exemplary digital front end of the

invention in more detail. In an embodiment, in-phase signal Id2 731 and quadrature

signal Qd2 741 at the output of respective ADC converters 718 and 728 are provided to

each of the L complex mixers 732 comprising mixers 732A to 732L. A more detailed

description of each of L complex mixers is shown in FIG. 3. Mixer 732A multiplies Id2

731 and Qd2 741 with a cosine signal and a sine signal that are generated from an NCO]

and produces an [-732A signal and a Q-732A signal that are further individually filtered

by an FIR filter before decimating. The bank of L complex mixers corresponds to the

block 732 in FIG. 6; and the set of FIR filters and decimator corresponds to the block 734

in FIG. 6. Each decimated pair of I-7321/M in the baseband, where the index “1” is from

A to L, is further provided to a subsequent up-mixer for frequency-shifting to an

intermediate frequency as shown in FIG.8.

[0049] FIG. 8 shows an exemplary embodiment of a bank of L complex up-mixers

according to the present invention. Each decimated pair of complex signals I-732i/M and

Q-7321/M is provided to an associated complex up-mixer, whose frequency is so chosen
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that when mixing with the pair of complex signals I-7321/M and Q-732i/M will generate

an associated channel at a predetermined sub-portion of the intermediate frequency band

686 (FIG. 6). A more detailed schematic block of one of the L up-mixers is described

above together with FIG.5.

[0050] FIG. 9 is a simplified block diagram of a wideband multi-tuner receiver

system 900 according to an embodiment of the present invention. In an embodiment,

system 900 includes a crossbar switch 910 having at least an input terminal 912

configured to receive signals from an analog-to-digital converter (ADC) 912 and an input

terminal 922 configured to receive signals from an ADC 922. Crossbar switch 910 also

includes an output terminal 924 that is coupled to a digital front end 930. In an

embodiment, input terminals 912 and 922 of crossbar switch 910 have P inputs, where P

is an integer value that is equal to the total number of desired channels received by tuner!

610 and tuner2 720. Output terminal 924 of crossbar switch 910 have Q outputs, where Q

is an integer value that is equal to the total numberof desired channels received by tuner]

610 and tuner2 720.

[0051] In an embodiment, digital front end 930 may include a bank of R complex

mixers that frequency shifts the received channels to a baseband. Digital front end 930

may combine digital front end 630 and 740 shown in FIG. 6. Similarly, a tiled up-

conversion module 950 may include up-converter modules 650 and 760 of FIG.6.

[0052] System 900 further includes a summing DAC that operates similarly as

summing DAC 470 and 670 that have been described in detail in relation with respective

FIG. 4 and FIG. 6 above. Thus, redundant description is omitted herein.

[0053] FIG. 10 is a simplified block diagram of a wideband multi-tuner receiver

system 1000 according to another embodiment of the present invention. System 1000

includes at least tuner! 610 coupled with digital front end 630 through an analog-to-

digital converter 620 and tuner2 720 coupled with digital front end 740 through an
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analog-to-digital converter 730. System 1000 further includes a crossbar switch 1010 that

is interposed between digital front ends 630, 740 and up-conversion modules 650, 760.

Crossbar switch 1010 includes an input terminal 1012 having S inputs coupled with DFE

630 and an input terminal 1022 having T inputs coupled with DFE 740. In an

embodiment, S is an integer value equal to the numberof desired channels processed in

DFE 630 andTis an integer value equal to the number of desired channels processed in

DFE 740. Crossbar switch 1010 further includes an output terminal 1024 having U

outputs coupled with up-converter module 650 and an output terminal 1024 having V

outputs coupled with up-converter module 760. In an embodiment, the total number of

the outputs U and V is equal to the sum of the inputs S and T. Thus, crossbar switch 1010

allows the routing of any channel from either DFE 630 or DFE 740 to up-converters 650

or 760. It is understood that system 1000 is not as flexible as system 900 because DFE

630 and DFE 740are already pre-assigned to respective tuner! (610) and tuner2 (720).

However, this pre-assigned arrangement allows a simpler implementation of crossbar

switch 1010 that operates at lower speeds.

[0054] While several embodiments in accordance with the present invention have

been described, it is to be understood that the above description is intended to be

illustrative and notrestrictive. Many embodiments will be apparent to those of skill in the

art upon reviewing the above description. The scope of the invention should, therefore, be

determined not with reference to the above description, but instead should be determined

with reference to the appended claims along with their full scope of equivalents.
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CLAIMS

Whatis claimed1s:

1. A system comprising:

a first analog-to-digital converter (ADC) configured to digitize a first frequency

band comprising a first plurality of channels;

a second ADC configured to digitize a second frequency band comprising a

secondplurality of channels; and

a digital frontend (DFE) circuit operatively coupled to the first ADC and the

second ADC, the DFE being configuredto:

frequency shift one or more channels from the first plurality of channels;

and

frequency shift one or more channels from the second plurality of channels,

wherein the frequency-shifted one or more channels from the first

plurality of channels and the frequency-shifted one or more channels

from the second plurality of channels are combined into an

intermediate frequency (IF) signal.

2. The system of claim 1, wherein the IF signal is a digital signal and the DFE is

configured to output the IF signal via a serial interface.

3. The system of claim 1, wherein the IF signal is a digital signal and the DFE is

configured to output the IF signal via a parallel interface.

4, The system of claim 1, wherein:

prior to the frequency shift of the one or more channels from the first plurality of

channels and the frequency shift of the one or more channels from the

second plurality of channels, there is a first, greater amount of separation in

frequency between the one or more channels from the first plurality of
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channels and the one or more channels from the second plurality of

channels; and

after the frequency shift of the one or more channels from the first plurality of

channels and the frequency shift of the one or more channels from the

second plurality of channels, there is a second, lesser amount of separation

in frequency between the frequency-shifted one or more channels from the

first plurality of channels and the frequency-shifted one or more channels

from the second plurality of channels.

5. The system of claim 1, wherein the DFE comprises a plurality of channel filters

configured to perform selection of the one or more channels [rom the first plurality of

channels and the one or more channels [rom the second plurality of channels.

6. The system of claim 5, wherein each one ofthe plurality of channelfilters is a

finite impulse responsefilter.

7. The system of claim 1, wherein the DFEis configuredto:

adjust a sample rate of the frequency-shifted one or more channels from the first

plurality of channels; and

adjust a sample rate of the frequency-shifted one or more channels from the

second plurality of channels.

8. The system of claim 1, wherein each of the frequency shift of the one or more

channels from the first plurality of channels and the frequency shift of the one or more

channels from the secondplurality of channels comprises a down-shift and an up-shift.
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9. The system of claim 1, wherein the first plurality of channels and second

plurality of channels are satellite broadcast television channels.

10. A method comprising:

digitizing, by a first analog-to-digital converter (ADC), a first frequency band

comprising a first plurality of channels;

digitizing, by a second ADC, a second frequency band comprising a second

plurality of channels;

frequency shifting, by a digital frontend (DFE) circuit operatively coupled to the

first ADC and the second ADC, one or more channels from the first

plurality of channels; and

frequency shifting, by the DFE, one or more channels from the second plurality of

channels, wherein the frequency-shifted one or more channels from thefirst

plurality of channels and the frequency-shifted one or more channels from

the second plurality of channels are combined into an intermediate

frequency (IF) signal.

11. The method of claim 10, comprising outputting, by the DFE, the IF signal via

a serial interface.

12. The method of claim 10, comprising outputting, by the DFE, the IF signal via

a parallel interface.

13. The method of claim 10, wherein:

prior to the frequency shifting of the one or more channels from the first plurality

of channels and the frequency shifting of the one or more channels from the

second plurality of channels, there is a first, greater amount of separation in

frequency between the one or more channels from the first plurality of
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channels and the one or more channels from the second plurality of

channels; and

after the frequency shifting of the one or more channels from thefirst plurality of

channels and the frequency shifting of the one or more channels from the

second plurality of channels, there is a second, lesser amount of separation

in frequency between the frequency-shifted one or more channels from the

first plurality of channels and the frequency-shifted one or more channels

from the secondplurality of channels.

14. The method of claim 10, comprising selecting, by a plurality of channelfilters

of the DFE, the one or more channels [rom thefirst plurality of channels and the one or

more channels from the second plurality of channels.

15. The method of claim 14, wherein each one of the plurality of channelfilters is

a finite impulse responsefilter.

16. The method of claim 10, comprising:

adjusting, by the DFE, a sample rate of the frequency-shifted one or more

channels from the first plurality of channels; and

adjusting, by the DFE, a sample rate of the frequency-shifted one or more

channels from the second plurality of channels.

17. The method of clatm 10, wherein each of the frequency shifting of the one or

more channels from thefirst plurality of channels and the frequency shifting of the one or

more channels from the second plurality of channels comprises down-shifting and up-

shifting.
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18. The method of claim 10, wherein the first plurality of channels and second

plurality of channels are satellite broadcast television channels.
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ABSTRACT

A wideband receiver system comprises a wideband analog-to-digital converter

(ADC) module and a digital frontend (DFE) module. The wideband ADC is configured

to concurrently digitize a band of frequencies comprising a plurality of desired channels

and a plurality of undesired channels. The DFE module is coupled to the digital in-phase

and quadrature signals. The DFE module is configured to select the plurality of desired

channels from the digitized band of frequencies, and generate an intermediate frequency

(IF) signal comprising the selected plurality of desired channels and having a bandwidth

that is less than a bandwidth of the band of frequencies, where the generation comprises

frequency shifting of the selected plurality of desired channels. The IF signal may be a

digital signal and the DFE is configured to output the IF signal via a serial or parallel

interface.
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A 1.75-GHz Highly Integrated Narrow-Band CMOS
Transmitter With Harmonic-Reje

Jeffrey A. Weldon, R. Sckhar Narayanaswami, Jacques C. Rudell,
Sing-Chum Teal, Student Member Leif, Cheol-Woong Lee,Sebastion Dedicu, Luns Tee, Student Member. i y E

and Paul B. Gray, fellow, LEER

Abstract—A highly tategrated 1.78-GHz 0.35-4m CMOS trans-
mitter is deserihed. The f/C} modulater-based transmitter facki-
tates Integration thrangh the use af a unique mixer, termed a har-
monic-rejection mixer, and a wide loop bandwidth phase-locked
loap (PLE) for the RF synthesiser. The harmonic-rejectiog suixers
are used to cimnaie the need for a discrete TF Giter aad the use of

a wide loop bandwidth PLL allowed for the conmplete integration
ofthe synthesizers using low-¢2 components while achieving law
phase noise, The entire transmit signal path from the digital-te-
analog converters to the power amplifier, including two fully inte-
grated frequency synthesizers, is integrated Inte a single-chip so-
fution. The transmitter was tested with a testing bulfer before the
power amplifier (PA) and achieved less than 1.3° xmis phase error
wheu modulating a DCS-1800 GMSK signal. The pretetype con-
sumed 151i mA from a3-Vsupply. A class-C PA, capable of driving
25 dBoff-chip, was included and the output was compared to the
testing buffer with little change in the transmitter performance.

Drdex Teons—Class-C power amplifier, CMOS RE, digital-
te-analog converter, frequency synthesizer, harmonic-rejection
mixer, harmonie-rejection transmitter, image-refection mixer,
low-pass filter, phase-locked leap, pewer anxplifier, quadrature
gencration, radio architectures, radic transmitter, wireless cam-
munications.

1. INTRODUCTION

HE DEMAND for wireless connectivity supporting bothT votec and data has dramatically mercased mrecent yoars.
Advancements in wireless technologyhave largely been driven
bythe desire for lower cost solutions. Ope methad of achieving
this price reduction is through increased ievels of integration in
both the wansmitter andthe receiver. In addition to reducing the
number of FCs needed, elimimating the need for costly discrete
componcats can also lower the overall cost. Consequently,
methods of integration have recerved considerable attention

over the last few years [1], with the gual of complete inteyration
ofboththedigital axl analog circhits onto a smagle chip. CMOS
is amenable to high mtegration due to the fact that the vast

najority of digital integrated circurts as well as many analog

  Manuscript received May 5, 2001; revised Fuly 27, 2001. This wark was sup-
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mtegrated circeits [2] are implemented in CMOS technologies,
However, maintaining high performance in a wireless system,
with an integrated CMOS solution, requires advances at
both the architectural and circuit level because many current

noplemeniations are nat amenable to mitegration in CMOS.
Recently, significant effort has been directed toward the im-

plementation of integrated CMOS recetvers [3], [4]. The focus
of this work is to demonstrate techniques that would allow
for a highly integrated high-performance CMOS transmitter
and eliminate the need for castly discrete components. The
challenge was to mamiain the bigh performance needed by
celhilar communications systems while usmg low-Q on-chip
components imherent to standard CMOS. A prototype was
fabricated osing a G.35-j0m double-polyfive-layer metal CMOS
technology. The transmitter operated at 1.75 GHz and was
designed for a narrow-band cellular standard, DCS-1806, an

up-banded version of GSM. Although the prototype was only
tested with one standard, the architecture was chosen to facil-

tate muiltistandard operation. The transmitter mtegrated the
eptire signal path from the digital-to-analog coaverters (DACs}
to the power amplifier (PA) including two frequency synthe-
sizers. The fall mtegration of the trausraitter was facilitated by
a mumber oftechniques including the harmonic-rejection mixer
(ARM) and a wide-loop-bandwidth phase-locked loop (PLL).

section If chscusses relevant transmitter architectures and

their potcatial for integration in CMOS and multistandard oper-
ation. Section Lf focuses on the harmonic-rejection transmitter
in taore detail while addressing a few of the key concepts
and circuit blocks. Section FV examines the CMOS prototype
transmitter used to demonstrate the previously discussed
concepts, and Section V presents the measured results frormthis
transmitter. Finally, some conclusions are made in Section V1.

4

il. TRANSMITTER ARCHITECTURES

Transmitter implementations to date have used a variety of
architectures, each of which exhibrs features making them well
suited for iroplementing a specific standard. However, ifthe goal
is multistandard operation, 4 transmitter architecture with high
flexibility is desired. Furthermore, high performance is required
if'a dificult standard is among the targcted applications. In par-
ticular, RF systems with large cell sizes, such as cellular com-
munication systems, generally require higher performance than
short-range systems such ag Bluetooth. The issueis further com-
pheated by the fact that CMOS integration using low-Q com-
ponents limits the performance of manycircuit techniques. As

001 8-0200/01510.00 © 2001 TEFE
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Fig. 1. Direct upconversion transmitter block diagram.

aresult, newarchitectures and circuit techniques must be mves-
tigated if the goal is high-performance multistandard operation
using CMOSand its inherently low-@Q devices.

The vast majority of transmitters fall into two classes: [/Q
modulator-based transmitters and voltage-controfled oscitlator
(VCO}-based transmitters. Although VCO-based transmit-
ters have shown promise with respect to the climination of
discrete components [S], [6], they are fundamentally limited
fo constant-envelepe modulation schemes. In contrast, £/Q
modulator-based transmitters can operate with both constant
and nonconstant envelope modulation, making them well
suited for mnuftistandard operation. To begin the discussion of
£/Q modulator-based transmitters, a homodyne or direct up-
conversion transmitter is evaluated, followed by a discussion of
the traditional heterodyne or indirect upconversion transmitter.
Finally, a modified heterodyne transmitter is presented called
the harmonic-rejection transmitter.

A. Direct-Upcornversion Transmitter (Homadyne)

 ‘The direct-upconversion transmitter, shown in Fig. 1, is
attractive because of the simplicity of the signal path. The
m-phase (2) and quadrature (Q) baseband digstal signais pass
through a DAC and a bascband filter before the signal is
upconverted to RF in a single step. The f and Q signals are
then combined before passing through a pre-PA RFfilter. a PA,
and a second RF filter. Channel tuning is typically performed
with a single RF channel-select frequeacy synthesizer. The
shaded components in Fig. | would likely remain diserete if
CMOS integration with low-Q componcats was attompicd for
a number of reasons. In particular, mtegrating a low-phase
naise RF charmel-select frequency synthesizer using low-?

components would be particularly difficult for narrow-bandcellular standards such as GSM. This would lead ta the use of

a discrete VCO tank circnit to meet the required phase-noise
performance with reasonable power consumption. Aside from
the tank ciroun, a discrete pre-PA RFfilter is needed for two
reasons. First, the filter reduces potential third-order uxtermud-
ulation in the PA that could degrade modulation accuracy. This
can be seen in Fig. 2 when the third harmonic of the desired
signal uvtermodmates with the desired signal to produce an
unwanted third harmonic of the baseband signal. The pre-PA
RF filter is also needed io attonuate transmitted noise that

im turn reduces the filtermg requirement after the PA. This
allows the use of a single filter after the PA with potentially
fower Loss than if a pre-PA filter was not used. Aside from
the aced tor discrete components, the direct upconversion
transmitter suffers from some well-known problems. Cirst, the
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local oscillator (LO) feedthrough is relatively large because of
the high frequencyused m the //( modulator. The second, and
potentially more severe, problem is LO pulling which occurs

because ue transmitted signal is running at the samefrequencyas the LO. This condition woukl onky get worse with PAintepration One method to reduce LO pulling is offset mixing
[7], [81, but this technique doos not address any of the other
integration issues. To further improve transmitter performance,
an indirect upconversion transmitter is often used.

&. Indirect Upconversion Transmitter (Heterodyne)

The tadixect upconversion transmitter, shown in Pig. 3, can

be viewed as the transmitter version ofthe suiperheterodyne re-
ceiver. Like the homodyne transmitter, an £/C modulator is

uss however, nowthe baseband signal is frequencytranslateda fixed TF. The signal is then typically filtered to removevinwanted iF harmonics. Phe UF signal is then apeonverted to
RF before it passes through a pre-PA RF filter, the BA, and a
final RF filter. Like the direct upconversion transmitter, channel
turing is performed with a single RF channel-select frequency
synthesizer, and agam, the shaded components wouldlikely re-
main discrete if CMOS integration with low-@ components was
atternpied. in addition, yet another discrete component, the Lk
filter, has been added. Furthermore,little has been done to case

the requirements of the RF VCOtank cirenit or the pro-PA RF
filter. However, this transmitter does have a number of perfor-
mancs advantages. First, LO feedthrough is reduced because of
the lower frequencyusedin the [/@ modulator, and second, LO
pulling is reduced because neither oscillator is operating at the
transmitted freqpiency. ‘fo farther improve performance a modi-
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Fig. 3. Indirect upconversion transautter block diagram.

Harmonic-

Rejection Mixers

Fig. 4. Harmonic-reiection transmitter block diapraim

fied indirect-upconversion transmitter was used, catfed the har-
nonic-rejection transnaitter.

iocH.
C. Harmonic-Rejection Transmitter

The two-step transmitter shown in Fig. 4 is called the
harmonic-rejection transmitter GURT) because of the unique
mixers used in the baseband to IF upconversion. This trans-
mitter mamtains the performance advantages ofthe traditional
indirect upconversion transmitter im that both LO pulling and
LO fesdthrough are reduced. In addition, for reasons shown
later, the dependency on diserete components has been re-
duecd. For a given performance metric, removal of the IP filter
and pre-PA filter may now be possible, as well as complete
imtegration of the RF VCO tank circuit. Integration of the tank
circuit is achieved by switchingthe roles of the synthesizers as
compared to a conventional heterodyne transmitter. Channel
tuning is nowperformed with the IF synthesizer while the RF
synthesizer is fixed in frequency. By reversing the roles of the
two synthesizers, the total phase noise of both synthesizers
cag be reduced whea using low-¢? on-chip components for the
VCO tank circuitry.

The IF filtering requirementis relaxed by the use ofHRMsfor
the basebandto LF upconversion. As previously mentioned, con-
ventional switching mixers introduce relatively large harmonics
at multiples of the [P frequency that require the use of a high-G
filter not aracnable to CMOS integration. In contrast, the HRM
not only frequencytranslates the baseband signal ta IF but also
avoids the need for a discrete filter by attenuating the third and
fitth Lf barmontes, ‘Uhis attenuation is acbieved by effectively
sultighving the baseband signal bya 3-bit, amplitude-quantized

sivuscid. The details of the HRM will be discussed in more de-
tail in Section (H.

in addition to the relaxation of the IF filtering requirernent,
the requirements on the pre-PA RF filter have also been re-
laxed. The pre-PA filter ts needed to reduce potential third-order
intermodulation and to attennate transmitted noise and spurs.

SW

ehaKY AEE.

Page

Since the transmitted noise is typically dominated by the phase
nose ofthe synthesizers, switchimg the roles ofthe synthesizers
potentially allows for low-phase-noise integrated synthesizers
which in tum reduce the pre-PA filtering requirement. Also, as
previoushy mentioned, energy located at three times the carrier
frequency can intermodulate and degrade the modulation aceu-
racy. lo an indirect upconversion Wansmiitter, energy is gener-
ated at three times the carrier frequency from the 3LO2 x 3L01
mixing product. However, due to the rejection of the third TFhar-
monic, third-order intermodulation 1s a less significant problem
in the HRT. Consequeatly, the pre-PA RF filter is no Jonger
needed to prevent significant third-order intermodulation. As a
result, PA mtegration is now possible, because the RF ltermng
can be performed with one RIfilter after the PA.

The next section will discuss some of the ‘ant details of

the HET, focusing on the HRMand frequency synthesizers.

ad
Ca,

import

Hl. TRANSMITTER DETAILS

A. armonic-Rejection Mier

A key building block im the HRT is the harmonic-rejection
mixer (HRM). Switching mixers are coramopnly used in RF
transceivers because oftheir numerous advantages compared
to other mixer topalagies [9]. However, these mixers generate
harmonics of the local osedlator frequency, which consequently
need filtetny. The top half of Fig. 3({2) shows 4 conventional
switching mixer ia which the baseband signal is effectively
multiplied by a square-wave LO2 signal. The resulting upcon-
verted signal now bas relatively large copies of the baseband
signal located at odd nnultiples of the LO frequency. Typically, a
high-(? filter is needed to attemmate these capios. Alternatively,
an HRM could be used to attenuate the third and fifth LO

harmonics, reducing the IF tilteriag requirement, The funda-
mental concept of the HRM, shown im Fig. 5(b}, is to multiply
the baseband signal by a 3-bit, amplitude-quantized smusoid,
froan(t). Because the first harmonic of fioo,(f) is located

at
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copy of the upconverted baseband signal is also located a
at scvon times eotal frequeney, the first signiou
severt Gimes the fundamental frequency. Consequently, the TF
filtering requirement is greatly relaxed, leading to removal of
the UF filter. The next challenge was tc generate frog: {f) while
maintaining the advantages of using a current-commutating
switching mixer. Current-commutating switching roixers allow
for a relatively flowLO swing, which is critical for integration
using low-@ components.

To generate fioo,(t}, three square waves are summed as
shown ip Fig. 6. To accurately represent a quantized sinusoid,
the magnitude of fo(t) is sealed by 2. ‘To better understand
the rejection of the third and fifth harmonics, it is imstructive
to expand the three square waves using a Fourier series. The
Fourier series representation ofthe three square waves up 1 the
fifth-order componentis given by

 AG@= + = foos(But) + sinGkut)})o

i yf frog was ] WY~ +{cos{5wt} ~ sin(Swt))... )° , : ,

3 f ipor ' , \ + fe * 6 *

frit) = -- pcos(wt) ~ = cos(3wt} + > cos(Swt)... (2)
via 3 3
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Summingtho three ideal square waves with f(t) scaled by 2
results mthe total rejection of the third and fifth harmonics.

However, simular to a single-sideband mixer, een and phaseroismatch result ie nonideal cancellation of the third and fifth

harmonics. The rejection of the third and fifth harmonic are
given by

 

iY

HEMs = { 5) (Gos+ a)
+ a + A) sin(39})) {4}

HRM, = ( z) (1 — cos(500 + A)?
4 (C4 + AjsinGé})) (3)

where A is the gain mismatch and ¢ is the phase mismatch.
The rejection depends strangly on the phase error in the original
signal. Shown in Fig. 7 is the harmonic rejection plotted as a
function of phase errorfor different gain errors. Fig. 7(a) shows
the rejection of the third harmonic while Fig. 7(b) shows the
rejection of the filth harmonic. Note that as the phase and gain
error increase the reiection of the third barmomic approaches
9.5 dBe while the rejection of the fifth harmonic approaches
i4 dBe, which are the levels of an ideal square wave. For one-
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Fig. 8. Harmonie-rejection mixer circuit diagram.

degree phase exror and 1% matchmg, approximately 35 dB of
rej ection is achieved for both the third and fifth harmonics.

To implement the HRM,cach square wave, f(t), felt}, and
f(t), is mixed with the baseband signal and then the fires
outputs are summed. The advantage ofthis aoproach is that
a low-noise switchiag mixer can now be used. However, a
potential disadvantage is that sealing the LO voltage, by V2
in this case, will not proportionally scale the output voltage
swing. The simplified cironit schematic for the HRMis shown
in Fig. 8. The HRMconsists ofthree current-cormmutatings
mixers. The transconductance stage of each subminer is driven
with the identical baseband signal. However, the switches are
driven by the three phase-shifted square waves. The current
output of the three submixers is sunimed to generate the final
output signal. Consequently, the baseband signal is effectively
multiplied by a 3-bn amplitude-quantized smausoid. To scale
fo(t) by V9, the current switched in the middie submixer was
increased by f3tbyscaling the tail current source. Forthermore,
fo maintain an equivalent lmearity performance in the three
submuxer transconductance stages, the input transistors were
also scaled in the middle submixerto give a Va,a, that ts equal
in the three submixers.

b- 

ney Synthesizers

Thisttransmitter architecture offers advantages with respect to
full ietegration of the frequency syathesizer with on-chip low-()

VCOs. As previously mentioned, mene tuning is nowper-formed with the low frequency syathesizer while the RF syn-thesizer is fixed in frequency. This achieves lower phase noise
than the standard configuration because it allows for the use of
a wide loop bandwidth for the RF syathesizer.

Performing chamneltuoing with the lower frequency IF syn-
thesizer allows the RF syathesizer to have an extended loop
bandwidth, which has the effect of suppressing the close-to-car-
rier phase noise produced by the VCO. This maybe better un-
derstood by evaluating the phase-noise transfer functions ofthe
various components within a PLL. to the output of the synthe-
sizer, as illustrated in Pig. 9. Here, the phase-noisetransfer fime-
tion from the VCO to the PLL outputhas a high-pass character-
istic relative to the carrier, Because the channel taning is per-
formed using the lower frequency IF synthesizer, the compar-
ison frequencyofthe RF synthesizer can besignificantlyraised,
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Fig. 10. Phase noise of low-frequency synthesizer.
 

by as much as a feworders of magnitude. Typically, for reasons
related ta the stability af a second-order PLL, the loop band-
width must be anywhere from a fourth to a» tenth ofthe com-
parison frequency. Therefore, the higher comparison frequency
allows an increased loop bandwidth for the RF synthesizer, sig-
nilicantly extendingthe close-to-carrier bandwidth where VCO
phase-noise suppression will occur. The overall RE synthesizer
close-to-carrier phase-noise performance can then be designed
such that the phase-noise performance is no longer domimated
bya aoisyintegrated VCO using low-C) components in the tank
olronit.

Although the lowerfrequency synthesizer must nowperform
channel tuning, lower phase noise, relative to the carrier power,
can inherently be achieved due to the lower operating frequency.

channel tuning must be
formed. Consequently, the oaxinaum reference frequency and
PLEfoop bandwidth are limited, ultimately reducing the band
of close-to-carrier VCO phase-noise suppression. The concept
of inherently lower phase noise at lower frequencies maybe un-
derstood with a time-domain interpretation, whichis dlustrated
in Fig. 10. Assume for the mornent that the PLE. used to syn-
thesize the channel spacing required by a narrow-band system
produces an output at RF, instead of IF (again, the loop band-
width would be smal). If the output of this synthesizer is di-
vided downto the IF frequency, there is an inherent lowering ip
both the rms jitter and phase noise as compared to the carrier.

In this transmitter system, narrow per-
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Fig. 11. CMOSprototype HRT block diagram.

This is ilhistrated in Fig. 10 for D == 4, where the time-do-
main waveformat the outout of the synthesizer is shown at the
bottom. Before the divider, cach edge of the waveform contains
jitter, resulting from noise generated inside the PLL. If it is as-
sumed that an idealized noiseless divider is used to lower the

frequencybya dividerratio D, then the divider will only capture
the tuming jitter frora one of D edges, yet the period of the fanda-
mental wavcform mercases by a factor of U. Stated differently,
the rms tirning jitter on the lower frequency LO, at the divider D
output, will have the same timing jitter on each edge, however,
the cexiod of the waveform is increased by a factor of D. Thus,
the fitter relative to the fondamental perniod has decreased bya
factor D. For close-to-carrier phase noise, the timing error cre-
ated from edge to edge is correlated at the output of the divider.
Becauseofthis correlation im timing error from edge to edge,
the effect of a noiseless divideris to reduce the close-to-carrier

phase noise by the square of the division ratio, in this case 2.
in the actual implementation of the IF synthesizer used mthe
transraiiter prototype, the channel-tuning synthesizer produces
an output m the range of 1.3104 to 1.4704 GHz, in 800-kKHz
steps. The EF synthesizer output is then divided downby a factor
of4; thus, the close-to-carrierphase noise producedat the outout
of the synthesizer is reduced by a factor of 16.

The RF synthesizer used by this prototype transmitter bas
been previously desertbedin [10] and realizes a 1.3824-GHz as-
cillator with a loop bandwidth of 8 MH. The IF synthesizer pro-
duces frequencies from 327.6 to 367.6 MHz in 200-kHz steps
and has a 40-kHz loop bandwidth.

 
 

 

LV. CMOS PROTOTYPE

A CMOS prototype HRT was fabricated in a 0.35-prn
double-poly five-layer metal process. A block diagram of
the HRT is shown in Fig. 11. The HRT integrated the entire
transmit sigaal path from the DACs to the PA, inchiding two
frequency synthesizers. Ten-bit digital J and Q baseband sig-
nals are brought on chip and passed throngh two LO-bit resistor
strimg DACs and then filtered by two Sallen & Keythird-order
low-pass filters. The cignals are then upconverted to a variable
IF using four HRMs. Four mixers are used to provide image
rejection for the baseband signal and to generate both J and
OF signals, The IF signals are then upconverted to RF osing
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Fig. 12. THe phota.

two inductively loaded current-commutating mixers. The RF
signal is then buffered before being driven off-chip with either
a testing buffer or an integrated class-C PA. The testing buffer
ig capable of driving @ di8minto 50 0, while the PA is capable
of delivering 25 dBra. A dic micrograph is shown in Fig. 12.

With the high level of integration miplemented imthis work,
coupling between circuits and circuit blocks can severely
degrade performance. The chip was fabricated in an epitaxial
process; the epitaxial layer had a resistivity of 10 Q-cm, while
the substrate had a resistivity of GGL Q-om. With such a
low substrate resistivity, it is quite possible that large signals
injected into the substrate from the digital circuits or from
the power amplifier (PA) can couple back into the sensitive
analog sections. To reduce the effects of substrate coupling,
three general techniques were used throughout the chip. First,
a fully differential signal path was used from the output of
the DACs through the outout of both the PA and the testmg
buffer. Ideally, a differential circust will see coupling from the
substrate, due to other circuit blocks, as common-mode noise,

and will reject those signals. Both frequency synthesizers were
also implemented te a fally differenual fashion, inchiding the
VCOcontrol voltages. Differential control voltages were used
to saaximize the immunity of the frequency synthesizers to
coupling through the substrate, from other blocks as well as
each other. Second, independent supplies, which were heavily
bypassed both on and off chip, were used for each of the circunt
blocks. This was done so that the local supply and ground
would move together; any voltage fhictuations on etther the
ground or supply nodes would ideally not impact the signals as
they moved throngh the signal path. Third, multiple substrate
contacts were placed arcund the transistors so that the body
would move in unison with the local supply and ground.
Therefore, any substrate coupling would also be coupled inte
the supply and ground local to a given circuit block, and would
therefore minnnize the effect ofthat coupling on the differential
signal path.

To better understand the circuit implementation, a more de-
tailed description of some ofthe keycircuit blocks will follow.
The blocks to be discussed inchide the DAC, the Salten & Key
filter, the RI quadrature generator, and the PA.

A DAC

Fig. 13 shows the basic structure ofthe resistor string DAC
used in the transmitter.The digital-to-analog conversion is made
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in two steps using two 5-bit resistor strings that select the ap-
propriate output analog level. In the design ofa resistor-string
DAC,there is usuallya tradeoffbetween the maxinuumspeed of
the DACand us powcr consumption. As the total vahic ofthe
resistancein the resistor string increases, the overall power con-
sumption is reduced, but the time needed for the curput voltage
to settle is also increased. A critical factor in the settling time is
the issue of capacitive coupling between the outpat and the in-
termediate nodes in the resistor strimg. The mtermediate nodes
in the resistor sirimg should stay at a fixed voltage at all times,
but as switches close and open and different intermediate nodes
are tied to the output, there is aa tastantancous Change on the in-
termediate nodes (for example, node A im Fig. 14) that causes an
increase in the settling time of the output. This problem can be
reduced through the use ofa set ofrephca switches and a dummy
capacitor, as shown ia Fig. 14. Switches 3 and 4 switch in oppo-
sition to switches | and 2, respectively, and thereby inchice an
equal and opposite effect op the intermediate node voltage A.
‘The uncompensated voltage at nodeA is summed with the ghich
reduction due to the switches 3 and 4, resulting in a reduced
fhictuation voltage at node A, as shown in Vig. 14. ‘Phis allows
the voltage at the output to settle more quicklyto its desired
valine; furthermore, in stmolation, the power consnmption can
be reduced as muchas 30% for a given settling time. Moreover,
the use of complementary switches performs the operation of
single-ended to differential conversion. in the actual implemen-
tation, the function of the dummy capacitor was performed with
the complementary output buffer.
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B. Salion & KoyFilter

After the DACs, the (and @ basebandsignals are filtered he-
fore upconversion. The filtermg is performed with a third-order
Sallen & Key low-pass filter. The filter uses a buffer im the feed-
back path to improve the rejection. Shown on the left side of
Fig. 15 is a conventional Sallen & Key filter The feedback
capacitor Cy introduces a zero in the transfer function which
decreases the attenuation at higher frequencies. However, the
wide-band noise is critical in transmitters, because it may cor-

rupt the highly sensitive receivers nearby. One method of im-
proving the attenuation, at the cost of increased power,is to in-
crease the bandwidth of the forward buffer used in thefilter.

Alternatively, the effect of the zero may be reduced by adding
a buffer in the feedback path as shownin the right side of the
Fig. 18. The buffer blocks the zero mitroduced by the capac-
itor allowing for a lower bandwidth in the forward buffer. The

plot shows the expected attenuation for the two configurations
with equal power consumption. At higher frequencies, approxi-
mately a 30-dB improvementin the high-frequencyattenuation
is predicted by simulation with the feedback amplifier, as com.
pared to a conventional Sallen & Key filter consuming equal
power.

 

C. RE Quadrature Generator

The arnount ofsideband suppression abtamed by an image-
rojection mixer is highly dependent on the phase accuracy of
the f and @ LOsignals. Forthis transmitter system, the quadra-
ture accuracy GF the J and Q LO signals further relax the RF
filtering requirement of the IF image. Additional and specific
requirements of the quadrature generation cireritry used by this
transmitter arc that both the loadmg at the outout of the syn-
thesizer (or VCO) and the degradation in the VCOtank @ be
matoimized. Traditional methods of generating quadrature from
a single phase include frequencydividers and passive filters re-
alized with resistors and capacitors. The first LO (RE syathe-
sizer) directly generates the frequency required for upconver-
sion by the corresponding mixers, climninating the possibihty
of using a frequency divider to generate quadrature LOs. Two
common passive filter approaches inchide using an RC-CRfilter
or an asymmetric polyphase filter [11]. These passive methods
for generating quadrature suffer from a variety of drawbacks,
which can inchide both phase and amplitude frequency depen-

dence, phase error from either Fomponent mismatch or processvariations, and loss in LO carrier poweDespite the well-known problems, polyphase filters are still
an effective method for generating highly accurate quadrature
signals from a, single phase. However, there are several mech-
anisms of Loss im this filler that typically require power-con-
surocing buffers at the input and output ofthe filter. Polyohase
filters generate quadrature from a single phase by passing the
signal through multiple stages ofan RC network when the signal
frequencyis near the 3-dB frequency of the RC network. Other
contobutiagfactors to loss ma pobyphasefilter melade the par-
asitics associated with bottom plate capacitance used to create
the capacitors, If the output is directly coupled to the mixe
input, thenanac-coupling capacitor might be needed, whichintroduces additional parasitics and joss im LO carrier power.
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The circuit showa in Fig. 16 reduces one mechanism of loss in
the polyphase filter by using a buffer which drives the imput of
the futer with signals roughfy in quadrature and thus elimmates
the inherent 3-dB loss associated with converting a single phase
to quadrature phases. Two common source buffers before the
polyphase generate signals which are roughly 90° out of phase
at the inductively loaded nodes when the operating frequency
is near the gm /Cy, of the second buffer [12]. in addition, the
input impedance locking into the buffer is capacitive with the
exceptionof the gate resistance r,, therefore minimizing the re-
duction in the VCO tank @and loading, The @ ofthe LC tank at
the buffer output, shown as LI-L4 in Fig. 16, is approximately
1.5 when loaded with the polyphase filter. The ouxer LO input
was designed to have a common miode at Vag and thus the need
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High-frequency (LOS) VCObulter quadrature generator cireust schematic.

for an ac-coupling capacitor has been eliminated as well as its
associated loss.

D. Power Ampliffer

Previous sections detailed the transmitter architecture, in-

cluding the benefits of the harmonic rejection architecture with
respect to the filtering required before the PA. These benefits
allow for the use of an integrated highly nonlinear PA when a
constiant-cavelope modulation scheme is used. Recent efforts
that have mvestigated nonlinear PAs have focused primarily
on switch-mode nonlinear PAs, such as class-D and class-E

PAs [13], [14]. One drawback to switch-mode PAs, especially
with respect to their potential for integration, is the need for a
de-de converter im order to perform power control, which is
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Fig. 17. Class-C power amplifier circuit schematic.

 

required in most celhilar commnmications systems. In general,
the only way to vary the oufont power level of a switch-mode
PA is to vary the power supply; thus the necd for the de—de
converter, which can be difficult to imicgrate. Therefore, a
different solution was explored.

In this work, a class-C architecture was used for the PA. The
class-C architecture is an extension of the class-A and class-8

architectures. In the class-C architecture, the angie of conduc-
tion (the portion of the cycle when the device is on) is less
than 180°: the device is biased such that it is off for more than

one-balf the cycle by setting the de bias below the threshold
voltage of the device. Consequently, the input signal tums the
device on for only a fraction of the period. This reductionin the
period when the device conducts current serves to reduce the
power consumedim the device and thus potontially raises the of-
ficicacy of the PA.

in the design of submicron CMOS PAs, a key limitation
is the oxide breakdown voltage, which limits the available
voltage swing at the drain of the transistor As a result, the
load impedance seen by the device needs to be cxtremely
low in order to deliver the required amount of power without
damaging the device. Furthermore, the current level must rise
mm proportion with the reduced voltage swimg. Since CMOS
generally has a poor transconductance when compared with
silicon bipolar or Galliurn Arsenide technologies, the device
sizes required can be quite large in order to generate the

required output power.
Fig. 17 showsthe circuit diagramofthe three-stage fully dif-

ferential class-C PA used inthis work. Thestages are ac-coupled
in order to allowthe mput device of cach stageto be biased inde-
pendent of the output ofthe previous stage, Since the PA was to

be used ia an totegrated environment, the previous stages would
likely aot beable drive a heavyload; therefore, three stages wereused in order that the first stage would not load down the output
of the mixer. The first stage was biased in aclass-A fashion, with
a variable tail current source that controls the gain and thus the
outpet power level. The final bwo siages are biased im a class-C
fashion and use a cascode structure with the top devices biased
at the suroply in order to reduce the stress on the oxide dueto
voltage excursions at the outputs of those stages. At the imput

 

 

POGRATED NARROW-BAND CMOS TRANSMITTER WITH HARMONC-REMECTION MISERS 2013

to the final stage, a different tuning technique was used to peak
the gain at the desired frequency. Due to the high current drive
required and the poor transconductance of CMOS, the output
transistor size was extremely large (18300 ym/0.35 jem); using
a single spiral maductor to fime cut all the capactlance between
the second and third stages required an extremely small value
tnductor (on the order of G.1 nH). That taductor was quite dit-
ficult to implement without parasitic trace inductanceaffecting
the tuning at that node. Instead, a series LO was used in parallel
with the gate capacitance ofthe final stage in order to provide a
peaking of the impedance at that aode. Furthermore, inductors
were used across the diferential cascade nodein the second and

third stages, in order to reduce the current required to charge and
discharge the capacitors at those nodes and boast the efficiency.
The tadactors used at the outpat of the first and second stages as
well as those at the cascode nodes were implemented as spiral
inductors on chip; the other inductors used in this cirenit were
moplemented as bond wires, in order to take advantage oftheir
higher Q. The inputs of the second and third stages were biased
at 0.35 V with a bias voltage generated on chip.

Y. RESULTS

Although the HRT was designed to facilitate multistandard
operation, the performance of the transmitter was tested with
the DCS 1800 specificauions. This up-banded version of GSM
was chosen for a nuniber of reasons. First, it requires very high
modulation accuracy from the transmitter. Second, DCS 1400
requires very low wmwanted spurious transmission especially in
the recerve band. Finally, DCS 1800 uses a constant envelope
modulation schome making it well suited for use with a highly
nonlinear class-C power amplifier.

 
 
  

A Measured Kesulis Wih Tesiing Buffer

The results in this section were measured using a testmg
buffer after the mixers, im parallel with the PA, as opposed to
the PA itself. The next section will compare sorme of this data
when the measurements were taken at the output of the PA
instead ofthe testing buifer.

A critical test for all transmitters is the single-sideband test
in which a singio baseband tone is upconverted to RE. Although
f/Q roodulator-based transmaitiers are ideal for roultistandard
operation, gain mismatch and phase error in the modulator gen-
erally finnt the modulation acetracy. Shown in Fig. 18 is the
output ofthe transmitter when a 50-kHz basebandtone is upcon-
verted to RF. The unwanted image suppression was measured
at —56 dBc, implying that the gain and phase were matched
very well throughout the transmitter. This was accomplished
with careful layout techniques and the measurement transmitter
has no external tuning. The carrier suppression was measured
at —38 dBe while the third-order distortion was measured at

~-46 dBc. Thethird-order distortion was domumated by the base-
band inputs of the HRMs.

Another key transnutter performmence test is measuring fhe
output when a modulated baseband signal is used as opposed to
a single tone. Typically, different RE standards provide a spec-
tral mask ander which the transmitted signal nmustfall. Meeting

 

Page 90 of 183



Page 91 of 183

2012

ATTEN=-2a3 MKR|-S.608
RL LoneBie toga “i605

1 M2IOG He SPAN ANUIKH2
  awe vew aun EWP Laker 

ATIEN ton Mee any 
RL. 9.013 16d Bs

 
 

oPetonha

; : |
}

1 2a2s00G tLe SPAN 10st
S0KER vew Bowie swe soums 

Fig. 19. Transmitter output with modulated baseband signal.

this specification requircs low phase noise from the frequency
synthesizer and high lmearity in the haseband circuits. To test
the HRT a DCS 1800 GMSE modulated baseband signal was
used. Shown in Fig. 19 ts the measured outout spectrumalong
with the DCS-1800 spectral mask requirernent. The measured
resulis are limited by the phase noise ofthe frequency synthe-
sizers.

Although the spectral mask hmnits the transrattted noise and
unwanted spsctral cmissions, tt docs not measure the modula-
tion accuracy. This test is typically performedusing a modulated
baseband signal and comparing the transmitted signal with the
ideal signal.The DCS-1800standard requires that the rms phase
erroris less than 5° with a peak phase error no larger than 20°.
The measured results for the HRT are shown in Fig. 20 and the
rms phase error is 1.3° while the peak phase error is 3.7°. This
etror was probably caused bythe nonidealities in the [/Q mod-
ulator along with the phase notse of the synthesizers.

Tn addition to the close-in spectral mask requirements, DOS
1800 limits the unwanted transmissions that could potentially
fall in the receive band. Consequently, the limit for the trans-
mitted noise measured at 20-MHz offset from the carrier is
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Fig. 21, Wide-band spectruri at transmitter output.

—15] dBe/Hz. This transmitter was measured at -126 dBe/Hz.

This moise was primarily caused by the phase noise ofthe
frequency synthesizers. To meet the DCS 1800 specification,
an RF fdter is needed weth 25 dB of attenuation at a 20-MHz

offset. Such attenuation is achievable with a single RF filter
allowing for a highly integrated transmitter requirmg only one
filter afterwards.

Finally, as a test of the HRM, 3 wide-band output spectrum
was measured. The results are shown in Fig. 21. The suppres-
sion ofthe third IF harmonic was measured to be —68 dBe while

the fifth IF harmonic suppression was measured to be --69 dBe.
Although the third IF harmonic was further suppressed by the
IF-RF moage-reject mixer, the fifth IF harmonic was only sup-
pressed by the HRM. The third IF harmonic on the lowside of
the carrier frequency was only suppressed by the HEM, and it
was belowthe noise Hoor of the spectrum analyzer.

i Results With PA&. Measured

The transmitter was also tested with the class-C PA. Shown

in Fig. 22 are the results of a smgle-sideband test using the same
50-kHz signal. The test setup introduced approximately 2 dB of
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Fig. 22, Single-sidebandtest with PA output.
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IF Irmage Suppressian -60 dBe -60 dBo

RP Carrier Suppression : -38 dBs | -38 dBc
AMS Phase Error : 4.3 |N/A

BRNA
20 Miz Carrier Cifset Noise -126 GBe/Hz 1-124 dBe/Hz

3" Order Distortion 1-48 dBo 1-43 dBe

Output Power iO dBm 125 dBm

Active Chip Area 20 mrné 124 mm?
Technology £0.35 yum DP- 9.25 am DP.

| 5M CMOS (8M CMOS  

lass between the output of the PA and the meastirement equip-
ment. The differential to single-ended conversion was accom-
plished using a microstrip bahin similar to the balun described
m [14]. Comparing Fig. 22 with Fig. 18 shows verylittle differ-
ence. The mtograted PA had inthe effect onthe transmitter output
when a single-sid
though not shown here, the wide-band spectrum also showed
little change compared to the wide-band output measured at the
testing buffer. Although the integrated PA had little effect on
the modulation perfomance, the noise at 20-MHz offset was af-
fected by the PA. As previously mentioned, the noise measured
with the testing buffer was -- 126 dBe/Hz while the noise mea-
sured with the PA was -121 dBe/Hz. Substrate coupling is the
likely canse of the mereased poise.

The integrated class-C PA was designed for 1.5-W peak
power and was tested as standalone component. The peak
rmicasured power of the standalone PA was measured at 1.2 W.
This power was not achieved in the integrated version because
of the lower than expected gata in the transmitter. This was
due to lower than expected Qs for the on-chip spiral inductors
which are critical for gain.

 

 

eband test was performed. Furthermore, al-

 

 
 

2043

Hie. 23. ‘Fransmitter current consumption.

C. Results Summary

A summaryof the measured results ts shown m Table 1. The
table shows the resnits when measured with the testing buffer
and the FA. Shown in Fig. 23 is the power consumption ofthe
transmitter excluding the testing buffer and the PA. The lower
than expected Qs negatively impacted the power consumption.
The current for certain circuit blocks was increased to achieve

the desired output power. Because the gain was lower than ex-
pected in the transmit path, the power output and the efficiency

ofthe PA were significantly lower than expected.

 

Vi CONCLUSION

A fally integrated CMOStransimitier has been demonstrated.
‘the eptire transmit signal path inchiding the PA and the fre-
quency synthesizers were integrated in a 0.35-prn double-poly
five-layer metal CMOS process. The transmitter demonstrated
cellular performance requiring only a single RFfilter after the
PA. The need for pre-PA filtering was removed through the ase
of a harmonte-rejection transmitter and a wide-loop-bandwidth
RF synthesizer. The performance met manyof the key require-
ments of DCS 1800, an up-banded version of GSM. Further-
more, duc to careful planning, the effect of on-chip coupling
was maonmized. This was evident by the fact that the chip incor-
porated two frequency syathesizers, two DACs, and a 25-dBra
PA. Furthermore, the PA had a minimal effect on the perfor-
mance when the PA output was compared to the output from a
post-mixer testing buffer.
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Box No. I Basis of this opinion

1. With regard to the language,this opinion has been established onthe basis of:

the international application in the language in which it was filed.

a translation ofthe international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

This opinion has been established taking into accountthe rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43 bis.1(a))

With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, this opinion has been
established on the basis of a sequencelisting filed or furnished:

a. (means)

Cc) on paper
C] in electronic form

b. (time)

in the international application as filed

together with the international application in electronic form

subsequently to this Authority for the purposes of search

4. [| In addition,in the case that more than one version or copy of a sequencelisting has been filed or furnished, the required
statements that the information in the subsequentor additional copies is identical to that in the application as filed or
does not go beyondthe application as filed, as appropriate, were furnished.

5. Additional comments: 
Form PCT/ISA/237 (Box No. D (July 2009)
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Box No. V Reasonedstatement under Rule 43dis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Statement

Novelty (N) Claims 6, 15, 26
Claims 1-5, 7-14, 16-25, 27-43

 

Inventive step (IS) Claims None.
Claims 1-43

Industrial applicability (IA) Claims 1-43
Claims None.

 

2. Citations and explanations:
Claims 1-5, 7-14, 16-25 and 27-43 lack novelty under PCT Article 33(2) as being anticipated by US 2003/0228855 A1 to Hertz et al.
(hereinafter 'Hertz’).

Asper claim 1, Hertz teaches a wideband multimedia recorderfor recording a plurality of radio channels (Abstract, para. [0012])
comprising: a wideband receiver (antenna, 100) configured to concurrently receive the plurality of radio channels (Fig. 2, para. [0013]); an
analog-to-digital converter (ADC, 237) configured to digitize the plurality of radio channels (Fig. 2, [0O66)); a digital front end module
configured to frequency down-convert the digitalized plurality of radio channels to a numberof radio channels in a baseband (para.[0045],
(0069]); a demodulator module configured to demodulate the numberof radio channels to a corresponding numberof data streams (para.
[0048], [0067]); a digital signal processing circuitry configured to process the demodulated numberof data streams (para. [0049)); a
storage unit (removable storage, 255) configured to store the processed numberof data streams(Fig. 2, para.[0055], {0119}); and a
contro! circuitry having a userinterface for receiving control commands(para.[0053], [0108)).

As per claim 2, Hertz further teachesa first mixer and a second mixer,the first mixer is configured to generate an in-phase signa! from the
digitalized plurality of channels and a second mixer is configured to generate a quadrature signalfrom the digitized plurality of channels
(para. [0087], [0093]).

As per claim 3, Hertz further teaches a pre-selectfilter that precedes the analog-to-digital converter and is configured to pass through the
plurality of channels to the analog-to-digital converter ( para. [0062], [0078)).

As per claim 4, Hertz further teaches wherein the radio front end module comprises: a wideband low noise amplifier configured to
concurrently receive the plurality of radio channels (para. [0062], [0078]); a frequency synthesizer configured to generate an oscillator
frequency (para. [0067]); a mixer module coupled to the low noise amplifier and the frequency synthesizer and configured to generate the
in-phase and quadrature signals (para. [0093]); and a low-passfilter configured to eliminate unwanted frequency componentsin the in-
phase and quadrature signals (para. [0062)).

As per claim 5, Hertz further teaches wherein the digital front end comprises a numberof mixers, each one of the mixers is coupledto the
digital in-phase and quadrature signals and configured to generate an associated radio channel in the baseband(para. [0069], [0093)).

As per claim 7, Hertz further teaches wherein the digital front end module further comprises a decimator module configured to decimate
each oneof the numberof radio channels in the baseband (para. [0070], [0092)).

As perclaim 8, Hertz further teaches wherein the demodulator module comprises a numberof frequency modulation (FM) demodulators
(para. [0067]).

As per claim 9, Hertz further teaches wherein the digital signal processing circuitry comprises a plurality of compression engines that are
capable of encoding anyoneof the demodulated numberof data streams with oneof a plurality of compression schemes(para. [0106)).

As per claim 10, Hertz further teaches wherein oneof the plurality of compression schemesis one of the W AV, MP3, AC3, WMA, AAC
audio formats (WMA, para. [0106}).

As per claim 11, Hertz further teaches wherein the digital processing circuitry comprises at least a decompression engine configured to
decompressoneof the stored encoded numberof data streams (para. [0025)).

As per claim 12, Hertz further teaches wherein the storage unit comprises one of the optical! compact disc, magnetic hard-disk, or flash
memory (flash memory, para. [0055]).

As per claim 13, Hertz further teaches wherein the contro! circuitry manages playback and recording operations based on the user's
control commands(Abstract, para. [0013], [(0108}).

As per claim 14, Hertz further teaches wherein the playback is performed ona third-party device (para. [0013], [0052)).
---See Supplemental Sheet---

 
Form PCT/ISA/237 (Box No.V) (July 2009)

Page 97 of 183



Page 98 of 183

PCT/US2010/031631 17.06.2010

Intemational application No.  

  
  

 
   

  
   
   

 

  
  
  
  
  
  
  
  
  
  
  
  

 
 
 

 
 
   
 

WRITTENOPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

PCT/US 10/31631

Supplemental Box

In case the space in any of the preceding boxesis not sufficient.
Continuation of: .

Box V.2 Citations and explanations:

As per claim 16, Hertz further teaches an RBDS decoderfor parsing radio broadcast data service information embeddedin the
demodulated numberof data streams (para. [0112], [0113)).

 As per claim 17, Hertz further teaches wherein the act of parsing comprises determining an occupancy,a location, an identity, and/or
contentthat is associated with at least one of the demodulated numberof data streams (para. [0112], [0113]).

As per claim 18, Hertz further teaches wherein the RBDS decoder comprises a plurality of digital decoding circuits that operate in parallel
(para. [0018)}).

 As per claim 19, Hertz further teaches wherein the parsed radio broadcast data service information is storedinafirst section of the
storage unit ([para. [0114]).

As per claim 20, Hertz further teaches an output unit configured to transmit wirelessly at least one of the number of data streamsin
responseto a user's control commands(para. [0056], [0095)).

 As per claim 21, Hertz teaches a wideband personal radio recorder system (Abstract, para. [0012]) comprising: at least a first tuner anda
second tuner (para. [0076)), the first tuner configured to receive a first frequency spectrum (AM band) including a first plurality of radio
channels (para. [(0076]}) and convert thefirst frequency spectrum to a first in-phase signal and a first quadrature signal (para. {0087},
[0093)), the second tuner configured to receive a second frequency spectrum (FM band)including a secondplurality of radio
channels (para. {0076)) and convert the second frequency spectrum to a second in-phasesignal and a second quadrature signal (para.
{0087}, [0093)); at least a first analog-to-digital converter module and a second analog-to- digital module (para. [0076}), the first analog-to-
digital converter module (para. [0076]) configured to digitize the first in- phase and quadrature signals (para. [0087], [0093]) , the second
analog-to-digital converter module (para. [0076]) configured to digitize the second in-phase and quadrature signals (para. [0087], [(0093]);
at leasta first digital front end module (para. [0076]) havingafirst plurality of complex mixers configured to frequency down-convert the
first digital in-phase and quadrature signals to a first numberof radio channels in a baseband (para.[0045], [0069]), a second digital front
end module (para. [0076)) having a secondplurality of complex mixers configured to frequency down-convert the seconddigital in-phase
and quadrature signals to a second numberof radio channels in the baseband (para.[0045], [0069]); a demodulater module coupled to
the first and seconddigital front end modules (para. [0076]) and configured to demodulate thefirst and second numbers of radio channels
to obtain a plurality of data streams (para. [0048], [0067]); a digital signa! processing circuitry coupled to the demodulator module and
configured to encodetheplurality of data streams (para. [0049]); a storage unit (removable storage, 255) coupledto the digital processing
circuitry and configured to store the encodedplurality of data streams (Fig. 2, para.[0055}, [0119]); and a control circuitry having a user
interface for receiving control commandsfrom a user (para. [0053], [0108)).

 As perclaim 22, Hertz further teaches wherein thefirst and second tuners,the first and second analog-to-digital converter modules, and
the first and second digital front end modules are configured to operate concurrently )para. [0076)).

As per claim 23, Hertz further teaches wherein the digital signa! processing circuitry further comprises an RBDS decoder for parsing radio
broadcast data service (RBDS) information embedded in the demodulated numberof data streams(para. [0112], [0113]).

As per claim 24, Hertz further teaches wherein the parsed RBDSinformationis storedin a first section of the storage unit (para. [0114)).

 As per claim 25, Hertz further teaches wherein the digital signa! processingcircuitry further comprisesat least a decoding engine
configured to decode at least one of the stored plurality of data streams for playback (para. [0025)).

  

  
 
   
   

 
 

 
 

As per claim 27, Hertz teaches a method of recording a plurality of radio channels with a wideband receiver (Abstract, para. [(0012])
comprising: receiving a radio signal including the plurality of radio channels (para. [0013]); converting the radio signal to an in-phase signal
and a quadrature signal (para. [0093)); digitizing the in-phase and quadrature signals (para. [0066]); frequency-shifting the plurality of radio
channels to a baseband by mixing the digital in-phase and quadrature signals concurrently with a plurality of complex mixers (para. [0045],
[0069]); demodulating the plurality of radio channels in the baseband to obtain a corresponding plurality of data streams (para. [0048],
[0067]); encoding the plurality of data streams (para. [0106]); and storing the encoded plurality of data streams (para. [0055], [0119]).

 As per claim 28, Hertz further teachesfiltering and decimating the frequency-shifted plurality of channels before demodulating (para.
[0097]).

As per claim 29, Hertz further teachesretrieving the stored plurality of data streams (para. [0025]); and decoding at least one of the
plurality of data streams for playback (para. [0025)).

 As per claim 30, Hertz further teaches wherein the encoding comprisesat least one of a plurality of audio compression schemes(para.
[0106)}).

  
 
  

 

As per claim 31, Hertz further teaches parsing radio broadcast data service (RBDS)information embeddedin the
plurality of demodulated data streams (para. (0012]-[0014}); storing the radio data service information (para. {0012)-[0014}); and building a
directory based on the stored RBDSinformation (para. [0014)).

 As per claim 32, Hertz further teaches wherein the parsing comprises determining an occupancy,a location, an identity, and/or content
that is associated with at least one of the plurality of demodulated data streams (para. [0112], [0113)).

---See Supplemental Sheet---
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As perclaim 33, Hertz further teaches transmitting wirelessly, in response to user's control commands,at least one of the plurality of data
streams (para. [0056)).

 
 As per claim 34, Hertz teaches a method of recording a plurality of radio channels with a multi-tuner receiver (Abstract, para. [0012])

comprising: providing at least a first tuner and a second tuner (para. [0076)),the first and second tuners configured to operate
concurrently (para. [0076)), the first tuner configured to receiveafirst frequency (AM band) spectrum includinga first plurality of radio
channels (para. [0076]), the second tuner configured to receive a second frequency spectrum (FM band)including a secondplurality of
radio channels (para. [0076)), the first tuner (para. [0076]) being configured to convert thefirst frequency spectrum toafirst in-phase signal
andafirst quadrature signal (para. [0087], (0093)), and the second tuner(para. [0076]) configured to convert the second frequency
spectrum to a second in-phase signa! and a second quadrature signal (para. [0087], [0093]); convertingthefirst frequency spectrum to a
first in-phase andafirst quadrature signal (para. [0076], [0087], {0093]); converting the second frequency spectrum to a second in-phase
and a second quadrature signal (para. [0076], [0087], [0093)]); digitizing the first and second in-phase and quadrature signals (para.
{0076}); multiplying the first in-phase and quadrature signals with a first plurality of complex mixers to obtainafirst plurality of in-phase and
quadrature signals ata baseband (para.[0045], [0069]), wherein each oneofthe first numberof in-phase and quadrature signals
represents oneof the first plurality of radio channels (para.[0045), [0069]); multiplying the second in-phase and quadrature signals with a
secondplurality of complex mixers to obtain a secondplurality of in-phase and quadrature signals at the baseband, wherein each oneof
the second numberof in-phase and quadrature signals represents one of the secondplurality of radio channels (para[0045], [0069));
demodulating the each oneofthefirst and secondpluralities of in-phase and quadrature signals to obtain a plurality of data streams (para.
[0048], [0067]); encoding the plurality of data streams (para. [0049]); and storing the encodedplurality of data stream para.[O055], [0119)).

 

 As per claim 35, Hertz further teachesfiltering and then decimating the each oneof the first and secondpluralities of in-phase and
quadrature signals before demodulating (para. [0097)).
 

 
 

As per claim 36, Hertz further teaches playing back at least one of the stored plurality of data streams (para. [0025)). 

 
  
 

As per claim 37, Hertz further teaches wherein the encoding comprisesat jeast one of the WAV, MP3, AC3, AAC, WMAaudio
compression formats (WMA,para. [0106)).

 As per claim 38, Hertz further teaches wherein the digitizing the first and second inphase and quadrature signals is performed
concurrently. (para. (0076)}).
 

  
  

As per claim 39, Hertz further teaches wherein the demodulating the each oneof the first and secondpluralities of in-phase and
quadrature signals is performed concurrently (para. [0095)).
 

  
  
 

As perclaim 40, Hertz further teaches wherein the encoding is performedin parallel for each one ofthe plurality of data streams (para.
[oozo)).
 

 
 As perclaim 41, Hertz further teaches parsing radio broadcast data service (RBDS) information embeddedin the

plurality of demodulated data streams (para. {0012]-[0014]); storing the radio data service information (para. [0012}[0014)]); and building a
directory based on the stored RBDSinformation (para. [0114)).
 

 
  
 

As per claim 42, Hertz further teaches wherein the parsing comprises determining an occupancy,a location, an identity, and/or content
that is associated with at least one of the plurality of demodulated data streams (para. [0112], [(0113)).

As per claim 43, Hertz further teaches transmitting wirelessly, in response to a user's control commands,at least one
3 of the plurality of data streams (para. [0056)).
 

 
 

Claims 15 and 26 lack an inventive step under PCT Article 33(3) as being obvious over Hertz in view of US 2003/0158614 A1 to Friel et
al. (hereinafter ‘Friel’).

 
 

  
 
 

  
 

 

As per claim 15, Hertz does not teach a battery configured to supply power to the recorder for continual operation in the event that an
external power supply is turned off. However, Friel does teach a battery configured to supply powerto the recorderfor continual operation
in the event that an external power supply is turned off (para. [0002]). It would have been obviousto one of ordinary skill in the art to
modify the recorder, as taught by Hertz, so asto include the useof a battery, as taught by Friel, becausethe battery ensuresthat the
recorderwill maintain tower, thus saving the memory storage and usercontrols.
 

 As perclaim 26, Hertz does not teach a battery configured to supply power to the recorder for continua! operation in the event that an
externa! power supply is turned off. However, Friel does teach a battery configured to supply powerto the recorderfor continual operation
in the event that an external power supply is turned off (para. (0002]). It would have been obviousto one of ordinary skill in the art to
modify the recorder, as taught by Hertz, so as to include the useof a battery, as taught by Friel, because the battery ensuresthat the
recorderwill maintain tower, thus saving the memory storage and usercontrols.

---See Supplemental Sheet---
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Claim 6 lacks an inventive step under PCT Article 33(3) as being obvious over Hertz in view of US 5705949A to Alelyunasetal.
(hereinafter 'Alelyunas').

As per claim 6, Hertz does not teach wherein each oneofthe plurality of mixers is a digital complex mixer comprising four digital multipliers
and two digital adders. However, Aleyunas does teach wherein each oneofthe plurality of mixers is a digital complex mixer comprising
four digital multipliers and two digital adders (Fig. 1). tt would have been obviousto oneof ordinary skill in the art to modify the recorder, as
taught by Hertz, so asto include a portion of thecircuit to include 4 multipliers and 2 adders, as taught by Aleyunas, becausethey provide
for compensation of phase error, thus reducing the potential of errors in the recorder(col. 3, In 10-24).

Claims 1-43 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be madeorusedin industry.
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Box No.I Basis ofthe opinion

Box No. H Priority

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack ofunity of invention

Box No. V __Reasoned statement under Rule 43 dis. 1(a)(i) with regard to novelty, inventive step or industrial applicability,
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VII Certain defects in the international application

Box No. VHI Certain observations on the international application
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International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
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opinions ofthis International Searching Authority will not be so considered.

Ifthis opinion is, as provided above, considered to be a written opinion of the IPEA,the applicantis invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of3 months from the date of mailing of Form
PCTASA/220 or before the expiration of22 months from the priority date, whichever expires later.
For further options, see Form PCTASA/220.

3. For further details, see notes to Form PCT/ISA/220.
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Box No. I Basis of this opinion  

With regardto the language, this opinion has been established on the basis of:

the international application in the language in whichit was filed.

CL] a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. CT] This opinion has been established taking into accounttherectification of an obvious mistake authorized byor notified
to this Authority under Rule 91 (Rule 43 dis. 1(a))

3. With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, this opinion has been
established on the basis of: .

a. type ofmaterial

LJ a sequencelisting
L] table(s) related to the sequencelisting

b. format of material

CC on paper
| in electronic form

c. timeoffiling/furnishing

CL] contained in the international application as filed
LJ filed together with the international application in electronic form
| furnished subsequently to this Authority for the purposes of search

4. CT] In addition, in the case that more than one version or copy of a sequencelisting and/or table(s) relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments: 
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Box No. V Reasonedstatement under Rule 438/s.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Statement

Novelty (N) 4, 7-9 and 16-25
1-3, 5, 6, 10-15, 26 and 27

Inventive step (IS) None
1-27

 

Industrial applicability (1A) 1-27
None

 

2. Citations and explanations:

Claims 1-3, 5, 6, 10-15, 26 and 27 lack novelty under PCTArticle 33(2) as being anticipated by Feher.

Regarding claim 1, Feher discloses a widebandreceiver system (paragraph [0231]) comprising: a wideband receiver configured to
concurrently receive a plurality of desired RF channels (in-phase and quadrature-phase baseband channels, paragraph [0276]); said
wideband receiver comprising: a mixer module (multipliers aiso known as mixers, paragraphs [236] and {0243]) coupledto the plurality of
desired RF channels and having a first mixer (mixer 11.13 of Fig. 17b) configured to generate an in-phase signal and a second mixer
(mixer 11.16 of Fig. 17b) configured to generate a quadrature signal (an in-phase(I) and quadrature (Q) channels, Fig. 6 and paragraph
[0237]); a wideband analog-to-digital converter (ADC) module (paragraph [0247]) havingafirst wideband ADC (19.15 of Fig. 19) coupled
with the in-phase signal and configured to generate a digitalized in-phase signal and a second wideband ADC(19.8 of Fig. 19) coupled
with the quadrature signal and configured to generatea digitalized quadrature signal (paragraph [0257]); and a digital frontend (DFE)
module (5.17 and 5.5 of Fig. 5) having a plurality of complex mixers (5.8 and 5.20 of Fig. 5) coupled to the digital in-phase and quadrature
signals, each oneof the plurality of complex mixers frequency-shifting a different one of the plurality of the desired RF channels to a
basebandsignal (paragraph [0236)).

Regarding claim 2, Feherdisclosesa local oscillator (5.9 and 5.21 of Fig. 5) having an oscillator frequency centered aroundthe plurality of
the desired RF channels (paragraph [0236)).

Regarding claim 3, Feher disclosesthat the local oscillator comprises a phaselocked loop (paragraph [0247]).

Regarding claim 5, Feher discloses that each oneof theplurality of complex mixers comprises a pair of digital multipliers (5.8 and 5.20 of
Fig. 5), each pair of the digital multipliers is coupled to a numerically controlled oscillator (5.9 and 5.21 of Fig. 5) (multipliers 5.8 and 5.20
of Fig. 5 are coupledto oscillators 5.9 and 5.21 of Fig. 5, respectively, paragraph [0236)).

Regarding claim 6, Feher discloses that the DFE module (5.17 and 5.5 of Fig. 5) further comprises a plurality of channelfilters (5.6 and
5.18 of Fig. 5), each one ofthe plurality of channelfilters Ils coupled to each oneofthe plurality of complex mixers (5.8 and 5.20of Fig. 5)
and configuredto filter one of the plurality of the desired channels (paragraph [0236]).

Regarding claim 10, Feher discloses an up-converter module (20.4b of Fig. 20) configured to frequency-shift the plurality of desired RF
channels in the basebandto an intermediate frequency band (paragraph [0258)).

Regarding claim 11, Feher discloses that the up-converter module (20.4b of Fig. 20) comprises a plurality of N up-mixers (5.8 and 5.20 of
Fig. 5) having a plurality of associatedoscillator frequencies (5.9 and 5.21 of Fig. 5), wherein N is an integer value equalto the plurality of
the desired RF channels (paragraph [0261]); wherein the plurality of associated oscillator frequencies are so chosen so that when mixing
with the plurality of desired channels in the baseband, the mixed products occupy a contiguous frequency spectrum, or a substantially-
contiguous frequency spectrum with one or more spacings betweenthe desired channels (paragraphs [0246] and [0280]), wherein the one
or more spacingsare variable (inherent in a spread frequency spectrum), and wherein the one or more spacings are smaller than or
comparable to a channel bandwidth, or small measuredasa fraction of the bandwidth of the first and second wideband ADCs(paragraphs
(0236), [0237] and [0257)).

Regarding claim 12, Feher discloses that the mixed products comprise spectra that are spaced in such a way so as to avoid overlap with
known frequency bands containing potential or actualinterferers (paragraph [0261]).

Regarding claim 13, Feherdiscloses that the mixed products comprise spectra that are spaced in such a wayso asto avoid overlap with
known frequency bandsthatintroduce interference to other systems (paragraph [0261]).
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 Regarding claim 14, Feher discloses that each oneofthe plurality of N up-mixers is a digital complex mixer (5.8 and 5.20 of Fig. 5) and
each oneofthe plurality of associated oscillator frequencies (5.9 and 5.21 of Fig. 5) is generated by a numerically controlled oscillator
(numerically controlled oscillator, paragraph [0247)).

 Regarding claim 15, Feherdiscloses a digital-to-analog converter (paragraphs [0247] and [0254}) configured to convert the contiguous
group of channelsin the intermediate frequency spectrum to an analog waveform.

 
 
 

  
  
  
  
  
 

Regarding claim 26, Feher discloses a methodof receiving a plurality of radio frequency (RF) channels including a numberof desired
channels (paragraphs [0221] and [0231]) that are located in non-contiguous portions of a frequency spectrum and grouping the desired
channels in a contiguous frequency spectrum (paragraph [0261]), the method comprising: concurrently receiving the plurality of RF
channels; producing an in-phasesignal! and a quadrature signal by mixing the plurality of RF channels (in-phase and quadrature-phase
baseband channels, paragraph [0276}) with a first oscillator frequency 5.9 of Fig. S) and a secondlocal frequency (5.21 of Fig. 5); digitizing
the in-phase and quadrature signals (19.10a of Fig. 19); and frequency down-shifting the digital in-phase and quadrature signals to a
basebandsignal using a numberof complex mixers (mixers 11.13 and 11.16 of Fig. 17b, paragraphs [236] and [0243}), wherein thefirst
and secondoscillator frequencies are identical and have a phaseshift of 90' degree between them, wherein the number of complex mixers
correspondto the numberof desired channels (Feher, paragraph [0243)).

Regarding claim 27, Feher discloses frequency up-shifting the baseband signal to an intermediate frequency; and converting the frequency
up-shifted baseband signal to an analog waveform (paragraphs [0247] and [0254)).  
 
 
  
  
  
  

 
 

Claims 4 and 16-25 lack an inventive step under PCT Article 33(3) as being obvious over Feherin view of Currivan.

 Regarding claims 4 and 24, Feher discloses that the desired RF channels conform to Video overInternet Protocol (ViIP) as well as Voice
over Internet Protocol (VoIP) (paragraph [0236]). However, Feherfails to disclose that the plurality of desired RF channels conform toa
Data Over Cable Service Interface Specification (DOCSIS) protocol. In the samefield of endeavor, Currivan disclosesthat the plurality of
desired RF channels conform te a Data Over Cable Service Interface Specification (DOCSIS)protocol (paragraphs [0027] and [0028)). It
would have been obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Currivan to incorporate the
above featuresinto the invention of Feher for the benefit of providing an equivalent data throughput of N channels to a user, though the
user perceives a single channel (Currivan, paragraph [0027)).

  
  

  
  
  
  
  
  
  
  
  
  

  
  

  
  
  
  
  

 
   
  
  
 

 

Regarding claim 16, Feher discloses a multi-tuner receiver system (paragraphs [0221] and [0231]) for receiving a plurality of desired radio
frequency (RF) channels (in-phase and quadrature-phase baseband channels, paragraph [0276]) that extend over multiple non-contiguous
portions of a broad frequency spectrum and grouping them in a contiguous frequency spectrum, the system comprising:a first tuner
(multiple receiver, paragraph [0200]) configured to receive a first portion of the broad frequency spectrum,thefirst tuner includesafirst
mixer (mixer 11.13 of Fig. 17b) module coupled to a first oscillator (5.9 of Fig. 5) and is configured to generate a first in-phase signal anda
first quadrature signal (an in-phase(|) and quadrature (Q) channels, Fig. 6 and paragraph [0237]); a second tuner (multiple receiver,
paragraph [0200}) configured to receive a second portion of the broad frequency spectrum, the secondtunerincludes a second mixer
module (mixer 11.16 of Fig. 17b) coupled to a second oscillator (5.21 of Fig. 5) and is configured to generate a second in-phase signal and
a second quadrature signal (an in-phase(I) and quadrature (Q) channels, Fig. 6 and paragraph [0237]); a first analog-to-digital converter
module (19.10a of Fig. 19) configured to digitize the first in-phase and quadrature signals; a second analog-to-digital converter module
(19.2 of Fig. 19) configured to digitize the second in-phase and quadrature signals (paragraphs [0247] and [0254]). Feher fails to disclose
first and seconddigital frontends. In the samefield of endeavor, Currivan disclosesa first digital frontend (DFE) module (112 sub 1 of Fig.
1) having a first bank of down-mixers coupled to the first digital in-phase and quadrature signals, each ofthe first bank of down-mixers is
configured to frequency shift one of the desired RF channelsin thefirst portion of the broad frequency spectrum (paragraphs [0019],
[0031] and [0078]); and a seconddigital frontend (DFE) module (112 sub 2 of Fig. 1) having a second bank of down-mixers coupled to the
second digital in-phase and quadrature signals, each of the second bank of down-mixers is configured to frequency shift one of the desired
RF channels in the second portion of the broad frequency spectrum; wherein the first DFE module frequency-shifts the desired RF
channelsin the first portion of the broad frequency spectrum to a first portion of a baseband signal (paragraphs [0019], {0031] and [0078));
wherein the second OFE module frequency-shifts the desired RF channels in the second portion of the broad frequency spectrum to a
second portion of the basebandsignal (paragraphs [0018]-[0021}). It would have been obvious to one of ordinary skill in the art at the time
of the invention to use the teachings of Currivan to incorporate the above features into the invention of Feher for the benefit of selecting a
first baseband signal correspondingto a first channel andfor selecting a second basebandsignal corresponding to a second channel,
respectively (Currivan, paragraph [0019)}).

 

 Regarding claim 17, Currivan discloses a crossbar switch (a carrier adjustment module) interposed betweenthefirst and second analog-
to-digital converter modules and the first and second DFE modules (paragraph [0019)).

 Regarding claim 18, Feherdisclosesa first up-converter module (20.3b of Fig. 20) having a first bank of up-mixers (mixer 11.13 of Fig.
17b) coupledto thefirst portion of the baseband signal and configured to frequencyshift the first portion of the basebandsignal to a first
portion of an intermediate frequency spectrum (5.9 of Fig. 5 and an in-phase (I) and quadrature (Q) channels, Fig. 6 and paragraph
[0237]); a second up-converter module (20.4b of Fig. 20) having a second bankof up-mixers (mixer 11.16 of Fig. 17b) coupled to the
second portion of the baseband signa! and configured to frequencyshift the second portion of the baseband signal to a second portion of
the intermediate frequency spectrum (5.21 of Fig. 5 and an in-phase(1) and quadrature (Q) channels, Fig. 6 and paragraph [0237]); and a
digital-to-analog converter (19.10a and 19.2 of Fig. 19) configured to convert the first and second portions of the intermediate frequency
spectrum to an analog waveform signal (paragraphs [0247] and (0254)).
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Regarding claim 19, Currivan discloses a crossbar switch interposed betweenthe first and second DFE modules and thefirst and second
up-converter modules (a carrier adjustment module).

Regarding claim 20, Feherdisclosesthatthe first and second portions are adjacent to each other and non-overlapping (paragraph (0261}).

Regarding claim 21, Feher discloses that each oneofthefirst bank of down-mixers comprises a pair of digital multiplier having an input
terminal coupled to a numerically controlled oscillator (multipliers also known as mixers, paragraphs [236] and [0243)).

Regarding claim 22, Feher discloses that the first DFE module (5.17 of Fig. 5) further comprises a plurality of channelfilters (5.6 and 5.18
of Fig. 5), each one of the plurality of channelfilters is coupled to each oneofthe first bank of down-mixers (5.8 and 5.20 of Fig. 5) and
configuredtofilter one of the frequency down-shifted RF channels (paragraph [0236]).

Regarding claim 23, Feher disclosesthat the plurality of desired RF channels conform to oneof a digital video broadcasting (DVB)
standard (paragraph [0190)).

Regarding claim 25, Feher discloses that the plurality of RF channels conform to a television broadcasting standard (paragraph [0231)).

Claims 7-9 lack an inventive step under PCT Article 33(3) as being obvious over Feherin view of Hoctor.

Regarding claim 7, Feher disclosesa plurality of channelfilters (5.6 and 5.18 of Fig. 5). Feherfails to disclose that each oneofthe plurality
of channelfilters is a finite impulse responsefilter. In the same field of endeavor, Hoctor discloses that each oneofthe plurality of channel
filters is a finite impulse responsefilter (paragraph {0061]). It would have been obvious to one of ordinary skill in the art at the time of the
invention to use the teachings of Hoctorto incorporate the above features into the invention of Feherfor the benefit of processing signals
processed by the decimationfilter (Hoctor, paragraph [0061]).

Regarding claim 8, Feher discloses a plurality of channelfilters (5.6 and 5.18 of Fig. 5). Feherfails to disclose that the DFE module further
comprises a decimator module configured to decimate each oneof the plurality of the desired channels in the baseband. In the samefield
of endeavor, Hoctor discloses that the DFE module (paragraph {0067)) further comprises a decimator module (paragraph [0061})
configured to decimate each oneofthe plurality of the desired channels in the baseband (paragraph [0059]). It would have been obvious
to one of ordinary skill in the art at the time of the invention to use the teachings of Hoctorto incorporate the above features into the
invention of Feherfor the benefit of eliminating undesirable signals and reduce the sampling rate to an appropriate frequency for baseband
operation (Hoctor, paragraph [0059}).

Regarding claim 9, Feher discloses a plurality of channel!filters (5.6 and 5.18 of Fig. 5). Feherfails to disclose that the DFE module further
comprises a decimator module configured to decimate each oneofthe plurality of the desired channels to a demodulator. In the same
field of endeavor, Hoctor discloses that the DFE module (paragraph [0067)]) further comprises a decimator module (paragraph [006 1])
configured to decimate each oneofthe plurality of the desired channels to a demodulator (paragraph [0064]). It would have been obvious
to one of ordinary skill in the art at the time of the invention to use the teachings of Hoctor to incorporate the above features into the
invention of Feher for the benefit of eliminating undesirable signals and reduce the sampling rate to an appropriate frequency for baseband
operation (Hoctor, paragraph [0059)). .

Claims 1-27 meetthe criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be
made orusedin industry. 
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This international search report consists ofa total of o~ sheets.
[ It is also accompanied by a copy of each prior art documentcitedin this report. 

1. Basis of the report

a. With regard to the language,the international search was carried out on the basis of:

the international application in the language in which it was filed

C] a translation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. | With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, sec Box No.I.

2. [] Certain claims were found unsearchable (see Box No. II)

3. CL] Unity of invention is lacking (see Box No. III)

4. With regardtothetitle,

ix] the text is approved as submitted by the applicant
[] the text has been established by this Authority to read as follows:

S. With regard to the abstract,WZ
the text is approved as submitted by the applicant

CE] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit commentsto this Authority

6. With regard to the drawings,

a. the figure of the drawings to be published with the abstract is Figure No. 4

as suggested by the applicant

LJ as selected by this Authority, because the applicant failed to suggest a figure .
CL] as selected by this Authority, because this figure better characterizes the invention

b. | noneofthe figures is to be published with the abstract
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PCT/US2010/031627 18.06.2010

INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US2010/031627

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - HO4B 1/06 (2010.01)
USPC - 455/260

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched(classification system followed by classification symbols)
IPC(8) - HO4B 1/06, 1/00 (2010.01)
USPC - 455/260, 209, 42, 180.1

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (nameofdata base and, where practicable, search terms used)
MicroPatent

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, ofthe relevant passages Relevant to claim No.

1-3, 5, 6, 10-15, 26 and
US 2007/0032220 A1 (FEHER)08 February 2007 (08.02.2007) entire document 27

4,7-9 and 16-25

US 2007/0263754 A1 (CURRIVANetal) 15 November 2007 (15.11.2007) entire document 4 and 16-25

US 2007/0002961 A1 (HOCTORetal) 04 January 2007 (04.01.2007) entire document 7-9

US 5,590,156 A (CARNEY) 31 December 1996 (31.12.1996) entire document 1-27

US 5,768,260 A (KLINE etal) 16 June 1998 (16.06.1998) entire document 1-27

 

[] Further documents are listed in the continuation of Box C.
Special categories of cited documents:
documentdefining the general state of the art which is not considered
to be of particular relevance
earlier application or patent but published onorafter the international
filing date
document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)
document referring to an oral disclosure, use, exhibition or othermeans

documentpublishedpriorto the international filing date but later than
the priority date claimed

later document publishedafter the internationalfiling date orpriority
date andnot in conflict with the application but cited to understandthe principle or theory underlying the invention

document ofparticular relevance, the claimedinvention cannot be
considered novel or cannot be considered to involve an inventive
step when the documentis taken alone
documentofparticular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
document memberof the same patent family

Date of the actual completion of the international search Date ofmailing of the international search report

18 JUN 2010
Authorized officer:

Blaine R. Copenheaver

26 May 2010

Nameand mailing address of the ISA/US
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (April 2005)

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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UNITED STATES PATENT AND TRADEMARK OFFICE UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandria, Virginia 22313-1450
www.uspto:ov

 
 

APPLICATION FILING or GRP AR’

NUMBER 371(c) DATE SNL FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
17/862,946 07/12/2022 2631 830 28427US15 CONFIRMATION NO.7376

23446 FILING RECEIPT

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET CONTAAA
SUITE 3400

CHICAGO, IL 60661

Date Mailed: 07/25/2022

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 mustinclude 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.

Pleaseverify the accuracyof the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a responsefor this application, please submit any requestfor correction to this Filing Receipt
with your reply to the Notice. When the USPTO processesthe reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Madhukar Reddy, Carlsbad, CA;
Curtis Ling, Carlsbad, CA;
Tim Gallagher, Carlsbad, CA;

Applicant(s)
Entropic Communications, LLC, New York, NY;

Powerof Attorney: The patent practitioners associated with Customer Number 23446

Domestic Priority data as claimed by applicant
This application is a CON of 17/587,462 01/28/2022 PAT 11399206
whichis a CON of 17/217,244 03/30/2021 ABN
which is a GON of 16/430,506 06/04/2019 PAT 10972781
which is a CON of 15/792,318 10/24/2017 PAT 10313733
which is a CON of 14/948,881 11/23/2015 PAT 9819992
whichis a CON of 14/617,973 02/10/2015 PAT 9210363
which is a GON of 13/962,871 08/08/2013 PAT 9100622
which is a GON of 12/762,900 04/19/2010 PAT 8526898
which claims benefit of 61/170,526 04/17/2009

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see htto:/Awww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

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

If Required, Foreign Filing License Granted: 07/21/2022
The country code and numberof your priority application, to be used for filing abroad under the Paris Convention,
is US 17/862,946
Projected Publication Date: 11/03/2022
Non-Publication Request: No
Early Publication Request: No
** SMALL ENTITY **
Title

SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

Preliminary Class

375

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 thefiling 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-membercountry. The PCT process simplifies thefiling
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does noteliminate the need of applicantsto file additional documents and fees in countries where patent
protection is desired.

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

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidanceasto 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 deadlinesforfiling foreign
patent applications. The guideis available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, htto://‘www.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT(1-866-999-4258).

LICENSE FOR FOREIGNFILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin 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 andlimitations 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 licenseis to be retained by the licensee and maybe usedat 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 grantof a license doesnotin any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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 Departmentof Energy.

NOT GRANTED

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

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, 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
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community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S.cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit htto:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 17/862,946

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2) SMALL ENTITY SMALL ENTITY

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
(37 CFR 1.16(k), (i), or (m))
EXAMINATION FEE
(87 CFR 1.16(0), (p), or (q))
TOTAL GLAIMS
(37 CFR 1.16(i))
INDEPENDENT CLANS

li the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.18(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENTCLAIM PRESENT(37 GFR 1.16(j))

* If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED - PARTIl

OTHER THAN

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

REMAINING NUMBER ADDITIONAL RATE(S) ADDITIONALAFTER PREVIOUSLY FEE($) FEE($)
AMENDMENT PAID FOR

Total
(37 CFR 1.16())

Independent(37 CFR 1.16¢h))AMENDMENTA
Application Size Fee (87 GFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 GFR 1.16()))

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

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16¢))
Independent

(37 CFR 1.16(h))

Application Size Fee (87 GFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(/))

ADD'L FEE ADD'L FEE
* |f the entry in column 1 is less than the entry in column 2, write "O” in column 3.

™ Ifthe "Highest Number Previously Paid For" IN THIS SPACEis less than 20, enter "20".
*™ Ifthe "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".

The "Highest NumberPreviously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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To: mhmpto@mcandrews-ip.com,,
From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Jul 25, 2022 12:45:48 PM

Dear PAIR Customer:

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET
SUITE 3400

CHICAGO,IL 60661
UNITED STATES

The following USPTO patentapplication(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondenceis now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17862946 APP.FILE.REC 07/25/2022 28427US15

To view your correspondenceonline or update your email addresses,please visit us anytime at
https ://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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GE=% UNITED STATES PATENT AND TRADEMARKOFFICE

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

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

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

17/862,946 07/12/2022 Madhukar Reddy 28427US15 7376

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET CENTRAL, DOCKET
SUITE3400

CHICAGO, IL 60661 ART UNIT PAPER NUMBER

NOTIFICATION DATE DELIVERY MODE

bo an

08/09/2022 ELECTRONIC

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

mhmpto@ mcandrews-ip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/862,946 Reddyetal.

Decision Granting Requestfor
PrioritizedExamination (Track 1) Examiner Art Unit AIA (FITF) Status

CHERYL P GIBSON OPET No
BAYLOR

1. THE REQUESTFILED 12 July 2022 IS GRANTED .

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

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

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

B. filing an amendmen mend th lication ntain more than f
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 GFR 41.102; or

abandonmentof the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLORat

(571)272-3213. 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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To: mhmpto@mcandrews-ip.com,,
From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Aug 10, 2022 05:05:53 AM

Dear PAIR Customer:

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET
SUITE 3400

CHICAGO,IL 60661
UNITED STATES

The following USPTO patentapplication(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondenceis now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17862946 TRACK1.GRANT 08/09/2022 28427US15

To view your correspondenceonline or update your email addresses,please visit us anytime at
https ://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

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

17/862,946 07/12/2022 Madhukar Reddy 28427US15 7376

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET JACKSON, BLANEJ
SUITE3400

CHICAGO, IL 60661 ART UNIT PAPER NUMBER
bo an

NOTIFICATION DATE DELIVERY MODE

09/07/2022 ELECTRONIC

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

mhmpto@ mcandrews-ip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/862,946 Reddy et al.

Office Action Summary Examiner Art Unit|AIA (FITF) Status
BLANE J JACKSON 2644 No

-- The MAILING DATEofthis communication appears on the coversheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS 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) MONTHSfrom 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) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED(35 U.S.C. § 133).

Any reply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 12 July 2022.
CJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on

2a)L) This action is FINAL. 2b)¥)This action is non-final.

3)0) An election was madeby the applicant in responseto a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)C Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Exparfe Quay/e, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5) Claim(s) 1-18 is/are pending in the application.
5a) Of the above claim(s) _ is/are withdrawn from consideration.

(] Claim(s)_ is/are allowed.

Claim(s) 1-18 is/are rejected.

6 )

) )

} (J Claim(s)____ is/are objected to.

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

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

htto://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers

10)C The specification is objected to by the Examiner.

11) The drawing(s) filed on 12 July 2022 is/are: a)l¥] accepted or b)C) 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).

Replacementdrawing 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 madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)L) All b)L) Some** —_c)L) Noneof the:

1.0 Certified copies of the priority documents have been received.

2.0 Certified copies of the priority documents have been received in Application No.

3.0] Copies of the certified copies of the priority documents have been receivedin 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) Notice of References Cited (PTO-892) 3) [[] Interview Summary (PTO-413)
Paper No(s)/Mail Date ____

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (J Other:
Paper No(s)/Mail Date

U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20220830
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Application/Control Number: 17/862,946 Page 2
Art Unit: 2644

DETAILED ACTION

Notice ofPre-AIA or AIA Status

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

first inventor to file provisions of the AIA.

Double Patenting

A rejection based on double patenting of the “same invention”type finds its support in

the language of 35 U.S.C. 101 whichstates that “whoever invents or discovers any new and

useful process... may obtain a patent therefor...” (Emphasis added). Thus, the term “same

invention,” in this context, means an invention drawnto identical subject matter. See Miller v.

Eagle Mfg. Co., 151 U.S. 186 (1894); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970);

In re Ockert, 245 F.2d 467, 114 USPQ 330 (CCPA 1957).

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by

canceling or amending the claimsthat are directed to the same invention so theyare no longer

coextensive in scope. The filing of a terminal disclaimer cannot overcome a double patenting

rejection based upon 35 U.S.C.101.

Claims 1-18 is/are rejected under 35 U.S.C. 101 as claiming the same invention as that of

claims 1-18 of prior U.S. Patent No. 10,972,781. This is a statutory double patenting rejection.

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSIONThespecification shall conclude with one or more claims particularly pointing out
and distinctly claiming the subject matter which the inventoror a joint inventor regards as the
invention.
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Application/Control Number: 17/862,946 Page 3
Art Unit: 2644

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claimsparticularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 2, 3, 11 and 12 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA),

second paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which the inventor or a joint inventor (or for applications subject to pre-AIA

35 U.S.C. 112, the applicant), regards as the invention. The claimsof the application, reference

claims 1 and 8, 10 and 17, are interpreted as disclosed for the embodiment shownin figure 4

which includes a Summing DAC 470 to generate the analog the IF output with a bandwidth of 32

MHz and 16 MHzcenter frequency. However, dependent claims 2, 3, 11 and 12 are directed to

“the IF signal is a digital signal and the DFEis configured to output the IF signalviaaserial

(claims 3 and 12; parallel) interface” which is not taught by the Disclosure. As shownin figures

2 and 4, the output of the Digital Front End 230, 430 comprises N filtered and decimated

channels at baseband, and with respect to figure 2, it is clear this baseband output is coupled

with a serial or parallel data interface to a demodulator. The embodimentoffigure 4 indicates

the desired digital base band channels output of the DFE 430 are coupled to a Tiled

Upconversion 450, then processed through a Summing DAC 470 to provide the IF output. This

IF output is not digital and not configured as a serial or parallel data interface.

Conclusion

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to BLANE J JACKSON whose telephone numberis (571)272-7890.

The examiner can normally be reached 7:30-4:30 M-TH); 8-2 FRI.

Page 122 of 183



Page 123 of 183

Application/Control Number: 17/862,946 Page 4
Art Unit: 2644

Examinerinterviewsare available via telephone, in-person, and video conferencing using

a USPTO supplicd web-bascd collaboration tool. To schedule an interview, applicantis

encouraged to use the USPTO Automated Interview Request (AIR)at

http://www.uspto.gov/interviewpractice.

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s

supervisor, Kathy Wang-Hurst can be reached on 571 270 5371. The fax phone numberfor 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 CustomerService

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

/BLANE J JACKSON/

Primary Examiner, Art Unit 2644
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To: mhmpto@mcandrews-ip.com,,
From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Sep 07, 2022 03:26:49 AM

Dear PAIR Customer:

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET
SUITE 3400

CHICAGO,IL 60661
UNITED STATES

The following USPTO patentapplication(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondenceis now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17862946 CTNF 09/07/2022 28427US15

892 09/07/2022 28427US15
1449 09/07/2022 28427US15

To view your correspondenceonline or update your email addresses,please visit us anytime at
https ://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No. 28427US15
 

Patent Application of:

Madhukar Reddy
EFS ELECTRONIC FILING

Application No. 17/862,946

Filed: July 12, 2022
September 12, 2022

Title: SYSTEM AND METHOD FOR

RECEIVING A TELEVISION

SIGNAL

Examiner: JACKSON, BLANE J.

Group Art Unit: 2644

Confirmation No.: 7376

 
 

Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

This paper responds to the Office Action of September 7, 2022 (“OA”). This

response is timely filed. The Applicant respectfully requests reconsideration in view of

the following remarks.

Amendments to the Claims begin on page 2.

Remarks begin on page 5.
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LISTING OF CLAIMS

1-18 (Cancelled)

19. (Previously Presented) A method for operating a television receiver, comprising:

receiving, by an input terminal, an input signal comprising broadcast channels, the

broadcast channels comprising a plurality of desired channels and a

plurality of undesired channels;

processing, by a radio front end coupled to the input terminal, the input signal to

generate a processed input signal;

concurrently digitizing, by an analog-to-digital converter (ADC) coupled to the

radio front end,all broadcast channels in the processed input signal to

generate a digitized signal;

selecting, by a digital frontend (DFE) coupled to the ADC,the plurality of desired

channels from the digitized signal; and

outputting, by the DFE,the selected plurality of desired channels to at least one

demodulator as a digital datastream, wherein the demodulator extracts

information encodedin the digital datastream.

20. (Previously Presented) The method of claim 19, wherein the DFE outputs the

digital datastream via a serial interface.

21.(Previously Presented) The method of claim 19, wherein the DFE outputs the

digital datastream via a parallel interface.

22.(Previously Presented) The method of claim 19, wherein the ADC comprises:

a first ADC configured to generate a digital in-phase signal; and

a second ADC configured to generate a digital quadrature signal.

Page 2 of 6
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23.(Previously Presented) The method of claim 19, wherein the extracted

information is stored for use in a digital video recorder (DVR).

24. (Previously Presented) The method of claim 19, wherein the extracted

information is output for a picture-in-picture display.

25.(Previously Presented) The method of claim 19, wherein the plurality of desired

channels comprisesat least one television channel.

26. (Previously Presented) The method of claim 19, wherein the plurality of

undesired channels comprisesat least one television channel.

27.(Previously Presented) The method of claim 19, wherein the broadcast channels

comprise satellite broadcast channels.

28. (Previously Presented) The method of claim 19, wherein the broadcast channels

comprise cable broadcast channels.

29. (Previously Presented) A television receiver device, comprising:

an input terminal operable to receive an input signal comprising broadcast

channels, the broadcast channels comprising a plurality of desired channels

and a plurality of undesired channels;

a radio front end, coupled to the input terminal, operable to process the input

signal;

an analog-to-digital converter (ADC), coupled to the radio front end, operable to

concurrently digitize all broadcast channels in the processed inputsignal to

generate a digitized signal; and

a digital frontend (DFE), coupled to the ADC, operable to select the plurality of

desired channels from the digitized signal and output the selected plurality

of desired channels to at least one demodulator as a digital datastream,

wherein the demodulator is operable to extract information encodedin the

Page 3 of 6
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digital datastream.

30. (Previously Presented) The television receiver device of claim 29, wherein the

DFEis operable to output the digital datastream via a serial interface.

31.(Previously Presented) The television receiver device of claim 29, wherein the

DFEis operable to output the digital datastream via a parallelinterface.

32.(Previously Presented) The television receiver device of claim 29, wherein the

ADC comprises:

a first ADC configured to generate a digital in-phase signal; and
a second ADC configured to generate a digital quadrature signal.

33. (Previously Presented) The television receiver device of claim 29, wherein the

extracted information is stored for use in a digital video recorder (DVR).

34. (Previously Presented) The television receiver device of claim 29, wherein the

extracted information is output for a picture-in-picture display.

35.(Previously Presented) The television receiver device of claim 29, wherein the

plurality of desired channels comprises at least one television channel.

36. (Previously Presented) The television receiver device of claim 29, wherein the

plurality of undesired channels comprisesat least one television channel.

37.(Previously Presented) The television receiver device of claim 29, wherein the

broadcast channels comprise satellite broadcast channels.

38. (Previously Presented) The television receiver device of claim 29, wherein the

broadcast channels comprise cable broadcast channels.

Page 4 of 6

Page 146 of 183



Page 147 of 183

Attorney Docket No. 28427US15

REMARKS

The present application includes pending claims 19-38. By preliminary amendment

dated July 12, 2022, claims 1-18 were cancelled, and claims 19-38 were added.

The Office Action of September 7, 2022 (“OA”) has been carefully considered.

However, the OA has only examined cancelled claims 1-18. Examination of pending

claims 19-38 is respectfully requested.

Final Matters

The Office Action makes various statements, including without limitation

statements regarding the claims, 35 U.S.C. § 101, 35 U.S.C. § 112, the cited references,

one of ordinary skill in the art, etc., that are now moot in view of the previously presented

amendments and/or arguments. Thus, the Applicant will not addressall of such statements

at the present time. However, the Applicant expressly reserves the right to challenge such

statements in the future should the needarise (e.g., if such statements should become

relevant by reappearing in a rejection of any current or future claim or be relied upon in

any proceeding involving this application or a corresponding patent). The Applicant also

respectfully reserves the right to argue additional reasons that support the allowability of

all claims, whether or not argued in this Response or previous responses, should that need

arise in the future.

Page 5 of 6
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Conclusion

The Applicant submits that the pending claimsare in condition for allowance and

courteously solicits an expeditious Notice of Allowability with respect to all pending

claims. If the Examiner has any questions or the Applicant can be of any assistance, the

Examiner1s invited to contact the undersigned attorney.

The Commissioner is authorized to charge any necessary fees, or credit any

overpayment to the Deposit Account of McAndrews, Held & Malloy, Account No. 13-

0017.

Respectfully submitted,

Dated: September 12, 2022 /Wayne H.Bradley/
Wayne H.Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street

34" Floor

Chicago,Il 60661
Phone (312) 775-8000
Fax (312) 775-8100
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EFS ID: 46593199
 

Application Number: 17862946

Title of Invention: SYSTEM AND METHOD FORRECEIVING A TELEVISION SIGNAL

ee

Attorney Docket Number: 28427US15 

Receipt Date: 12-SEP-2022

Application Type: Utility under 35 USC 111{a)
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Multipart Description/PDFfiles in .zip description

DocumentDescription Start

Amendment/Request for Reconsideration-After Non-Final Rejection  
Applicant Arguments/Remarks Made in an Amendment 5 pe|

Total Files Size (in bytes) 34060

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

 
New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary componentsfora 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 onthis
AcknowledgementReceiptwill establish thefiling date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submissionto 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 asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED

COMMISSIONER FOR PATENTS FIRST-CLASS MAIL
P.O.BOX 1450 U.S. POSTAGE PAID

- POSTEDIGITAL
ALEXANDRIA VA 22313-1451 NNNNN

MCANDREWS HELD & MALLOY, LTD
500 WEST MADISON STREET

SUITE 3400

CHICAGO,IL 60661

Courtesy Reminderfor
Application Serial No: 17/862,946

Attorney Docket No: 28427US15
Customer Number: 23446

Date of Electronic Notification: 09/07/2022
 

This is a courtesy reminder that new correspondenceis available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondencewill be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence wassentto the following
email address(es) associated with your customer number:

mhmpto@mcandrews-ip.com

To view your correspondenceonline or update your email addresses, please
visit us anytime at https://ppair-my.uspto.gov/pair/PrivatePair.
If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.govor call 1-866-217-9197.
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

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

Application or Docket Number Filing Date

ilaresa
ENTITY: (C/LARGE WismaLL (J) micro

APPLICATIONAS FILED - PARTI

Column)
FOR NUMBER FILED NUMBER EXTRA

L_} BASIC FEE
‘37 CFR 1.16(a), (b), or (c

37 GFR 1.16(k), {i), or (m) N/A N/A

RATE($)

N/A

LJ EXAMINATION FEE
37 GFR 1.16(0), (p), or (q

TOTAL CLAIMS

INDEPENDENT CLAIMS : *

If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
for small entity) for each additional 50 sheets or
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).

O MULTIPLE DEPENDENTCLAIM PRESENT(37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2.

x $60 =

x $240 =

(CJAPPLICATIONSIZE FEE (37
CFR 1.16(s))

Z/<Pp]>

APPLICATION AS AMENDED- PARTII

Column)

RATE($) ADDITIONALFEE($)

|
CLAIMS HIGHEST
REMAINING NUMBER

09/12/2022|arteR PREviousLY|PRESENT EXTRA
AMENDMENT PAID FOR

Total . =
20 2 fo

| * , RK
ieee2fins[3-0

(_] Application Size Fee (37 GFR 1.16(s))
(_] FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR
1.16())

x $50 =

x $240 =AMENDMENT
TOTAL ADD'L FEE

Column 2)|Cis |
CLAIMS HIGHEST

REMAINING NUMBER
AFTER PreviouslyJPRESENT EXTRA

AMENDMENT PAID FOR
Total ;
iscoPpims[eT

Ind dent .
Pea

CJ Application Size Fee (37 CFR 1.16(s))
__] FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR
1.16(j

RATE($) ADDITIONALFEE($)

x $0 =

x $0 =AMENDMENT
TOTAL ADD'L FEE

* Ifthe entry in column _1 is less than the entry in column 2, write "0" in column 3.

=* If the "Highest NumberPreviously Paid For" IN THIS SPACEis less than 20, enter"20". MINCENT S BUTLER/

“* Ifthe "Highest Number Previously Paid For” IN THIS SPACEis lessthan 3, enter "3". PY
The "Highest Number Previously Paid For" (Total or Independent) is the highest numberfound 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 whichis to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amountof 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: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ityou needassistance in completing the form, call 1-800-PTO-9199 andselect option 2.
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UNITED STATES PATENT AND TRADEMARKOFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and TrademarkOffice
Address: COMMISSIONER FOR PATENTS

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

NOTICE OF ALLOWANCEAND FEE(S) DUE

MCANDREWSHELD & MALLOY, LTD JACKSON, BLANE J
500 WEST MADISON STREET
Sn aa

CHICAGO,IL 60661 2644

DATE MAILED: 09/28/2022

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKETNO. CONFIRMATION NO.

17/862,946 07/12/2022 Madhukar Reddy 28427US 15 7376

TITLE OF INVENTION: SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

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

nonprovisional SMALL $600 $0.00 $0.00 $600 12/28/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATIONFEE (IF REQUIRED) MUSTBE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN

THIS APPLICATION(AS SHOWN ABOVE), THE RETURNOF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARDTHEISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUSshownabove. If the ENTITY STATUSis shown as SMALL or MICRO,verify whether entitlementto that
entity status still applies.

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

If the ENTITY STATUSis changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number5 titled
"Change in Entity Status (from status indicated above)”.

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

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

Ii. All communications regarding this application must give the application number. Please direct all communicationsprior to issuance to Mail
Stop ISSUE FEEunless advised to the contrary.

IMPORTANT REMINDER:Maintenancefees are duein utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PARTB - FEE(S) TRANSMITTAL

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

By mail, sendto: Mail Stop ISSUE FEE By fax, sendto: (571)-273-2885
Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

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

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

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

23446 7590 09/28/2022 Certificate of Mailing or Transmission

MCANDREWS HELD & MALLOY, LTD I hereby certify that this Fec(s) Transmittal is being deposited with the United
, States Postal Service with sufficient postage for first class mail in an envelope

500 WEST MADISON STREET addressed to the Mail Stop ISSUE FEE address above, or beingtransmitted to
SUITE 3400 the USPTO via EFS-Webor by facsimile to (571) 273-2885, on the dale below.

CHICAGO,IL 60661 (Typedorprinted name}
Signature} (Date)

 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

17/862,946 07/12/2022 Madhukar Reddy 28427US 15 7376

TITLE OF INVENTION: SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

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

nonprovisional SMALL $600 $0.00 $0.00 $600 12/28/2022

EXAMINER ART UNIT CLASS-SUBCLASS 
JACKSON, BLANE J 2644 348-73 1000

1. Change of correspondenceaddress or indication of "Fee Address” (37
CFR 1.363).

2. For printing on the patent front page, list
(1) The namesofup to 3 registered patent attorneys
or agents OR,alternatively. 1
(2) The nameofa single firm (having as a member a
registered attorney or agent) and the names of upto=—-22
2 registered patent attorneys or agents. If no nameis
listed, no namewill beprinted.

 

_] Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached. 
LL] "Bee Address" indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Numberis required.

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

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : (LV Individual LJ Corporation orotherprivate group entity (I Government

4a. Fees submitted: (lssue Fee (Ieublication Fee (if required) (daAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paidfee shown above}

(J Electronic Payment via EFS-Web (I Enclosed check (LI Non-clectronic paymentbycredit card (Attach form PTO-2038) (J The Directoris hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Changein Entity Status (from status indicated above)
rar . NOTE:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

= Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE:If the application was previously under micro entity slalus, checking this box will be laken
to be a notification of loss of entitlement to micro entity status.
NOTE:Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

 

I Applicant asserting small entity status. See 37 CFR 1.27 
Ly Applicant changing to regular undiscountedfee status.

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

  

Authorized Signature Date

Typedorprinted name Registration No.
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UNITED STATES PATENT AND TRADEMARKOFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and TrademarkOffice
Address: COMMISSIONER FOR PATENTS

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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

 
 

17/862,946 07/12/2022 Madhukar Reddy 28427US 15 7376

23446 7590 09/28/2022

MCANDREWSHELD & MALLOY, LTD JACKSON, BLANE J
500 WEST MADISON STREET
Sn aa

CHICAGO,IL 60661 2644

DATE MAILED: 09/28/2022

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

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

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

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

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collectionis estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,

Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no personsare required to respondto a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office maynot
be able to process and/or examine your submission, which may resull 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 maybe 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. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed,as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSAaspart of that agency's responsibility
to recommend improvements in records managementpractices 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 anyother relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14,as a routine use,to the publicif the record wasfiled
in an application which became abandonedor 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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. . 17/862,946 Reddyetal.

BLANE J JACKSON 2644 No

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

1{¥] This communication is responsive to the Remarksfiled 12 September 2022.
C) A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on .

2.C) Anelection was made by the applicantin response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporatedinto this action.

3.{¥) The allowed claim(s) is/are 19-38 . As a result of the allowed claim(s), you may beeligible to benefit from the Patent Prosecution
Highway programat a participating intellectual property office for the corresponding application. For more information, please see
hitp://Awww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4.1) Acknowledgmentis made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a) LJAII b} {_] Some* c) (| Noneof the:

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

3. C1 Copies ofthe certified copies of the priority documents have been receivedin this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

5.() CORRECTED DRAWINGS(as "replacement sheets") must be submitted.
(_] including changes required by the attached Examiner's Amendment / Commentor in the Office action of

Paper No./Mail Date .

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

6.C] DEPOSIT OFand/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL mustbe submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1.0) Notice of References Cited (PTO-892) 5. OC Examiner's Amendment/Comment
2.() Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance

Paper No./Mail Date .
3. Examiner's Comment Regarding Requirementfor Deposit 7. OC Other .

of Biological Material
4.C] Interview Summary (PTO-413),

Paper No./Mail Date.
/BLANE J JACKSON/

Primary Examiner, Art Unit 2644

 
U.S. Patent and Trademark Office J
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220919
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Application/Control Number: 17/862,946 Page 2
Art Unit: 2644

DETAILED ACTION

Notice ofPre-AIA or AIA Status

The present application is being examined underthe pre-AJIAfirst to invent provisions.

Allowable Subject Matter

Claims 19-38 are allowed. The following is a statement of reasons for the indication of

allowable subject matter: the prior art made of record teach a receiver for a wireless

telecommunication system teach all of the adjacent frequency bandsin the IF signal passed by a

bandpassfilter in the radio frontend are converted to a digital signal by an ADC and then

separated into their respective frequency bands by a channelizer where the separated frequency

bands are processed in the normal manner by subsequent DSP devices, see Claxton et al. US

6,735,421. The prior art made of record do notteach selecting, by a digital frontend (DFE)

coupled to the ADC, a plurality ofdesired channels from the digitized signal and outputting by

the DFE,the selected plurality of desired channels to at least one demodulatoras a digital

datastream.

Conclusion

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to BLANE J JACKSON whose telephone numberis (571)272-7890.

The examiner can normally be reached 7:30-4:30 M-TH; 8-2 FRI.

Examinerinterviewsare available via telephone, in-person, and video conferencing using

a USPTO supplied web-based collaboration tool. To schedule an interview, applicantis
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Application/Control Number: 17/862,946 Page 3
Art Unit: 2644

encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/intervicwpracticc.

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s

supervisor, Kathy Wang-Hurst can be reached on 571 270 5371. The fax phone numberfor 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 CustomerService

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

/BLANE J JACKSON/

Primary Examiner, Art Unit 2644
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Application/Control No. Applicant(s)/Patent Under Reexamination

Search Notes 17/862,946

CPC - Searched*

HO4B 1/001, 1/0007, 1/0014, 1/0028, 1/0035, 1/0042, 1/0046 08/30/2022 Ju

HOAN 5/455, 5/50, 21/4382, 21/4383 08/30/2022

CPC Combination Sets - Searched*

Symbol

Reddyetal.

| Examiner Art Unit
BLANE J JACKSON 2644

US Classification - Searched*

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

Search Notes

review of prior continuing patents and IDS; DP to US 10972781 to 08/30/2022
FAOM

review of Remarks andpriorart to issue 09/19/2022

Interference Search

US Class/CPC US Subclass/CPC Group
Symbol

Po no interference listed symbol/ group 09/19/2022

 
U.S. Patent and Trademark Office Part of Paper No.: 20220919

Page 1 of 1
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|17/362 946 Reddyetal.

| | soe, saa
BLANE J JACKSON 2644

CPC

oS

a

4< ZGoSymbol Version

HO4N 4263

HO4B ft 0014
HO4N

HO4N 4383

HO4N 4382

HO4N 6193

HO4N 6143 2013-01-01

HO4N 4 2013-01-0455

HO4N 454 flsf2013-01-01

2013-01-01

2013-01-01

2013-01-01

2013-01-01

2013-01-01

2013-01-01

CPC Combination Sets

[symbor—SSSopeetRatingversion—_|
Cs TCUhLrThCCULThLCULTCCOCSrTC—~CS?Y

 
 
NONE

Total Claims Allowed:

(Assistant Examiner) 20
/Blane J Jackson/ 19 September 2022

. . P O.G. Print Claim(s)] O.G. Print Figure
(Primary Examiner)

(Date) 19 2
U.S. Patent and Trademark Office Part of Paper No.: 20220919
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Application/Control No.

Issue Classification|17/362 946
Applicant(s)/Patent Under Reexamination

Reddyetal.

| | soe, Sata
BLANE J JACKSON 2644

INTERNATIONALCLASSIFICATION

CLAIMED

HO04B

HO4B

NON-CLAIMED

US ORIGINAL CLASSIFICATION

SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

 
NONE

Total Claims Allowed:

(Assistant Examiner) 20

/Blane J Jackson/ 19 September 2022
. . O.G. Print Claim(s)] O.G. Print Figure

(Primary Examiner) 
(Date) 19 2

Part of Paper No.: 20220919U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|17/362 946

| | oweBLANE J JACKSON

Reddyetal.

 Final_|

||
a
a
a
a
a
|

 
NONE

Total Claims Allowed:

(Assistant Examiner) 20
/Blane J Jackson/ 19 September 2022

. . P O.G. Print Claim(s)] O.G. Print Figure
(Primary Examiner)

(Date) 19 2
U.S. Patent and Trademark Office Part of Paper No.: 20220919
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PE2E SEARCH- Search History (Prior Art)

Ref # earch Query Default Plurals British ime Stamp

Operator oe

 
"9100622" pn. (US-PGPUB; USPAT; |OR 2022/09/16

USOCR;FIT (AU, AP, 11:31 AM
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, |S,
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;

"6735421".pn. (US-PGPUB; USPAT; |OR 2022/09/16
USOCR;FIT (AU, AP, 11:46 AM
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;

"20090075613" (US-PGPUB; USPAT; |OR 2022/09/19
USOCR;FIT (AU, AP, 01:29 PM
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,

Reddy-Madhukar-.in. (US-PGPUB; USPAT; |OR 2022/09/19
USOCR; FIT (AU, AP, 01:31 PM
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,

09/1 9/2022 01:51:28 PM Page 1 of 3
Workspace: DFEFIX BJ
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09/1 9/2022 01:51:28 PM

Workspace: DFEFIX

Ling-Curtis.in.

Ling-Curtis.in. AND
DFE

Gallagher-Tim.in. AND
DFE

CZ, DD, DE, DK, EA,
EE, EP, ES,Fl, FR, GB,
HR, HU, ID, IE, IL, |S,

IT, JP, KR, LT, LU, LV,

MA, OA, RU, SU, WO,
McC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,

(US-PGPUB; USPAT; ]OR
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; |OR
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; |OR
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, |S,
IT, JP, KR, LT, LU, LV,

MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, VA,
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 VN); FPRS; EPO;
JPO; DERWENT;

IBM_TDB)

PE2E SEARCH- Search History (Interference)

There are no Interference searches to show.

09/1 9/2022 01:51:28 PM Page 3 of 3
Workspace: DFEFIX BJ
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No.: 28427US15
Patent Application of:

Madhukar Reddy

Application No. 17/862,946 Filed electronically on September 28, 2022

Filed: July 12, 2022

Title: SYSTEM AND METHOD FOR

RECEIVING A TELEVISION

SIGNAL

Examiner: JACKSON, BLANE J.

Group Art Unit: 2644

NmNeereNereeeNeNeNeNeeNeeeeee”
Confirmation No.: 7376

POST ALLOWANCE INCOMING LETTER

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

On July 12, 2022, Applicants filed via EFS, a Track 1 continuation application,

inadvertently paying small entity fees. Applicant is hereby notifying the Patent and

Trademark Office that the above patent application was not entitled to small entity status,

and all additional large entity fees are being authorized for payment from the deposit

account.
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serial No. 17/862,946

Post Allowance Incoming Letter

The Commissioner is hereby authorized to charge any fees required by this

submission including any extra claims fees, to the deposit account of McAndrews, Held

& Malloy, Ltd., Account No. 13-0017.

Respectfully submitted,

Dated: September 28, 2022 /Wayne H.Bradley/
Wayne H.Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street

34" Floor

Chicago, II 60661
Phone (312) 775-8000
Fax (312) 775-8100
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Electronic AcknowledgementReceipt

EFS ID: 46714793
 

Application Number: 17862946

Title of Invention: SYSTEM AND METHOD FORRECEIVING A TELEVISION SIGNAL

ee

Attorney Docket Number: 28427US15 

Receipt Date: 28-SEP-2022

Application Type: Utility under 35 USC 111{a)

Paymentinformation:

 
Submitted with Payment

File Listing:

Document «as File Size(Bytes)/ Multi Pages

Post Allowance Communication - 28427US15_Post_Allowance_T|

Incoming ransmittal.pdf 93c2afS7f60F5 3 9fd30d3 9220541 a03daad
84d8 
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Information: 
This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora 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 onthis
AcknowledgementReceiptwill establish thefiling date of the application.
NationalStage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and ofthe InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and TrademarkOffice
Address: COMMISSIONER FOR PATENTS

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

APPLICATION NUMBER|FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKETNO./TITLE REQUESTID

17/862,946 07/12/2022 Madhukar Reddy 28427US15 175222

Acknowledgementof Loss of Entitlement to Entity Status Discount

The entity status change request below filed through Private PAIR on 09/28/2022 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X Applicant changing to regular undiscounted fee status.
NOTE:Checking this box will be taken to be notification of loss of entitlement to small or micro entity status, as
applicable.
 
This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

ayne H. Bradley/

ayne H. Bradley

39916 

Page 171 of 183



Page 172 of 183

To: mhmpto@mcandrews-ip.com,,
From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Sep 28, 2022 03:22:24 AM

Dear PAIR Customer:

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET
SUITE 3400

CHICAGO,IL 60661
UNITED STATES

The following USPTO patentapplication(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondenceis now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17862946 NOA 09/28/2022 28427US15

To view your correspondenceonline or update your email addresses,please visit us anytime at
https ://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No.: 28427US15
Patent Application of:

Madhukar Reddy

Application No. 17/862,946 Filed electronically on September 29, 2022

Filed: July 12, 2022

Title: SYSTEM AND METHOD FOR

RECEIVING A TELEVISION

SIGNAL

Examiner: JACKSON, BLANE J.

Group Art Unit: 2644

NmNeereNereeeNeNeNeNeeNeeeeee”
Confirmation No.: 7376

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Mail Stop: Issue Fee
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

This paper responds to the Notice of Allowance mailed September 28, 2022 in the

above-identified application (the “Application”). Applicants respectfully request entry of

the following remarksin the record.
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serial No. 17/862,946

Response to Notice of Allowance mailed September 28, 2022

REMARKS

Claims 19-38 are allowed in the Notice of Allowance mailed on September 28,

2022. The Applicant thanks the Examiner for positive consideration of the claim.

However, during the course of prosecution of the Application the Examiner may

have provided various reasons for allowing claims 19-38. The Applicants do not agree or

disagree at this time with those reasons, but respectfully reserve the right to support or

traverse those reasons should the need arise, and argue different reasons for the

allowability of the claims.

Respectfully submitted,

Dated: September 29, 2022 /Wayne H.Bradley/
Wayne H.Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street

34" Floor

Chicago,Il 60661
Phone (312) 775-8000
Fax (312) 775-8100
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PARTB - FEE(S) TRANSMITTAL

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

By mail, sendto: Mail Stop ISSUE FEE By fax, sendto: (571)-273-2885
Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

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

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

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

23446 7590 09/28/2022 Certificate of Mailing or Transmission

MCANDREWS HELD & MALLOY, LTD I hereby certify that this Fec(s) Transmittal is being deposited with the United
, States Postal Service with sufficient postage for first class mail in an envelope

500 WEST MADISON STREET addressed to the Mail Stop ISSUE FEE address above, or beingtransmitted to
SUITE 3400 the USPTO via EFS-Webor by facsimile to (571) 273-2885, on the dale below.

CHICAGO,IL 60661 Wayne H. Bradle (Typedor printed name)
/Wayne H. Bradley/ (Signature)

September 29, 2022 (Date) 
 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

17/862,946 07/12/2022 Madhukar Reddy 28427US 15 7376

TITLE OF INVENTION: SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

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

nonprovisional SMALL $0.00 $0.00 12/28/202251200200 Stone200
EXAMINER ART UNIT CLASS-SUBCLASS

JACKSON, BLANE J 2644 348-73 1000
 

1. Change of correspondenceaddress or indication of "Fee Address” (37
CFR 1.363).

2. For printing on the patent front page, list
(1) The namesofup to 3 registered patent attorneys
or agents OR,alternatively. 1 McAndrews, Held & Malloy, Ltd.
(2) The nameofa single firm (having as a member a
registered attorney or agent) and the names of upto=—-22
2 registered patent attorneys or agents. If no nameis
listed, no namewill beprinted.

 

_] Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached. 
LL] "Bee Address" indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Numberis required.

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

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

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

Entropic Communications, LLC New York, NY

Please check the appropriate assignee category or categories (will not be printed on the patent) : (J Individual XJ Corporation orotherprivate group entity (I Government

4a. Fees submitted: (Mtssue Fee (Ieublication Fee (if required) (daAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paidfee shown above}

Od Electronic Payment via EFS-Web (I Enclosed check (LI Non-clectronic paymentbycredit card (Attach form PTO-2038)

XJ The Directoris hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 13-0017

5. Changein Entity Status (from status indicated above)
rar . NOTE:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

= Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE:If the application was previously under micro entity slalus, checking this box will be laken
to be a notification of loss of entitlement to micro entity status.
NOTE:Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

 

I Applicant asserting small entity status. See 37 CFR 1.27 
[x] Applicant changing to regular undiscountedfee status.

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

September 29, 2022 

 
Authorized Signature {Wayne H. Bradley/ Date

Typedorprinted name Wayne H. Bradley Registration No. 39,916

Page 2 of 3
PTOL-85 Part B (08-18) Approvedfor usc through 01/31/2020 OMB0651-0033 US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal 

Application Number: 17862946

Filing Date: 12-Jul-2022

Title of Invention: SYSTEM AND METHOD FORRECEIVING A TELEVISION SIGNAL

 

First Named Inventor/Applicant Name: Madhukar Reddy

Attorney Docket Number: 28427US15

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

ree| com]am |
Basic Filing:

Pages: 

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1200 1200

 
Page 176 of 183



Page 177 of 183

cota |

Extension-of-Time:

Miscellaneous: 
Total in USD ($) 1200
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Electronic AcknowledgementReceipt

EFS ID: 46717530
 

Application Number: 17862946

Title of Invention: SYSTEM AND METHOD FORRECEIVING A TELEVISION SIGNAL

ee

Attorney Docket Number: 28427US15 

Receipt Date: 29-SEP-2022

Application Type: Utility under 35 USC 111{a)

Paymentinformation:

 
Deposit Account 130017

Authorized User Laura Foley

The Director of the USPTOis hereby authorized to charge indicated fees and credit any overpaymentas follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Documentsupply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document . ge . File Size(Bytes)/
Number DocumentDescription File Name Message Digest|Part/.zip| (ifappl.) 

21758

Post Allowance Communication- 28427US15_Comments_on_Re

Incoming asons_for_Allowance.pdf §6ca9A04 5366391 OcchSee2c637he06l ccd
d9c8e.

Information:

992073

28427US15_issue_fee_transmit]
Issue Fee Payment (PTO-85B) tal pdf €3b34dfaea9cl dSae672be0b4e3fb000d2d|

70511

Information:

Fee Worksheet (SB06) fee-info.pdf 0866e9f7d2fef001 791 cOc7a80ddca68139e|

Information:

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora 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 shownon this
AcknowledgementReceiptwill establish thefiling date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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GE=% UNITED STATUS PATENT AND TRADEMARK OIFTICE 

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

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

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

17/862,946 11/01/2022 11490152 28427US15 7376

23446 7590 10/12/2022

MCANDREWSHELD & MALLOY, LTD
500 WES'T MADISON S'TREET

SUITE 3400

CHICAGO,IL 60661

ISSUE NOTIFICATION

The projected patent numberandissue date are specified above.

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD)at (571)-272-4200.

INVENTOR(s) (Please see PAIR WEBsite http://pair.uspto.gov for additional inventors):

MadhukarReddy, Carlsbad, CA;
Curtis Ling, Carlsbad, CA;
Tim Gallagher, Carlsbad, CA;

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

Entropic Communications, LLC, New York, NY;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USAis the best country in
the world to develop technology, manufacture products, and grow yourbusiness, visit SelectUSA. gov.
IR103 (Rev. 10/09)
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To: mhmpto@mcandrews-ip.com,,
From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Oct 13, 2022 06:06:09 AM

Dear PAIR Customer:

MCANDREWSHELD & MALLOY, LTD
500 WEST MADISON STREET
SUITE 3400

CHICAGO,IL 60661
UNITED STATES

The following USPTO patentapplication(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondenceis now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17862946 ISSUE.NTF 10/12/2022 28427US15

To view your correspondenceonline or update your email addresses,please visit us anytime at
https ://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OFFICE UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

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

 
17/862,946 07/12/2022 Madhukar Reddy 28427US15

CONFIRMATION NO.7376

23446 PUBLICATION NOTICE

MCANDREWSHELD & MALLOY, LTD

500 WEST MADISON STREET AMONAA
SUITE 3400 00000013/228035
CHICAGO, IL 60661

Date Mailed: 11/03/2022

Title:SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

Publication No.US-2023-0353564-A1
Publication Date: 11/03/2022

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication numberand publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/Avww.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon paymentof the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reachedby telephoneat (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and TrademarkOffice,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and
the dates of receipt of correspondencefiled in the Office, may also be accessed via the Internet through
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to accessthis status information is currently
https ://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

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

 
17/862,946 07/12/2022 Madhukar Reddy 28427US15

CONFIRMATION NO.7376

23446 PUBLICATION NOTICE

MCANDREWSHELD & MALLOY, LTD

500 WEST MADISON STREET AMONAA
SUITE 3400 00000013/228035
CHICAGO, IL 60661

Date Mailed: 02/14/2023

Title:SYSTEM AND METHOD FOR RECEIVING A TELEVISION SIGNAL

Publication No.US-2022-0353564-A1
Publication Date: 11/03/2022

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication numberand publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/Avww.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon paymentof the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reachedby telephoneat (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and TrademarkOffice,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and
the dates of receipt of correspondencefiled in the Office, may also be accessed via the Internet through
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to accessthis status information is currently
https ://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.
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