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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No. 28427US13

In the Application of:

Electronically Filed:
Madhukar Reddy January 28, 2022

Serial No.: Not yet assigned

Filed: January 28, 2022
- METHOD FOR RECEIVING A
Title: 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.
Amendments to the Specification begin on page 3.
Amendments to the Claims begin on page 4.

Remarks begin on page 9.
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Attorney Docket No. 28427US13

Filing 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 renders it difficult to consider the application, or to arrange the
papers for 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 was in the proper format, does 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

changes to the claims.
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Attorney Docket No. 28427US13

Amendments to the Specification

Please amend the title as follows:

METHOD FOR RECEIVING A TELEVISION SIGNAL WIDEBAND-TUNER
ARCHHECHRE

Please amend paragraph [0001] as follows:

[0001] This application is a continuation of U.S. patent application 17/217.244 filed on

March 30, 2021, 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 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 reference in its

entirety.
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Attorney Docket No. 28427US13

Amendments to the Claims:

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

application.

What is claimed is:

1-18 (Cancelled)

19.  (New) A method for receiving a television (TV) signal comprising:

digitizing a contiguous band of frequencies in an input signal via a wideband analog-to-
digital converter (ADC), wherein the contiguous band of frequencies comprises a
plurality of desired channels and a plurality of undesired channels;

concurrently selecting each of the plurality of desired channels from the input signal
without selecting any of the plurality of undesired channels; and

providing the plurality of desired channels.

20.  (New) The method of claim 19, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via

at least one of an analog amplifier and an analog filter.

21.  (New) The method of claim 19, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding to each
of the plurality of desired channels, and wherein each corresponding complex signal

comprises an in-phase (I) component and a quadrature (Q) component.

22.  (New) The method of claim 21, wherein:

the I and Q components of each corresponding complex signal are at baseband.
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Attorney Docket No. 28427US13

23.  (New) The method of claim 21, wherein the method comprises:
filtering, via each filter of a plurality of filters, the corresponding complex signal, and

wherein each corresponding complex signal comprises a 6 MHz channel.

24.  (New) The method of claim 21, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, the corresponding

complex signal to generate a demodulated signal as a desired channel output.

25.  (New) The method of claim 19, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, a desired channel, of

the plurality of desired channels.

26.  (New) The method of claim 25, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

27.  (New) The method of claim 19, wherein the method comprises:

providing the plurality of desired channels via a parallel interface.

28.  (New) The method of claim 19, wherein the method comprises:

providing the plurality of desired channels via a serial interface.

29.  (New) The method of claim 19, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

30. (New) The method of claim 19, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over

Cable Service Interface Specification (DOCSIS) protocol.

31. (New) The method of claim 19, wherein:

_5-

Page 6 of 304



Attorney Docket No. 28427US13

the method is performed by a device comprising a digital video recorder (DVR).

32.  (New) The method of claim 19, wherein the method comprises:
configuring at least some of the plurality of desired channels as an output for a picture-in-

picture display.

33.  (New) The method of claim 19, wherein:
the contiguous band of frequencies comprises a portion of a frequency spectrum of the

input signal.

34.  (New) A method comprising:

digitizing an input signal via a wideband analog-to-digital converter (ADC), wherein the
mput signal comprises a plurality of desired channels and a plurality of undesired
channels; and

digitally down converting each desired channel, of the plurality of desired channels, to

generate a plurality of digital channel outputs.

35.  (New) The method of claim 34, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via

at least one of an analog amplifier and an analog filter.

36. (New) The method of claim 34, wherein:
digitally down converting comprises generating a corresponding complex signal for each
of the plurality of desired channels, and wherein each corresponding complex signal

comprises an in-phase (I) component and a quadrature (Q) component.

37. (New) The method of claim 36, wherein:

the I and Q components of each corresponding complex signal are at baseband.
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Attorney Docket No. 28427US13

38.  (New) The method of claim 36, wherein the method comprises:
a filtering the corresponding complex signal, wherein a bandwidth of the complex signal

is 6 MHz.

39.  (New) The method of claim 36, wherein the method comprises:
demodulating the corresponding complex signal to provide a demodulated channel as a

digital channel output.

40.  (New) The method of claim 34, wherein the method comprises:
demodulating each digitally down converted, desired channel to generate a plurality of

demodulated channels.

41.  (New) The method of claim 40, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

42.  (New) The method of claim 34, wherein the method comprises:

providing the plurality of digital channel outputs via a parallel interface.

43.  (New) The method of claim 34, wherein the method comprises:

providing the plurality of digital channel outputs via a serial interface.

44.  (New) The method of claim 34, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

45.  (New) The method of claim 34, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over

Cable Service Interface Specification (DOCSIS) protocol.

46. (New) The method of claim 34, wherein:

-7-
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Attorney Docket No. 28427US13

the method is performed by a device comprising a digital video recorder (DVR).

47.  (New) The method of claim 34, wherein the method comprises:
providing a picture-in-picture display signal according to the plurality of digital channel

outputs.
48. (New) The method of claim 34, wherein:

the plurality of desired channels and the plurality of undesired channels comprise a portion

of a frequency spectrum of the input signal.
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Attorney Docket No. 28427US13

REMARKS

The Applicant requests entry of this preliminary amendment prior 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 made in 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
predecessor or 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: January 28, 2022 /Wayne H. 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
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Filing Date:

Title of Invention:

METHOD FOR RECEIVING A TELEVISION SIGNAL
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Madhukar Reddy
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Wayne Bradley/Laura Foley
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Filed as Large Entity

Filing Fees for Track| Prioritized Examination - Nonprovisional Application under 35 USC 111(a)
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Basic Filing:
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Electronic Acknowledgement Receipt

EFS ID: 44865449
Application Number: 17587462
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37 CFR 1.19 {Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
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143beb7e9290ad3b84982e6918dad0c53d
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rawi ng s 3146aa711b9ch4885113edB8fc4c2537cal
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135177
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Warnings:
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443966
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33cf1927dca3531ecd18f1849b8cb804bd2
06971
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Preliminary Amendment 1 2
Specification 3 3
Claims 4 8
Applicant Arguments/Remarks Made in an Amendment 9 9
Warnings:
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52864
13 Fee Worksheet (SB06) fee-info.pdf no 2
dd0ee99ab02fe9d431f2bal16e10c148d 170
eddb8
Warnings:
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Total Files Size (in bytes)4 9050417

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Page 16 of 304




PTO/AIA/80 (07-12)

Approved for use through 11/30/2014. OMB 0651-0035

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

Under the Paperwork Reduction Act of 1895, no persons are required to respond lo a collaction of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

1 hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).
| hereby appoint:

Za:lioners associated with Customer Number: 2 3 ’ 4 4 6

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration Name Registration
Number Number

As attomney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned gnly to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the apptication identified in the attached statement under 37 CFR 3.73(c) to:

E' The address associated with Customer Number: 2 3 4 46
’
OR

Firm or
Individual Name

Address

City State Zip

Country

Telephone Email

Assignee Name and Address: Entropic Communications LLC
5966 La Place Court
Suite 100
Carisbad, CA 92008

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/S6 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitioners appointed In this form, and must identify the application in which this Power of Attorney Is to be filed.

SIGNATURE of Assignee of Record

The individual whose sigpature and til!his supplied below is authorized to act on behalf of the assignee

Signature Date ‘O] \Oh(o
Name Adam Spice Telephone 44 -22,0-00% 2
Title Chief Financial Officer

— — —

This eollection of infermation is required by 37 CFR 1,31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file {(and
by the USPTO to process) an application. Confidontialily is governed by 35 U.S.C, 122 and 37 CFR 1.11 and 1.14. This collection is estimatad to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents, P.O. Box 1450, Aloxandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Privacy Act Statement

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

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

1.

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

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to § U.S.C. §52a(m).

A record related to an Intermnational 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 GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is 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 aware of a violation or potential violation of law or
regulation.
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Doc Code: TRACK1.REQ

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

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

T:]i\r,'setnl;l()arr:ned Madhukar Reddy Er?(:lv;;»rr&visional Application Number (if
e of 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 been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

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

3. The applicable box is checked below:

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

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

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

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

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

/Wayne H. Bradley/ saedanuary 28, 2022

Signature

name ey YVAYNE H. Bradley Practitioner 39,916

Registration Number

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d} for signature requirements and certifications.
Submit 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 Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

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

1.

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

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

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

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

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.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 GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

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

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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. Aftorney Docket Number | 28427US13
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD FOR RECEIVING A TELEVISION SIGNAL

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El IVIadhukar Reddy | El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City ‘ Carlsbad State/Province | [CA Country of Residencd | s

Mailing Address of Inventor:

Address 1 966 La Place Court

Address 2 Ste. 100

City | l’.:ansbad I State/Province ‘ |CA

Postal Code | o208 | Countryi | s

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| [ pertis | ing e
Residence Information (Select One) (® US Residency Non US Residency Active US Military Service

City ‘ Carlsbad State/Province | [CA Country of Residencéd | s

Mailing Address of Inventor:

Address 1 h966 La Place Court

Address 2 Ste. 100

City | Fansbad | State/Province ‘ ICA

Postal Code ‘ |92008 | Country i | |US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Il'im | [Gallagher | El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

EFS Web 2213

Page 21 of 304



PTO/AIAI14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
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Attorney Docket Number | 28427US13
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR RECEIVING A TELEVISION SIGNAL

City | [Carisbad State/Province | [CA Country of Residencd | S

Mailing Address of Inventor:

Address 1 h966 La Place Court

Address 2 Ste. 100

City | Fansbad | State/Province ‘ |CA

Postal Code ‘ |92008 | Country i | |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be vy

generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number D3446

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

Application Information:

Title of the Invention ETHOD FOR RECEIVING A TELEVISION SIGNAL

Attorney Docket Number| [28427US13 Small Entity Status Claimed [ ]

Application Type Nonprovisional v
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.5.C. 111{c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of afiling date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
1

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

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

] 35 U.S8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

EFSWeb 2213
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

28427US13

Application Number

Title of Invention

METHOD FOR RECEIVING A TELEVISION SIGNAL

Representative Information:

Representative information should be provided for all practitioners having a power of atiorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer

Number will be used for the Representative Information during processing.

Please Select One:

® Customer Number

US Patent Practitioner

(7 Limited Recognition (37 CFR 11.9)

Customer Number

3446

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of ~| 17217244 2021-03-30
Prior Application Status | [Patented ~
Application L Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|1 7217244 ’Continuation of +| [164305086 |2019—06—04 |10972781 |2021-04—06
Prior Application Status ‘ Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|1 6430506 ’Continuation of <] [15792318 |2017-10-24 |10313733 |2019-06—04
Prior Application Status ‘ Patented v
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|1 5792318 ’Continuation of +| h2948881 |2015-1 123 |9819992 |2017-1 1-14
Prior Application Status ‘ Patented -
Application L Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|14948881 ’Continuation of | [14617973 |2015-02-10 |9210363 |2015-12—08

EFSWeb 2213
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Attorney Docket Number | 28427US13

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD FOR RECEIVING A TELEVISION SIGNAL

Prior Application Status

Patented v

Application L Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|14617973 )Continuation of +| h3ge2871 |2013—08—08 |9100622 |2015-08—04
Prior Application Status ‘ Patented - Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | (yyyv.MM-DD)
|1 3962871 F)ontinuation of -] l12762900 |2010-04-19 |8526898 |2013-09-03
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
12762900 [Claims benefit of provisional ~| 61170526 P009-04-17

Additional Domestic Benefit/National Stage Data may be generated within this form Fvr
by selecting the Add button.

Foreign Priority Information:

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

Remove

Application Number Countryi Filing Date {YYYY-MM-DD) Access Codé (if applicable)

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

18, 2013, will be examined under the first inventor to file provisions of the AlA.

EFSWeb 2213
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L Attorney Docket Number | 28427US13
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD FOR RECEIVING A TELEVISION SIGNAL

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

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

(M-

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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L Attorney Docket Number | 28427US13
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD FOR RECEIVING A TELEVISION SIGNAL

Applicant Information:

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

Applicant 1

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

identified in this section.

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

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

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

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

Fntropic Communications, LLC

Mailing Address Information For Applicant:

Address 1 h966 La Place Court

Address 2 Ste. 100

City Carlsbad State/Province CA
Country | s Postal Code 92008
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFSWeb 2213
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Attorney Docket Number | 28427US13

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | 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 assignee is also desired on the
patent application publication.

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

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province

Countryi I Postal Code

Phone Number | Fax Number

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

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 INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTQ/AIA/81) on behalf of all joint inventor-applicants.

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

Signature |/Wayne H. Bradley/ Date (YYYY-MM-DD)| [2022-01-28
First Name | Wayne H. Last Name Bradley Registration Number | [39916
Additional Signature may be generated within this form by selecting the Add button. Add

EFSWeb 2213
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L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

28427US13

Application Number

Title of Invention | 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 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 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 amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authotity for the collection of this information
is 35 U.5.C. 2(b)(2); (2) furnishing of the information selicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. 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 informaticn, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

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

1

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

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.

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

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

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of Naticnal Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., G5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a viclation or potential violaticn of law or regulation.
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Atiorney Docket No. 88164-002720US-853048
PTOAIAIQT (08-12)
Approved for use through 01/31/2014. OMB 06510032
U.8. Patent and Trademark Office; U.8, DEPARTMENT OF COMMERCE
Linder the Paperwork Reduction Act of 1998, no persons are required to respond to & colfsction of information unless it displays a valid OMR control number.

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

Title of | VWWIDEBAND TUNER ARCHITECTURE

nvention

As the below named inventor, | hereby deciare that:

This declaration {7
o i The atiached application, or
is direcied to: j S it ppicaon, of

Qi] United States application or PCT international application number
fled on FHQUST 8, 2013

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

i bedieve that | am the original inventor or an original joint inventor of a claimed invention in the appiication.

| hereby acknowiedge that any wiliful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both,

WARNING:

Fatiioner/applicant is cautioned to avoid submitting personal information in dosuments filad in a patent application that may
contribute to identity theft. Personal information such s social security numbers, bank account numbers, or credit card numbers
{other than a chedk or credit card autherization form PTC-2038 submitted for payment purposes) is naver required by the USPTO
to support a petition or an application. if this type of personal information is ing fuded in documents submitted to the USPTO,
patiioners/applicants should consider radacting such personal information from the documents before submitting them o the
USPTO. Petitioner riappiicant is advised thal the record of a palent applicat i\z?* is available to the public after pub?iﬂatﬁcn of the
application {uniess a non- -puilication request in compliance with 37 CFR 1.213(a) is made in t“e appis"ato N} o issuance of a
patent. Furthermore, the record from an abandoned application may also § De availabie fo the p biic if the application is
refaranced ina published application or an issued patent (see 37 CFR 1.14), Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the apglication file and therefore are not publicly available.

LEGAL NAME OF INV

inventor: adhuk@r Raddy Daie (Optional) -
Signature: g\ é@

Noie: An application data sheel (PTO/SB/14 or equivalent), including naming the entire inventive antity, must accompany this form or musi have
inventor.

peen praviously filed. Use an additional PTO/AIAGT form for each addition

¥ his collection of information is required y 35 U.8.C. 115 and 37 CFR 1.83, The information is required {0 oblain or retain a benefit by the public which is to file (and
by the LUSPTO io process) an application. Cenfidentiafily is governed by 35 UL.S.C. 122 and 37 CFR 1,11 and 1.14. This collaction is sstimatad to take 1 minuts to
w«mle:e, including gathering, preparing, and submitting the compietad appiication form to the USPTO. Time will vary depending upon the ingividual case. Any
commants on the amount of ime you require to complete form and/or suggestions for reducing th‘s burden, should be sant {o the Chief information Officer, U.8.
Patent and Trademark Office, U.S. Department of Commerce, PO, Box 1450, Alexandria, VA 22313-1450. 0O NQT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131480,
if you need assistance in completing the fom, calf 1-800-PTC-9128 and select oplicn 2.
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Attorney Docket No. 89184-002720U8-887846
PTO/AIAIRT (05-12)

Approved for use through 01/31/2014, OMB 0851-0032

U.5. Patent and Trademark Office; U.8. DERPARTMENT OF COMMERCE
Linder the Paperwork Reduction Act of 1995, no persens are required 1o respond 1o & colisction of information unless it displays a valid OMB control number,

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

Titte of 1 VWIDEBAND TUNER ARCHITECTURE

invention

As the below namad inventor, | haraby dediare that:

This declaration e At - "
is directed to: D The attached application, o

{ﬁ} United States application or PCY international application number

""" A S 2015
fled on SUGUST B, 2013

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

| believe that ] am the onginal inventor or an original joint inventor of a claimed invention in the application.

{ hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or irmprisonment of not more than five {8) years, or both,

YWARNING:
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in & patent application that may
sontribute to ideniity theft. Parsonal infermation such as seoial security numbers, senk account numbers, or credit card numbers
{ather than a check or credit ca ithorization form PTO-2038 submitted for payment purposes) is never required by the USPTCO

U
o support a petition or an application. If this type of personal information is included in docurments submitted to the USPTQ,
petitioners/applicants shouid consider redacting such personal information from the docurnents before submitting them (o the
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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

1s hereby incorporated by reference in 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 wideband receiver requirement poses a
trade-off to the system to limit either the dynamic range of the wideband tuner 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
mput signal may include the VHF and UHF television 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 S1 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-pass filtered 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 f, 130.

Synthesizer S1 may be tuned to a frequency around the center frequency fs. 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 fi;. 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 MHz in most parts of the world, bandwidth
BW1 120 would span from 60-80 MHz, i.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 (VHF in
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 number of 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 may either 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 processes a 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 number of 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 second digital frontend module frequency shifts the second number of 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 baseband signals 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 embodiment of the present invention;

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

to an embodiment of the present invention;

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

system according to another embodiment of the present invention;

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

an embodiment of the present invention;

[0018] FIG. 6 1s a simplified schematic block diagram of a wideband multi-tuner

receiver system according to an embodiment of the present invention;

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

according to an embodiment of the present invention in more detail;

[0020] FIG. 8 1s a block diagram illustrating an exemplary tiled up-converter

module according to an embodiment of 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 embodiment of 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.
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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 front end 210 and a digital front end 230. Radio front 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
1s 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 frequency [y, f;p, {3, and
fi14 that are located in non-contiguous portions of the wide frequency spectrum BW1. It is
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 (i.e., 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. The first 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 have relatively
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 F1 215, F2 225 to generate a
filtered in-phase signal 216 and a filtered quadrature signal 226. Filters F1 215 and F2
225 may be passive or active low-pass filters 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 and filters F1 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) of filters F1 215 and F2 225 can be one half of the BW1 bandwidth 120.

[0026] Analog-to-digital converters ADC1 218 and ADC2 228 are high-speed (i.e.,
high sampling rate) converters to maximize the dynamic range. In an exemplary
application, radio front end 210 operates as a nominal zero-IF down-mixer so that signals
216 and 226 have a nominal bandwidth 290 equal to one half of the RF signal bandwidth
BWI1 thanks 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

Page 51 of 304



Attorney Docket No. 28427US07

of ADC1 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] ADC1 218 generates a digital signal I 232 that is a digital representation of
the analog filtered signal 216; ADC?2 228 generates a digital signal Q 242 that is 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 number of all available channels that exist in the
licensed frequency spectrum to provide system flexibility. In other embodiments, N can
be equal to the number of all receivable channels within a geographic area. In yet another
embodiment, N can be an integer value less than the number of receivable channels with
the geographic area to reduce system costs. In the exemplary embodiment shown in 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, which is then individually filtered, decimated and provided to

an associated demodulator.

[0028] Each of the N complex mixers 250 receives the digital signals I 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 of the 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 shown in FIG. 2 according to an embodiment of 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(m.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(mt) and sin(w.t) signals and generate respective products 324 and 326.
An adder 317 sums the 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) xe /@t (D
or taken the Fourier transform, we obtain:

Y(0)=X(0-.) (2)
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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(m ) and sin(wt) signals. Numerically controlled oscillators (NCO) can be
implemented using a phase accumulator and a look-up table. NCOs are known to those of
skill in the art and will not be described herein. The frequency o 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 (i.e., four) complex
mixers is coupled to an individual NCO having a distinct frequency w. 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-pass filters such
as polyphase filters. 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 baseband signals Ii (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
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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 LNA1 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 F1 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
ADCI1 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 number of 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 |
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.
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[0035] In 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
number of 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 number of 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 channel filters 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 around fj 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 f; can be set
proportionally lower, e.g., typically about 16 MHz to accommodate the spectrum of BW2
of up to 32 MHz (corresponding to 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
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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 demodulator itself.

[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 includes filter 510 and 520 configured to eliminate unwanted frequency
components present in respective input signals I 501 and Q 502. Filtered signals 512 and
522 are provided to up-mixers UMI 515 and UMQ 525 that multiply the filtered signals
512 and 522 with respective cos(m,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(w,t)+Q(t)*sin(w,t) 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 VHEF-low
band (aka band I in Europe), channels 7 through 13 in VHF-high band (band III), 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, it may be advantageous to use

multiple tuners that are optimized for a given frequency band, such as a dedicated tuner
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for the low VHF band, 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 MHz according 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 A1 602 for receiving
an RF input signal 601. Amplifier A1 602 is coupled to at least a tunerl 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] Tunerl 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 fi5; and f;». The first portion of the broad frequency spectrum BWtunerl 604
is then frequency down-converted to a low-IF or zero-IF in-phase signal I1 612 and a
quadrature signal Q1 622 through respective mixer M1 611 and M2 621. Signals I1 612
and Q1 622 are further amplified and low-pass filtered before applying to respective
analog-to-digital converters ADC1 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 tunerl 610 only covers a portion BWtunerl 604 of the entire
frequency spectrum 608 having fewer channels, the ADCI 618 and ADC2 628 can be
slower-speed analog-to-digital converters with a large number of bits, i.e., large dynamic

range.
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[0042] Digital signals Id1 631 and Qd1 641 are then provided to 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 BWtunerl 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, i.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 Id1 631
and Qd1 641 are sampled at a much higher frequency by the respective ADC1 618 and
ADC2 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 number of desired channels present in BWtunerl 604. Each one
of the up-mixer frequency-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 number of 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 {3 and f,4. 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 same as the like-
named elements of the signal path of tuner]l 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, redundant description 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 fj; 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 (i.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 1d2
731 and Qd2 741 with a cosine signal and a sine signal that are generated from an NCO1
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 1n the baseband, where the index “1” is from
A to L, 1s 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-7321/M and

Q-732i1/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 1-7321/M and Q-7321/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 tunerl
610 and tuner2 720. Output terminal 924 of crossbar switch 910 have Q outputs, where Q
1s an integer value that is equal to the total number of desired channels received by tunerl

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 tunerl 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 number of desired channels processed in
DFE 630 and T is 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 740 are already pre-assigned to respective tunerl (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 not restrictive. 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
What is claimed is:
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
second plurality of channels; and
a digital frontend (DFE) circuit operatively coupled to the first ADC and the
second ADC, the DFE being configured to:
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 from the first plurality of

channels and the one or more channels from the second plurality of channels.

6. The system of claim 5, wherein each one of the plurality of channel filters is a

finite impulse response filter.

7. The system of claim 1, wherein the DFE 1s configured to:

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 second plurality 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 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.

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 the first 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 second plurality of channels.

14. The method of claim 10, comprising selecting, by a plurality of channel filters
of the DFE, the one or more channels from the first 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 channel filters is

a finite impulse response filter.

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 claim 10, wherein each of 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 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-Rejection Mixers

Jeffrey A

. Weldon, R. Sekbhar NMarayanaswarot, Jacques C. Rudell,
Sebastien D\/(.h\/u Luns Tee, Student Member, [EEE, King-Chun Tsai, Student Member,

Meraber, IKEFE, 13 Lin, Masanori Otsuka,

{EFEE, Cheol-Woong Lee,

and Paul . Gray, Fellow, IFEE

Abstraci—A highly integrated 1.75-GHz 8.35~pm CMOS trans-
mitter is described. The I /@ modulatar-based trassmitter facili-
tates integration throngh the use of a unigue mixer, termed 3 bar-
menic-rejection mixer, and a wide loop bandwidth phase-locked
loop (PLL) for the RY synthesizer. The barmenic-cejection xmixers
are used o elirainate the need for a discrete IF Shter and the use of
a wide loop bandwidth PLL allowed for the complete integration
of the synthesizers asing low-0} components while achieving low
phase noise, The entire transmit signal path from the digital-to-
analog converters to the poweyr amplifier, including two fully inte-
grated frequency synthesizers, & integrated inte a single-chip so-
fution. The transmitter was fested with a testing bufifer before the
power amplifier (PA) and achieved less than 1.3 ryus phase ervor
when medulating a DCS-1868 GMSK signal. The prototype con-
sumed 151 mA from a 3~V supply. A class-C PA, capable of driving
25 dBm off-chip, was lncluded and the sufput was compared to the
testing buffer with little change in the transmitter performance.

Index Terms—Class-{ power amplifier, CMOS RE, digital-
tg-analog cenverter, frequency synthesizer, harmonic-rejection
mixer, harmonic-rejection transmitter, image-vejection mixer,
jow-pass filter, phase-locked loop, pewer amplifier, gquadrature
genevation, radie architectures, radio transmitter, wireless com-
munications.

1. INTRODUCTION

HE DEMAND for wireless connectivity supporting both

? voice and data has dramatically tncreased 1o recent years.
Advancements in wireless technology have largely been driven
by the Emu ¢ for lower cost solutions. Opne method of achieving
this price reduction is through increased levels of integration in
both the fransmitter and the receiver. In addition to reducing the
nomber of ICs needed, eliminating the need for costly discrete
components can also lower the overall cost. Consequently,
lrvih\)\ib of integration have received considerable attention
ex the last few years [ 1], with the goal of cornplete integration

of both the digital and asalog cirenits onto a single chip. CMOS
is amenable to high integration due to the fact that the vast
majority of digital integrated circuits as well as raany analog

Manuseript received May 8, 2001; revised July 27, 2001, This work was sup-
poried by the National Science Foundation under Grant CCR-9732550, the De-
fense Advanced Research Froject Agency under Grant F30602-97-2-0346, and
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rance,

mtegrated cirenits 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 cirenit level because many current
nplementations are not amenable to fntegration in CMOS.
Recently, significant effort bas been directed toward the inx-
plementation of integrated CMOS receivers {31, [4]. The focus
of this work is to demonstrate techniques that would allow
for a highly integrated bigh-performance CMOS teansmitter
and chiminate the need for costly discrete components. The
challenge was to maintain the bigh performance needed by
cellufar communications systems while using low-& on-chip
components inberent to standard CMOS. A prototype was
fabricated vsing a (.35-pan doghle-poly five-layer metal CMOS
technology. The transmuitter operated at 1.75 GHz and was
designed for a narrow-band cellalar standard, DCS-1806, an
up-banded version of GSM. Although the prototype was only
tested with one standard, the architecture was chosen to facil-
itate multistandard operation. The transmitter integrated the
entire signal path from the digital-to-analog converters (DACS)
to the power amplifier (PA) including two frequency synthe-
sizers. The foll integration of the {ransroitier was facititated by
a number of technigues including the harmonic-rejection mixer
(HRM) and a wide-loop-bandwidth phase-locked loop (PLL}.
Section i discosses relevant transmutter architectores and
their potential for integration in CMOS and muitistandard oper-
ation. Section 11 focuses on the harmonic-rejection transmitter
in more detail while addressing a few of the key concepts
and circuit blocks, Section IV examines the CMOS prototype
trapsmitter used to demonstrate the previously discussed
copcepts, and Section V presents the roeasured results frora this
transniitter. Finally, some conclusions are made in Section VL

{I. TRANSMITTER ARCHITECTURES

Transmitter implementations to date have used a variety of
architectures, each of which extubits features making them well
suited for implementing a specific standard. However, if the goal
is multistandard operation, a transimitter architecture with high
flexibility is desired. Furthermore, high performance is required
if a difficolt standard 1s among the targeted applications. In par-
ticular, R¥ systems with large cell sizes, such as cellular cony-
munication systems, generally require higher performance than
short-range systems such as Bluetooth. The issue is further com-
phcated by the fact that CMOS integration using low-(J con-
ponents fimits the performance of many circuit technigues. As

4018-9200/01510.00 © 20061 [EEE
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Fig. 1. Direct upconversion transmitter hiock diagram.

a result, new architectures and circuit technigoes must be mves-
tigated if the goal is high-performance multistandard operation
using CMOS and its tnherently tow-0) devices.

The vast majority of transmitters fall into two classes: [/}
modulator-based trapsmitters and voltage-controlled oscillator
(VCO)-based transmitters. Although VUO-based transmit-
ters have shown promise with respect to the elimination of
discrete components [S], [6], they are fondamentally lmited
to constant-envelope modulation schemes. In contrast, {/Q
modudator-based transmitters can operate with both constant
and nonconstart envelope modulation, making them well
suited for multistandard operation. To begin the discussion of
1/Q modulator-based transmitters, a homodyne or direct up-
conversion transmitter is evaluated, followed by a discussion of
the traditional heterodyne or indirect apconversion transmitter.
Fraally, a modified heterodyne transmitter s presented called
the harmonic-rejection transmiitter.

A Direct-Upconversion Transmitter (Homodyne)

The direct-npoonversion transmifter, shown In Fig. [, is
attractive because of the simplicity of the signal path. The
in-phase (7} and quadrature ((J) bascband digital signals pass
through & DAC and 2 baseband filter before the signal is
upconverted to RF in a single step. The { and @ signals are
then combined before passing through a pre-PA RE filter, a PA,
and a second RF filter. Channel tuning is typically performed
with a single RY channel-select frequency synthesizer. The
shaded components in Fig. 1 would likely remain discrete if
CMOSB integration with low-(J components was attermpicd for
a number of reasons. In particular, integrating a low-phase
poise RE chanpel-seloct frequency synthesizer using low-()
components would be particularly difficult for narrow-band
cellular standards such as GSM. This would lead to the use of
a discrete VOO tank circuit to meet the required phase-noise
performance with reasonable power consumption. Aside from
the tank circust, a discrete pre-PA RY filter is needed for two
reasons. First, the filter reduces potential third-order internod-
ulation in the PA that could degrade roodulation accuracy. This
can be seen in Fig. 2 when the third harmonic of the desired
signal intemuodulates with the desired signal to produce an
unwanted third harmionic of the baseband signal. The pre-PA
RF filter is also needed (o attonuate transmitted noise that
in turn reduces the filtering requirement after the PA. This
allows the use of a single filter afier the PA with potentially
fower loss than if a pre-PA filter was not used. Aside from
the need for discrete components, the direct upconversion
transmitter suffers from some well-known problems, First, the
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iocal oscillator (LO) feedthrough is relatively large becapse of
the high frequency used in the J/() modulator. The second, and
potentially roore severe, problern ¢ LO putling which occurs
because the transmitted signal is running at the same frequency
as the LO. This condition would only get worse with PA
integration. One method to reduce LO pulling is offset mixing
[71, {8}, but this technigue does not address anv of the other
ntegration issues, To further improve transmitter performanee,
an indirect upconversion transmitter is often nsed.

B. Indirect Upconversion Transmitter (Heterodyne)

The indirect upconversion frapsyoitfer, shown in Fig. 3, can
be viewed as the transnuitter version of the superheterodyne re-
cetver. Like the homodyne transmitter, an {/€ modulator is
used; however, now the baseband signal is frequency translated
to a fixed IF. The signal is then typically filtered to remove
wnwanted IF harmonics. The IF signal is then speonverted to
RF before it passes through a pre-PA RF filter, the PA, and a
final RY filter. Like the divect upconversion transimitter, channel
toning is performed with a single RF channel-select frequency
synthesizer, and again, the shaded components would likely re-
main discrete if CMOS integration with low-) components was
atterapted. In addition, yet another discrete component, the IF
filter, has been added. Furthermore, little has been done to case
the requirements of the RF VCO tank circuit or the pre-PA RF
filter. However, this transmitter does have a number of perfor-
manece advantages. First, LO feedthrough is reduced becanse of
the lower frequency used in the § /¢ modulator, and second, LO
pulling is reduced because neither oscillator is operating at the
trapsmitted frequency. To further improve performance a modi-
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fied indirect-upconversion transmmitler was vsed, called the har-
1onic-rejection transmitter.

.
-

C. Harmonic-Rejection Transmitter

The two-step transmitter shown i Fig. 4 1s called the
harmonic-rejection transmitter (HRT) because of the wnique
raixers used in the bascband to IF wpeooversion. This trans-
niitter maintains the performance advantages of the traditional
indirect upconversion ransmittex it that voth LO pulling and
LO feedthrough are reduced. In addition, for reasons shown
later, the dependency on discrete components has been re-
doeed. For a given performance metric, removal of the 1F filter
and pre-PA filter may now be possible, as well as coroplete
integration of the RF VOO tank cireuit. Integration of the tank
circuit s achicved by switching the roles of the synthesizers as
compared o a conventional heterodyue transmitter. Chanael
funing is now performed 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
can be redoced when using low-(} on-chip compounents for the
VCO tank circuitry.

The IF filtering requirement is relaxed by the use of HRMs for
the baseband to IF upconversion. As previcusly mentioned, con-
ventional switching misers infroduce relatively large harmonics
at multiples of the IF frequency that require the use of a high-(}
filter not amenable to CMOS integration. In contrast, the HRM
not only frequency translates the baseband signal to IF but also
avoids the need for a discrete filter by attenuating the third and
fifth IF barmonics. This attenuation 1s achioved by effectively

witiplying the baseband signal by a 3-bit, di‘lph‘ﬁid»-quﬁ.mi ed
stnusoid. The details of the HRM will be discussed 18 more de-
tail in Section {H.

In addition to the relaxation of the IF filtering requirernent,
the requirements on the pre-PA RYE filter bave also been re-
laxed. The pre-PA filter is needed to reduce potential third-order
mtermodulation and to attenvate transmitted noise and spurs.

Page

Since the transipitted noise is typically dominated by the phase
noise of the synthesizers, switching the roles of the syathesizers
potentially allows for low-phase-noise integrated synthesizers
which in turn reduce the pre-PA filtering requirement. Also, as
previously mentioned, energy located at three times the carder
frequency can intermodulate and degrade the modulation aceu-
racy. In an indirect upconversion transmitier, energy is gener-
ated at three times the carrier frequency from the 3L0OZ x 3LO1
raixing product. However, doe to the rejection of the thied IF har-
monic, third-order intermodalation is a less significant problem
in the HRT. Consequently, the pre-PA RF filter is no longer
needed to prevent sigpificant thivd-order intermodalation. As a
result, PA mtegration is now possible, because the RY filtering
can be performed with one BE filter after the PA.

The next section will discuss some of the important details of
the HRT, focusing on the HRM and frequency synthesizers.

A

HI. TRANSMITTER DETAILS

7y

A FHarmonic-Re

jection Mixer

A key building block in the HRT is the harmonic-rejection
pixer (HRM). Switching mixers are commonly used in RF
transcetvers because of their numerous advantages compared
1o other mixer topologies [9]. However, these misers generate
harmonies of the local oscillator frequency, which consequently
aeed filtering. The top half of Fig. 5(2) shows a conventional
switching rmaixer in which the baseband signal is effectively
multiplied by a square-wave LO2 signal. The resulting upcon-
verted signal now has relatively Iarge copies of the baseband
signal located at odd nmitiples of the LO frequency. Typically, a
high-€ filter s needed to attenmiate these copies, Alternatively,
an HRM could be used to attenuate the fhird aud fifth LO
harmonics, reducing the IF filtering requirement. The funda-
mental concept of the HRM, shown o Fig. 5(b), is to multiply
the baseband signal by a 3-bit, amplitude-quantized sirmsoid,
Ffroon(). Because the first harmonic of fioa,(f) is located
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at seven times the fundamental frequency, the fiest significant
copy of the uvpeonverted baseband signal is also located at
seven times the fundarnental frequency. Consequendy, the [F

filtering requirement is greatly relaxed, leading to removal of

the [F filter. The next challenge was 1o generate f1oqn{f) while
matntaining the advantages of using a current-commmtating
switching mixer. Cwrrent-comnutating switching mixers allow
for a relatively low LO swing, which is critical for integration
using low-(J components.

To generate from(t), three square waves are summed as
shown in Fig. 6. To accurately represent a guantized sinusoid,
the magnitude of fo(t) is scaled by /2. To better understand
the rejection of the third and fifth harmonics, it is mstructive
to expand the three square waves using a Fourter series. The
Fourier series representation of the three square waves up to the
fifth-order cormponent is given by

e V2 U PR
f) = . (cos(w?) — sin(wt)) + g(\C(’S‘\3Wt 3 sin(Bewt))
1 / IS S 3y
g‘\‘fos‘\‘-)w’i,) -~ sin{5wt)). .. {1
27 i 1
folf) = - feos{wt) — = cos(3wt) + + cos{Bwt) (2)
T 3 5

i
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7 3
— ={cos{bwt) +sin{5w)) ... | . (3)
5

Summing the three ideal square waves with f,{t) scaled by V2
results in the total rejection of the third and fifth harmonics.
However, similar to a single-sideband mixer, gain and phase
rismateh resudt 8 nonideal cancellation of the third and fifth
harmonics. The rejection of the third and fifth harmonic are
given by

(36))) 4

HRM; =

(56))) (5)

where A is the gain mismatch and # is the phase mismaich.
The rejection depends strongly on the phase error in the original
signal. Shown in Fig. 7 is the harmonic rejection plotted as a
function of phase ewor for difforent gain creors. Fig. 7(a) shows
the rejection of the third harmonic while Fig. 7(b) shows the
rejection of the fifth haroonic. Note that as the phase and gain
error increase the rejection of the third barmonic approaches
9.5 dBc while the rejection of the fifth harmoenic approaches
14 dBe, which are the levels of an ideal square wave. For one-
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degree phase error and 1% roatching, approximately 35 dB of
rejection is achieved for both the third and fifth harmonics.

To implement the HRM, each square wave, f({£), f2(¢), and
F5(#), i3 mized with the baseband signal and then the fuee
outputs are summed. The advantage of this approach is that
a low-noise switching raixer can now be used. However, a
potential disadvantage is that scaling the LO voltage, by v2
in this case, will not proportionally scale the owiput voltage
swing. The simplified circuit schematic for the HRM is shown
m Fig. 8. The HRM consists of three current-commutating sub-
mixers. The transconductance stage of each submixer is driven
with the identical baseband signal. However, the switches are
driven by the three phase-shifted sqoare waves. The curent
output of the three submixers is summed to generate the final
output signal. Consequently, the baseband signal is effectively
multiplied by a 3-bit amplitude-quantized sinusoid. To scale
f2(%) by +/2, the current switched in the middle submixer was
increased by /2 by scaling the tail current source. Furthermore,
to roaintain an equivalent Uneacity performance @ the three
subnuxer transcondoctance stages, the inpot transistors wete
also scaled in the middle submixer to give a Vi, that is equal
i the three submixers.

B. Frequency Synthesizers

This transmitter architecture offers advantages with respect to
foll integration of the frequency syathesizer with on-chip low-&}
VCOs. As previously mentioned, channel tuning 18 now per-
formed with the low frequency syathesizer while the RF syn-
thesizer 1s fixed n frequency. This achieves lower phase noise
than the standard configuration because it allows for the use of
a wide foop bandwidth for the RE synthesizer.

Performing channel-tuning with the lower frequency IF syn-
thesizer allows the RF synthesizer to have an extended loop
bandwidth, which has the effect of suppressing the close-to-car-
rier phase noise prodoced by the YCO. This may be better na-
derstood by evaluating the phase-noise transfer functions of the
various coraponends within a PLL to the output of the syathe-
sizer, as itustrated i Fig. 9. Here, the phase-noise transfer func-
tion from the VOO to the PLL output has a high-pass character-
stic relative to the carrier. Becavse the channel toning s per-
formed using the lower frequency IF synthesizer, the compar-
ison frequency ofthe RF synthesizer can be signficantly raised,

RATED NARROW-BAND CMOS TRANSMITTER WITH HARMONIC-REIECTION MIX

20407

ref/DIV/PD Noise LPF Noise VO Noise
Phase Loop
rof Detector] ! Filter Ve
L

s N "

Transter sel/DIVIFFD Noise

Functions 4

- LPF Noise

N

¥CO Noise suppressed

PiL jcap BY Af

Fi

=

<. 9. VCO phase-noise suppression in wide-loop-handwidth PLL.

f
ot Phase Loop c
1 pet. Filter VeO e D
T E%N & foo=f /D

Fhase Nolse
{dBo/Hz}

Af

Fig. 16.  Phase noise of low-frequency synthesizer.

by as much as a few orders of magnitude. Typically, for reasons
related (o the stability of a sccond-order PLL, the loop band-
width must be anywhere from a fourth to a tenth of the com-
parison frequency. Therefors, the igher coraparison froguency
allows an increased loop bandwidth for the RF synthesizer, sig-
nificantly extending the close-to-carder bandwidth where VCO
phase-noise soppression will occur. The overall RF synthesizer
close-to-carrier phase-neise performance can then be designed
such that the phase-notse performance is no longer dominated
by a noisy integrated VOO using low-(J comporents in the tank
cirentt.

Although the Jower frequency synthesizer must now perform
channel tming, lower phase noise, relative to the carrier power,
can inherently be achieved due to the lower operating frequency.
In this transmitter syster, narrow channel taning must be per-
formed. Consequently, the maxireum reference fregquency and
PLL loop bandwidth are lirnited, nltimately reducing the band
of close-to-carrier VCO phase-noise suppression. The concept
of inherently lower phase notse at lower frequencies may be vn-
derstood with a tine-domain interpretation, which is fllustrated
in Fig. 10, Assume for the morent that the PLE used to syn-
thesize the channel spacing required by a narrow-band system
produces an cutput at RF, instead of IF {(again, the loop band-
width would be small). If the output of this synthesizer is di-
vided down to the IF frequency, there is an inherent lowering in
both the rms jitter and phase noise as compared to the carrier.

o
T
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This is ilustrated in Fig. 10 for I = 4, where the time-do-
main waveform at the output of the synthesizer is shown at the
bottom. Before the divider, each edge of the waveform contains
jitter, resulting from noise generated inside the PLL. If it is as-
suimied that an idealized neiseless divider is used to lower the
frequency by a divider ratio D, then the divider will only capture
the timing jitter frora one of 1 edges, yetthe period of the fonda-
mental waveform mcereases by a factor of . Stated differently,
the rros tHoing jitter on the lower frequency LO, at the divider DD
output, will have the same timing jitter on cach edge, however,
the period of the waveform is increased by a factor of . Thus,
the jitter relative to the fundamental pertod has decreased by a
factor 1. For close-to-carrier phase noise, the timing ervor cre-
ated from edge to edge is correlated at the output of the divider.
Because of this correlation in tiniing error from edge to edge,
the effect of a noiseless divider is to reduoce the close-to-camrier
phase noise by the square of the division ratio, in this case D.
{n the actual implernentation of the IF synthesizer used in the
transmitter prototype, the channel-tuning synthesizer produces
an output in the range of 1.3104 to 1.4704 GHz, in 800-kHz
steps. The IF synthesizer output is then divided down by a factor
of 4; thus, the close-to-carrier phase noise produced at the cutput
of the synthesizer is reduced by a factor of 16.

The RF synthesizer used by this prototype transmitter has
been previousty described in [10] and realizes a 1.3824-GHz os-
cillator with a foop bandwidth of 8 MHz. The IF synthesizer pro-
duces frequencies from 327.6 to 367.6 MHz 1o 200-kKHz steps
and has a 40-kHz loop bandwidth.

V. CMOS PROTOTYPE

A CMOGS prototype HRT was fabrcated in a 0.35-um
double-poly five-layer metal process. A block diagram of
the HRT is shown in Fig. 11. The HRT integrated the entire
transiit sigaal path fom the DACs to the PA, including two
frequency synthesizers. Ten-bit digital 7 and ¢} bascband sig-
nals are brought on chip and passed through two [0-bit resistor
string DACs and then filtered by two Sallen & Key third-order
low-pass filters. The signals are then upconwverted to a variable
1F using foor HRMs. Four mixers are vsed to provide image
rejection for the bascband signal and to generate both J and
) 1F signals. The IF signals are then upconverted to RE vsing
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Fig. 12, Dve photo.

two inductively loaded cumrent-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
1¢ capable of driving ¢ dBm into 50 @, while the PA is capable
of delivering 25 dBim. A dic micrograph is shown in Fig. 12.

With the high level of integration implemented 1 this work,
coupling between circuits and circuit blocks can severely
degrade performmance. The cbip was fabricated in an epitaxial
process; the epitaxial layer had a resistivity of 10 §2-.cm, while
the substrate had a resistivity of §.01 {-cm. With such a
iow substrate resistivity, it is quite possible that large signals
injocted into the substrate from the digital circuits or from
the power amplifier (PA) can couple back mto the sensitive
analog sections. To reduce the effects of substrate coupling,
three general techniques were used throughout the chip. Firse,
a fully differential signal path was used from the output of
the DACs throogh the output of both the PA and the testing
buffer. Ideally, a differential circuit will see coupling from the
substrate, due to other cwenit blocks, as common-mode noise,
and will reject those signals. Both frequency synthesizers were
also implernented 10 a folly differental fashion, nchiding the
VO control voltages. Differential control voltages were used
to maximize the immunity of the frequency synthesizers to
couphing through the sobstrate, 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 circuit
blocks. This was done so that the local supply and ground
waould move together; any voltage fluctuations on gither the
ground or supply nodes would wdeally not impact the signals as
they moved theough the sigsal path. Third, multiple subsirate
contacts were placed around the transistors so that the body
would move i unison with the local sopply and ground.
Therefore, any substrate coupling would also be coupled into
the supply and ground local to a given circuit block, and would
therefore munnnize the effect of that coupling on the differential
signal path.

To better understand the circuit implementation, a more de-
tatled description of some of the key circuit blocks will follow.
The blocks to be discussed include the DAC, the Sallen & Key
filter, the RF guadrature generator, and the PA.

A DAC
Fig. 13 shows the basic structure of the resistor string DAC
used in the transmatter. The digital-to-analog conversion is made
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Gliteh reduction circuit tec

i fwo steps using two 3-bit resistor strings that select the ap-
propriate output analog level. In the design of a resistor-siring
DAC, there is usually a tradeoff between the maxinumm speed of
the DAC and 1ts power consumption. As the total vatue of the
resistance in the resistor string increases, the overall power con-
sumption is reduced, but the time needed for the output voltage
1o settle is also increased. A critical factor in the settling time is
the issue of capacitive coupling between the output and the in-
termediate nodes in the resistor string. The intermediate nodes
in the resistor string shouid stay at a fixed voltage at all Hoes,
but as switches close and open and different intermediate nodes
are ted to the cutput, there is an lnstantancous change on the -
termediate nodes (for example, node A in Fig. 14) thatcauses an
increase in the setiling time of the outpit. This problem can be
reduced through the use of a set of replica switches and a dumpmy

apacitor, as shown in Fig. 14. Switches 3 and 4 switch in oppo-
sttion to swilches I and 2, respectively, and thereby induce an
equal and opposite effect on the intermediate node voltage A.
The sncompensated voltage atnode A is suraroed with the ghitch
reduction due to the switches 3 and 4, resulting in a reduced
fluctuation voltage at node A, as shown in Fig. 14. This allows
the voltage at the output to settle more quickly to its desired
value; furthermore, in stowlation, the power cousumption can
be reduced as much as 30% for a given settling time. Moreover,
the use of complementary switches performns the operation of
stngle-ended to differential conversion. In the actual implemen-
tation, the function of the dumayy capacitor was performed with
the complementary output buffer.

2009

B Sallen & Key Filter

After the DACS, the { and € bascband signals are filtered be-
fore upconversion. The filtering is performed with a third-order
Sallen & Key fow-pass filter. The filter uses a buffer in the feed-
back path to mprove the rejection. Shown on the left side of
Fig. 15 is a conventional Sallen & Key filter. The feedback
capacitor C; introduces a zero in the transfer function which
decreases the attenuation at higher frequencics. However, the
wide-band notse is critical in transmitters, because i may cor-
rupt the highly sensitive receivers nearby. One method of ini-
proving the attenuation, at the cost of wncreased power, is 1o -
crease the bandwidth of the forward buffer used in the filter.
Alternatively, the effect of the zero may be reduced by adding
a buffer in the feedback path as shown in the right side of the
Fig. 15. The buffer blocks the zero mtroduced by the capac-
itor allowing for a lower bandwidth 1 the forward buffer. The
plot shows the expected attenuation for the two configurations
with equal power consamption. At bigher frequencies, approxi-
mately a 30-dB improvement in the high-frequency attenuation
18 predicted by simulation with the feedback amplifiey, as com-
pared to a conventional Sallen & Key filter consuming equal
POWEL.

C. RE Quadrature Generator

The amount of sidebaund suppression obtained by an image-
rejection muixer is highly dependent on the phase accuracy of
the { and ¢ LO signals. For this transmitter system, the quadra-
tare accuracy of the [ and Q@ LO signals further relax the RP
filtering requirement of the IF image. Additional and specific
requirements of the guadratore generation cirowitry used by this
transmitter are that both the loading at the output of the svn-
thesizer (or VCO) and the degradation in the VOO tank (2 be
minimized. Traditional methods of generating quadrature from
a single phase include frequency dividers and passive filters re-
ahized with resistors and capacitors. The fiest LO (RF syathe-
sizer) directly generates the frequency required for upconver-
sion by the coreesponding mixers, elinipating the possibiity
of using a frequency divider to generate quadrature LOs. Two
common passive filter approaches include vsing an RC-CR filter
or an asymmetric polvphase filter {117, These passive methods
for generating quadrature suffer from a variety of drawbacks,
which can include both phase and amplitude frequency depen-
dence, phase error from either component mismatch or process
vattations, and loss i LO catrier power.

Despite the well-known problems, polyphase filters are still
an effective method for generating highly acourate quadrature
signals from a single phase. However, there are several mech-
anisims of loss in this filter that typically require power-con-
suroing buffers at the input and output of the filier. Polyphase
filters generate quadrature from a single phase by passing the
signal throngh multiple stages of an RC network when the signal
frequency is near the 3-dB frequency of the RC network. Other
contributing factors o {oss in a polyphase filter inclade the par-
asitics associated with bottom plate capacitance used to create
the capacitors. I the cutput 18 directly coupled to the mixer
input, then an ac-coupling capacitor might be needed, which
introduces additional parasitics and loss in LO camrier power
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The circuit shown in Fig. 16 reduces one mechanism of loss in
the polyphase filter by using a buffer which drives the nput of
the filter with siguals roughly 1 quadrature and thus eluninates
the inherent 3-dB loss associated with converting a single phase
to quadrature phases. Two common source butfers before the
polyphase generate signals which are roughly 90° out of phase
at the inductively loaded nodes when the operating frequency
is near the g, /C,y, of the second buffer {121, In addition, the
input impedance looking into the buifer is capacitive with the
exception of the gate resistance g, therefore mindroizing the re-
duction in the VOO tank @ and loading. The ¢ of the L tank at
the buffer outpot, shown as L1-L4 in Fig. 16, s approximately
1.5 whes loaded with the polyphase fiter. The ouxer LG taput
was desigaed to have a common mode at Vg and thos the need

for an ac-coupling capacitor has been eliminated as well as ifs
associated loss.

D. Fower Amplifier

Previous sections detatded 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 nonlincar PA when a
constant-covelope modulation scheme is used. Recent efforts
that have investigated nonlinear PAs have focused primarily
on switch-mode nonlinear PAs, such as c¢lass-Dd and class-E
PAs {13}, [14]. One drawhack to switch-mode PAs, especially
with respect to their potential for integration, is the need fora
de—de converter in order to perform power control, which is
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required in most cellular communications systems. In general,
the only way to vary the output power level of a switch-mode
PA is to vary the power supply; thos the need for the de—de
sopverter, which can be diffionlt to integrate. Therefore, a
different sohution was explored.

In thig work, a class-C architecture was used for the PA. The
class-C architecture is an extension of the class-A and class-B
architcctures. In the class-C architecture, the angle of conduc-
tion {the portion of the cycle when the device is on) is less
than 180°; the device 1s biased such that it is off for more than
one-balf the cyele by setiing 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 reduction in the
pertod when the device conducts current serves to redoce the
power consuraed o the device and thus potentialty raises the of-
ficicncy of the PA.

in the design of submicron CMOS PAs, a key limitation
18 the oxide breakdown voltage, which limits the available
voltage swing at the dwin of the fransistor. As a result, the
foad tropedance seem by the device needs (o be extremely
low in order to deliver the required anwount of power without
damaging the device. Furthermore, the current level must rise
m proportion with the reduced voltage swing. Since CMOS
generally has a poor transcondvctance when compared with
silicon bipolar or Galliwn Arsenide technologies, the device
sizes required can be guite large in order to generate the
required ontput power.

Fig. 17 shows the circuit diagram of the three-stage fully dif-
ferential class-C PA used in this work. The stages ave ac-coupled
in order to allow the input device of each stage to be biased inde-
pendent of the output of the previous stage. Since the PA was to
be used in an integrated environment, the previous stages would
likely not be able drive a heavy load; therefore, three stages were
used in order that the first stage would not load down the output
of the muixer. The first stage was biased in a class-A fashion, with
a vanable tail current source that controls the gain and thus the
output power level. The final two stages are biased in a class-C
fashion and use a cascode structure with the top devices biased
at the supply in order to reduce the siress on the oxide due to
voltage excursions at the outputs of those stages. At the input
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to the final stage, a different tuning technigue was used to peak
the gain at the desired frequensy. Due to the bigh current drive
required and the poor transconductance of CMOS, the output
transistor size was extremely large (18 300 pan/0.35 jm); using
a single spiral inductor to tune out all the capacitance between
the second and third stages required an extrernely sroall value
nductor (on the order of 0.1 nH). That inductor was quite dit-
ficult to implement without parasitic trace inductance affecting
the tuning at that node. Instead, a series L was used in parallel
with the gate capacitance of the final stage in order to provide a
peaking of the impedance at that node. Furthermore, inductors
were used across the differential cascode node in the second and
third stages, in order to reduce the current required to charge and
discharge the capacitors at those nodes and boost the efficiency.
The mductors used at the ontput 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 circuit were
nnplemented as bond wires, in order to take advantage of their
higher Q. The inputs of the second and thixd stages were biased
at 0.35 V with 2 bias voltage generated on chip.

V. RESULTS

Although the HRT was designed to facilitate multistandard
operation, the performance of the transmitter was tested with
the DCS 1800 specifications. 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 1800
requires very low unwanted spurious transmission especiatly in
the receive band. Finally, DCS 1800 wuses a constant envelope
reodulation scheme making it well suited for use with a highly
nonlinear class-C power amplifier.

A Measured Results Wih Tésting Buffer

The results in this section were measured using a festing
buffer after the mixers, in parallel with the PA, as opposed to
the PA itself. The next section will compare sorne of this data
when the measurements were taken at the output of the PA
instead of the testing buifer.

A critical test for all transmmtters 1s the single-sideband test
in which a single baseband tone is upeonverted to RF. Although
1/Q modulator-based transmitiers are ideal for multistandard
operation, gain mismatch and phase ervor in the modulator gen-
erafly Hmit the modulation acowracy. Shown in Fig, 18 is the
output of the ransmitter when a 50-kHz baschand tone is upcen-
verted to RE. The unwanted inmage 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 technigues and the measurement transmitter
has no external funing. The cagrier suppression was measured
at —38 dBc while the third-order distortion was measuared at
- 46 dBc. The third-order distortion was donunated by the base-
band inputs of the HRMs.

Aunother key ftransmitier perforraance test is measuing the
output when a modulated baseband signal is used as opposed to
a single tone. Typically, different R¥ standards provide a spec-
tral mask snder which the transmitted signal rust fall. Meeting
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this specification requires fow phase noise from the frequency
synthesizer and high huearity in the baseband cireunits. To test
the HRT a DCS 1800 OMBSK modulated baseband signal was
used. Shown in Fig. 19 s the measured output spectrum along
with the DCS-1800 spectral mask requircroent. The moeasured
results are Hnited by the phase noise of the frequency synthe-
Sizets.

Although the spectral roask hmits the transraitted noise and
unwanted spectral emissions, it docs not measure the modula-
tion accuracy. This test is typically performed using a modulated
baseband signal and comparing the transmitted signal with the
ideal signal. The DCS-1800 standard requires that the rms phase
exror is {ess than 5% with a peak phase ervor 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
error was probably cansed by the nonidealities in the 1/¢ mod-
ulator along with the phase noise of the synthesizers.

I addition to the close-in spectral mask requirements, DCS
1860 limits the unwanted transoissions that could potentially
fall in the receive band. Consequently, the limit for the trans-
mitted noise measored at 20-MHz offset from the carrier is

i
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Fig. 21, Wide-band specirum at transmitter output.

—151 dBec/Hz. This transmitter was measured at — 126 dBe/Hz.
This noise was primarily caused by the phase noise of the
frequency synthesizers. To meet the BCS 1800 specification,
an RF filter is needed with 25 dB of attenuation at a 20-MHz
offset. Such attepuation is achievable with a single RF filter
allowing for a highly integrated transmitter requiring only one
filter afterwards.

Finally, as a test of the HRM, a wide-band output spectrinm
was measured. The results are shown in Fig. 21. The suppros-
sion of the third IF harmouic was measured to be —68 dBe while
the fifth IF harmonic suppression was measured to be —69 dBe.
Although the third 1F harmonic was further suppressed by the
1F-RF iroage-reject nuixex, the ffth [F bawroonic was ounly sop-
pressed by the HRM. The third IF bammonic on the low side of
the carrier frequency was only suppressed by the HRM, and it
was below the noise floor of the spectrum analyzer,

5. Measured Results Yith FA

The transmuitter was also tested with the class-C PA. Shown
in Fig. 22 are the results of a single-sideband test using the same
38-kHz signal. The test setup introdoced approxunately 2 dB of
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Fig. 22.

Single-sideband tesi with PA output.

TABLE 1
SUMMARY OF MEASURED RESULTS
VDD =3 Volts  Terap.= 25°C
Testing Buller | PA
Single Sideband Suppression | -56 dBc -57 dBc
102 3¢ Harmonio Spur -68 dBec -68 dite
LO2 50 Harraonic Spur -68 dBc ~-63 dBc
iF Imiage Supprassion ~30 dBe -60 die
RF Carrier Suppression -38 dio ~38 dBc
RBMS Phase Error 1.3° N/A
Peak Phase Error 3.7° N/A
20 MHz Carrier Offset MNoise ~126 dBoHz -121 dBciHz
3 Order Distortion -4 gBc -43 dBe
Quiput Power g dBm 25 dBm
Active Chip Area 20 mm? 24 mm?
Technology Q.35 pum DP- G.35 pm DF-
5k CMOS 5M CMOS

foss between the output of the PA and the wmeasurement equip-
ment. The differential to single-ended conversion was accom-
plished using a microstrip balun similar to the balun described
1 [ 14]. Comparing Fig. 22 with Fig. 18 shows very little differ-
ence. The rotegrated PA bad little effect on the transenitter output
when a single-sideband test was performed. Furthermore, al-
though not shown here, the wide-band spectrum also showed
fittle change compared to the wide-band outpot measured at the
festing buffer. Although the integrated PA had Bttle offect on
the modulation perfornance, 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 dBc¢/Hz. Substrate couphag is the
fikely cause of the increased poise.

The integrated class-C PA was designed for 1.5-W peak
power and was lested as standalone component. The peak
rasasored power of the standalone PA was measured at 1.2 W,
This power was not achieved in the tategeated version because
of the lower than expected gain in the transmitter. This was
due to lower than expected (s for the on-chip spiral inductors
which are critical for gain.

2013

Fig. 23, Transmitter current consumption.

C. Resufts Summary

A summary of the measured results is shown m Table 1 The
table shows the results when measured with the testing buffer
and the PA. Shown in Fig. 23 is the power consumption of the
transmitter excluding the testing buffer and the PA. The lower
than expected (0s negatively impacted the power consumption.
The cumrent for certain circuit blocks was increased to achieve
the desired output power. Because the gain was Jower than ex-
pected in the transmit path, the power output and the efficiency
of the PA were significantly lower than expected.

VI, CONCLUSION

A folly integrated CMOS transmiitter has been demonstrated.
The eptire transroit signal path inchiding the PA and the fre-
quency synthesizers were infegrated in a 0.35-p0m double-poly
five-layer metal CMOS process. The transmitter demmonstrated
cellular performance requiring only a single RF filter after the
PA. The need for pre-PA filtering was removed through the ose
of a banmonic-rejection transmitter and a wide-loop-bandwidth
RF synthesizer. The performance met many of the key require-
ments of DCS 1800, an up-banded version of GSM. Further-
more, due to carefud planning, the effect of on-chip coupling
was rammized. This was evident by the fact that the chip cor-
porated two frequency syothesizers, two DACs, and a 25-dBm
PA. Furthermore, the PA had a minimal effect on the perfor-
mance when the PA output was compared to the ontput from a
post-mixer testing buffer.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims 6, 15, 26 YES
Claims 1-5, 7-14, 16-25, 27-43 NO

Inventive step (IS) Claims None. YES
Claims 1-43 NO -

Industrial applicability (IA) Claims 1-43 YES
Claims None. NO

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').

As per claim 1, Hertz teaches a wideband multimedia recorder for 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 channeis (Fig. 2, [0066]); a digital front end module
configured to frequency down-convert the digitalized plurality of radio channels to a number of radio channels in a baseband (para.[0045],
{0069]); a demodulator module configured to demodulate the number of radio channels to a corresponding number of data streams (para.
[0048], [0067]); a digital signal processing circuitry configured to process the demodulated number of data streams (para. [0049)); a
storage unit (removable storage, 255) configured to store the processed number of data streams (Fig. 2, para.[0055], {0119]); and a
control circuitry having a user interface for receiving control commands (para. [0053], [0108]).

As per claim 2, Hertz further teaches a first mixer and a second mixer, the first mixer is configured to generate an in-phase signal from the
digitalized plurality of channels and a second mixer is configured to generate a quadrature signal from the digitized plurality of channels
(para. [0087], {0093)).

As per claim 3, Hertz further teaches a pre-select filter 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-pass filter configured to eliminate unwanted frequency components in the in-
phase and quadrature signals (para. [0062]).

As per claim 5, Hertz further teaches wherein the digital front end comprises a number of mixers, each one of the mixers is coupled to 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 one of the number of radio channels in the baseband (para. [0070], [0092)).

As per claim 8, Hertz further teaches wherein the demodulator module comprises a number of 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 anyone of the demodulated number of data streams with one of a plurality of compression schemes (para. [0106]).

As per claim 10, Hertz further teaches wherein one of the plurality of compression schemes is 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
decompress one of the stored encoded number of 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 control circuitry manages playback and recording operations based on the user's
control commands (Abstract, para. [0013], (0108]}).

As per claim 14, Hentz further teaches wherein the playback is performed on a third-party device (para. [0013), [0052]).
---See Supplemental Sheet---

Form PCT/ISA/237 (Box No. V) (July 2009)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of: )
Box V.2 Citations and explanations:

As per claim 16, Hertz further teaches an RBDS decoder for parsing radio broadcast data service information embedded in the
demodulated number of 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
content that is associated with at least one of the demodulated number of 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 stored in a first 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 streams in
response to 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 and a
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 the first 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 second plurality of radio

channels (para. [0076]) and convert the second frequency spectrum to a second in-phase signal and a second quadrature signal (para.
{0087], [0093)), at least a first analog-to-digital converter module and a second analog-to- digitai 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 least a first digital front end module (para. [0076]) having a first plurality of complex mixers configured to frequency down-convert the
first digital in-phase and quadrature signals to a first number of radio channels in a baseband (para.[0045), [0069)), a second digital front
end module (para. [0076]) having a second plurality of complex mixers configured to frequency down-convert the second digital in-phase
and quadrature signals to a second number of radio channels in the baseband (para.[0045], [0069]); a demodulator module coupled to
the first and second digital front end modules (para. [0076]) and configured to demodulate the first and second numbers of radio channels
to obtain a plurality of data streams (para. {0048], [0067]); a digital signal processing circuitry coupled to the demodulator module and
configured to encode the plurality of data streams (para. [0049]); a storage unit (removable storage, 255) coupled to the digital processing
circuitry and configured to store the encoded plurality of data streams (Fig. 2, para.[0055], [0119]); and a control circuitry having a user
interface for receiving control commands from a user (para. [0053], [0108]).

As per claim 22, Hertz further teaches wherein the first 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 signal processing circuitry further comprises an RBDS decoder for parsing radio
broadcast data service (RBDS) information embedded in the demodulated number of data streams (para. [0112), [0113]).

As per claim 24, Hertz further teaches wherein the parsed RBDS information is stored in a first section of the storage unit (para. [0114)).

As per claim 25, Hertz further teaches wherein the digital signal processing circuitry further comprises at 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 teaches filtering and decimating the frequency-shifted plurality of channels before demodulating (para.
[0097)).

As per claim 29, Henz further teaches retrieving 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 comprises at least one of a plurality of audio compression schemes (para.
[01086])).

As per claim 31, Hertz further teaches parsing radio broadcast data service (RBDS) information embedded in 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 RBDS information (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]).
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As per claim 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 receive a first frequency (AM band) spectrum including a first plurality of radio
channels (para. [0076]), the second tuner configured to receive a second frequency spectrum (FM band) including a second plurality of
radio channels (para. [0076]), the first tuner (para. [0076]) being configured to convert the first frequency spectrum to a first in-phase signal
and a first quadrature signal (para. [0087], [0093]), and the second tuner (para. [0076]) configured to convert the second frequency
spectrum to a second in-phase signal and a second quadrature signal (para. [0087), [0093]); converting the first frequency spectrum to a
first in-phase and a first 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 obtain a first plurality of in-phase and
quadrature signals at a baseband (para.[0045], [0069]), wherein each one of the first number of in-phase and quadrature signals
represents one of the first plurality of radio channels (para.[0045), [0069]); multiplying the second in-phase and quadrature signals with a
second plurality of complex mixers to obtain a second plurality of in-phase and quadrature signals at the baseband, wherein each one of
the second number of in-phase and quadrature signals represents one of the second plurality of radio channels (para.[0045], [0069]);
demodulating the each one of the first and second pluralities 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 encoded plurality of data stream para.[0055], [0119]).

As per claim 35, Hertz further teaches filtering and then decimating the each one of the first and second pluralities 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 comprises at least one of the WAV, MP3, AC3, AAC, WMA audio
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 one of the first and second pluralities of in-phase and
quadrature signals is performed concurrently (para. [0095)).

As per claim 40, Hertz further teaches wherein the encoding is performed in paralle! for each one of the plurality of data streams (para.
[0020]).

As per claim 41, Hertz further teaches parsing radio broadcast data service (RBDS) information embedded in 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 RBDS information (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 wire1essly, 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 power to the recorder for continual operation
in the event that an external power supply is turned off (para. [0002)). It would have been obvious to one of ordinary skill in the art to
modify the recorder, as taught by Hertz, so as to include the use of a battery, as taught by Friel, because the battery ensures that the
recorder will maintain tower, thus saving the memory storage and user controls.

As per claim 26, 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 power to the recorder for continual operation
in the event that an external power supply is tumed off (para. {0002)). It wou!d have been obvious to one of ordinary skill in the art to
modify the recorder, as taught by Hertz, so as to include the use of a battery, as taught by Friel, because the battery ensures that the
recorder will maintain tower, thus saving the memory storage and user controls.

---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 5705949 A to Alelyunas et al.
(hereinafter 'Alelyunas').

As per claim 6, Hertz does not teach wherein each one of the plurality of mixers is a digital complex mixer comprising four digital multipliers
and two digital adders. However, Aleyunas does teach wherein each one of the plurality of mixers is a digital complex mixer comprising
four digital multipliers and two digital adders (Fig. 1). it would have been obvious to one of ordinary skill in the art to modify the recorder, as
taught by Hertz, so as to include a portion of the circuit to include 4 multipliers and 2 adders, as taught by Aleyunas, because they 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 made or used in industry.
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1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.

D 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)).
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a. type of material
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citations and explanations supporting such statement
1.  Statement
Novelty (N) Claims 4, 7-9 and 16-25 YES
Claims 1-3, 5, 6, 10-15, 26 and 27 NO
Inventive step (IS) Claims None YES
Claims 1-27 NO
Industrial applicability (IA) Claims 1-27 YES
Claims None NO

2. Citations and explanations:
Claims 1-3, 5, 6, 10-15, 26 and 27 lack novelty under PCT Article 33(2) as being anticipated by Feher.

Regarding claim 1, Feher discloses a wideband receiver 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 also known as mixers, paragraphs [236] and [0243]) coupled to 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 () and quadrature (Q) channels, Fig. 6 and paragraph
[0237]); a wideband analog-to-digital converter (ADC) module (paragraph [0247]) having a first 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 generate a 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 one of the plurality of complex mixers frequency-shifting a different one of the plurality of the desired RF channels to a
baseband signal (paragraph [0236]).

Regarding claim 2, Feher discloses a local oscillator (5.9 and 5.21 of Fig. 5) having an oscillator frequency centered around the plurality of
the desired RF channels (paragraph [0236]).

Regarding claim 3, Feher discloses that the local oscillator comprises a phaselocked loop (paragraph [0247]).

Regarding claim 5, Feher discloses that each one of the plurality 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 coupled to 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 channel filters (5.6 and
5.18 of Fig. 5), each one of the plurality of channel! filters is coupled to each one of the plurality of complex mixers (5.8 and 5.20 of Fig. 5)
and configured to 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 baseband to 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 associated oscillator frequencies (5.9 and 5.21 of Fig. 5), wherein N is an integer value equal to 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 between the desired channels (paragraphs [0246] and [0280]), wherein the one
or more spacings are 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 measured as a 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 actual interferers (paragraph [0261]).

Regarding claim 13, Feher discloses that the mixed products comprise spectra that are spaced in such a way so as to avoid overlap with
known frequency bands that introduce interference to other systems (paragraph [0261]).

Form PCT/ISA/237 (Box No. V) (April 2007)

Page 105 of 304



PCT/US2010/031627 18.06.2010

WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/031627

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Regarding claim 14, Feher discloses that each one of the plurality of N up-mixers Is a digital complex mixer (5.8 and 5.20 of Fig. 5) and
each one of the 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, Feher discloses a digital-to-analog converter (paragraphs [0247] and [0254]) configured to convert the contiguous
group of channels in the intermediate frequency spectrum to an analog waveform.

Regarding claim 26, Feher discloses a method of receiving a plurality of radio frequency (RF) channels including a number of 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-phase signal 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. 5) and a second local 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
baseband signal using a number of complex mixers (mixers 11.13 and 11.16 of Fig. 17b, paragraphs [236] and {0243]), wherein the first
and second oscillator frequencies are identical and have a phase shift of 90' degree between them, wherein the number of complex mixers
correspond to the number of 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 Feher in view of Currivan.

Regarding claims 4 and 24, Feher discloses that the desired RF channels conform to Video over Internet Protocol (VilP) as well as Voice
over Internet Protocol (VolP) (paragraph [0236]). However, Feher fails to disclose that the plurality of desired RF channels conform to a
Data Over Cable Service Interface Specification (DOCSIS) protocol. In the same field of endeavor, Currivan discloses that the plurality of
desired RF channels conform to 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 features into 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, the first tuner includes a first
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 and a
first quadrature signal (an in-phase (1) 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 second tuner includes 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 (l) 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 second digital frontends. In the same field of endeavor, Currivan discloses a 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 of the first bank of down-mixers is
configured to frequency shift one of the desired RF channels in the first portion of the broad frequency spectrum (paragraphs [0019],
[0031] and [0078]); and a second digital 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
channels in the first portion of the broad frequency spectrum to a first portion of a baseband signal (paragraphs [0019]), {0031] and [0078]);
wherein the second DFE module frequency-shifts the desired RF channels in the second portion of the broad frequency spectrum to a
second portion of the baseband signal (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 corresponding to a first channel and for selecting a second baseband signal corresponding to a second channel,
respectively (Currivan, paragraph [0019]).

Regarding claim 17, Currivan discloses a crossbar switch (a carrier adjustment module) interposed between the first and second analog-
to-digital converter modules and the first and second DFE modules (paragraph {0019]).

Regarding claim 18, Feher discloses a first up-converter module (20.3b of Fig. 20) having a first bank of up-mixers (mixer 11.13 of Fig.
17b) coupled to the first portion of the baseband signal and configured to frequency shift the first portion of the baseband signal to a first
portion of an intermediate frequency spectrum (5.9 of Fig. 5 and an in-phase (1) and quadrature (Q) channels, Fig. 6 and paragraph
[0237]); a second up-converter module (20.4b of Fig. 20) having a second bank of up-mixers (mixer 11.16 of Fig. 17b) coupled to the
second portion of the baseband signal and configured to frequency shift 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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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Regarding claim 19, Currivan discloses a crossbar switch interposed between the first and second DFE modules and the first and second
up-converter modules (a carrier adjustment module).

Regarding claim 20, Feher discloses that the first and second portions are adjacent to each other and non-overlapping (paragraph [0261]).

Regarding claim 21, Feher discloses that each one of the first 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 channe! filters (5.6 and 5.18
of Fig. 5), each one of the plurality of channel filters is coupled to each one of the first bank of down-mixers (5.8 and 5.20 of Fig. 5) and
configured to filter one of the frequency down-shifted RF channels (paragraph [0236]).

Regarding claim 23, Feher discloses that the plurality of desired RF channels conform to one of 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 Feher in view of Hoctor.

Regarding claim 7, Feher discloses a plurality of channel filters (5.6 and 5.18 of Fig. 5). Feher fails to disclose that each one of the plurality
of channel filters is a finite impulse response filter. In the same field of endeavor, Hoctor discloses that each one of the plurality of channel
filters is a finite impulse response filter (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 Hoctor to incorporate the above features into the invention of Feher for the benefit of processing signals
processed by the decimation filter (Hoctor, paragraph [0061]).

Regarding claim 8, Feher discloses a plurality of channel filters (5.6 and 5.18 of Fig. 5). Feher fails to disclose that the DFE module further
comprises a decimator module configured to decimate each one of the plurality of the desired channels in the baseband. In the same field
of endeavor, Hoctor discloses that the DFE module (paragraph {0067]) further comprises a decimator module (paragraph [0061])
configured to decimate each one of the 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 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}).

Regarding claim 9, Feher discloses a plurality of channe! filters (5.6 and 5.18 of Fig. 5). Feher fails to disclose that the DFE module further
comprises a decimator module configured to decimate each one of the 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 [0061])
configured to decimate each one of the 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 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be
made or used in industry.
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INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
22287-27-1PC ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2010/031627 19 April 2010 17 April 2009

Applicant

MAXLINEAR, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of ()\ sheets.
D It is also accompanied by a copy of each prior art document cited in 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

D 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. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. D Certain claims were found unsearchable (see Box No. II)
3. D Unity of inveation is lacking (see Box No. III)

4. With regard to the title,
IZ] the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant
D 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 comments to 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
[:] as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because this figure better characterizes the invention

b. I:] none of the figures is to be published with the abstract
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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
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Minimum documentation searched (classification system followed by classification symbols)
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MicroPatent
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X 1-3, 5, 6, 10-15, 26 and
v US 2007/0032220 A1 (FEHER) 08 February 2007 (08.02.2007) entire document 27
:1_. -7-:-9 and 16-25
Y US 2007/0263754 A1 (CURRIVAN et al) 15 November 2007 (15.11.2007) entire document 4 and 16-25
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“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
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“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than
the priority date claimed

'

wyn

“&” document member of the same patent family

later document published after the international filing date or priority
date and not in conflict with the a;;gllqatlon but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular 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

Date of the actual completion of the international search

26 May 2010

Date of mailing of the international search report

18 JUN 2010

Name and 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. §71-273-3201

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Authorized officer:
Blaine R. Copenheaver
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPO.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/587,462 01/28/2022 2631 2820 28427US13 30 2
CONFIRMATION NO. 9515
23446 FILING RECEIPT
MCANDREWS HELD & MALLOY, LTD
500 WEST MADISON STREET OO AR G 8 OO
SUITE 3400

CHICAGO, IL 60661
Date Mailed: 02/07/2022

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 must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Madhukar Reddy, Carlsbad, CA;
Curtis Ling, Carlsbad, CA;
Tim Gallagher, Carlsbad, CA;
Applicant(s)
Entropic Communications, LLC, Carlsbad, CA;

Power of Attorney: The patent practitioners associated with Customer Number 23446

Domestic Priority data as claimed by applicant
This application is a CON of 17/217,244 03/30/2021
which is a CON 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
which is a CON of 14/617,973 02/10/2015 PAT 9210363
which is a CON of 13/962,871 08/08/2013 PAT 9100622
which is a CON 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 be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim fo
foreign priority. See 37 CFR 1.55 and 1.76.
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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: 02/03/2022

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/587,462

Projected Publication Date: 05/19/2022
Non-Publication Request: No

Early Publication Request: No
Title

METHOD FOR RECEIVING A TELEVISION SIGNAL
Preliminary Class
375
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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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, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor

page 3 of 4

Page 112 of 304



community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 17/587,462
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
SN N/A N/A N/A N/A 320
SEARCH FEE
(37 CFR 1.16(K). ), or () N/A N/A N/A N/A 700
EXAMINATION FEE
(37 CFR1.16(0), (p), or (a) N/A N/A N/A N/A 800
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 30 minus 20= 10 OR |«x 100 1000
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 2 minus 3 = x 480 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2820
APPLICATION AS AMENDED - PART I
OTHER THAN
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< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * inus | ** =
= (37 CF?R ?16(0) M = OR |x =
a Independent Minus b =
E (37 CFR 1.16(h)) = OR |x =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
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Page 114 of 304




To: mhmpto@mcandrews-ip.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Feb 07, 2022 03:34:17 AM
Dear PAIR Customer:

MCANDREWS HELD & MALLQY, LTD
500 WEST MADISON STREET

SUITE 3400

CHICAGO, IL 60661

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will 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.
17587462 APP.FILE.REC  02/07/2022 28427US13

To view your correspondence online 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 subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention 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

WWwWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
17/587,462 01/28/2022 Madhukar Reddy 28427US813 9515
23446 7590 03/15/2022 | EXAMINER
MCANDREWS HELD & MALLOY, LTD
500 WEST MADISON STREET CENTRAL, DOCKET
SUITE 3400

CHICAGO, IL 60661

| ART UNIT | PAPER NUMBER
OPAP
| NOTIFICATION DATE | DELIVERY MODE
03/15/2022 ELECTRONIC

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

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

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)
17/587,462 Reddy et al.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AlA (FITF) Status
CHERYL P GIBSON OPET No
BAYLOR

1. THE REQUEST FILED 28 January 2022 IS GRANTED .

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

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

A. 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;

I o mmoO O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at
(5671)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

Mar 16, 2022 04:33:05 AM
Dear PAIR Customer:

MCANDREWS HELD & MALLQY, LTD
500 WEST MADISON STREET

SUITE 3400

CHICAGO, IL 60661

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will 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.
17587462 TRACK1.GRANT 03/15/2022 28427US13

To view your correspondence online 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 subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention 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
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Application No. Applicant(s)

17/587,462 Reddy et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
BLANE J JACKSON 2644 No

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 28 January 2022.
0J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(]J This action is FINAL. 2b) v This action is non-final.

3)O An election was made by the applicant in response to a restriction requirement set forth during the interview
on ____;the restriction requirement and election have been incorporated into this action.

4)(OJ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 19-48 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____ is/are allowed.
7) Claim(s) 19-27,29-30,33-42,44-45 and 48 is/are rejected.
8) Claim(s) 28,31-32,43 and 46-47 is/are objected to.
9) O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(J The specification is objected to by the Examiner.
11)(J The drawing(s) filed on is/are: a)(] accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)(0J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b) Some**  ¢)(J None of the:
1.0 Certified copies of the priority documents have been received.
2.7 Certified copies of the priority documents have been received in Application No.

3.(0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) (] Other: .

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

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20220406
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DETAILED ACTION
Notice of Pre-AIA or AIA Status

The present application is being examined under the pre-AIA first to invent provisions.

Information Disclosure Statement

The Information Disclosure Statement filed 28 January 2022 is made of record.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where
the conflicting claims are not identical, but at least one examined application claim is not
patentably distinct from the reference claim(s) because the examined application claim is either
anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg,
140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d
2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent either is shown to be commonly owned with the

examined application, or claims an invention made as a result of activities undertaken within the
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scope of a joint research agreement. See MPEP § 717.02 for applications subject to examination
under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP §
2146 et seq. for applications not subject to examination under the first inventor to file provisions
of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/2S5, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely
online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-
processed and approved immediately upon submission. For more information about eTerminal
Disclaimers, refer to www.uspto.gov/patents/process/file/efs/guidance/eTD-info-Ljsp.

Claims 19-48 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-27 of U.S. Patent No. 9,100,622. Although the claims at issue are not
identical, they are not patentably distinct from each other because the claims of the instant
application comprises the same but fewer or reorganized claim elements with respect to the

parent patent.

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not
be negatived by the manner in which the invention was made.
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Claims 19-27, 29, 30, 33-42, 44, 45 and 48 are rejected under pre-AlA 35 U.S.C. 103(a)
as being unpatentable over Skones et al. US 6,760,342 in view of Uskall et al. WO 02/087230.

As to claim 19, Skones teaches a method for receiving a television (TV) signal
comprising:

digitizing a contiguous band of frequencies in an input signal via a wideband analog-to-
digital converter (ADC), wherein the contiguous band of frequencies comprises a plurality of
desired channels and a plurality of undesired channels (figures 1 and 6, column 3, line 35 to
column 4, line 18, receiver 10 comprising an LNA 16, frequency downconverter, an ADC 20 and
a digital channelizer 22 that process the wideband received signals),

concurrently selecting each of the plurality of desired channels from the input signal
without selecting any of the plurality of undesired channels (figures 1, 11 and 14, column 4, lines
53 to column 5, line 14 and column 11, line 51 to column 12, line 13, the digitally converted
signal from the ADC 20 is applied to the digital channelizer 22, the channelizer comprising a
plurality of digital sub-band tuners (DSBTs), each to digitally filter individual carrier signals
from the digital multi carrier signals passed on a programmable center freqeny and bandwidth),
and

providing the plurality of desired channels (figures 11 and 14, column 11, lines 51-65,
each DSBT 274 provides a baseband channel coupled to a DSP to demodulate the channel).

Skones teaches a wideband receiver designed to process signals for many protocols and
standards depending on the particular application, column 1, lines 43-49, but does not explicitly

teach receiving a television (TV) signal.
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Uskali teaches a broadband channelized cable television (CATV) communications
network 100 comprising a broadband communications service provider 104 and a customer 106
for both television viewing and digital communications, page 4, lines 11-27.

Since Uskai teaches the CATYV system could be part of any channelized system, it would
have been obvious to one of ordinary skill in the art before the effective filing date of the instant
application to utilize the wideband receiver of Skones to also process cable television as taught

in the receiver of Uskali to provide audio/video services.

As to claim 20 with respect to claim 19, Skones of Skones modified teaches wherein the
method comprises communicating the input signal from a cable network connector to the
wideband ADC via at least one of an analog amplifier and an analog filter (figure 1, column 3,
lines 34-66, the multi-carrier receiver comprises an LNA 16, mixer 28, BPF 32, transformer 36

and ADC 20 to couple a multi-carrier wideband signal to channelizer 22).

As to claim 21 with respect to claim 19, Skones teaches generating, via each mixer of a
plurality of mixers, a complex signal corresponding to each of the plurality of desired channels
and wherein each corresponding complex signal comprises an in phase component and a
quadrature component (figures 6, 10, 11 and 14, column 11, lines 51-64, the digitized quadrature
output of the ADC 20 is provided to a plurality of digital sub-band tuners (DSBTSs) with

programmable bandwidth and center frequency use to channelize the desired signals).
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As to claim 22 with respect to claim 21, Skones teaches the I and Q components of each
corresponding complex signal are at baseband (column 11, line 51 to column 12, line 14, the

output of each DSBT of channelizer 22 is at baseband).

As to claim 23 with respect to claim 1, Skones modified teaches filtering, via each filter
of a plurality of filters, the corresponding complex singals and wherein each corresponding
complex signal comprises a 6 MHz channel (column 11, line 51 to column 12, line 14, each
DSBT 274 digitally filters individual signals from the multi carrier signals based on a
programmable center frequency and bandwidth; the bandwidth with respect to a television

channel as taught by chambers is 6 Mhz).

As to claim 24 with respect to claim 19, Skones teaches demodulating, via each
demodulator of a plurality of demodulators, a desired channel, the corresponding complex signal
to generate a demodulated signal as a desired signal (figure 1, column 4, lines 54-62, the desired
signal carrier or channels are selected by the channelizer 22 via each DSBT and then processed

in the normal manner by subsequent DSP devices).

As to claim 25 with respect to claim 19, Skones teaches demodulating, via each
demodulator of a plurality of demodulators, a desired channel, of the plurality of desired
channels (figure 1, column 4, lines 54-62, the desired signal carrier or channels are selected by
the channelizer 22 via each of the plurality of DBT and then processed in the normal manner by

subsequent DSP devices).
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As to claim 25 with respect to claim 19, Skones teaches demodulating, via each
demodulator of a plurality of demodulators, a desired channel, of the plurality of desired
channels (figure 1, column 4, lines 54-62, the desired signal carrier or channels are selected by

the channelizer 22 and then processed in the normal manner by subsequent DSP devices).

As to claim 26 with respect to claim 25, Skones teaches providing a plurality of
demodulated desired channels via a parallel interface (figure 1, column 4, lines 54-62, the
desired signal carrier or channels are selected by the channelizer 22 via each of the plurality of
DBT and forming a parallel output, each processed in the normal manner by subsequent DSP

devices).

As to claim 27 with respect to claim 19, Skones teaches wherein the method comprises
providing the plurality of desired channels via a parallel interface (figure 1, column 4, lines 54-
62, the desired signal carrier or channels are selected by the channelizer 22 via each of the
plurality of DBT and forming a parallel output, each processed in the normal manner by

subsequent DSP devices).

As to claim 29 with respect to claim 19, Uskali of Skones modified teaches the plurality
of desired channels comprises at least one cable broadcast channel (page 5, lines 18-31, the
downstream spectrum 134 is divided into channels 136 of predetermined bandwidth which is 6

MHz in the United States).
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As to claim 30 with respect to claim 19, Uskali of Skones modified teaches the plurality
of desired channels comprises at least one channel delivered via a Data Over Cable Service
Interface Specification (DOCSIS) protocol (page 5, lines 18-31, the downstream spectrum 134 is

divided into channels 136 of predetermined bandwidth which is 6 MHz in the United States).

As to claim 33 with respect to claim 19, Skones teaches the contiguous band of
frequencies comprises a portion of a frequency spectrum of the input signal (figure 1, column 3,
line 34 to column 4, line 36, the wideband receiver comprises frequency multiplier 48 to provide

an IF signal limited by the BPF 32 to a particular frequency band).

As to claim 34, Skones teaches a method comprising:

digitizing an input signal via a wideband analog-to-digital converter (ADC), wherein the
input signal comprises a plurality of desired channels and a plurality of undesired channels (figure
1, column 3, line 35 to column 4, line 18, receiver 10 comprising an LNA 16, frequency
downconverter, an ADC 20 and a digital channelizer 22 that process the wideband received
signals), and

digitally down converting each desired channel, of the plurality of desired channels, to
generate a plurality of digital channel outputs (figures 11 and 14, column 11, lines 51-65, each
DSBT 274 comprises a sub-band tuner and filter to output a desired digital channel at baseband).

Skones teaches a wideband receiver designed to process carrier signals for many
protocols and standards depending on the particular application, column 1, lines 43-49, but does

not explicitly teach the input signal comprises a plurality of channels (a television (TV) signal).

Page 127 of 304



Application/Control Number: 17/587,462 Page 9
Art Unit: 2644

Uskali teaches a broadband channelized cable television (CATV) communications
network 100 comprising a broadband communications service provider 104 and a customer 106
for both television viewing and digital communications, page 4, lines 11-27 and page 6, lines 1-
31.

Since Uskai teaches the CATV system could be part of any channelized system, it would
have been obvious to one of ordinary skill in the art before the effective filing date of the instant
application to utilize the wideband receiver of Skones to also process cable television as taught

in the receiver of Uskali to provide audio/video services.

As to claim 35 with respect to claim 34, Skones of Skones modified teaches
communicating the input signal from a cable network connector to the wideband ADC via at
least one of an analog amplifier and an analog filter (figure 1, column 3, lines 34-66, the multi-
carrier receiver comprises an LNA 16, mixer 28, BPF 32, transformer 36 and ADC 20 to couple

a multi-carrier wideband signal to channelizer 22).

As to claim 36 with respect to claim 34, Skones teaches digitally down converting
comprises generating a corresponding complex signal for each of the plurality of desired
channels, and wherein each corresponding complex signal comprises an in-phase (I) component
and a quadrature (Q) component (figures 6, 10, 11 and 14, column 11, lines 51-64, the digitized
quadrature output of the ADC 20 is provided to a plurality of digital sub-band tuners (DSBTs)

with programmable bandwidth and center frequency use to channelize the desired signals).
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As to claim 37 with respect to claim 36, Skones teaches the I and Q components of each
corresponding complex signal are at baseband (column 11, line 51 to column 12, line 14, the

output of each DSBT of channelizer 22 is at baseband).

As to claim 38 with respect to claim 36, Skones teaches filtering the corresponding
complex signal, wherein a bandwidth of the complex signal is 6 MHz (column 11, line 51 to
column 12, line 14, each DSBT 274 digitally filters individual signals from the multi carrier
signals based on a programmable center frequency and bandwidth; the bandwidth with respect to

a television channel as taught by chambers is 6 Mhz).

As to claim 39 with respect to claim 36, Skones teaches demodulating the corresponding
complex signal to provide a demodulated channel as a digital channel output (figure 1, column 4,
lines 54-62, the desired signal carrier or channels are selected by the channelizer 22 via each

DSBT and then processed in the normal manner by subsequent DSP devices).

As to claim 40 with respect to claim 34, Skones teaches demodulating each digitally
down converted, desired channel to generate a plurality of demodulated channels (figure 1,
column 4, lines 54-62, the desired signal carrier or channels are selected by the channelizer 22

and then processed in the normal manner by subsequent DSP devices).

As to claim 41 with respect to claim 40, Skones teaches providing the plurality of

demodulated channels via a parallel interface (figure 1, column 4, lines 54-62, the desired signal
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carrier or channels are selected by the channelizer 22 via each of the plurality of DBT and

forming a parallel output, each processed in the normal manner by subsequent DSP devices).

As to claim 42 with respect to claim 34, Skones teaches wherein the method comprises
providing the plurality of digital channel outputs via a parallel interface (figure 1, column 4, lines
54-62, the desired signal carrier or channels are selected by the channelizer 22 via each of the
plurality of DBT and forming a parallel output, each processed in the normal manner by

subsequent DSP devices).

As to claim 44 with respect to claim 34, Uskali of Skones modified teaches the plurality
of desired channels comprises at least one cable broadcast channel (page 5, lines 18-31, the
downstream spectrum 134 is divided into channels 136 of predetermined bandwidth which is 6

MHz in the United States).

As to claim 45 with respect to claim 34, Uskali of Skones modified teaches the plurality
of desired channels comprises at least one channel delivered via a Data Over Cable Service
Interface Specification (DOCSIS) protocol (page 5, lines 18-31, the downstream spectrum 134 is

divided into channels 136 of predetermined bandwidth which is 6 MHz in the United States).

As to claim 48 with respect to claim 34, Skones teaches

the plurality of desired channels and the plurality of undesired channels comprise a

portion of a frequency spectrum of the input signal (figure 1, column 3, line 34 to column 4, line
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36, the wideband receiver comprises frequency multiplier 48 to provide an IF signal limited by

the BPF 32 to a particular frequency band).

Allowable Subject Matter
Claims 28, 31, 32 and 43, 46 and 47 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to BLANE J JACKSON whose telephone number is (571)272-7890.
The examiner can normally be reached 7:30-4:30 M-TH; 8-2 FRI.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kathy Wang-Hurst can be reached on 571 270 5371. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available

to registered users. To file and manage patent submissions in Patent Center, visit:
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https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

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

/BLANE J JACKSON/
Primary Examiner, Art Unit 2644

Page 132 of 304



Notice of References Cifed

Application/Control No.

Applicant(s)/Patent Under

17/587,462 Reexamination
Reddy et al.
Examiner Art Unit
BLANE J JACKSON 2644 Page 1 of 1

U.S. PATENT DOCUMENTS

oty e cods | MMy GPG Classification US Classification
A | US-6760342-B1 07-2004 Skones; William M. HO04B1/28 370/437
B | US-7145972-B2 12-2006 Kumar; Rajendra HO04L5/06 375/349
C
D
E
F
G
H
|
J
K
L
M

FOREIGN PATENT DOCUMENTS

County Godeumosr Kind Code | MM YYYY Country Name OPC Classifcation
N | WO-02087230-A1 10-2002 WO HART W C HO04N21/4384
O | WO-9748196-A1 12-1997 WO BERGEN R S H04B10/25753
p
Q
R
S
T

NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Page 133 of 304

Part of Paper No. 20220406




Search Nofes

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/587,462 Reddy et al.
L
BLANE J JACKSON 2644
CPC - Searched*
Symbol Date Examiner
HO4N 5/455, 5/50, 21/4382, 21/4383, 21/454, 21/6143, 21/6193 04/07/2022 BJJ
HO04B 1/16, 1/0014 04/07/2022 BJJ
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

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

the search.

Search Notes

Search Notes Date Examiner
Review of parent patents & IDS, PE@E Search with DP to FAOM 04/07/2022 BJJ
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

U.S. Patent and Trademark Office

Page 1 of 1

Page 134 of 304

Part of Paper No.: 20220406



Index of Claims

Application/Control No.

17/587,462

Applicant(s)/Patent Under Reexamination

Reddy et al.

Examiner

BLANE J JACKSON

Art Unit

2644

v | Rejected -

Cancelled N

Non-Elected

Appeal

= Allowed =

Restricted |

Interference

Objected

CLAIMS

(0 Claims renumbered in the same order as presented by applicant

(O3 cpPA

0O R.1.47

CLAIM

DATE

Final Original | 04/08/2022

19

20

w
w
NIe]1e]NINe]ININ N ENENIN INENEN INfe] fo] LN TN o1 (N TN ENIN ENENEN IN N

U.S. Patent and Trademark Office

Page 1 of 1

Page 135 of 304

Part of Paper No.: 20220406



Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

17/587,462 - GAU: 2644

PTO/SB/08a (02-18)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number

Filing Date

P022-01-28

First Named Inventor “\lladhukar Reddy

Art Unit

Examiner Name ‘

Attorney Docket Number |28427US13

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1 906498 P005-06-14 Breuch et al.
2 5992855 P006-01-31 Ehrlich
3 17095454 P006-08-22 Maight et al.
4 7167694 P007-01-23 Khoini-Poorfard et al.
5 7362178 P008-04-22 Montemayor et al.
6 7373125 P008-05-13 [Godambe et al.
7 7421259 P008-09-02 [Gomez et al.
8 B285240 P012-10-09 Seendripu et al.

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH.

Page 136 of 304

/B.J.I/



17/587,462 ~ GAU:

2644

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

2022-01-28

First Named Inventor ‘ Madhukar Reddy

Art Unit |

Examiner Name ‘

Attorney Docket Number |

28427US13

9 B374568 P013-02-12 Seendripu et al.
10 B374569 P013-02-12 Seendripu et al.
11 B374570 P013-02-12 Seendripu et al.
12 B526898 P013-09-03 Reddy et al.

13 B577319 P013-11-05 Ling et al.

14 B666350 P014-03-04 \Vauhkonen

15 Bo09187 P014-12-09 Seendripu et al.
16 0059672 P015-06-16 Ling et al.

17 8300681 B2 P012-10-30 Petrovic et al.
18 7145972 P006-12-05 Kumar

19 0210362 P015-12-08 Reddy et al.

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.J.J/

Page 137 of 304



17/587,462 ~ GAU:

2644

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date 2022-01-28

First Named Inventor ‘ Madhukar Reddy

Art Unit |

Examiner Name ‘

Attorney Docket Number |28427US13

20 B526898 P013-09-03 Reddy et al.
21 7599673 P009-10-06 Maxim et al.
22 H280636 1994-01-18 Kelley et al.
23 0100622 P015-08-04 Reddy et al.
24 B892225 P014-11-18 Walsh et al.
25 5920185 P005-07-19 Hinson

26 H590156 [1996-12-31 Carney

27 H705949 [1998-01-06 Alelyunas et al.
28 768268 [1998-06-16 Kline et al.
29 5253094 P001-06-26 Schmutz

30 5262981 P001-07-17 Schmutz

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.J.J/

Page 138 of 304



17/587,462 ~ GAU:

2644

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date 2022-01-28

First Named Inventor ‘ Madhukar Reddy

Art Unit |

Examiner Name ‘

Attorney Docket Number |28427US13

31 5282184 P001-08-28 | ehman et al.
32 735421 P004-05-11 Claxton et al.
33 5760342 P004-07-06 Skones et al.
34 B107916 P012-01-31 [Gatta et al.
35 8331886 P012-12-11 Wang et al.
36 0313733 P019-06-04 Reddy et al.
37 0819992 P017-11-14 Reddy et al.
38 0210363 P015-12-08 Reddy et al.
39 0225373 P015-12-29 [S5omez et al.
40 0942598 P018-04-10 Reddy et al.
41 0972781 P021-04-06 Reddy et al.
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CERTIFICATION STATEMENT

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

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

OR

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

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

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

X A certification statement is not submitted herewith.

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

Signature /MWayne H. Bradley/ Date (YYYY-MM-DD) 2022-01-28
Name/Print Wayne H. Bradley Registration Number |39916

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

A record in this system of records may be disclosed, as a routine use, to ancother federal agency for purposes of
National Security review (35 U.5.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 GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

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

[Search Query

DBs

Default
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Plurals

British

Equivalents

Time Stamp

L1 55

("10313733" OR
"10972781" OR
"20030158614" OR
"20030228855" OR
"20040058661" OR
"20040110522" OR
"20050040909" OR
"20050286562" OR
"20070002961" OR
"20070032220" OR
"20070042742" OR
"20070111661" OR
"20070179649" OR
"20070263754" OR
"20090075613" OR
"20090258629" OR
"20110105068" OR
"5280636" OR
"5590156" OR
"5705949" OR
"5768268" OR
"6253094" OR
"6262981" OR
"6282184" OR
"6735421" OR
"6760342" OR
"6906498" OR
"6920185" OR
"6992855" OR
"7095454" OR
"7145972" OR
"7167694" OR
"7362178" OR
"7373125" OR
"7421259" OR
"7599673" OR
"8107916" OR
"8285240" OR
"8300681" OR
"8331886" OR
"8374568" OR
"8374569" OR
"8374570" OR
"8526898" OR
"8577319" OR
"8666350" OR
"8892225" OR
"8909187" OR
"9059672" OR
"9100622" OR
"9210362" OR
"9210363" OR
"9225373" OR

(US-PGPUB; USPAT)

OR

ON

ON

2022/04/06
10:05 AM
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"9819992" OR
"9942598").pn.
L2 1 "8526898".pn. (US-PGPUB; USPAT) |OR ON ON 2022/04/06
10:32 AM
L3 1 "9100622".pn. (US-PGPUB; USPAT) |OR ON ON 2022/04/06
10:37 AM
L4 1 "9210363".pn. (US-PGPUB; USPAT) |OR ON ON 2022/04/06
10:43 AM
L5 1 "9819992".pn. (US-PGPUB; USPAT) |OR ON ON 2022/04/06
10:44 AM
L6 1 "10313733".pn. (US-PGPUB; USPAT) |OR ON ON 2022/04/06
10:46 AM
L7 1 "10972781".pn. (US-PGPUB; USPAT) |OR ON ON 2022/04/06
10:47 AM

L8 3 ("9100622").urpn. AND |(US-PGPUB; USPAT; [OR ON ON 2022/04/06
(PGPB | USPT | USOCR) 02:11 PM
USOC).dbnm.

L9 27 ("5590156" | "5705949" |(US-PGPUB; USPAT; [OR ON ON 2022/04/06
| "5768268" | "6253094" [USOCR) 02:12 PM
| "6262981" | "6282184"
| "6735421" | "6760342"
| "6920185" | "8107916"
| "8331886" | "8892225"
| "20030158614" |
"20030228855" |
"20040058661" |
"20040110522" |
"20050286562" |
"20070002961" |
"20070032220" |
"20070179649" |
"20070263754" |
"20090075613" |
"20090258629" |
"20110105068").pn. OR
("9100622").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L10 58 (HO4B OR HO04N) AND |(US-PGPUB; USPAT; [OR ON ON 2022/04/06
wideband SAME USOCR) 02:43 PM
channelizer AND (TV
OR television OR
DOCSIS)

L11 39 (HO4B OR HO04N) AND |(US-PGPUB; USPAT; [OR ON ON 2022/04/06
(wideband adj5 receiver |[USOCR) 02:45 PM
OR tuner) SAME
channeliz$4 AND (TV
OR television OR
DOCSIS)

L12 76 (HO4B OR HO04N) AND [(US-PGPUB; USPAT; [OR ON ON 2022/04/06
(wideband adj5 receiver |USOCR; FIT (AU, AP, 02:45 PM
OR tuner) SAME AT, BE, BG, BR, BY,
channeliz$4 AND (TV [CA, CH, CN, CS, CU,

OR television OR CZ, DD, DE, DK, EA,
04/06/2022 03:02:35 PM Page 2 of 5
Workspace: ADC BJ
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L13 93

L14 36

L15 918

DOCSIS)

Reddy-Madhukar.in.

Reddy-Madhukar.in.

AND DOCSIS

Ling-Curtis.in.

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

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

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

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, 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, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/04/06
02:53 PM

2022/04/06
02:53 PM

2022/04/06
02:54 PM

04/06/2022 03:02:35 PM
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L16 44172

L17 587

L18 38

L19 56

Ling-Curtis.in. AND
television OR DOCSIS

Ling-Curtis.in. AND
(television OR DOCSIS)

Ling-Curtis.in. AND
contiguous adj5
frequencies

Gallagher-Tim.in.

JPO; DERWENT;
IBM_TDB)

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

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

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

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/04/06
02:55 PM

2022/04/06
02:55 PM

2022/04/06
02:56 PM

2022/04/06
03:01 PM

04/06/2022 03:02:35 PM
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HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

PE2E SEARCH - Search History (Interference)

There are no Interference searches to show.
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Ref # Hits

[Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

L25

23070376

L26 59

L27 0

L28 0

(HO4N OR H04B) AND
(DOCSIS OR headend)
near$4 channeliz$4

(HO4N OR H04B) AND
(DOCSIS OR headend)
SAME channel WITH
channeliz$4

(HO4N OR H04B) AND
wideband adj6 tuner
SAME (DOCSIS OR
theadend) SAME
channel WITH
channeliz$4

(HO4N OR H04B) AND
wideband adj6 (tuner
OR receiver) SAME
(DOCSIS OR tv OR

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

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

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

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/04/07
11:56 AM

2022/04/07
11:56 AM

2022/04/07
12:03 PM

2022/04/07
12:03 PM

04/07/2022 01:13:58 PM
Workspace: ADC
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television) SAME CZ, DD, DE, DK, EA,

channel WITH EE, EP, ES, FI, FR, GB,

channeliz$4 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, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L29 15 (HO4N OR H04B) AND [(US-PGPUB; USPAT; |OR ON ON 2022/04/07
wideband adj6 (tuner USOCR; FIT (AU, AP, 12:04 PM
OR receiver) AND AT, BE, BG, BR, BY,

(DOCSIS OR tv OR CA,CH,CN, CS, CU,

television) SAME CZ, DD, DE, DK, EA,

channeliz$4 EE, EP, ES, FI, 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, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L30 35 ("5909435" | "6081215" |(US-PGPUB; USPAT; [OR ON ON 2022/04/07
| "6356569" | "6813320" [USOCR) 12:08 PM
| "6823169").pn. OR
("7145972").urpn. AND
(PGPB | USPT |
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TITLE OF THE INVENTION
IMPROVED CABLE CHANNEL SEARCH SYSTEMS
FIELD OF THE INVENTION

The present invention relates generally to receiver systems for
channelized networks, and more particularly, to methods and apparatus for
selecting a desired channel where the channel plan of the channelized
network is unknown.

BACKGROUND OF THE INVENTION

Demand for high-speed Internet access has resulted in utilization of
receivers such as cable modems to connect to broadband communications
networks, such as cable television (CATV) systems, in various countries. The
receiver must operate on broadband communications networks that deliver a
multitude of services simultaneously. To keep these services from interfering
with each other, the service provider allocates each service a distinct band of
frequencies on the broadband network as a channel. A channel plan allocates
the channels in the broadband frequency spectrum so that they do not
interfere with each other.

Regulatory authorities in many countries and regions can, and do,
regulate the channel plans of broadband communications networks. Further,
even where differing regulatory authorities do not mandate different channel
plans, because broadband communications services are typically using
closed systems, broadband communications service providers have great
flexibility in how they can allocate channels for their networks. The result is a
worldwide multitude of channel plans.

Despite the use of a multitude of different channel plans, it is desirable
for efficient and economical manufacture of receivers, to have only a minimal
number of receiver designs. Such designs could be used throughout many of
these countries and regions despite the differences in frequency allocation

and utilization. In addition, it is desired that a limited number of receiver
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- models be manufactured that would work optimally independent of the system
in which it is used.

Channel plans define channel allocations by usually defining the center
frequency and bandwidth of each channel, and may define the modulation
type for the spectrum associated with the upstream and downstream
communication signal path. Unfortunately, these cable channel frequency
allocations and designs are different in different countries of the international
market. For instance, some services do not require an upstream signal path
at all

When receivers are first installed, when a receiver is moved, or when
there are problems with a previously operating downstream channel the
receiver must establish a new valid connection. Without a known channel
plan, a receiver may spend an excessive amount of time (many minutes or
more) finding the desired communication channel using conventional search
algorithms. If a lengthy channel initialization is encountered, the end-user or
installation technician must wait for this operation to complete before
continuing with use of the receiver. In addition, with an excessive initialization
delay, the user may perceive the receiver to be malfunctioning or inoperable.

For example, under Euro-DOCSIS, if a 91 MHz (megahertz, or million
cycles per second) to 860 MHz downstream spectrum is to be searched using
a brute force method when the channel plan and desired channel is not
known, more than 3000 channel possibilities may have to be tested for the
desired channel. The time necessary for the receiver to tune and its
demodulator to accurately “lock” on the amplitude and phase of the signal is
typically 300-1200 or more milliseconds (msec). For a 1000 msec Quadrature
Amplitude Modulation (QAM) lock time, the time necessary for a conventional
receiver to step through and lock on each possible frequency position in the
broadband cable spectrum is significant, and can require up to a 50 minute
initial search time for the receiver to find an internet connection channel.

Accordingly, there is a need for methods to enhance the channel scan
initialization procedure in order to significantly reduce the time required to
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- acquire the desired communication channel. Advantageously, such methods

would enhance channel scan initialization procedures under both present and
future channel plans.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 1a-c illustrates a cable television (CATV) signal distribution
system, FIGURE 1a illustrates the signal transmission paths; FIGURE 1b
illustrates a typical distribution of the a signal spectrum in a CATV signal
distribution system, and FIGURE 1c illustrates some features of a channel in
a CATV signal distribution system;

FIGURE 2 is a block diagram of an example of a receiver that can be
utilized for channel selection in accordance with the present invention;

FIGURE 3 is a block diagram of an example of a dual conversion tuner
that can be utilized as part of a receiver that can be utilized for channel
selection in accordance with the present invention;

FIGURE 4 illustrates a flowchart diagram of a spectral loading
characterization process in accordance with a preferred embodiment of the
present invention;

FIGURE 5 illustrates how the combination of local oscillators, mixers
and filters in a dual conversion tuner can be used to select a bandwidth of
downstream signal;

FIGURE 6a illustrates selected signal types that can be present in a
downstream spectrum while FIGURE 6b illustrates a possible constructed
channel response of FIGURE 6a; '

FIGURE 7 is a flowchart diagram of an example of a QAM channel
check which may be used in a preferred embodiment of the present invention
to; and

FIGURE 8 illustrates another embodiment of an example of a method
to identify a desired channel that uses a fast Fourier transform (FFT).

DETAILED DESCRIPTION OF THE INVENTION
This invention provides receivers for broadband communications

networks with improved channel search capabilities by evaluating the
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- downstream input spectrum to identify the most probable frequency regions of

the input spectrum that may contain desired channels when the overall
channel plan or the region of a desired channel are not known.

A method of the present invention locates a desired downstream
channel in a broad frequency spectrum input signal. This is done by
generating a constructed channel response (also constructed spectrum
response) from the broad frequency spectrum input signal. The constructed
channel response is then processed to generate a list of prospective
channels. The channels in the prospective channel list are then checked until
a desired downstream channel is identified.

Referring to the FIGURES 1a-c, and particularly to FIGURE 1a, a
broadband communications network 100 transmits signals 102 between a
broadband communications service provider (or “service provider” or
“provider”) 104 and a customer 106. A common provider 104 of broadband
communications networks 100 throughout the world are cable television
companies, where the same cable transmits signals 102 for both television
viewing and digital communications. For ease of explanation, the channels
and the input spectrum are explained as part of a channelized cable television
(CATV) system, but could be part of any channelized system.

The signals 102 from the service provider 104 to the customer 106
typically run from a headend 108 to a trunk line 110, and from a trunk line 110
to a distribution line 112. A drop line 114 typically connects the customer’s
106 equipment (or hardware) to the distribution line 112. The customer may
connect equipment such as a television 116, a receiver 118 such as a cable
modem, set top box or telephony module to the drop line 114. Frequently a
splitter 120 is used so that the customer 106 can connect both a television
116 and a receiver 118 to the drop line 114. The signals 102 from the
customer to the service provider follow the opposite path. For simplicity of
explanation, the different kinds of lines that can be present in the middle of the

distribution chain between the headend 108 on the service provider's side,
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- and the customer's 106 equipment (such as a television 116 or cable modem)

on the customer’s side 106 are generally omitted hereinafter.

The broadband communications network 100 will carry signals 102 in a
frequency spectrum (or spectrum) 122. The spectrum 122 for a broadband
network 100 typically has a frequency range from about 5 MHz or less at the
lower end 124, to about 860 MHz presently, and possibly 1 GHz or more in
the future at the upper end 126.

Referring in particular to FIGURES 1a-c, and in particular FIGURE 1b,
an “upstream” signal frequency portion of the spectrum (or upstream portion,
or upstream spectrum) 128 is reserved for upstream signals 130 sent from the
customer 106 to the service provider 104. Upstream signals 130 are
transmitted from the customer’s 106 equipment to the headend 108 in the
upstream signal frequency portion 128 of the spectrum 122. The upstream
signal frequency portion 128 of the spectrum is usually about 5-70 MHz, but
can be at any frequencies carried by the network 100. The upstream signals
130 are typically both frequency and time division muitiplexed to identify
individual customers 106, but do not have to be.

“Downstream” signals 132 from the service provider 104 are sent from
its headend 108 to the customers 106, typically in a downstream frequency
portion of the spectrum (or downstream portion or downstream spectrum)

134 at frequencies above about 70 MHz, but the frequencies used can be any
frequencies carried by the network 100. The downstream spectrum 134 is
typically divided into channels 136 of predetermined bandwidth, which in the
United States are generally 6 MHz in width, and in Europe are generally 8
MHz in bandwidth. Referring to FIGURE 1c, channels 136 are usually
defined, conventionally, by the center of the frequency range included in the
channel (called the center frequency or channel center) 138 and the size of
the frequency spectrum dedicated to the channel (called channel bandwidth) .
140. The present invention is not, however, limited to systems where all the
channels 136 have the same channel bandwidth 140 or are designated by
center frequencies 138.
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~ The channels 136 in the downstream spectrum 134 can carry a variety
of signals of various modulation types, e.g., 64 QAM, 256 QAM, vestigial
sideband (VSB)-amplitude modulation (AM), 8 VSB, 16 VSB, orthogonal
frequency division multiplexing OFDM) or any other channelized modulation
format, including, but not limited to 64 or 256 QAM, cable television channels,
QPSK and QAM communication channels.

This invention characterizes the downstream spectrum 134. Two
embodiments are described in this disclosure, but the present invention can
be present in a multitude of other embodiments, and the invention is not
limited to the embodiments described herein. When the input spectrum
characterization is complete, a detection algorithm is used to identify the
desired downstream channel. An example of such a detection algorithm is a
QAM detection algorithm used to detect QAM channels (the type of encoding
used on cable modem networks currently), and the operation of the
embodiments listed here are expressed in terms of detecting QAM channels,
and channels on cable systems, but is not limited to such.

As illustrated in FIGURE 1a, a receiver 118 is connected to the service
provider's 104 headend 108 and the customer’s 106 computer system 142. In
a CATV system, the headend 108 and the receiver 118 are usually connected
with a cable. For the cable any combination of coax, fiber, and fixed wireless
links may be used, but typically fiber and coax both are used i.e. not just
coaxial cable. The connection between the receiver 118 and the computer
system 142 is via a variety of possible connectiohs, but typically is a 10 base
T or 100 base T Ethernet, firewire IEEE 1394, or USB connection. While
those are the cablings typically used for such connections, the present
invention can be used with other forms of wired or unwired networks 100
suitable for carrying a frequency spectrum 122 to a receiver 118, including but
not limited to coaxial cabling, twisted pair wiring, fiber optic cabling, hybrid,
coaxial/fiberoptic cabling, infrared transmitters, and over the air transmission
such as with wireless LAN transmitters, and other systems known to those
skilled in the art.
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llustrated in FIGURE 2 is a block diagram useful in understanding
some of the elements of a commercial receiver 118. A receiver 118 having
hardware suitable for the practice of this invention is sold by Motorola
Corporation under its trademark CyberSURFR. As is known to those skilled
in the art, diagrams such as FIGURE 2 serve to illustrate the functions of a
piece of equipment, and do not necessarily represent how hardware is
embodied to carry out the tasks. It will be apparent to those skilled in the art
that the functionality of the present invention can be achieved with a variety of
approaches and implemented in a number of substantially equivalent ways.
The present invention is not limited to the particular implementations and
embodiments disclosed.

The receiver 118 has a signal input 200. The signal input 200
conducts downstream signals 132 from the headend 108 to a physical layer
202, which has a downstream component called the downstream physical
layer 204. The downstream physical layer comprises a downstream tuner
205 and a demodulator 208. The downstream physical layer 204 accepts
downstream input signals 132 from the headend 108 and the downstream
tuner 205 processes the downstream signals 132 before providing a tuned
signal 206 to the demodulator 208. A media access controller (MAC) 210
connects the modulator 212 and the demodulator 208 to a first memory 214
and a central processing unit 216. The central processing unit 216 is
connected to a second memory 218 and a host computer physical layer 220,
which is typically an Ethernet layer. The host computer physical layer 220
sends signals to and receives signals from the host 142.

The downstream tuner 205 processes the downstream signal 132
before the tuned signal 206 is sent to the demodulator 208. The tuning that
the downstream tuner 205 performs can include, but is not limited to, selecting
a frequency range of signals to be sent to the demodulator 208, scaling the
amplitude of the signals to make good use of the amplitude range of the
demodulator 208, and shifting the frequency of the signals to occupy a
frequency spectrum that the demodulator 208 operates well with.
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Referring to FIGURE 3, receivers 118 typically employ automatic gain
control (AGC) systems in the downstream physical layer 204 to provide
constant signal levels to the demodulator 208. FIGURE 3 includes a dual
conversion tuner suitable for the present invention, but those skilled in the art
will appreciate that single or multiple conversion tuners cén be used with the
present invention. The downstream tuner 205 selects a fixed bandwidth of
the downstream signals 132 to pass on as tuned signals 208, the width of the
frequency range of the signals being passed on being the bandpass of the
downstream physical tuner 205. Although present receivers currently use
tuning electronics that select a fixed bandwidth, the present invention is not
limited to such.

FIGURE 3 illustrates a simplified block diagram of an example of a
downstream physical layer 300 according to a preferred embodiment of the
present invention. The illustrated downstream physical layer 300 has at least
one variable gain device and preferably comprises at least two variable gain
devices 302, 304, a power detector 306, a control mechanism 308 and is
connected to a microprocessor (CPU) 216 via an media access controller
(MAC) 210. Since the microprocessor 216 and MAC are not necessarily a part
of the downstream physical layer, they are separated from the other
components by a boundary line 324. These components can reside in the
receiver 118 as discrete components or combined components with any other
compatible component of the receiver 118. The variable gain devices 302,
304 may be attenuators or variable gain amplifiers

The downstream physical layer 300 illustrated in FIGURE 3 operates
as a dual conversion receiver that has a first filter 312 and a second filter 314,
the first and second filters 312, 314 having respective associated tuning
electronics, said respective associated tuning electronics being capable of
being tuned independently of each other. The first and second filters 312, 314
are typically bandpass filters. In the illustrated embodiment, each filter 312,
314 is preceded by a respective mixer (first mixer and second mixer) 316 318

connected to a respective local oscillator (LO)(first local oscillator and second
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- local oscillator) 320, 322 that shift the frequency of the downstream signal 132

to place a desired portion of the downstream stream signal within the
bandpass of the respective filters 312, 314.

Usually, because of cost considerations, the first filter 312 has a
bandpass that is substantially wider than the bandwidth allocated to the
channels 140 on the broadband network 100. A bandpass of 30-40 MHz is
typical for the first filter of dual conversion tuner on a receiver 118 such as the
CyberSURFR modem. The second filter 314 preferably has a bandpass of
about the same bandwidth as the bandwidth of the channels 136 allocated to
services on the broadband network 100. The first and second filters 312, 314
in series have a combined bandpass that allows signals having frequencies in
common with the two bandpasses to pass through. This combined bandpass
is the bandwidth of the downstream tuner. If the channels 136 on the
broadband network 100 vary in bandwidth, either the second filter 314 should
be of adjustable width, or appropriate additional tuners should be supplied
with the receiver. In the United States the bandpass of the second filter 312 is
normally 6 MHz, and in Europe the bandpass is normally 8 MHz.

FIGURE 4 is a flowchart that illustrates the first spectral loading
characterization method. In this algorithm, a first, coarse spectral loading
scan (also coarse spectral scan, coarse loading scan or coarse scan) 400 is
performed. This is accomplished by tuning the downstream physical layer
204 to sample the ranges of interest of the input signal 132 between a desired
lower spectrum limit 144 to a desired upper spectral limit 146. Currently,
systems for which cable modems 118 are used would have a downstream
spectrum 134 of about 50-1,000 MHz, but the invention will work with other
downstream spectrum 134 ranges as well.

The coarse spectral loading scan 400 is preferably accomplished by
defining a set of measurements to be taken that will measure the entire
downstream spectrum 134 between the desired lower spectrum limit 144 and
the desired upper spectrum limit 146. One apprbach is to begin at one end of
the downstream frequency spectrum 134 and serially step at a relatively
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10

- broad frequency increment up or down the downstream frequency spectrum

134 toward the other end of the spectrum 134. Preferably, the coarse
frequency step size will be in the range of from about 1/2 the bandwidth of the
downstream tuner (which, in a dual conversion tuner, may be a combined
bandpass or more commonly, the bandwidth of the second filter), to about
twice the bandwidth of the downstream tuner, and most preferably
corresponding to the downstream tuner’s bandwidth. For each measurement
of the set of measurements, the channel power is measured and can be
stored in memory 218.

The channel power can be measured using the power measurement
capabilities of the receiver 118 that are standard in such receivers currently.
In the embodiment illustrated in FIGURE 3, the power detector (or detector)
306 and the control mechanism 308 reside in the demodulator 208, but may
be located elsewhere in the receiver 118. The power detector 306 provides a
means to measure the incoming signal level of the selected “coarse” or “fine”
input frequency range to the detector 308 provided by the downstream
physical layer 204. The power level is also used as part of a feedback
variable gain control mechanism to set a desired signal level into the
demodulator 208 as part of an automatic gain control (AGC) system 300.

It should be noted that the time required to measure channel power
can be significantly less than the time required to determine whether a
channel is a desired channel by other methods. In the case of a typical cable
modem 118, the time to perform a QAM lock test is substantially longer than
the time required to do a power measurement. A typical power measurement
using present hardware can take about 6ms while a QAM lock test using
current QAM lock circuitry can take about 1000ms. This time difference
provides significant improvement in channel search time in accordance with
the present invention. The power measurement feature utilized in the present
invention is typically included in conventional receivers 118 for other purposes
such as diagnostics, network management, and automatic gain control feed

back. To obtain the minimum time for channel power measurement, the
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"

- receiver may be optimally configured for this purpose. For example, the AGC

loop bandwidth may be increased for the channel power measurement. In a
receiver 118 such as the CyberSURFR modem the AGC loop bandwidth can
be set by a register contained within the demodulator’s “AGC Control
Mechanism.”

Another step in the first algorithm is to determine the power containing
regions 402 of the downstream spectrum from the results of the coarse
spectral loading scan 400. This is done by identifying a number of regions, K,
where power above a threshold standard is detected. The set of
measurements to detect power constitutes a power spectrum, and the
frequency spectrum covered by the set of measurements where power is
detected are power containing regions of the power spectrum, or power
containing regions for short. Either the power spectrum, or just the power
containing regions, can be recorded in digital memory, and can be processed
to select potential frequency ranges for the desired channel. For example,
this coarse scan may determine that based on a predetermined threshold, for
instance, -15dBmV, that no channels are present over one or more power
lacking regions (regions not meeting the predetermined threshold) of the
power spectrum (e.g., regions totaling, say, 550 MHz in a particular system).
Ultimately, this information will reduce the search time for the desired
downstream channel because these power lacking regions need not be
searched.

Referring again to FIGURE 4, another step in the first spectral
characterization approach is a finer spectrum scan 404 which is performed
over the at least the power containing regions. The finer spectrum scan 404
has a finer resolution, that is more data points over the same spectral regions
as the coarse scan 400. While the finer spectrum scan can be done by
performing measurements that have overlapping spectral ranges or by
performing measurements that have narrower spectral ranges than the coarse

scan or by performing scans that do both, the present invention can work with

Page 165 of 304



10

15

20

25

30

WO 02/087230 PCT/US02/10601

12

- a wide variety of methods for taking a finer spectrum scan that will be

apparent to those skilled in the art.

The bandwidth covered by a measurement can be reduced 406 (or
narrowed) if a dual or multiple conversion tuner is being used. . Reduction of
the measurement bandwidth in a dual or muiti conversion tuner can be easily
accomplished without added circuitry in the unique manner as described
below. However, this does not mean that such measurement bandwidth
narrowing is exclusive to dual/multi tuners. It can be accomplished in a single
conversion tuner by switching in a narrow bandwidth filter in place of filter 314,
by switching in an additional bandpass filter, limiting amp 304 bandwidth, or
by other methods known to those skilled in the art.

As described above, such tuners have at least a first filter 312 and
second filter 314 that can be used in an unconventional way to narrow the
frequency range for a signal power measurement. As illustrated in FIGURE
5a, the mixers 316, 318 and respective local oscillators 320, 322, cooperate
such that the signal frequencies passing through the second filter 502 are
normally located entirely within the signal frequencies passing through the first
filter 500 resulting in a first net bandpass 506 such that an entire channel’'s
signal passes through both filters. Alternatively, as illustrated in FIGURE 5b,
however, the frequencies passed through the pair of filters 312, 314 can be
reduced by having the oscillators 316, 318 and mixers 320, 322 positioning
the center of the bandpass 508 of the second filter 314 at the "edge" of the
bandpass of the first filter 312. The resultant second net bandpass 510 is
narrower than the bandpass of either filter. Usually, this is accomplished by
offsetting the second local oscillator frequency from its normal value.

Although more precise results may be obtained with this offset technique, it is
not required by this invention.

Returning to FIGURE 4, with or without the bandwidth reduction or
narrowing, a fine spectral loading scan (or fine scan) 404 can be performed by
scanning the power containing regions at a finer frequency increment than the

original course scan increment. The downstream physical layer 204 is
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- methodically tuned to each test frequency range where the input power is

measured and stored in memory.

For example, for a European DOCSIS cable system, the coarse scan
400 may be performed with 8 MHz intervals to determine power containing
spectral regions 402 with power containing or power lacking channels. In
another step, a higher frequency resolution (fine or relatively finer or finer
resolution) scan 404 can be performed using a smaller frequency interval,
which is less than one half, the frequency interval of the coarse scan, for
example, about 2 MHz. In each case, channel power is measured and stored
in memory for each measurement of the set of measurements. The set of
measurements is a constructed channel response.

After the power levels of the power containing spectral regions have
been quantified by the fine scan 404, potential desired channels are identified
via an off-line processing operation 408. The input spectrum characterization
may be performed by the microprocessor 216. Referring to FIGURE 6, this
offline processing operation 408 "views" the constructed channel response
obtained during the fine resolution scan to identify features such as NTSC
video carriers 600, QAM signals 602, and voids 604.

By using pattern matching techniques, a large variety of which are
known in the art, channel content can be tentatively identified without actually
having to establish a lock on the signal. The offline processing operation 408
characterizes the constructed channel response. One way of conducting the
offline processing operation determines the signal type, bandwidth, and center
frequency, but many different techniques may be derived for this purpose.
For example, a simple approach in determining the center frequency and
bandwidth of the incoming signal involves an analysis of the minimum
(“valley”) and maximum (“peaks”) values of the constructed spectrum
response.

Referring to FIGURES 6 a-b, it can be seen that peaks 606 and valleys
608 are present. By cataloging these peaks 606 and valleys 608, and
calculating the frequency differences between peaks 610 as well as the
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- frequency differences between valleys 612, it can be surmised that it is quite

likely that 6 MHz bandwidth signals are present. In addition, the absolute
frequency of the valleys 614 or peaks 616 give indications to the actual center
frequency 618 of the measured channel 620. Further analysis of the
constructed spectrum response can give indications of the signal type.

For example, as can be seen in FIGURES 6a-b, a downstream QAM
signal 602 compared to a NTSC analog video signal 600 has a much more
uniform amplitude response. In the example of FIGURE 6b, the shape of the
constructed signal within one 6 MHz wide region 618 defined by two valleys
614 tends to have an asymmetrical peaking response with more spectral
energy in the leftmost area 626 of the assumed channel. It can be surmised
that this response shape was generated from the corresponding analog video
NTSC signal shown above it in FIGURE 6a.

In order to enable signal type determination, pattern matching and
correction techniques are used. For example, a simple shape mask could be
used to sort NTSC signals 600 from QAM signals 602. A mask for each
signal type must first be created representing the typical spectral properties of
each signal. Next, the constructed spectrum response is divided into
prospective channels by methods as previously described (including, but
limited to peak and valley analysis). Each constructed channel response can
be normalized to aid in comparison to the predefined signal mask. At this
point, one of any number of standard or custom defined correlation methods
known to those skilled in the art can be applied. ‘Correlation to each mask is
attempted resulting in “scored” responses. After completing a cross-
correlation operation, a determination of the recovered signal type can be
made based on the correlation results.

As a result of the pattern matching technique above, a list of
prospective desired channels is generated. Preferably, this list is generated
by identifying the center frequencies and bandwidths of the channels 136.
The number of prospective channels in this list can be very small compared to

the total number of possible channels (5-100, versus 3000, for example) for
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- the desired channel’s signal. With a channel power measurement time of 6

msec, all power measurements required in the algorithm of FIGURE 4 may be
performed in less than 2 seconds.

FIGURE 7 illustrates a standard channel check algorithm that can be
performed on each of the prospective desired channels until the desired
downstream channel is located. For purposes of illustration, a QAM check
algorithm has been illustrated because QAM encoding is the type used for
cable modems. The invention is not, however, limited to QAM encoding. A
prospective channel is selected and the downstream physical layer 204 is
configured 700 to present that channel's tuned signal 206 to the demodulator
208. In another step, the receiver 118, usually through its demodulator 208,
checks if it can lock on to the desired channel 702. If it can, then the receiver
118, usually through its media access controller 210, can check for a forward
error correction (FEC) lock 704. Further, the can check for MPEG
packetization synchronization 706. In another step, the receiver, usually
through its media access controller, checks for recognized downstream MAC
SYN messages, and if such messages are found, identifies the channel as a
valid QAM channel. If the channel is valid, then procedures appropriate to
having found a valid QAM channel are performed 708 which will depend on
the system (with or without termination of the search), or if the channel was
not a valid QAM channel, the next prospective channel in the list is checked
710.

FIGURE 8 is a flowchart of an alternate QAM identification method that
can be used in place of the method of FIGURE 4. As in the method of
FIGURE 4, the same coarse spectral loading characterization 800 can be
performed. The amount of processing required in the later steps of this
procedure can be reduced by determining the power containing regions of the
spectrum 802. The receiver can then be configured 804 to perform a spectral
analysis operation, preferably, as illustrated, a fast Fourier transform (FFT).
The spectral analysis operation would usually be performed in the

demodulator. Thereafter, for each power containing spectral region, a
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- constructed channel response is determined by means of a spectrum analysis

operation 806 performed by the receiver, usually in the demodulator. Although
the FFT method is illustrated and preferred, other spectrum analysis methods
will be apparent to those skilled in the art and are also part of the present
invention,

After each of the power containing spectral regions are characterized
as described above, a more complete spectral response of the power
containing regions of the spectrum can be constructed 808 by combining the
individual spectrum analyses to make up a larger response. Reference
amplitudes of the spectral analysis responses can be determined by the
power measurements made in the coarse spectral scan operation. These
reference amplitudes can be used to calibrate the spectral analyses so that
adjacent spectrum analyses can be combined to form larger spectrum
analyses. Preferably, all adjacent power containing regions are combined to
construct contiguous power containing regions.

Although these spectral analyses are performed on contiguous, non-
overlapping portions of the downstream spectrum, the measurements can
also be performed by overlapping the regions covered by individual spectrum
analysis operations. When the spectral analyses overlap in the downstream
spectrum, the overlapping portions can be used to scale the regions relative
to one another to calibrate the entire spectrum as will be apparent to those
skilled in the art.

Within the fully constructed power containing portion of the spectrum,
prospective desired channels are identified and a list of these channel centers
and bandwidths is generated, and may be stored in the microprocessor
memary. Optionally, the shape of the spectrum of channels identified as
desired channels can be analyzed to determine if the prospective desired
channel has the width and shape of the desired channel, and unsuitable
channels removed from the list.

Like the process in FIGURE 4 408, after the channel power spectrum

characterization data is collected, it is interpreted by an algorithm (preferably
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- implemented via a microprocessor) with embedded software that in turn
‘identifies prospective cable channel frequencies for selective testing for
specific desired channel identification. The algorithm identifies potential
desired channels (in the illustrated embodiment, QAM channels) based on
analyzing the reconstructed total spectrum response 808.
EXAMPLES
Example 1 - Analysis By Fine Increment Power Scan

The broadband network provides a downstream signal in the
downstream frequency spectrum of 46 MHz to 854 MHz. Within that
downstream signal, at an unknown frequency, is a 64 QAM channel used for
digital communication. The broadband network is connected to a receiver.
The desired channel is a 64 QAM channel with a bandwidth of 8 MHz
centered at 710 MHz.

The receiver can perform a coarse spectral loading scan by measuring
the downstream frequency spectrum beginning with a series of power
measurements that measure a bandwidth of 8 MHz each. A power detector in
the receiver performs the power measurements. The first measurement can
have a bandwidth of 8 MHz and a center at 50 MHz, and cover the spectrum
from 46 MHz to 54 MHz. Successive measurements will have bandwidths of
8 MHz and centers with increments 8 MHz higher than the previous
measurement. The one hundredth measurement will have a center at 850
MHz and cover the spectrum from 846 MHz to 854 MHz. The power
measurements can be stored in memory.

A microprocessor can then determine whether the power
measurements stored in memory surpass a power threshold of —15dBmV.
The microprocessor then identifies contiguous regions containing power. For
the purposes of this example, the regions from 46-454 MHz, 606-694 MHz,
and 706-714 MHz are found to contain power.

The receiver then scans the first power containing region at a
bandwidth of 8 MHz, with an increment of 2 MHz. The first measurement will
be centered at 40 MHz, the second at 56 MHz, and so on until the last
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- measurement is centered at 460 MHz. An offline processing operation will

then examine the result of the finer incremented power scan to identify
regions where a 64 QAM channel can be found and generate a list of possible
desired channel frequency centers and bandwidths. No possible channels
are found.

The receiver then scans the second power containing region at a
bandwidth of 8 MHz, with an increment of 2 MHz. The first measurement of
the second set will be centered at 600 MHz, the second at 602 MHz until the
last is centered at 700 MHz. An offline processing operation again examines
the results to see if the shape of the power measurements could be consistent
with a 64 QAM channel. The offline processing operation identifies three
possible 64 QAM channels centered at 674 MHz, 682 MHz, and 690 MHz.

The receiver then scans the third power containing region at a
bandwidth of 8MHz starting at 700 MHz and running to 720 MHz in
increments of 2 MHz. The ensuing offline processing operation identifies the
channel as a possible QAM channel.

A 64 QAM check algorithm is then performed. The downstream
physical layer is configured to receive an 8 MHz wide channel at 674.5 MHz.
The demodulator then attempts to establish a QAM lock, that is, whether it
can identify signals located at the proper patterns of amplitude and phase for
that kind of signal. The lock fails.

A 64 QAM check algorithm is also attempted on the channel at 682.5
MHz, and succeeds. The demodulator of the receiver then tries to establish a
forward error correction (FEC) lock. The lock fails.

A 64 QAM check algorithm is then attempted on the channel at 690.5
MHz, and succeeds, and the FEC lock also succeeds. The demodulator
checks for MPEG packetization synchronization and fails.

A 64 QAM check algorithm is then attempted on the channel at 710.5
MHz. The QAM lock, FEC lock, and MPEG packetization synchronization all
succeed. The media access controller checks for MAC SYN messages.

When the media access controller recognizes a MAC SYN message, the
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- channel at 710.5 MHz is identified as valid, and the desired channel has been

found.
Example 2 - Analysis By Fine Increment Power Scan In 250 kHz Steps

To better identify each potential QAM channel’s center, the search is
done as in Example 1, except that the local oscillators of the downstream
tuner are set so that only 250 kHz of downstream signal passes through both
filters. Then each of the prospective channels at 674, 682, 690 and 710 MHz
is scanned in steps of 250 kHz. The finer scan finds that the shape of the
channel at 674 MHz is not as consistent with 64 QAM as the others and that
channel is placed at the end of the prospective channel list. The number of
potential QAM channels (L) is 4. Optionally, the channel at 674 MHz could
just as easily be deleted from the prospective channel list, reducing L to 3.
Example 3 - Analysis by Fast Fourier Transform

Alternatively, the receiver can be provided with firmware or

hardware fast Fourier transform (FFT) capability. To better identify each
potential QAM channel’s center and the shape of each signal, the search is
done as in Example 1, except that the local oscillators of the downstream
tuner are set so that the full bandwidth of the downstream tuner passes
through. A fast Fourier transform is then performed on the signal received.
The downstream tuner is then set to select another section of the downstream
signal and another fast Fourier transform is performed on that section of the
downstream signal. This is done for the full spectrum of interest, with the
separate scans being scaled by the resuits of the coarse power scan
measurements. These scaled results are combined to provide a complete
picture of the power-containing portions of the downstream spectrum. This
results in an even finer resolution than even the 250KHz bandwidth power
scan, and finds that the shape of the channel at 674 MHz is not consistent
with 64 QAM and deletes it from the prospective channel list, reducing L. to 3.
Example 4 - Analysis by Fast Fourier Transform with Alternative Scaling

The fast Fourier channel scan of Example 3 can be performed by
overlapping the scans by 1/4 of the bandwidth of the downstream tuner. The

Page 173 of 304



10

WO 02/087230 PCT/US02/10601

20

- overlappingsections can be compared and scaled against each other to
provide a complete picture of the power containing portions of the
downstream spectrum.

While the invention has been described in conjunction with a specific
embodiment thereof, additional advantages and modifications will readily
occur to those skilled in the art. The invention, in its broader aspects, is
therefore not limited to the specific details, representative apparatus, and
illustrative examples shown and described. Various alterations, modifications
and variations will be apparent to those skilled in the art in light of the
foregoing description. Thus, it should be understood that the invention is not
limited by the foregoing description, but embraces all such alterations,
modifications and variations in accordance with the spirit and scope of the

appended claims.
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CLAIMS

1. A method for locating a desired channel in a downstream signal
comprising the steps of:

scanning the downstream signal to generate a constructed channel
response;

processing the constructed channel response to generate a
prospective channel list; and

checking the prospective channel list to find the desired channel.

2. The method of claim 1 comprising in addition the step of
scanning the downstream signal with a coarse power spectrum scan to
identify power containing regions of the downstream signal, wherein the step
of scanning the downstream signal scans the power containing regions.

3. A method in accordance with Claim 1 wherein the coarse power
spectrum scan has an increment that corresponds to a downstream physical
layer bandwidth of about 6-8 MHz.

4, A method in accordance with Claim 1 wherein scanning the
downstream signal comprises a relatively finer bandwidth power spectrum
scan.

5. A method in accordance with Claim 1 wherein scanning the
downstream signal comprises a relatively finer increment power spectrum
scan.

6. A method in accordance with Claim 1 wherein scanning the
downstream signal comprises performing at least one spectrum analysis
operation.

7. A method in accordance with Claim 5, wherein the spectrum
analysis operation comprises a fast Fourier transform.

8. A method in accordance with Claim 1, wherein the prospective
channel list is checked with a QAM lock algorithm.

9. A method for locating a desired channel in a downstream signal

comprising the steps of:
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identifying power containing regions of the downstream signal with a
relatively coarse power spectrum scan wherein each step of the scan covers
about a 6-8 MHz portion of the downstream signal;

performing a relatively finer power spectrum scan on the power
containing regions of the downstream signal to generate a constructed
channel response of the power containing regions;

processing the constructed channel response of the power containing
regions to generate a prospective channel list; and

checking the prospective channel list with a QAM lock algorithm until

. the desired channel is identified.

10. A method for locating a desired channel in a downstream signal
comprising the steps of:

identifying power containing regions of the downstream signal with a
relatively coarse power spectrum scan wherein each step of the scan covers
about a 6-8 MHz portion of the ddwnstream signal;

performing a Fourier analysis on the power containing regions of the
downstream signal to generate a constructed channel response of the power
containing regions;

processing the constructed channel response of the power containing
regions to generate a prospective channel list; and

checking the prospective channel list with a QAM lock algorithm until
the desired channel is identified.
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LOW POWER MICROCELLULAR WIRELESS DROP
INTERACTIVE NETWORK

FIELD OF THE INVENTION
The present invention relates to the general field of telecommunications, and in
particular to microcellular wireless networks for interactive television, data and

telephony communications.

BACKGROUND OF THE INVENTION

A number of networks have been developed and are being developed for
delivery of interactive television, data and telephony services. A variety of delivery
architectures, structures and mechanisms permit a wide range of functionality. For
example, some networks, which offer only limited interactivity, employ existing
coaxial cable infrastructure plus existing telephone lines for return path
communications (upstream). Other networks employ Asymmetrical Digital Subscriber-
Line (“ADSL”) technology which forwards compressed digital video signals over
existing twisted pair telephone lines at up to two Mb/s. A third broad category, the
hybrid network, employs fiber optic links between the headend and a number of nodes
which service neighborhoods of approximately 500 homes, and which connect to
subscribers via coaxial cable links. In a fourth broad category, known as fiber-to-the-
curb, fiber optic links pass the subscribers more closely and connect to subscribers via
twisted pair loops. Fiber-to-the-curb networks are more expensive than the hybrid and
ADSL networks, but are generally considered more robust and capable of
accommodating greater interactivity because they are capable of accommodating
greater bandwidth.

All of these fiber/coaxial/twisted pair networks and various versions of them
involve physical cable plant to the home and thus considerable infrastructure
investment, installation lead time, community disruption and customer annoyance. In
addition. the cost of serving a customer is primarily a capital intensive sunk cost up

front, since customers must be passed to be served. As existing cable designs
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demonstrate, systems without a substantial penetration and customer acceptance cannot
be justified economically.

Such physical links also degrade over time due in part to moisture, temperature
and flexure excursions, and the inherent environmental risks on the pole and in the
ground. Such degradation can impose considerable efficiency losses over time,
particularly as content suppliers require increasingly greater bandwidth capacity and
efficiency.

Some see so-called “wireless cable” as a potential response to these issues
presented by physical network infrastructures. Apart from the long lead time and
expense required to pass hundreds of thousands of homes with wire line networks,
wireless cable is impervious to physical degradation. In a conventional network
topology, the “last mile” to the customer’s home multiplied by the number of
subscribers in the network comprises the vast proportion of the physical cable piant.
Accordingly, replacement of that cable with wireless communications has received
increasing attention in recent years.

One version of “wireless cable” networks is so called Multichannel Multipoint
Distribution Service (“MMDS”). MMDS operates in the 2.1-2.7 Ghz microwave band,
with a total of 33 analog 6-Mhz channels. Digital compression allows such MMDS
networks with 33 analog channels to transport 100 to 180 digital programs. One entrant
in the field has investigated combining MMDS with a telephone line return path for
near video on demand capability. As a practical matter, it is apparent that with POTS
return, full interactivity is probably not and never will be deployable due to the
signaling logistics of TCP/IP networks.

Conventionally, however, MMDS has been viewed as providing insufficient
bandwidth for full duplex interactive communications. Accordingly, certain entrants
have investigated so called Local Multipoint Distribution Systems (“LMDS”). These
operate at approximately 28 Ghz and follow the model of the cellular telephone. The
high frequencies and concomitant greater bandwidth are tradeoffs for shorter
transmission paths and thus smaller cell sizes. The higher frequencies also subject such
networks to increased attenuation from foliage, weather. and other physical
manifestations which obstruct the required line of sight path between the node and the

subscriber station. In short, LMDS networks are viewed by some as lacking the robust
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RF link necessary to support emerging residential interactive video, data and telephony
communications requirements which customers are demanding and which are
becoming part of the required suite of services offered by entrants in this field. In order
to obtain critical mass for coverage, LMDS cell sites would, at least in many parts of
the country, be entirely too close to each other to be commercially and economically

justified.

SUMMARY OF THE INVENTION

Systems, methods and devices according to the present invention provide a
practical implementation of wireless delivery of services including interactive video,
data and voice-grade telephony. Network interfaces and delivery platforms according
to the present invention replace the fiber / coaxial / twisted pair drop, or “last mile” of
copper plant in the ADSL, coaxial, hybrid and fiber to the curb wireline networks
mentioned above. Low power Microcellular Wireless Drop (“MWD”) networks
according to the present invention provide an economically attractive alternative to the
high cost of coaxial distribution plant which is currently deployed en masse, as well as
twisted pair and fiber links. Likewise, MWD architecture allows for service to be
connected from a point further away from the customer, such that the target population
does not need to be “passed” to be served. This transfers most of the capital intensive
cost to serve a customer into a much more variable cost structure, so that it only
requires a major capital investment once a subscriber is signed up for service. This is
obviously very attractive in light of the major investment required to build the full
service network. Unlike current MMDS networks, they use MMDS frequencies, but in
a low power, microcellular way that allows for interactivity of the sort demanded by
customers and content providers. Unlike LMDS networks, they allow for increased
robustness in radiofrequency transmissions at lower frequencies, which permits more
reliable telephony signaling and communication so as to approximate the basic lifeline
requirements to which at least some of such signaling and communication must
comply.

The present invention takes advantage of existing allocated frequency spectrum
which is currently authorized and in use both domestically and internationally for

broadcast video services, and specified as MMDS. The spectrum consists of two bands
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that are spectrally separate in the frequency ranges of 2150-2162 MHz and 2500-2686
MHz. The bands are allocated for video broadcasting in 6 MHz channels
(domestically) to be consistent with current NTSC compliant television channels. The
present invention employs a different plan, however: That the lower frequency band of
2150-2162 be converted to an upstream back channel for full-duplex bi-directional
capability, and that signals on the higher frequency bands be modulated and
multiplexed in new ways to permit analog video, digital video, internet, analog voice,
digital voice, and other signals of present and future existing formats and protocols to
be handled with maximum flexibility, robustness and reliability.

Systems according to the present invention use networks of low power
microwave transceivers in a point-to-multipoint configuration to connect a number of
subscribers (preferably in the range of 10-100) to a broadband bi-directional service
platform. Figure 1 shows, in schematic form, a network architecture according to a
preferred embodiment of the invention. Such transceivers are connected to a fiber optic
infrastructure which may be similar or identical to the fiber feeder layout of the
conventional hybrid fiber / coaxial networks mentioned above. They are sufficiently
small to mount on existing poles such as light poles, power poles, and utility poles.
These remote node transceivers convert the modulated and channelized combined
optical signal to an electrical radiofrequency (“RF”) signal and broadcast that signal to
a number of subscribers located within a defined coverage area of preferably 1000-2000
feet. The microcells are cross-polarized between adjacent cells, or if desirable, between
adjacent sectors of a given cell, to mitigate harmful interference.

The subscriber station features an integrated antenna/transceiver that receives
video, digital and telephony signals, downconverts them to an intermediate frequency,
and feeds them via coax to a Home Distribution Terminal (“HDT"”) or Network
Interface Unit (“NIU™). The transceiver equipment is preferably mounted at roof level
to allow for best reception of signal from the remote node transceiver. The HDT is a
component that is similar to current state-of-the-art digital set-top decoders, yet also
allows termination / distribution in the subscriber’s house of digital voice and data
traffic. Likewise, the NIU demultiplexes and splits the incoming signals at a common
point (i.e. the house entry point) and distributes those signals to the necessary

equipment.
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To accommodate full duplex bi-directional interactive communications, the
subscriber station equipment, preferably but not necessarily the HDT or NIU, combines
or multiplexes the upstream data and voice channels so that the information can be sent
back upstream in the network. In addition to the remote node transceiver’s downstream
broadcast functionality, the transceiver also includes equipment for the reception of the
upstream data and telephony traffic. The transceiver forwards this upstream traffic over
fiber to the headend, where the signal is split into data and telephony components and
routed to the proper path.

A band split plan according to a preferred embodiment of the present invention
is outlined below in Table 1. This table shows how the video, data and telephony
signals may be split up and modulated separately to obtain the required performance
results for each service. The higher density modulation schemes (64, 256 QAM and 16,
64 VSB) allow much higher throughput of bits, although they lack the robustness from
a propagation perspective of schemes such as QPSK and are substantially more
susceptible to noise and interference. Lower density modulations such as BPSK and
QPSK offer much more reliability under the same environmental parameters but
accommodate much less data throughput capability. Thus, for video, where the number
of video channels is a critical factor, higher level modulations are desirable. However,
voice circuits that can approximate non-interruptible “life-line” service is achievable
using lower level modulations that sacrifice capacity for reliability. With the broad 6
MHz bandwidth allowed, this capacity even at BPSK modulation would likely never be
limiting due to the limited geographical coverage of the microcell. In fact, with QPSK
modulation and Time Division Multiple Access (TDMA) for time slot assignment, and
using 2 channels in each direction (i.e. 2674-2686 MHz down and 2150-2162 MHz up)
in conjunction with currently available low-cost 32 kb/s ADPCM vocoder IC’s, a total
of 320 simuitaneous voice grade circuits is achievable. Assuming two of those circuits
are used for control and signaling, a total of 318 simultaneous voice grade circuits are
available. Conservatively assuming a peak utilization of 50% (2 subs per circuit) a total
of 636 subscriber lines are available. With 16 kbps vocoder technology quickly
becoming available with perceptually the same voice quality, this number doubles to
1272 subscriber lines per microcell. The telephony circuits employ both Frequency

Division Multiplexing (FDM) to separate upstream/downstream transmission paths and
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TDMA between users to maximize efficiency and keep costs low. The low costs derive

from the fact that both transceivers (node and subscriber) can use low-cost
diplexer/filter circuitry that offer sufficient isolation between the incoming and

outgoing signals.

Table 1. Example of Frequency Plan

Service Type | Modulation Frequency

Video | 64,256 QAM | 2500-2674

Voice\Telephony (Downstream) QPSK 2674-2680
Data (Downstream) | 64, 256 QAM | 2680-2686
Voice\Telephony (Upstream) QPSK 2150-2156
Data (Upstream) QPSK 2156-2162

In addition, due to the close proximity of the spectrum to Personal
Communication Systems (“PCS”), it is conceivable that the same type of transmission
and receiver components could be easily modified for use with the present invention.
This could lead to implementation of CDMA, OFDM, GSM or TDMA type
transmission multiplexing of signals. Since standards are already agreed on for PCS
implementation, such techniques appear logical and favorable for application in this
case. This is especially true for the emerging wireless local loop equipment that is

fixed vs. mobile.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic high level architectural diagram of a preferred form of
wireless cable network according to the present invention.

FIG. 2 is a schematic view of a preferred embodiment of a headend control
office according to the present invention.

FIG. 3 is a schematic view of a preferred embodiment of a remote node
transceiver according to the present invention.

FIG. 4 is a schematic view of a preferred embodiment of a subscriber station

according to the present invention.
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FIG. 5 is a schematic view of a subscriber Network Interface Unit according to

the present invention.

DETAILED DESCRIPTION

Figure 1 shows, in schematic form, a headend control office 10 connected via
fiber optic links 12 to a plurality of remote node transceivers 14. Transceivers 14
convert optical energy into radiofrequency energy, in the microwave, and preferably the
MMDS bands, for transmission to subscriber stations 16, each of which may
correspond to a subscriber’s home. Transceivers 14 also receive transmissions at
microwave, preferably MMDS, frequencies from subscriber stations 16, and convert
such energy to optical energy for forwarding to headend control office 10 via fiber optic
links 12, thus allowing the network to provide full duplex bi-directional interactive
video, data and telephone (voice or otherwise) communications.

Headend Control Office

With reference to FIG. 2, the Headend Control Office (“HCO™) 10 includes all
centrally located signal processing equipment in the network. Typically, the HCO
includes all components in the video delivery chain such as satellite decoders and
transcoders, off-air receivers, real-time digital encoders and other components
conventionally found in a cable headend (shown using numeral 18 in Figure 2). It also
includes internet and other network servers 20 as may be appropriate, and preferably
includes public switched telecommunications network (“PSTN™) interconnects 22 for
telephony capability. Video servers 24 may be included to store and provide video on
demand and other video content as required or requested by subscribers using the
network. Routers 26, digital multip]'excrs 28, modulators 30, combiners 32, splitters 34
and other (or fewer) components are employed as may be necessary or appropriate to
prepare the video signals 36, data signals 38 and telephony signals 40 for transmission
to remote node transceivers 14 via fiber optic links 12 using fiber-optic transmitters 36.
In addition, the HCO 10 may house components such as the channel management
control computer 42, data routers 44 as desired, demultiplexers 46, demodulators 48
and return path fiber optic receivers 50 for processing subscriber data signals 52 and

subscriber telephony signals 54.
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Broadcast video signals 36 may be received through any of a number of sources
as mentioned above. including satellite receivers and off the air receivers, MPEG Il or
otherwise digitally encoded (if analog), groomed and configured in the multiplexer 28,
modulated and channelized onto an RF carrier, combined with other channels, split (for
transmission to other node transceivers 14) and sent over fiber optic plant 12 to the
remote node transceivers 14. The combining process after RF may be done on a non-
adjacent carrier basis, as is currently the norm for a high power MMDS transmitter. If
not combined on adjacent channels, dual fiber feeders are required. The fibers may be
optically excited using state-of-the-art Externally Modulated Distributed Feedback
(DFB) laser transmitters. DFB’s allow extremely broadband RF signals to be optically
modulated with the most efficiency, and hence allow for the entire spectrum of
downstream voice, data and telephony to be carried on a single fiber. This ensures that
low cost can be maintained throughout the network since the F/Q transmitters are
generally the most expensive single component in the transmission network.

To allow for interconnection to the Telephone Network in order that subscribers
may be provided telephone service, a Node Radio Control Unit (NRCU) according to
the present invention provides time slot management to the individual voice circuits
and handle the contention management protocols such as slotted aloha.
Communication between the Remote Node Transceiver and the individual subscriber
terminals may be performed via an overhead channel within the downstream and
upstream RF channels. These types of devices are readily available in most wireless
digital voice networks such as PCS, PACS.

Remote Node Transceivers

The low-cost remote node transceiver 14 connects to the bi-directional fiber
optic links 12 that originate at the headend control office 10. This fiber optic plant 12
or infrastructure carries the modulated and channelized RF carriers that contain the
video, data and telephony signals (36, 38 and 40 respectively) in bit stream form. A
simplified schematic of the low-cost low-power remote node transceivers is 14 shown
in Figure 3. The remote node transceivers may be based on a single broadband booster
amplifier that outputs approximately 20 mW of power per channel. This translates into
13 dBm/channel or equivalently -23 dBW /channel. Using a 16 dBi transmit antenna

(either omni or sectored directional), an Effective Isotropic Radiated Power (EIRP) of
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29 dBm/channel ( or -1 dBW/channel) is broadcast. This varies dramatically from
conventional LMDS architecture, which typically outputs 28-30 dBm/channel, or at
least 50 times the required transmit power per channel as is required by the present
invention. That conventional LMDS type of power is only available in Traveling Wave
Tube (TWT) amplifiers for broadband transmissions or discrete channel solid state
amplifiers. TWT’s are renowned for their short life span and high cost, currently
approximately $50K each. This seems likely not to improve much since the technology
is World War II era and has been “tweaked” out in terms of cost/performance. Solid
State amplifiers at 28 GHz are still very much in prototype stage for these kinds of
power outputs. They are extremely limited in their bandwidth capability, have thermal
dissipation problems and require a single amplifier for cach RF channel. This implies
30+ solid state amplifiers (with expensive control circuitry) per LMDS node which
affects cost, size, reliability and maintenance, all negatively when compared to the
present invention’s MWD equipment topography. Conventional LMDS in any event
appears to be hard to justify economically, especially in regions of the country that have
foliage and high rainfall rates.

With the MWD technology according to the present invention, implementation
of the network is much simpler and cost effective since all signal processing is either
performed at the headend or at subscriber locations. The small footprint of the remote
node transceiver allows for a wide range of mounting alternatives and makes the
concept feasible from both an economic and aesthetic perspective.

Power may be supplied to the remote mode transceiver 14 by commercial 120
VAC @ 60 Hz. Additional backup power can be battery backup or generator backup
located at the transceiver site. The backup power may be configured to power only the
voice channels for emergency lifeline service. In order to use the backup power most
efficiently, it may be desirable to switch off the video carriers and transmit/receive only
the voice carriers. This can be performed several ways. From a design perspective, the
simpler approach is to transmit voice on a separate fiber and maintain a separate path
through the transceiver amplification chain. This approach is obviously the more
expensive one, given the additional electronics both at the headend and the node
transceiver, in addition to the extra infrastructure. Another broad approach is to include

intelligence in the transcetver itself that automatically shuts off the video and data
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channets, passes the voice traffic and automatically adjusts the total broadband output
power down to the level of the voice channel only. This may be performed by an
automatic level control (“ALC”) circuit in the transceiver architecture, although it adds
extra cost and complexity to the transceiver.

The microcells preferably consist of at least three radiating sectors (120° each)
and are cross polarized between adjacent cells to mitigate harmful interference due to
the many transmitters in a given geographical area. The low power of the transmitters,
the attenuation characteristics of foliage and building blockage, and the isolation gained
by cross polarizing should prove adequate for reducing interfering signals in most
cases. If desired, a four or more sector transceiver (90° each) could be implemented
using cross polarization between adjacent sectors. The better isolation may be
counteracted by increased cost and complexity, however.

Due to the potentially large number of transmitters deployed in the proposed
scenarios, radio interference from adjacent nodes and multiple subscriber transceivers
may substantially impact reliable operation. However, at the proposed frequency
ranges foliage and terrain may be used advantageously when the system is being
engineered to isolate the sources of interference. Additionally, due to the low power
transmitters, directional receive antennas and the use of cross polarization
discrimination for adjacent cells, it is conceivable that interference between node
transceivers and subscribers may be negligible, allowing for frequency reuse factors of
one. If so then the maximum efficiency in use of the spectrum can be obtained.

If interference does appear to be a problem in some areas, additional existing
techniques can be employed that mitigate interference even further. For the
downstream broadcast video portion of the spectrum, such techniques include
simulcasting the broadcast signals by controlling the relative timing of signals at each
transmitter and taking advantage of adaptive equalization in the set top to cancel out the
interfering signals. S. Merrill Weiss, Issues in Advanced Television Technology, Focal
Press, Boston (1996). This concept is new and was developed primarily for large cell
multiple transmitter systems for Advanced Television (ATV) and Digital MMDS that
are currently being built. In theory, the interference is canceled out since the interfering
signal appears like multipath to the receiver. Use of the adaptive equalization

techniques which are currently deployed in digital microwave systems makes this a
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readily available implementation that should prove cost effective. The downstream and
upstream data and voice should be somewhat immune to interference due to the more
robust modulation schemes proposed (QPSK, BPSK, etc.) for these services. If more
rejection is required, the use of frequency reuse factors greater than one can be
engineered which offers much greater performance at a price of more {imited capacity.
At the small transmission ranges proposed in the architecture, the decrease in customer
capacity does not impact the service sets too severely.
Subscriber Station

Subscriber stations according to the present invention, a preferred embodiment
of which is shown in schematic form in Figure 4, include a small low profile antenna
integrated with a subscriber transceiver 56 that includes a downconverter/upconverter
58 to convert the downstream video 36, data 38 and telephony 40 signals to a form
which may be processed in the home, and to convert the upstream subscriber data 52
and voice 54 channels to the required RF. The antenna is relatively directional and may
be of a type currently used with existing MMDS systems, being either a small planar
array, corner reflecting dipole or parabolic reflector, among other designs. It is
preferably high gain compared to an omni-directional monopole or “whip” antennae.
The size of the antenna is directly related to the gain and sidelobe, and/or off-axis
performance required. The up and downstream channels are preferably diplexed at both
the front end and back end so that a single coaxial cable can feed a Network Interface
Unit (“NIU”) 60 which demultiplexes downstream signals, multiplexes upstream
signals, and splits the signals to the proper interface or input/output device connections.

An example NIU 60 is illustrated in Figure 5. The NIU 60 is the component
that exists outside the home (versus the HDT, which resides inside the set-top box) and
connects the RF radio transport network to the respective individual service networks
inside the home. The NIU 60 performs many functions that enable the subscriber to
receive the various service sets (i.e. video, data and telephony) through the common
network architecture. The NIU 60 takes advantage of lost-cost integrated circuitry to
perform the functions of splitting and combining the bi-directional paths of the required
signals both cost effectively and reliably. The NIU 60 also takes advantage of the
existing in-house wiring for both video and telephony so that the logistics of re-wiring

homes can be kept to a minimum.
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Figure 5 shows a signal received at the CPE Transceiver that is downconverted
and sent via coax to the NIU 60. The NIU 60 sends the signal through a diplexer where
the upstream and downstream signals are isolated and combined on a single coax. The
output of the diplexer (downstream) is coupled to a pre-amp (if necessary) and then into
a splitter that breaks the signal into three equivalent full spectrum outputs. The outputs
of the splitter feed individual IF band-pass filters that reject all but the desired signals
for the given service. At this point, the video signals are once again sent through a
diplexer (for upstream/downstream separation) and feed a digital set top box via
existing coax distribution cable. Likewise the data traffic goes through a diplexer
where it feeds a cable modem which in turn is connected to a PC for high speed data
applications, i.e. internet, at home banking, etc.

The telephony traffic is routed to a demodulatoryADPCM decoder chipset which
is connected to a Signaling Control Unit (SCU) for access control, phone ring
generation etc. The SCU communicates with the Headend Telephony Control Unit
(HCT) for time slot assignment and control via the overhead in the telephony channel.
The SCU outputs an analog RJ-11 for in-home telephony distribution. The SCU may
conversely contain a small transceiver similar to a cordless phone base station that
would connect to all handsets in the home wirelessly. Contention management may be
handled by a contention management protocol such as slotted aloha.

For the case where only interactive video and data services are required (no
voice), a single coaxial feed may be employed to offer both services with distribution
being performed at a single point with a bi-directional splitter and amplifier. Services
may be separated in frequency as they are in existing and planned HFC networks.
Another technique that can be used to simplify the NIU 60 even further is the use of
telephony return cable modems so that the NIU 60 would only be required to process
video and voice with the return path being a voice-like channel that uses the same
interfaces as the voice path. Depending on capacity and traffic management concerns,
this may be done using a single time shared telephone line or multiple lines.

Using a subscriber antenna of 18 dBi gain (a typical 157x15” 16-element flat
planar array) and assuming 64 QAM modulation and the EIRP referenced in the
Remote Node Transceiver section, predicted link margins show reliability approaching

100% with propagation related outages less than | minute per year at a distance of 1
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mile. This type of statistical reliability is difficult to achieve in an LMDS environment
under normal rain conditions. Another advantage of the MWD according to the present
invention is the fact that low-gain antennas can be employed as opposed to the very
high-gain antennas (32+ dBi ) required in an LMDS environment. This makes for
much less stringent installation procedures. Also, the cost of a MMDS transceiver is
substantially less than at 28 GHz due to the same reasons specified earlier for the
remote node transceiver. Since the aggregate cost of subscriber equipment is the single
highest cost of a wireless access network, even a savings of $10 per subscriber could
negatively impact the capital costs by $10 million, assuming 1 million subscribers.
Most likely, the cost of the subscriber transceiver alone may be on the order of several
hundred dollars less than a comparatively equipped LMDS transceiver. This makes
efficient provisioning of DS-0 POTS telephony to subscribers not only economically
feasible but also extremely attractive when compared with the cost of doing likewise
with LMDS technology

The video signals 36 are disseminated over coaxial cable for in-house
distribution to set-top decoders that feed television sets 62 or other video input/output
devices. Likewise, the digital signals 38 may use ethernet or other appropriate protocol
to connect to a PC, internet compatible device, or any other desired input/output device
64 that may be adapted to interface in interactive network sessions. Voice/telephony
signals 40 are distributed via RJ-11 twisted pair to telephone sets, telecopiers,
answering machines and other telephony input/output devices 66. The upstream
subscriber data signais 52 and telephony signals 54 are also combined and processed in
the NIU 60 for transmission back to the subscriber transceiver 56. Alternatively, some
cost may be saved if the downstream and upstream signals are on dual or siamese coax
from the NIU 60 to the subscriber transceiver 56, but this obviously requires additional
cable and installation effort and expense.

A DC voltage may be placed on the coaxial cable by the NIU 60 to feed the
transceiver downconverter and upconverter stages 58. The DC voltage may be isolated
from the subscriber side of the NIU 60. Battery backup may also be contained within
the NIU 60 and used for powering the sections of the subscriber transceiver 56 needed
for the voice transmission from the transceiver 56 to the remote node transceiver 14.

The battery may be adapted to power the NIU 60 voice card and allow for ringing as
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well as two-way voice communication. A solar panel at the antenna may be used to
trickle charge the battery when not in use.

The foregoing is provided for purposes of explanation and illustration of a
preferred form of the present invention. Modifications, deletions, additions and
substitutions, such as, for instance, with respect to the frequencies used in accordance
with the invention, may be made to the devices and processes disclosed in this

document without departing from the scope or spirit of the invention.
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What is claimed is:

I. A network for communicating a plurality of signals between a headend control
office and a plurality of subscriber stations in full duplex, bi-directional fashion,

comprising;

a, a headend control office containing signal processing circuitry for
receiving a plurality of video signals from a plurality of video sources, and a
plurality of digital signals from a plurality of digital sources, and transmitting
said video and digital signals to a plurality of remote node transceivers via a
network medium, and for receiving a plurality of subscriber signals from said

remote node transceivers;

b. a plurality of remote node transceivers coupled to said headend control
office via said network medium, each of said transceivers adapted to receive
said video and digital signals, and transmit said signals, via radiofrequency
carrier in a first band of microwave frequencies, and in a plurality of sectors, to
a plurality of said subscriber stations, and to receive from said subscriber
stations via radiofrequency carrier a plurality of subscriber signals in a second
band of microwave frequencies, and transmit said subscriber signals to said

headend control office via said network medium;

c. a plurality of subscriber stations, arranged in cells, each cell of
subscriber stations corresponding to one of said remote node transceivers, each

of said subscriber stations comprising:
1. a subscriber transceiver adapted to receive said radiofrequency-
transmitted video and digital signals from its corresponding remote node

transceiver and to transmit said subscriber signals to said remote node

transceiver via radiofrequency carrier;
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2. signal processing circuitry adapted to couple said video and
digital signals to video and digital input/output devices, respectively,
and to receive subscriber signals from said input/output devices and

couple said subscriber signals to said subscriber transceiver; and

d. a plurality of said subscriber transceivers adapted to receive signals
which are cross polarized with respect to radiofrequency signals which a

plurality of other of said subscriber transceivers are adapted to receive.

2. A network according to claim 1 wherein said first band of microwave
frequencies comprises a range of between substantially 2500 and 2686 Mhz and said
second band of microwave frequencies comprises a range of between substantially 2150

to 2162 Mhz.

3. A network according to claim 1 wherein the network medium comprises fiber
optic links.
4. A network according to claim 3 wherein the headend control office comprises a

plurality of satellite receivers for receiving video signals from satellite video
transmissions and a plurality of broadcast receivers for receiving video signals from
terrestrial video transmissions, and multiplexing circuitry, modulation circuitry and at
least one fiber optic transmitter for multiplexing, modulating and transmitting said

video and digital signals to said remote node transceivers via said fiber optic links.

5. A network according to claim 4 wherein at least some of the remote node
transceivers comprise fiber optic receiver circuitry for receiving said video and digital
signals, radiofrequency transmitter circuitry for transmitting said video and digital
signals to said subscriber stations, radiofrequency receiver circuitry for receiving
subscriber signals from said subscriber stations, fiber optic transmitter circuitry for
transmitting said subscriber signals to said headend control office via said fiber optic

links.
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6. A network according to claim 4 wherein said signal processing circuitry
comprises a first diplexer circuitry adapted to separate said video and digital signals
received from said subscriber transceiver from said subscriber signals. downconverter
circuitry coupled to said first diplexer for downconverting said video and digital signals
to a form adapted for transmission on coaxial cable, upconverter circuitry coupled to
said first diplexer circuitry for upconverting said subscriber signals for coupling to said
subscriber transceiver; and second diplexer circuitry for coupling said video and digital
signals to said input/output devices and for coupling said subscriber signals to said

upconverter.

7. A network for communicating a plurality of signals between a headend control
office and a plurality of subscriber stations in full duplex, bi-directional fashion,

comprising:

a. a headend control office containing signal processing circuitry for
receiving a plurality of video signals from a plurality of video sources, a
plurality of digital signals from a plurality of digital sources, and a plurality of
telephony signals from a public switched telecommunications network, and
transmitting said video, digital and telephony signals to a plurality of remote
node transceivers via a network medium, and for receiving a plurality of

subscriber data and telephony signals from said remote node transceivers;

b. a plurality of remote node transceivers coupled to said headend control
office via said network medium, each of said transceivers adapted to receive
said video, digital and telephony signals, and transmit said signals, via
radiofrequency carrier in a frequency band of substantially 2500 to 2686 Mhz,
and in a plurality of sectors, to a plurality of said subscriber stations, and to
receive from said subscriber stations via radiofrequency carrier in a frequency
band of substantially 2150 and 2162 Mhz a plurality of subscriber data and
telephony signals and transmit said subscriber signals to said headend control

office via said network medium,;
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c. a plurality of subscriber stations, arranged in cells, each cell of
subscriber stations corresponding to one of said remote node transceivers. each

of said subscriber stations comprising:

i. a subscriber transceiver adapted to receive said radiofrequency-
transmitted video, digital and telephony signals from its corresponding
remote node transceiver and to transmit subscriber data and telephony

signals to said remote node transceiver via radiofrequency carrier;

2. signal processing circuitry adapted to couple said video, digital
and telephony signals to video, digital and telephony input/output
devices, respectively, and to receive subscriber data and telephony
signals from said input/output devices and couple said subscriber data

and telephony signals to said subscriber transceiver; and

d. a plurality of said subscriber transceivers adapted to receive signals
which are cross polarized with respect to radiofrequency signals which a

plurality of other of said subscriber transceivers are adapted to receive.

8. A network according to claim 7 wherein at least some of said remote node
transceivers are adapted to receive said subscriber signals from said subscriber stations
via frequencies in a band different from the band in which the remote node transceivers

transmit said video, digital and telephony signals.

9. A network according to claim 7 wherein at least one subscriber station within a
cell is adapted to transmit radiofrequency signals which are cross polarized with respect
to radiofrequency signals which other subscriber stations within said cell are adapted to

transmit.

10. A network according to claim 7 wherein all subscriber stations within at least

one cell are adapted to transmit radiofrequency signals which are not cross polarized
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with respect to one another, but which are cross polarized with respect to

radiofrequency signals transmitted by subscriber stations in other cells.

11. A network according to claim 7 wherein the network medium comprises fiber

optic links.

12. A network according to claim 11 wherein the headend control office comprises
a plurality of satellite receivers for receiving video signals from satellite video
transmissions, a plurality of broadcast receivers for receiving video signals from
terrestrial video transmissions, interconnection circuitry coupled to a public switched
telecommunications network coupling telephony signals to said headend control office,
and multiplexing circuitry, modulation circuitry and at least one fiber optic transmitter
for muitiplexing, modulating and transmitting said video, digital and telephony signals

to said remote node transceivers via said fiber optic links.

13. A network according to claim 11 wherein at least some of the remote node
transceivers comprise fiber optic receiver circuitry for receiving said video, digital and
telcphony signals, radiofrequency transmitter circuitry for transmitting said video,
digital signals and telephony signals to said subscriber stations, radiofrequency receiver
circuitry for receiving subscriber data and telephony signals from said subscriber
stations, and fiber optic transmitter circuitry for transmitting said subscriber signals to

said headend control office via said fiber optic links.

14. A network according to claim 11 wherein said signal processing circuitry
comprises first diplexer circuitry adapted to separate said video, digital and telephony
signals received from said subscriber transceiver from said subscriber signals,
downconverter circuitry coupled to said first diplexer for downconverting said video,
digital and telephony signals to a form adapted for transmission on coaxial cable,
upconverter circuitry coupled to said first diplexer circuitry for upconverting said
subscriber signals for coupling to said subscriber transceiver; and second diplexer
circuitry for coupling said video, digital and telephony signals to said input/output

devices and for coupling said subscriber signals to said upconverter.
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15. A network according to claim 7 in which the subscriber station further
comprises interface circuitry coupled to said second diplexer via coaxial cable, and is
adapted to separate and route to appropriate input/output devices said video, digital and

telephony signals.

16. A network for communicating a plurality of signals between a headend control
office and a plurality of subscriber stations in full duplex, bi-directional fashion,

comprising:

a. a headend contro] office containing signal processing circuitry for
receiving a plurality of video signals from a plurality of video sources, a
plurality of digital signals from a plurality of digital sources, and a plurality of
telephony signals from a public switched telecommunications network, and
transmitting said video, digital and telephony signals to a plurality of remote
node transceivers via a plurality of fiber optic links and for receiving a plurality
of subscriber data and telephony signals from said remote node transceivers,
said circuitry comprising a plurality of satellite receivers for receiving video
signals from satellite video transmissions, a plurality of broadcast receivers for
receiving video signals from terrestrial video transmissions, interconnection
circuitry coupled to a public switched telecommunications network coupling
telephony signals to said headend control office, and multiplexing circuitry,
modulation circuitry and at least one fiber optic transmitter for multiplexing,
modulating and transmitting said video, digital and telephony signals to said

remote node transceivers via said fiber optic links;

b. a plurality of remote node transceivers coupled to said headend control
office via said network medium, each of said transceivers adapted to receive
said video, digital and telephony signals, and transmit said signals, via
radiofrequency carrier in a frequency band of substantially 2500 to 2686 Mhz,
and in a plurality of sectors, to a plurality of said subscriber stations, and to

receive from said subscriber stations via radiofrequency carrier in a band of
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substantially 2150 to 2162 Mhz a plurality of subscriber data and telephony
signals and transmit said subscriber signals to said headend control office via
said fiber optic links, said remote node transceivers comprising fiber optic
receiver circuitry for receiving said video, digital and telephony signals,
radiofrequency transmitter circuitry for transmitting said video, digital signals
and telephony signals to said subscriber stations, radiofrequency receiver
circuitry for receiving subscriber data and telephony signals from said
subscriber stations, and fiber optic transmitter circuitry for transmitting said

subscriber signals to said headend control office via said fiber optic links;

c. a plurality of subscriber stations, arranged in cells, each cell of
subscriber stations corresponding to one of said remote node transceivers, each

of said subscriber stations comprising:

1. a subscriber transceiver adapted to receive said radiofrequency-
transmitted video, digital and telephony signals from its corresponding
remote node transceiver and to transmit subscriber data and telephony

signals to said remote node transceiver via radiofrequency carrier;

2. signal processing circuitry adapted to couple said video, digital
and telephony signals to video, digital and telephony input/output
devices, respectively, and to receive subscriber data and telephony
signals from said input/output devices and couple said subscriber data
and telephony signals to said subscriber transceiver, said signal
processing circuitry comprising first diplexer circuitry adapted to
separate said video, digital and telephony signals received from said
subscriber transceiver from said subscriber signals, downconverter
circuitry coupled to said first diplexer for downconverting said video,
digital and telephony signals to a form adapted for transmission on
coaxial cable, upconverter circuitry coupled to said first diplexer
circuitry for upconverting said subscriber signals for coupling to said

subscriber transceiver; and second diplexer circuitry for coupling said
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video, digital and telephony signals 1o said input/output devices and for

coupling said subscriber signals to said upconverter; and

d. a plurality of said subscriber transceivers adapted to receive signals
which are cross polarized with respect to radiofrequency signals which a

plurality of other of said subscriber transceivers are adapted to receive.

17. A network according to claim 16 wherein at least one subscriber station within a
cell is adapted to transmit radiofrequency signals which are cross polarized with respect
to radiofrequency signals which other subscriber stations within said cell are adapted to

transmit.

18. A network according to claim 16 wherein all subscriber stations within at least
one cell are adapted to transmnit radiofrequency signals which are not cross polarized
with respect to one another, but which are cross polarized with respect to

radiofrequency signals transmitted by subscriber stations in other cells.

19. A network according to claim 16 in which the remote node transceivers and said
subscriber stations contain power backup circuitry for assuring reliability of the

network to transmit and receive said telephony signals.

20. A petwork according to claim 16 comprising modulation circuitry adapted for
modulating said telephony signals in a manner that ensures reliable telephonic

communications.
21. A network according to claim 16 in which the subscriber station further
comprises interface circuitry coupled to said second diplexer via coaxial cable, and is

adapted to separate and route to appropriate input/output devices said video, digital and

telephony signals.
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22. A network according to claim 16 in which said video signals are coupled to an
input/output device comprising analog video circuitry and a remote control for

generating subscriber data signals.

23. A network according to claim 16 in which said video signals are coupled to an

input/output device comprising a keyboard for generating subscriber data signals.

24. A network according to claim 16 in which said digital signals are coupled to an

input/output device comprising analog video circuitry.
25. A network according to claim 16 in which said digital signals are coupled to an
input/output device comprising analog video circuitry, digital video circuitry, and a

keyboard for generating subscriber data signals.

26. A network according to claim 16 in which said digital signals are coupled to an

input/output device comprising a computer.

27. A network according to claim 16 in which said digital signals are coupled to an

input/output device adapted to input and output internet-compatible signals.

28. A network according to claim 16 in which said digital signals are coupled to an

input/output device adapted to input and output data signals in a session on a network.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No. 28427US13

Patent Application of:
Madhukar Reddy

EFS ELECTRONIC FILING
Application No. 17/587,462
April 14, 2022
Filed: January 28, 2022

Title: METHOD FOR RECEIVING A
TELEVISION SIGNAL

Examiner: JACKSON, BLANE J.
Group Art Unit: 2644

Confirmation No.: 9515

Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

This paper responds to the Office Action of April 13, 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 13.
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Attorney Docket No. 28427US13

LISTING OF CLAIMS

1-18 (Cancelled)

19. (Currently Amended) A method for receiving a television (TV) signal comprising:

digitizing a contiguous band of frequencies in an input signal via a wideband analog-to-digital
converter (ADC), wherein the contiguous band of frequencies comprises a plurality of
desired channels and a plurality of undesired channels;

concurrently selecting each of the plurality of desired channels from the input signal without
selecting any of the plurality of undesired channels; and

providing the plurality of desired channels_via a serial interface.

20. (Previously Presented) The method of claim 19, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via at least

one of an analog amplifier and an analog filter.

21. (Previously Presented) The method of claim 19, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding to each of the
plurality of desired channels, and wherein each corresponding complex signal comprises

an in-phase (I) component and a quadrature (Q) component.

22. (Previously Presented) The method of claim 21, wherein:

the I and Q components of each corresponding complex signal are at baseband.

23. (Previously Presented) The method of claim 21, wherein the method comprises:

filtering, via each filter of a plurality of filters, the corresponding complex signal, and wherein
each corresponding complex signal comprises a 6 MHz channel.

24. (Previously Presented) The method of claim 21, wherein the method comprises:

demodulating, via each demodulator of a plurality of demodulators, the corresponding complex

signal to generate a demodulated signal as a desired channel output.
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25. (Previously Presented) The method of claim 19, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, a desired channel, of the

plurality of desired channels.

26. (Previously Presented) The method of claim 25, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

27. (Cancelled)

28. (Cancelled)

29. (Previously Presented) The method of claim 19, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

30. (Previously Presented) The method of claim 19, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over Cable

Service Interface Specification (DOCSIS) protocol.

31. (Previously Presented) The method of claim 19, wherein:

the method is performed by a device comprising a digital video recorder (DVR).
32. (Previously Presented) The method of claim 19, wherein the method comprises:
configuring at least some of the plurality of desired channels as an output for a picture-in-picture

display.

33. (Previously Presented) The method of claim 19, wherein:

the contiguous band of frequencies comprises a portion of a frequency spectrum of the input signal.

34. (Currently Amended) A method comprising:
digitizing an input signal via a wideband analog-to-digital converter (ADC), wherein the input

signal comprises a plurality of desired channels and a plurality of undesired channels; and
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digitally down converting each desired channel, of the plurality of desired channels, to generate a
plurality of digital channel outputs; and

providing the plurality of digital channel outputs via a serial interface.

35. (Previously Presented) The method of claim 34, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via at least

one of an analog amplifier and an analog filter.

36. (Previously Presented) The method of claim 34, wherein:
digitally down converting comprises generating a corresponding complex signal for each of the
plurality of desired channels, and wherein each corresponding complex signal comprises

an in-phase (I) component and a quadrature (Q) component.

37. (Previously Presented) The method of claim 36, wherein:

the I and Q components of each corresponding complex signal are at baseband.

38. (Previously Presented) The method of claim 36, wherein the method comprises:

a filtering the corresponding complex signal, wherein a bandwidth of the complex signal is 6 MHz.

39. (Previously Presented) The method of claim 36, wherein the method comprises:

demodulating the corresponding complex signal to provide a demodulated channel as a digital
channel output.

40. (Previously Presented) The method of claim 34, wherein the method comprises:

demodulating each digitally down converted, desired channel to generate a plurality of

demodulated channels.

41. (Previously Presented) The method of claim 40, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

42. (Cancelled)
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43, (Cancelled)

44. (Previously Presented) The method of claim 34, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

45. (Previously Presented) The method of claim 34, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over Cable

Service Interface Specification (DOCSIS) protocol.

46. (Previously Presented) The method of claim 34, wherein:

the method is performed by a device comprising a digital video recorder (DVR).

47. (Previously Presented) The method of claim 34, wherein the method comprises:

providing a picture-in-picture display signal according to the plurality of digital channel outputs.

48. (Previously Presented) The method of claim 34, wherein:
the plurality of desired channels and the plurality of undesired channels comprise a portion of a

frequency spectrum of the input signal.

49. (New) A method for receiving a television (TV) signal comprising:

digitizing a contiguous band of frequencies in an input signal via a wideband analog-to-digital
converter (ADC), wherein the contiguous band of frequencies comprises a plurality of
desired channels and a plurality of undesired channels;

concurrently selecting each of the plurality of desired channels from the input signal without
selecting any of the plurality of undesired channels; and

providing the plurality of desired channels,

wherein the method is performed by a device comprising a digital video recorder (DVR).

50. (New) The method of claim 49, wherein the method comprises:
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communicating the input signal from a cable network connector to the wideband ADC via at least

one of an analog amplifier and an analog filter.

51. (New) The method of claim 49, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding to each of the
plurality of desired channels, and wherein each corresponding complex signal comprises

an in-phase (I) component and a quadrature (Q) component.

52. (New) The method of claim 51, wherein:

the I and Q components of each corresponding complex signal are at baseband.

53. (New) The method of claim 51, wherein the method comprises:
filtering, via each filter of a plurality of filters, the corresponding complex signal, and wherein

each corresponding complex signal comprises a 6 MHz channel.

54. (New) The method of claim 51, wherein the method comprises:

demodulating, via each demodulator of a plurality of demodulators, the corresponding complex
signal to generate a demodulated signal as a desired channel output.

55. (New) The method of claim 49, wherein the method comprises:

demodulating, via each demodulator of a plurality of demodulators, a desired channel, of the

plurality of desired channels.

56. (New) The method of claim 55, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

57. (New) The method of claim 49, wherein the method comprises:

providing the plurality of desired channels via a parallel interface.

58. (New) The method of claim 49, wherein the method comprises:

providing the plurality of desired channels via a serial interface.
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59. (New) The method of claim 49, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

60. (New) The method of claim 49, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over Cable

Service Interface Specification (DOCSIS) protocol.

61. (New) The method of claim 49, wherein the method comprises:
configuring at least some of the plurality of desired channels as an output for a picture-in-picture

display.

62. (New) The method of claim 49, wherein:

the contiguous band of frequencies comprises a portion of a frequency spectrum of the input signal.

63. (New) A method comprising:

digitizing an input signal via a wideband analog-to-digital converter (ADC), wherein the input
signal comprises a plurality of desired channels and a plurality of undesired channels; and

digitally down converting each desired channel, of the plurality of desired channels, to generate a
plurality of digital channel outputs,

wherein the method is performed by a device comprising a digital video recorder (DVR).

64. (New) The method of claim 63, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via at least

one of an analog amplifier and an analog filter.

65. (New) The method of claim 63, wherein:
digitally down converting comprises generating a corresponding complex signal for each of the
plurality of desired channels, and wherein each corresponding complex signal comprises

an in-phase (I) component and a quadrature (Q) component.
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66. (New) The method of claim 65, wherein:

the I and Q components of each corresponding complex signal are at baseband.

67. (New) The method of claim 65, wherein the method comprises:

a filtering the corresponding complex signal, wherein a bandwidth of the complex signal is 6 MHz.

68. (New) The method of claim 65, wherein the method comprises:
demodulating the corresponding complex signal to provide a demodulated channel as a digital

channel output.
69. (New) The method of claim 63, wherein the method comprises:
demodulating each digitally down converted, desired channel to generate a plurality of

demodulated channels.

70. (New) The method of claim 69, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

71. (New) The method of claim 63, wherein the method comprises:

providing the plurality of digital channel outputs via a parallel interface.

72. (New) The method of claim 63, wherein the method comprises:

providing the plurality of digital channel outputs via a serial interface.

73. (New) The method of claim 63, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.
74. (New) The method of claim 63, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over Cable

Service Interface Specification (DOCSIS) protocol.

75. (New) The method of claim 63, wherein the method comprises:
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providing a picture-in-picture display signal according to the plurality of digital channel outputs.

76. (New) The method of claim 63, wherein:
the plurality of desired channels and the plurality of undesired channels comprise a portion of a

frequency spectrum of the input signal.

77. (New) A method for receiving a television (TV) signal comprising:

digitizing a contiguous band of frequencies in an input signal via a wideband analog-to-digital
converter (ADC), wherein the contiguous band of frequencies comprises a plurality of
desired channels and a plurality of undesired channels;

concurrently selecting each of the plurality of desired channels from the input signal without
selecting any of the plurality of undesired channels;

providing the plurality of desired channels; and

configuring at least some of the plurality of desired channels as an output for a picture-in-picture

display.

78. (New) The method of claim 77, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via at least

one of an analog amplifier and an analog filter.

79. (New) The method of claim 77, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding to each of the
plurality of desired channels, and wherein each corresponding complex signal comprises

an in-phase (I) component and a quadrature (Q) component.

80. (New) The method of claim 79, wherein:

the I and Q components of each corresponding complex signal are at baseband.

81. (New) The method of claim 79, wherein the method comprises:
filtering, via each filter of a plurality of filters, the corresponding complex signal, and wherein

each corresponding complex signal comprises a 6 MHz channel.
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82. (New) The method of claim 79, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, the corresponding complex

signal to generate a demodulated signal as a desired channel output.

83. (New) The method of claim 77, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, a desired channel, of the

plurality of desired channels.

84. (New) The method of claim 83, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

85. (New) The method of claim 77, wherein the method comprises:

providing the plurality of desired channels via a parallel interface.

86. (New) The method of claim 77, wherein the method comprises:

providing the plurality of desired channels via a serial interface.

87. (New) The method of claim 77, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

88. (New) The method of claim 77, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over Cable

Service Interface Specification (DOCSIS) protocol.

89. (New) The method of claim 77, wherein:
the method is performed by a device comprising a digital video recorder (DVR).

90. (New) The method of claim 77, wherein:

the contiguous band of frequencies comprises a portion of a frequency spectrum of the input signal.
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91. (New) A method comprising:

digitizing an input signal via a wideband analog-to-digital converter (ADC), wherein the input
signal comprises a plurality of desired channels and a plurality of undesired channels;

digitally down converting each desired channel, of the plurality of desired channels, to generate a
plurality of digital channel outputs; and

configuring at least some of the plurality of desired channels as an output for a picture-in-picture

display.

92. (New) The method of claim 91, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via at least

one of an analog amplifier and an analog filter.

93. (New) The method of claim 91, wherein:
digitally down converting comprises generating a corresponding complex signal for each of the
plurality of desired channels, and wherein each corresponding complex signal comprises

an in-phase (I) component and a quadrature (Q) component.

94, (New) The method of claim 93, wherein:

the I and Q components of each corresponding complex signal are at baseband.

95. (New) The method of claim 93, wherein the method comprises:

a filtering the corresponding complex signal, wherein a bandwidth of the complex signal is 6 MHz.

96. (New) The method of claim 93, wherein the method comprises:

demodulating the corresponding complex signal to provide a demodulated channel as a digital
channel output.

97. (New) The method of claim 91, wherein the method comprises:

demodulating each digitally down converted, desired channel to generate a plurality of

demodulated channels.
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98. (New) The method of claim 97, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

99. (New) The method of claim 91, wherein the method comprises:

providing the plurality of digital channel outputs via a parallel interface.

100. (New) The method of claim 91, wherein the method comprises:

providing the plurality of digital channel outputs via a serial interface.

101. (New) The method of claim 91, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

102. (New) The method of claim 91, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data Over Cable

Service Interface Specification (DOCSIS) protocol.

103. (New) The method of claim 91, wherein:

the method is performed by a device comprising a digital video recorder (DVR).

104. (New) The method of claim 91, wherein:
the plurality of desired channels and the plurality of undesired channels comprise a portion of a

frequency spectrum of the input signal.

Page 12 of 16

Page 238 of 304



Attorney Docket No. 28427US13

REMARKS

The present application includes pending claims 19-48. Claims 19-27, 29-30, 33-42, 44-
45 and 48 have been rejected. Claims 28, 31, 32, 43, 46 and 47 as examined are objected to as
being dependent upon a rejected base claim, but would be allowable if rewritten in independent
form including all of the limitations of the base claim and any intervening claims. The Office

Action of April 13, 2022 (“OA”) has been carefully considered.

Reconsideration in view of the following remarks is respectfully requested. Though the
Applicant generally disagrees with such rejections, to expedite allowance of various pending
claims, claims 19 and 34 have been amended, claims 27, 28, 42 and 43 have been cancelled, and

claims 49-104 have been added as new.

Note that such amendments are in no way to be construed as the Applicant agreeing with
any rejections not specifically discussed below. The Applicant respectfully traverses the above
rejections at least for the reasons previously set forth during prosecution and at least based on the
following remarks. Examination and reconsideration of the claims in view of the following

remarks are respectfully requested.

Allowable Subject Matter

Claims 28, 31, 32, 43, 46 and 47 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the limitations of

the base claim and any intervening claims. Accordingly, the follow amendment are submitted:

¢ All of the limitations of allowable claim 28 are added to base claim 19 and there
are no intervening claims. Therefore, claim 19 as amended is allowable.

¢ (Claims 20-26 and 29-33 are allowable at least according to their dependencies.

¢ (Claims 27 and 28 as previously presented are cancelled.

e All of the limitations of allowable claim 43 are added to base claim 34 and there
are no intervening claims. Therefore, claim 34 as amended is allowable.

e (laims 35-41 and 44-48 are allowable at least according to their dependencies.

¢ (laims 42 and 43 as previously presented are cancelled.
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® New claim 49 includes all of the limitations of allowable claim 31 as examined and
base claim 19 as examined and there are no intervening claims. Therefore, new
claim 49 is allowable.

e New claims 50-62 include all of the limitations of claims 20-30, 32 and 33 as
examined, respectively. New claims 50-62 are allowable at least according to their
dependencies.

¢ New claim 63 includes all of the limitations of allowable claim 46 as examined and
base claim 34 as examined and there are no intervening claims. Therefore, new
claim 63 is allowable.

e New claims 64-76 include all of the limitations of claims 35-45, 47 and 48 as
examined, respectively. New claims 64-76 are allowable at least according to their
dependencies.

® New claim 77 includes all of the limitations of allowable claim 32 as examined and
base claim 19 as examined and there are no intervening claims. Therefore, new
claim 77 is allowable.

¢ New claims 78-90 include all of the limitations of claims 20-31 and 33 as examined,
respectively. New claims 78-90 are allowable at least according to their
dependencies.

® New claim 91 includes all of the limitations of allowable claim 47 as examined and
base claim 34 as examined and there are no intervening claims. Therefore, new
claim 91 is allowable.

* New claims 92-104 include all of the limitations of claims 35-46 and 48 as
examined, respectively. New claims 92-104 are allowable at least according to their

dependencies.

For the aforementioned reasons, claims 19-26, 29-41, 44-48 as amended are allowable and new

claims 49-104 are allowable.

Double Patenting
The claims as examined are rejected on the ground of nonstatutory obviousness-type

double patenting as being allegedly unpatentable over claims of U.S. Patent No. 9,100,622.
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The Applicant respectfully traverses the above rejection, but in order to advance
prosecution a terminal disclaimer is filed herewith. The terminal disclaimer obviates and therefore

overcomes the nonstatutory obviousness-type double patenting rejection.

Rejections under 35 U.S.C.§103

Claims 19-27, 29, 30, 33-42, 44, 45 and 48 are rejected under 35 U.S.C. 103 as being
allegedly unpatentable over Skones (U.S. Patent No. 6,760,342) in view of Uskali (WO
02/087230).

The Applicant traverses these rejections, but in order to advance prosecution has amended
the claims as described above. Claims 19 and 34 as amended render moot and therefore overcome

the rejection under 35 U.S.C. 103.

For at least the aforementioned reasons, claims 19-26, 29-41 and 44-48 as amended are

allowable.

Final Matters

The Office Action makes various statements, including without limitation statements
regarding the claims, 35 U.S.C. §103, 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 address all of such statements at the present time. However, the Applicant
expressly reserves the right to challenge such statements in the future should the need arise (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.
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Conclusion

The Applicant submits that the pending claims are 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 Examiner is 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: April 14, 2022 /[Wayne H. Bradley/
Wayne H. Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street

34® Floor

Chicago, 1l 60661

Phone (312) 775-8000

Fax  (312) 775-8100
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No. 28427US13

Patent Application of:
Madhukar Reddy
EFS ELECTRONIC FILING
Application No. 17/587,462
June 2, 2022

Filed: January 28, 2022

Title: METHOD FOR RECEIVING A
TELEVISION SIGNAL

Examiner: JACKSON, BLANE J.
Group Art Unit: 2644

Confirmation No.: 9515

Supplemental Amendment

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

The Office Action of April 13, 2022 (“OA”) was responded to on April 14, 2022
(“Response”). Claims 19-26, 29-41, 44-104 as presented in the Response are believed to be
allowable. The Applicant respectfully requests the entry of this Supplemental Amendment prior

to a notice of allowance.

Amendments to the Claims begin on page 2.

Remarks begin on page 13.
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LISTING OF CLAIMS

1-18. (Cancelled)

19.  (Currently Amended) A method for receiving a television (TV) signal comprising:

receiving an input signal from a cable network:

digitizing a contiguous band of frequencies in an-the input signal via a wideband
analog-to-digital converter (ADC), wherein the contiguous band of frequencies comprises

all received channels that exist in the input signal and the received channels comprise[[s]]

a plurality of desired channels and a plurality of undesired channels;
concurrently selecting each of the plurality of desired channels from the input signal
without selecting any of the plurality of undesired channels; and

providing the plurality of desired channels via a serial interface.

20.  (Previously Presented) The method of claim 19, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband

ADC via at least one of an analog amplifier and an analog filter.

21.  (Previously Presented) The method of claim 19, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding to each
of the plurality of desired channels, and wherein each corresponding complex signal

comprises an in-phase (I) component and a quadrature (Q) component.

22.  (Previously Presented) The method of claim 21, wherein:

the I and Q components of each corresponding complex signal are at baseband.

23.  (Previously Presented) The method of claim 21, wherein the method comprises:
filtering, via each filter of a plurality of filters, the corresponding complex signal, and

wherein each corresponding complex signal comprises a 6 MHz channel.

Page 2 of 14
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24.  (Previously Presented) The method of claim 21, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, the corresponding

complex signal to generate a demodulated signal as a desired channel output.
25.  (Previously Presented) The method of claim 19, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, a desired channel, of

the plurality of desired channels.

26.  (Previously Presented) The method of claim 25, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

27.  (Cancelled)

28.  (Cancelled)

29.  (Previously Presented) The method of claim 19, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.
30.  (Previously Presented) The method of claim 19, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data

Over Cable Service Interface Specification (DOCSIS) protocol.

31.  (Previously Presented) The method of claim 19, wherein:

the method is performed by a device comprising a digital video recorder (DVR).

32.  (Previously Presented) The method of claim 19, wherein the method comprises:
configuring at least some of the plurality of desired channels as an output for a

picture-in-picture display.
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33.  (Cancelled)

34.  (Currently Amended) A method comprising:

receiving an input signal from a cable network:

digitizing an-all received channels in the input signal via a wideband analog-to-
digital converter (ADC), wherein the inputsignal-comprises-received channels comprise a

plurality of desired channels and a plurality of undesired channels;-and

digitally down converting each desired channel, of the plurality of desired channels,
to generate a plurality of digital channel outputs; and

providing the plurality of digital channel outputs via a serial interface.

35.  (Previously Presented) The method of claim 34, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband ADC via

at least one of an analog amplifier and an analog filter.

36.  (Previously Presented) The method of claim 34, wherein:
digitally down converting comprises generating a corresponding complex signal for
each of the plurality of desired channels, and wherein each corresponding complex signal

comprises an in-phase (I) component and a quadrature (Q) component.

37.  (Previously Presented) The method of claim 36, wherein:

the I and Q components of each corresponding complex signal are at baseband.

38.  (Previously Presented) The method of claim 36, wherein the method comprises:
a filtering the corresponding complex signal, wherein a bandwidth of the complex

signal is 6 MHz.

39.  (Previously Presented) The method of claim 36, wherein the method comprises:

demodulating the corresponding complex signal to provide a demodulated channel as a

Page 4 of 14
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digital channel output.
40.  (Previously Presented) The method of claim 34, wherein the method comprises:
demodulating each digitally down converted, desired channel to generate a plurality of

demodulated channels.

41.  (Previously Presented) The method of claim 40, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

42.  (Cancelled)

43.  (Cancelled)

44.  (Previously Presented) The method of claim 34, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.
45.  (Previously Presented) The method of claim 34, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data

Over Cable Service Interface Specification (DOCSIS) protocol.

46.  (Previously Presented) The method of claim 34, wherein:

the method is performed by a device comprising a digital video recorder (DVR).
47.  (Previously Presented) The method of claim 34, wherein the method comprises:

providing a picture-in-picture display signal according to the plurality of digital channel

outputs.

48.  (Cancelled)
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49.  (Currently Amended) A method for receiving a television (TV) signal comprising:

receiving an input signal from a cable network:

digitizing a contiguous band of frequencies in an-the input signal via a wideband
analog-to-digital converter (ADC), wherein the contiguous band of frequencies comprises

all received channels that exist in the input signal and the received channels comprise[[s]]

a plurality of desired channels and a plurality of undesired channels;

concurrently selecting each of the plurality of desired channels from the input signal
without selecting any of the plurality of undesired channels; and

providing the plurality of desired channels,

wherein the method is performed by a device comprising a digital video recorder

(DVR).

50.  (Previously Presented) The method of claim 49, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband

ADC via at least one of an analog amplifier and an analog filter.

51.  (Previously Presented) The method of claim 49, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding
to each of the plurality of desired channels, and wherein each corresponding complex

signal comprises an in-phase (I) component and a quadrature (Q) component.

52.  (Previously Presented) The method of claim 51, wherein:

the I and Q components of each corresponding complex signal are at baseband.
53.  (Previously Presented) The method of claim 51, wherein the method comprises:
filtering, via each filter of a plurality of filters, the corresponding complex signal,
and wherein each corresponding complex signal comprises a 6 MHz channel.
54.  (Previously Presented) The method of claim 51, wherein the method comprises:
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demodulating, via each demodulator of a plurality of demodulators, the
corresponding complex signal to generate a demodulated signal as a desired channel

output.

55.  (Previously Presented) The method of claim 49, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, a desired

channel, of the plurality of desired channels.

56.  (Previously Presented) The method of claim 55, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

57.  (Previously Presented) The method of claim 49, wherein the method comprises:

providing the plurality of desired channels via a parallel interface.

58.  (Previously Presented) The method of claim 49, wherein the method comprises:

providing the plurality of desired channels via a serial interface.

59.  (Previously Presented) The method of claim 49, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

60.  (Previously Presented) The method of claim 49, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data

Over Cable Service Interface Specification (DOCSIS) protocol.

61.  (Previously Presented) The method of claim 49, wherein the method comprises:
configuring at least some of the plurality of desired channels as an output for a

picture-in-picture display.

62. (Cancelled)
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63.  (Currently Amended) A method comprising:

receiving an input signal from a cable network:

digitizing an-all received channels in the input signal via a wideband analog-to-

digital converter (ADC), wherein the input—signal-received channels comprise[[s]] a

plurality of desired channels and a plurality of undesired channels; and

digitally down converting each desired channel, of the plurality of desired channels,
to generate a plurality of digital channel outputs,

wherein the method is performed by a device comprising a digital video recorder

(DVR).

64.  (Previously Presented) The method of claim 63, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband

ADC via at least one of an analog amplifier and an analog filter.

65.  (Previously Presented) The method of claim 63, wherein:
digitally down converting comprises generating a corresponding complex signal for
each of the plurality of desired channels, and wherein each corresponding complex signal

comprises an in-phase (I) component and a quadrature (Q) component.

66.  (Previously Presented) The method of claim 65, wherein:

the I and Q components of each corresponding complex signal are at baseband.

67.  (Previously Presented) The method of claim 65, wherein the method comprises:
a filtering the corresponding complex signal, wherein a bandwidth of the complex

signal is 6 MHz.

68.  (Previously Presented) The method of claim 65, wherein the method comprises:

demodulating the corresponding complex signal to provide a demodulated channel
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as a digital channel output.

69.  (Previously Presented) The method of claim 63, wherein the method comprises:
demodulating each digitally down converted, desired channel to generate a plurality

of demodulated channels.

70.  (Previously Presented) The method of claim 69, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

71.  (Previously Presented) The method of claim 63, wherein the method comprises:

providing the plurality of digital channel outputs via a parallel interface.

72.  (Previously Presented) The method of claim 63, wherein the method comprises:

providing the plurality of digital channel outputs via a serial interface.

73.  (Previously Presented) The method of claim 63, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.

74. (Previously Presented) The method of claim 63, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data

Over Cable Service Interface Specification (DOCSIS) protocol.

75.  (Previously Presented) The method of claim 63, wherein the method comprises:

providing a picture-in-picture display signal according to the plurality of digital

channel outputs.

76.  (Cancelled)

77.  (Currently Amended) A method for receiving a television (TV) signal comprising:
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receiving an input signal from a cable network:

digitizing a contiguous band of frequencies in an-the input signal via a wideband
analog-to-digital converter (ADC), wherein the contiguous band of frequencies comprises

all received channels that exist in the input signal and the received channels comprise a

plurality of desired channels and a plurality of undesired channels;

concurrently selecting each of the plurality of desired channels from the input signal
without selecting any of the plurality of undesired channels;

providing the plurality of desired channels; and

configuring at least some of the plurality of desired channels as an output for a

picture-in-picture display.

78.  (Previously Presented) The method of claim 77, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband

ADC via at least one of an analog amplifier and an analog filter.

79.  (Previously Presented) The method of claim 77, wherein the method comprises:
generating, via each mixer of a plurality of mixers, a complex signal corresponding
to each of the plurality of desired channels, and wherein each corresponding complex

signal comprises an in-phase (I) component and a quadrature (Q) component.

80.  (Previously Presented) The method of claim 79, wherein:

the I and Q components of each corresponding complex signal are at baseband.

81.  (Previously Presented) The method of claim 79, wherein the method comprises:
filtering, via each filter of a plurality of filters, the corresponding complex signal,

and wherein each corresponding complex signal comprises a 6 MHz channel.

82.  (Previously Presented) The method of claim 79, wherein the method comprises:

demodulating, via each demodulator of a plurality of demodulators, the

Page 10 of 14

Page 268 of 304



Attorney Docket No. 28427US13

corresponding complex signal to generate a demodulated signal as a desired channel

output.

83.  (Previously Presented) The method of claim 77, wherein the method comprises:
demodulating, via each demodulator of a plurality of demodulators, a desired

channel, of the plurality of desired channels.

84.  (Previously Presented) The method of claim 83, wherein the method comprises:

providing a plurality of demodulated desired channels via a parallel interface.

85.  (Previously Presented) The method of claim 77, wherein the method comprises:

providing the plurality of desired channels via a parallel interface.

86.  (Previously Presented) The method of claim 77, wherein the method comprises:

providing the plurality of desired channels via a serial interface.

87.  (Previously Presented) The method of claim 77, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.
88.  (Previously Presented) The method of claim 77, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data

Over Cable Service Interface Specification (DOCSIS) protocol.

89.  (Previously Presented) The method of claim 77, wherein:

the method is performed by a device comprising a digital video recorder (DVR).

90. (Cancelled)

91.  (Currently Amended) A method comprising:
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receiving an input signal from a cable network:

digitizing an-all received channels in the input signal via a wideband analog-to-

digital converter (ADC), wherein the input-signal-comprises-received channels comprise a
plurality of desired channels and a plurality of undesired channels;

digitally down converting each desired channel, of the plurality of desired channels,
to generate a plurality of digital channel outputs; and
configuring at least some of the plurality of desired channels as an output for a

picture-in-picture display.

92.  (Previously Presented) The method of claim 91, wherein the method comprises:
communicating the input signal from a cable network connector to the wideband

ADC via at least one of an analog amplifier and an analog filter.

93.  (Previously Presented) The method of claim 91, wherein:
digitally down converting comprises generating a corresponding complex signal for
each of the plurality of desired channels, and wherein each corresponding complex signal

comprises an in-phase (I) component and a quadrature (Q) component.

94.  (Previously Presented) The method of claim 93, wherein:

the I and Q components of each corresponding complex signal are at baseband.
95.  (Previously Presented) The method of claim 93, wherein the method comprises:

a filtering the corresponding complex signal, wherein a bandwidth of the complex
signal is 6 MHz.
96.  (Previously Presented) The method of claim 93, wherein the method comprises:

demodulating the corresponding complex signal to provide a demodulated channel

as a digital channel output.
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97.  (Previously Presented) The method of claim 91, wherein the method comprises:
demodulating each digitally down converted, desired channel to generate a plurality

of demodulated channels.

98.  (Previously Presented) The method of claim 97, wherein the method comprises:

providing the plurality of demodulated channels via a parallel interface.

99.  (Previously Presented) The method of claim 91, wherein the method comprises:

providing the plurality of digital channel outputs via a parallel interface.

100. (Previously Presented) The method of claim 91, wherein the method comprises:

providing the plurality of digital channel outputs via a serial interface.

101. (Previously Presented) The method of claim 91, wherein:

the plurality of desired channels comprises at least one cable broadcast channel.
102. (Previously Presented) The method of claim 91, wherein:
the plurality of desired channels comprises at least one channel delivered via a Data

Over Cable Service Interface Specification (DOCSIS) protocol.

103. (Previously Presented) The method of claim 91, wherein:

the method is performed by a device comprising a digital video recorder (DVR).

104. (Cancelled)
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REMARKS

The Office Action of April 13, 2022 (“OA”) was responded to on April 14, 2022
(“Response”). Claims 19-26, 29-41, 44-104 as presented in the Response are believed to be

allowable.

This Supplemental Amendment amends claims 19, 34,49, 63 77, and 91 and cancels claims
33, 48, 62, 76, 90, and 104. Accordingly 19-26, 29-32, 34-41, 44- 47, 49-61, 63-75, 77-89, and
91-103 as amended are believed to be allowable. The Applicant respectfully requests the entry of

this Supplemental Amendment prior to a notice of allowance.

Conclusion

The Applicant submits that the pending claims are 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 Examiner is 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: June 2, 2022 /Wayne H. Bradley/
Wayne H. Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street

34" Floor

Chicago, 1l 60661

Phone (312) 775-8000

Fax  (312) 775-8100
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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
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approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to the supplemental amendment filed 02 June 2022.
(3 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:
a) CJAIl b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.

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

* Certified copies not received:

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

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

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

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

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

Attachment(s)

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

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

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

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

/BLANE J JACKSON/
Primary Examiner, Art Unit 2644

U.S. Patent and Trademark Office )
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220525
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Continuation Sheet (PTOL-37) Application No. 17/587,462

Continuation of 3. The allowed claim(s) is/are: 19-26,29-32,34-41,44-47,49-61,63-75,77-89 and 91-103
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Application/Control Number: 17/587,462 Page 2
Art Unit: 2644

DETAILED ACTION

Notice of Pre-AIA or AIA Status

The present application is being examined under the pre-AlA first to invent provisions.

Terminal Disclaimer
The terminal disclaimer filed on 14 April 2022 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date of US

9,100,622 has been reviewed and is accepted. The terminal disclaimer has been recorded.

Information Disclosure Statement

The Information Disclosure Statement filed 20 April 2022 is made of record.

Allowable Subject Matter
Claims 19-26, 29-32, 34-41, 44-47, 49-61, 63-75, 77-89 and 91-103 are allowed.
Reference the applicant’s Remarks filed 14 April 2022 and 02 June 2022 for reasons for

allowance.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to BLANE J JACKSON whose telephone number is (571)272-7890.

The examiner can normally be reached 7:30-4:30 M-TH; 8-2 FRL
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Application/Control Number: 17/587,462 Page 3
Art Unit: 2644

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kathy Wang-Hurst can be reached on 571 270 5371. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

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

/BLANE J JACKSON/
Primary Examiner, Art Unit 2644
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;557 462 Reddy et al.
H “‘ “l“ “‘ Examiner Art Unit
BLANE J JACKSON 2644
CPC
Symbol Type Version
HO4N 4263 F 2013-01-01
HO04B 0014 | 2013-01-01
HO4N 50 | 2013-01-01
HO4N 4383 | 2013-01-01
HO4N 454 | 2013-01-01
HO4N 6193 | 2013-01-01
HO4N 6143 | 2013-01-01
HO4N 455 | 2013-01-01
HO4N 4382 | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 76
/Blane J Jackson/ 03 June 2022
. . O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner)
(Date) 19 2

U.S. Patent and Trademark Office

Page 1 of 3
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

17/587,462 Reddy et al.
Examiner Art Unit
BLANE J JACKSON 2644

INTERNATIONAL CLASSIFICATION

CLAIMED

H04B

HO4N

H04B

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

(Primary Examiner)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 76
/Blane J Jackson/ 03 June 2022

O.G. Print Claim(s) | O.G. Print Figure

(Date) 19 2

U.S. Patent and Trademark Office

Part of Paper No.: 20220525
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;557 462 Reddy et al.

H “‘ “l“ “‘ o s
BLANE J JACKSON 2644

(0 Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. [ R.1.47
CLAIMS

Final [Original|Final OriginallFinaI Original|Final [Original|Final |Original{Final |Original]Final [Original]Final [Original
1 19 10 30 20 41 28 52 38 63 49 74 59 85 69 96
2 20 11 31 42 29 53 39 64 50 75 60 86 70 97
3 21 12 32 43 30 54 40 65 76 61 87 71 98
4 22 33 21 44 31 55 41 66 51 77 62 88 72 99
5 23 13 34 22 45 32 56 42 67 52 78 63 89 73 100
6 24 14 35 23 46 33 57 43 68 53 79 90 74 101
7 25 15 36 24 47 34 58 44 69 54 80 64 91 75 102
8 26 16 37 48 35 59 45 70 55 81 65 92 76 103
27 17 38 25 49 36 60 46 71 56 82 66 93 104
28 18 39 26 50 37 61 47 72 57 83 67 94
9 29 19 40 27 51 62 48 73 58 84 68 95
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 76
/Blane J Jackson/ 03 June 2022

. . O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner)

(Date) 19 2
U.S. Patent and Trademark Office Part of Paper No.: 20220525

Page 3 of 3
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Search Nofes

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/587,462 Reddy et al.
L
BLANE J JACKSON 2644
CPC - Searched*
Symbol Date Examiner
HO4N 5/455, 5/50, 21/4382, 21/4383, 21/454, 21/6143, 21/6193 04/07/2022 BJJ
HO04B 1/16, 1/0014 04/07/2022 BJJ
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

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

the search.

Search Notes

Search Notes Date Examiner
Review of parent patents & IDS, PE@E Search with DP to FAOM 04/07/2022 BJJ
Review of amendments & prior art; update SEARCH to issue 05/20/2022 BJJ
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

no interference listed symbol / group 05/20/2022 BJJ

U.S. Patent and Trademark Office

Page 1 of 1
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

17/587,462 - GAU: 2644

PTO/SB/08a (01-22)

Approved for use through 05/31/2024. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number 17587462
Filing Date P022-01-28
First Named Inventor “\lladhukar Reddy

Art Unit 2644
Examiner Name | JACKSON, BLANE J.

Attorney Docket Number |28427US13

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1 7130576 P006-10-31 (Gurantz et al
2 7477871 P009-01-13 [Gurantz et al
3 V542715 P009-06-02 [Gurantz et al
4 7783958 P010-08-24 Fidson et al
5 7941091 P011-05-10 Doherty et al
6 B023912 0011-09-20 Petrovic et al
7 B086170 P011-12-27 Petrovic et al
8 B238813 P012-08-07 Popoli

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RB.J.J/
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

17/587,462 ~ GAU: 2644
Application Number 17587462
Filing Date 2022-01-28
First Named Inventor ‘ Madhukar Reddy
Art Unit | 2644
Examiner Name | JACKSON, BLANE J.
Attorney Docket Number | 28427US13

9 B566678 P013-10-22 Fidson et al

10 B611809 P013-12-17 Popoli

11 B892026 014-11-18 Petrovic et al

12 0219557 P015-12-22 Bargroff et al

13 0413476 P016-08-09 Petrovic et al

14 0853757 P017-12-26 Petrovic et al

15 10439746 P019-10-08 Petrovic et al

16 11139902 0021-10-05 Petrovic et al

If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner]
Initial*

Cite No

Publication
Number

Kind
Code?

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

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

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RB.J.J/
Page 288 of 304



17/587,462 - GAU: 2644

Application Number 17587462
Filing Date 2022-01-28
INFORMATION DISCLOSURE First Named Inventor ‘ Madhukar Reddy
STATEMENT BY APPLICANT ,
L Art Unit | 2644
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ JACKSON, BLANE J.
Attorney Docket Number |28427US13

FOREIGN PATENT DOCUMENTS w
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code4| Date PP Passages or Relevant
Document .
Figures Appear

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

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

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

EXAMINER SIGNATURE

Examiner Signature /BLANE J JACKSON/ Date Considered ‘ 05/20/2022

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

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

EFS Web 2.1.18
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RB.J.J/
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17/587,462 - GAU: 2644

Application Number 17587462

Filing Date 2022-01-28
First Named Inventor ‘ Madhukar Reddy
Art Unit | 2644
Examiner Name ‘ JACKSON, BLANE J.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Attorney Docket Number |28427US13

CERTIFICATION STATEMENT

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

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

OR

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

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

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

X A certification statement is not submitted herewith.

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

Signature /MWayne H. Bradley/ Date (YYYY-MM-DD) 2022-04-20
Name/Print Wayne H. Bradley Registration Number |39916

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RB.J.J/
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17/587,462 - GAU: 2644

Privacy Act Statement

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

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

1.

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

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

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

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

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

A record in this system of records may be disclosed, as a routine use, to ancother federal agency for purposes of
National Security review (35 U.5.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 GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

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

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RB.J.J/
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

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

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

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

23446 7590 06/15/2022 Certificate of Mailing or Transmission

MCANDREWS HELD & MALLOY. LTD I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ States Postal Service with sufficient postage for first class mail in an envelope
500 WEST MADISON STREET addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 3400 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
CHICAGO, IL 60661 Wavne H. Bradley (Typed or printed name)
/Wayne H. Bradley/ (Signature)
June 15, 2022 (Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/587,462 01/28/2022 Madhukar Reddy 28427US13 9515

TITLE OF INVENTION: METHOD FOR RECEIVING A TELEVISION SIGNAL

I APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 09/15/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
JACKSON, BLANEJ 2644 348-731000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363).

(1) The names of up to 3 registered patent attorneys McAndrews. Held & Malloy Ltd.
or agents OR, alternatively, 1 > i

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

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

(] "Fee 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 Number is required.

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

|93}

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

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

& Electronic Payment via EFS-Web (] Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)
@ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 130017

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

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

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

M Applicant certifying micro entity status. See 37 CFR 1.29

M Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.
/Wayne H. Bradley/ June 15, 2022

Authorized Signature Date
Wayne H. Bradle
Typed or printed name Y ¥ Registration No. 39916
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No.: 28427US13

Patent Application of:
Madhukar Reddy

Application No. 17/587.462 Filed electronically on June 15, 2022

Filed: January 28, 2022

Title: METHOD FOR RECEIVING A
TELEVISION SIGNAL

Examiner: JACKSON, BLANE J.

Group Art Unit: 2644

R N N T T N T N N N T N e

Confirmation No.: 79515

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Mail Stop: Issue Fee
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
This paper responds to the Notice of Allowance mailed June 15, 2022 in the
above-identified application (the “Application”). Applicants respectfully request entry of

the following remarks in the record.
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Serial No. 17/587,462
Response to Notice of Allowance mailed June 15, 2022

REMARKS

Claims 19-26, 29-32, 34-41, 44-47, 49-61, 63-75, 77-89 and 91-103 are allowed in
the Notice of Allowance mailed on June 15, 2022. The Applicant thanks the Examiner
for positive consideration of the claim.

Respectfully submitted,
Dated: June 15, 2022 /Wayne H. Bradley/

Wayne H. Bradley
Reg. No. 39,916

McAndrews, Held & Malloy, Ltd.
500 W. Madison Street

34" Floor

Chicago, I1 60661

Phone (312) 775-8000

Fax (312) 775-8100
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Electronic Patent Application Fee Transmittal

Application Number:

17587462

Filing Date:

28-Jan-2022

Title of Invention:

METHOD FOR RECEIVING A TELEVISION SIGNAL

First Named Inventor/Applicant Name:

Madhukar Reddy

Filer:

Wayne Bradley/Deborah Wilson

Attorney Docket Number:

28427US13

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200

Page 297 of 304




Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 45963124

Application Number: 17587462

International Application Number:

Confirmation Number: 9515
Title of Invention: METHOD FOR RECEIVING A TELEVISION SIGNAL
First Named Inventor/Applicant Name: Madhukar Reddy
Customer Number: 23446
Filer: Wayne Bradley/Deborah Wilson

Filer Authorized By:

Wayne Bradley

Attorney Docket Number: 28427US13
Receipt Date: 15-JUN-2022
Filing Date: 28-JAN-2022
Time Stamp: 14:07:36

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E20226EE08023710
Deposit Account 130017

Authorized User

Deborah Wilson

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as 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 {Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document . .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
1487310
28427US13_Issue-fee-
1 Issue Fee Payment (PTO-85B) . = no 1
transmltta |_22061 5pdf 09d58317a30a95795d 1f2d43b83ae8125¢8
54cca
Warnings:
Information:
21052
) Post Allowance Communication - 28427US13_Comments_on_Re no 2
InCOming aSOnS_fOr_A”OWanCe.pdf 9c50a1e81ea4f036f154a783a87fo281fcdad)
Warnings:
Information:
38028
3 Fee Worksheet (SB06) fee-info.pdf no 2
fad6bbfcd6957f49be9aa67340d8b85628bf|
aab4
Warnings:
Information:
Total Files Size (in bytes)* 1546390

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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To: mhmpto@mcandrews-ip.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23446

Jun 15, 2022 08:56:59 AM
Dear PAIR Customer:

MCANDREWS HELD & MALLQY, LTD
500 WEST MADISON STREET

SUITE 3400

CHICAGO, IL 60661

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will 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.
17587462 NOA 06/15/2022 28427US13
1449 06/15/2022 28427US13

To view your correspondence online 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 subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED

COMMISSIONER FOR PATENTS FIRST-CLASS MAIL

P.0.BOX 1450 U.S. POSTAGE PAID
- POSTEDIGITAL

ALEXANDRIA VA 22313-1451 NNNNN

MCANDREWS HELD & MALLQOY, LTD
500 WEST MADISON STREET

SUITE 3400

CHICAGO, IL 60661

Courtesy Reminder for
Application Serial No: 17/587,462

Attorney Docket No: 28427US13
Customer Number: 23446
Date of Electronic Notification: 06/15/2022

This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
mhmpto@mcandrews-ip.com

To view your correspondence online 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 (EBQC)
at EBC@uspto.gov or call 1-866-217-9197.
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gmmons  UNITED STATES PATENT AND TRADEMARK OFFICE

83

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/587,462 07/26/2022 11399206 28427US13 9515
23446 7590 07/02/2022
MCANDREWS HELD & MALLOY, LTD
500 WEST MADISON STREET
SUITE 3400

CHICAGQO, IL 60661

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTOR(S) (Please see PAIR WEB site http:/pair.uspto.gov for additional inventors):

Madhukar Reddy, Carlsbad, CA;
Curtis Ling, Carlsbad, CA;
Tim Gallagher, Carlsbad, CA;

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Entropic Communications, LLLC, Carlsbad, CA;

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

IR103 (Rev. 10/09)
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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 03, 2022 07:12:40 AM
Dear PAIR Customer:

MCANDREWS HELD & MALLQY, LTD
500 WEST MADISON STREET

SUITE 3400

CHICAGO, IL 60661

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23446 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will 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.
17587462 ISSUE.NTF 07/02/2022 28427US13

To view your correspondence online 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 subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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