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‘\ UNrrep Stares PATENT AND TRADEMARK OFFICE
UNTVPED STATES DEPARTMENT OF COMMERCE
  
 OR PATENTS

  
BOX

Alexandria, Virginia 22313-1430Wiusptoguy
 
   APPLICATION NUMBER | FILING OR 3711C) DATE [_FIRSTNAMEDAPPLICANT ATTY. DOCKET NO/TITLE

11/078, 150 03/11/2005 Marcus W. May STIGOOO124
CONFIRMATIONNO.7355

146691 POA ACCEPTANCE LETTER

528Jefferson Ave NL0g626 Jefferson Avenue

Suite 7 0925582
Redwood City, CA 94063

Date Mailed: 07/06/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 06/29/2017.

The Powerof Attorney in this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents ofthis notice andthe

requirementsit sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000or (571) 272-4200 or 1-888-786-0101.

/abekele/
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\ Unrrep Stares Parent AND TRADEMARK OFFICE UNTPTED STATES DEPARTMENT OF COMMERCE
i s ent and Trademark Office

; OR TENES

    

hia 22313-1480

[ _APPLICATIONNUMBER | FILING OR 371(C) DATE [FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE
11/078, 150 03/11/2005 Marcus W. May SIGO00 124

CONFIRMATION NO. 7355

34899 POWER OF ATTORNEYNOTICE
GARLICK & MARKISON

106 E. 6th Street, Suite 900 LU.
AUSTIN, TX 78701

Date Mailed: 07/06/2017

NOTICE REGARDING CHANGE OF POWEROF ATTORNEY

This is in response to the Powerof Attorneyfiled 06/29/2017.

«The Powerof Attorney to you in this application has been revoked by the assignee who hasintervened as
provided by 37 CFR 3.71. Future correspondencewill be mailed to the new addressof record(37 CFR 1.33).

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/nbekele/
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oder ine Paserwork Reduction Act ¢

SIGMATEL, LLG

The document was

or for which a copy thereat

The cocument was rece
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The document was Patent and Trademark Office at

___, or for which a copytherect is attached.

. Te: ee

The document was recorded in the United States Patent and Trademark Office at

, Frame oFforReel

Additional documents in the chain of title

which a copy thereof is attached

As required by 37 CFR 3.7G(e}(1 ii), the ck
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Electronic AcknowledgementReceipt
  

EFS ID: 29643117
 

Application Number: 11078150

International Application Number: 

Confirmation Number: 7355

. . POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM ON AN INTEGRATED
Title of Invention:

 
 

 

CIRCUIT

First Named Inventor/Applicant Name: Marcus W. May

Customer Number: 34399

Filer: Ricky Quoc Lam 

Filer Authorized By:

  
 

 

Attorney Docket Number: $1G000124

Receipt Date: 29-JUN-2017

Filing Date: 11-MAR-2005

Time Stamp: 05:59:04

Application Type: Utility under 35 USC 71 1{a) 

Paymentinformation: 

 
Submitted with Payment no 

File Listing: 

   

 
 

Document oe . File Size(Bytes)/ Multi Pages
DocumentDescription File Name . . :Number Message Digest|Part/.zip| (if appl.)

1645121

1 Power of Attorney 201 70629_VLSLPOA. pdf no 1cat hese bseOfasofa bo 2 038 83 202]
Od6

Warnings:
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Information:   

 
 

 

 

76276

2 Assignee showing of ownership per 37|20170629_VLSIPO20_statemen no >
CFR 3.73 37CFR.pdf — oeOBESZaH HAcHSS(OSKEHA393 27HCA

30Ste

Warnings:

Information:

TotalFiles Size (in bytes){ 1721397 

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 evidenceof receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C.111
if a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.
National Stageof an International Application under 35 U.S.C. 371
If a timely submissionto enterthe national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New InternationalApplication Filed with the USPTO as a Receiving Office
If a new internationalapplicationis being filed and the international application includes the necessary componentsfor
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andofthe International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office  

Wwusplo.gov

 APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKETNO. CONFIRMATION NO.

11/078.150 07/17/2007 7246027 STGO00124 7355

34399 7890 OG/2T2007

JARLICK HARRISON & MARKISON
P.O. BOX 160727

AUSTIN, TX 78716-0727

ISSUE NOTIFICATION

The projected patent numberand issue date are specified above.

Determination of Patent Term Adjustment under35 U.S.C. 154 (b)
(applicationfiled on or after May 29, 2000)

The Patent Term Adjustmentis 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEBsite (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEBsite http://pair.uspto.goy for additional applicants):

Marcus W. May, Austin, TX;
Matthew D. Felder, Austin, TX;

IR 102 (Rev. 11/05) 8
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UNITED StTaTES PATENT AND TRADEMARK OFFICE 
*BIBDATASHEET*

Bib Data Sheet

FILING OR 371(c)

SERIAL NUMBER DATE
41/078,150 03/11/2005

RULE

APPLICANTS

Marcus W. May, Austin, TX;
Matthew D. Felder, Austin, TX;

* CONTINUING DATA rererrer renninrrrerrers

* FOREIGN APPLICATIONS KKRKKKARARKEKERK KK

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

Foreign Priority claimed = yes | no
STATE OR

35 USC 119 (a-d) conditions CI yes CD no OY et after COUNTRY
t Allowance TX

- Examiner's Signature Initials

 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
Ox

Alvanania, Virginia 22313-1450www.uspte.gov

CONFIRMATION NO.7355

ATTORNEY
GROUP ARTUNIT DOCKET NO.

2863 $1G000124

SHEETS TOTAL
DRAWING CLAIMS

10 24

POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM ON AN INTEGRATEDCIRCUIT

FILING FEE |FEES: Authority has been given in Paper
RECEIVED |No.. - . _ tocharge/credit DEPOSIT ACCOUNT

“for following:

(J All Fees

C 4.16 Fees{ Filing )

C) 4.17 Fees ( Processing Ext. of
time )

C) 1.18 Fees( Issue ) |
[a Other
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PARTB - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should beused for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All furthcr correspondence including the Patent, advance orders and notification of maintenance feces 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"formaintenance tce notifications.

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block t for any change ofaddress) Note: A certificate of mailing can only be used for domestic mailings oftheFee(s) Transmittal. This certificate cannot be usedfor any other accompanying
apers. Each additional paper, such as an assignment or formal drawing, must

have its own certificate of mailing or transmisston.

 

 
   

34399 7590 04/06/2007

s os Certificate of Mailing or Transmission
GARLICK HARRISON & MARKISON Thereby certify that this Foote) Transmittal is being deposited with the UnitedP.O. BOX 160727 States Postal Service with sufficient postage for first class mail in an envclope
en addressed to the Mail Stop ISSUE FEE address above, or bemg facsimile

AUSTIN, TX 78716-0727 transmitted to the USPTO (571) 273-2885, on the date indicated below.
 

 
  

 

 

 {Signature)

FIRST NAMED INVENTOR CONFIRMATION NO.

11/078,150 03/11/2005 Marcus W. May S1IG000124 7355
TITLE OF INVENTION: POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM ON AN INTEGRATED CIRCUIT

 

 

 

  APPLICATION NO. FILING DATE ATTORNEY DOCKET NO.  

   PREV. PAID ISSUE FEE 

 

  

 

DATEDUE 

  

SMALL ENTITY ISSUE FEB DUE PUBLICATION FEE DUE TOTAL FEE(S) DUE

YESnonprovisional $700 $300 SO $1000 07/06/2007

SUN, XIUQIN 2863 702- 130000

  
  
 
 

 

  2. For printing onthe patent front page, list
(1} the names of up to 3 registered patent altorncys
or agents OR, alternatively,

1. Change of correspondence address or indication of "Fee Address" (37
CFR1.363).

—] Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122)attached.

—] "Fee Address" indication (or "Fee Address" Indication form
P'TO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

Garlick Harrison & Markison

Kevin L. Smith(2) the name ofa single firm (having as a membera 2) wm -.St Seyeen
registered attorney or agent) and the names of up to
2 registered patent attorncys or agents. If no name is
listed, no namewill be printed.

we  

  

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

PLEASE NOTE: Unless an assigneeis identificd below, no assignee data will appear on the patent. If an assignee is identified below, the document has beenfiled for
recordationas sct forth in 37 CFR 3.11. Completion of this formis NOT a substitute forfiling an assignment,

(A) NAME OF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

Sigmatel, Inc. Austin, Texas

Please check the appropriate assignee category or categories (will not be printed onthe patent) : [J individual ¥) Corporationor other private group entity [J Governmenteeeeeeeeeeeeeeeentt

4a. The following fee(s) arc submitted: 4b. PaymentofFee(s): (Pleasefirst reapply any previously paid issue fee shown above)
Y Issue Fee CJ A check is enclosed.
“4 Publication Fee (No small entity discount permitted) C Paymentby credit card. Form PTO-2038 is attached.
CJ Advance Order- # of Copics | ces ena “) The Directoris hereby authorized to charge the required fee(s), any deficiency, or credit anyoverpayment, to Deposit Account Number80-1415 (Sigmatel (enclose an extra copy ofthis form). 

5. Change in Entity Status (from status indicated above)
Cla. Applicant claims SMALL ENTITYstatus. See 37 CFR 1.27. 7b. Applicantis no longer claiming SMALLENTITYstatus, Sec 37 CFR 1.27(2)(2).

NOTE: The issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registeredattorncy or agent, or the assignee or other party in
interest as shownby the records ofthe United States Patent and Trademark Office.

  

 

bare __Jume 12,2007AuthorizedSignature KevinL. Smith/

Typed or printed name — KevinL.Smith,Reg. No. 38,620 0 Registration No. 38,620
     

Tins collection ofinformation is required by 37 CFR_1.31 1. The informationis required to obtain or retain a benefit by the public whichis to file (and by the USPTOto process)an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to compicte, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de onding uponthe individual case. Any comments on the amount of time you require to completethis form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Deparment of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissioncrfor 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 OMBcontrol number.

10

PTOL-85 (Rev. 07/06) Approvedfor use through 04/30/2007, OMB0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENTOF COMMERCE

 



11

 

Electronic Patent Application Fee Transmittal 

Application Number: 11078150
 

Filing Date: 11-Mar-2005
  

Title of Invention:
POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM ON AN
INTEGRATED CIRCUIT

 

First Named Inventor/Applicant Name: Marcus W. May 

Filer: Kevin Lee Smith/Sherry Wolf McWhinnie 

Attorney Docket Number:

 
SIGO00124
 

Filed as Large Entity 

Utility Filing Fees 

Description Fee Code  Quantity Amount  Sub-Total in

USD($) 

Basic Filing:
 

Pages:
 

Claims:
 

Miscellaneous-Filing:
 

Petition:
 

Patent-Appeals-and-Interference:
 

Post-Allowance-and-Post-Ilssuance:
 

Utility Appl issue fee
1501 1400 1400
 

 
Publ. Fee- early, voluntary, or normal 1504  300  300
  

11

  

 



12

 

Description Fee Code Quantity Amount  Sub-Total in

USD($) 

Extension-of-Time:
 

Miscellaneous:
  

Total in USD ($) 1700 

12
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Electronic Acknowledgement Receipt
 

 

 

 

EFSID: 1863586

Application Number: 11078150

International Application Number:

Confirmation Number: 7355
 

Title of Invention:
POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM ON AN
INTEGRATED CIRCUIT

 

First Named Inventor/Applicant Name: Marcus W. May 

Customer Number: 34399
 

Filer: Kevin Lee Smith/Sherry Wolf McWhinnie 

Filer Authorized By: Kevin Lee Smith
 

 

 

 

 

 
 

 

 
 

  

 

Attorney Docket Number: $1G000124

Receipt Date: 12-JUN-2007

Filing Date: 11-MAR-2005

Time Stamp: 14:34:21

Application Type: Utility

Paymentinformation:

Submitted with Payment yes

Payment was successfully received in RAM $4700

RAM confirmation Number 7430

Deposit Account 501415
  

 
 

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 and 1.17 

File Listing: 

13
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Document a . . . Multi Pages
Number Document Description File Name File Size(Bytes) Part /.zip| (if appl.)

1 issue Fee Payment (PTO-85B) anialii 1078852 no 1

Warnings:

Information:

2 Fee Worksheet (PTO-06) fee-info.pdf 8328 no 2

Warnings:

Information:

Total Files Size (in bytes): 1087180 

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown 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 submissionto enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptanceof the
application as a national stage submission under35 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
componentsforan international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Numberandof the International Filing Date (Form PCT/RO/105)will be issued in due
course, subject to prescriptions concerning national security, and the date shown onthis Acknowledgement
Receipt will establish the international filing date of the application.
 

14
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 UNrtED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

NOTICE OF ALLOWANCEAND FEE(S) DUE

34399 7590 04/06/2007

GARLICK HARRISON & MARKISON
P.O. BOX 160727

AUSTIN,TX 78716-0727

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO.

Marcus W. May11/078,150 03/11/2005

EXAMINER

SUN, XIUQIN

ART UNIT PAPER NUMBER

2863

DATE MAILED:04/06/2007

CONFIRMATION NO.

S1G000124 7355

TITLE OF INVENTION: POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEMON AN INTEGRATED CIRCUIT

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

YES $0nonprovisional $700
$1000 07/06/2007

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM

OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.
ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON

PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICA
STATUTORY PERIOD CANNOT BE EXTENDED.
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION.

TION SHALL BE REGARDED AS ABANDONED.
SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES

THIS

IF AN ISSUE FEE HAS

PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLYTO THIS NOTICE:

I. Review the SMALL ENTITYstatus shown above.

If the SMALL ENTITYis shown as YES,verify your current
SMALLENTITYstatus:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE(if required)
and twice the amountof the ISSUE FEE shown above,or

If the SMALL ENTITYis shown as NO:

A. Pay TOTAL FEE(S) DUE shownabove, or

B.If applicant claimed SMALL ENTITYstatus before, or is now
claiming SMALL ENTITYstatus, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATIONFEE(if required) and 1/2
the ISSUE FEE shownabove.

Il. PART B - FEE(S) TRANSMITTAL,orits equivalent, must be completed and retumedto the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE(if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalentof Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur dueto the difficulty in recognizing
the paper as an equivalentof Part B.

IL All communications regarding this application must give the application number. Please directall communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page | of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885ttlthttt
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 correspondenceincluding 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 I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note:Use Block | for any change of address) 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 assignmentor forma! drawing, mustave its own certificate of mailing or transmission.

34399 7590 04/06/2007 § thCertificate of Mailing or Transmission
GARLICK HARRISON & MARKISON I hereby certify that this Fee(s) Transmittal is being deposited with the Unitedg Ww

P.O. BOX 160727 States Postal Service with sufficient postageforfirst class mail in an envelopewe addressed to the Mail Stop ISSUE FEE address above, or being facsimile
AUSTIN, TX 78716-0727 transmitted to the USPTO (571) 273-2885, on the date indicated below.

 

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

11/078, 150 03/11/2005 Marcus W. May SIG000124 7355
TITLE OF INVENTION: POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM ON AN INTEGRATED CIRCUIT

  

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

YES $0nonprovisional $700 $300 $1000 07/06/2007
EXAMINER ART UNIT CLASS-SUBCLASS

SUN, XIUQIN 2863 702-130000   

 
 
 
 

 
  

 }. Cha:
CFR |

(C1) Change ofcorrespondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

() "Fee Address” indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

2. For printing on the patent front page,list
(1) the names of up to 3 registered patent attorneys
or agents OR,alternatively,
(2) the nameofasingle firm (having as a member a 2
registered attomey or agent) and the namesof up to
2 registered patent attorneys or agents. Ifno name is 3
listed, no namewill be printed.

geof correspondence address or indication of "Fee Address” (37363).
 

  
 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identificd below, the document has been filed for
recordation as setforth in 37 CFR 3.11, Completion ofthis form is NOTa substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Pleasc check the appropriate assignee category or categories (will not be printed on the patent) : () individual O Corporation or other private group entity (_] GovernmenteeeeeeeeeeneenreRlLtt

 
4a. The following fee(s) are submitted: 4b. PaymentofFee(s): (Please first reapply any previously paid issue fee shown above)

() issue Fee C1 A check is enclosed.
(C) Publication Fee (No small entity discount permitted) a) Paymentby credit card. Form PTO-2038is attached.
(J Advance Order - # of Copies (7) The Director is hereby authorized to charge the required fee), any deficiency, or credit anyoverpayment, to Deposit Account Number enclose an extra copy of this form).

5, Change in Entity Status(from status indicated above)
Oa. Applicant claims SMALL ENTITYstatus. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITYstatus. Sec 37 CFR 1.27(g)(2).

NOTE: TheIssue Fee and Publication Fee (if required) will not be acccpted from anyone other than the applicant; a registered attorney or agent; or the assignee or otherparty in
interest as shown bythe records of the United States Patent and Trademark Office.

Authorized Signature Date
 

Typed or printed name _ _ Registration No. _
tettettAS
This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public whichisto file (and by the USPTOto proccss)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collectionis estimated to take 12 minutes to complctc, including gathering,preparing, and
submutting the completed application form to the USPTO. Time will vary dependin upon the individual case. Any comments on the amountof time you require to completethis form and/or suggestions for reducing this burden, should be sent to the Cc ‘ef Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
Box 1450, Alexandra, 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 respondto a collection of information unless it displays a valid OMB contro! number.

PTOL-85 (Rev. 07/06) Approved for use through 04/30/2007. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPlO.goV

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

 
11/078,150 03/11/2005 Marcus W. May $1G000124 7355

GARLICK HARRISON & MARKISON SUN, XIUQIN

AUSTIN, TX 78716-0727 me
DATE MAILED: 04/06/2007

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

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date ofthis notice, the Patent Term Adjustmentwill be 0 day(s).

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

Applicantwill be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEBsite (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination shouldbe directed to the Office of
Patent Legal Administration at (571)-272-7702. Questionsrelating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or

(571)-272-4200.

Page 3 of 3
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Application No. Applicant(s)

 . . 11/078, 150 MAY ET AL.
Notice of Allowability Examiner Art Unit

Xiugin Sun 2863  

.- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITSIS (OR REMAINS) CLOSEDin 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 1S NOT A GRANT OF PATENTRIGHTS.This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

4. X] This communication is responsive to 12/06/2007.

2. [XX] The allowed claim(s) is/are 13-9, 11-16 and 18-24.
 

3. (] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a){] All b)[] Some* c)() None_ofthe:

1. [J Certified copies of the priority documents have been received.
2. G Certified copies of the priority documents have been received in Application No.
3. ( Copiesof 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 communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. ((] A SUBSTITUTE OATH OR DECLARATIONmust be submitted. Note the attached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152} which gives reason(s) why the oath or declaration is deficient.

5, .] CORRECTED DRAWINGS( as “replacement sheets") must be submitted.
(a) C including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached

1) (1 hereto or 2) ([] to Paper No/Mail Date.
(b) CJ including. changes required by the attached Examiner's Amendment / Commentorin the Office action of

Paper No/Mail Date____. .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawingsin the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (.] DEPOSIT OF and/or INFORMATIONabout 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. [] Notice of References Cited (PTO-892)

2. [] Notice of Draftperson's Patent Drawing Review (PTO-948)

3. [] Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date

4. (J Examiner's Comment Regarding Requirement for Deposit
of Biological Material

5. (1 Notice of informal Patent Application

6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

7. C] Examiner's Amendment/(Comment

8. [Examiner's Statement of Reasons for Allowance

9. [] Other ;

 U.S. Patent and Trademark Office

PTOL-37 (Rev, 08-06) Notice of Allowability

 

Part of Paper No./Mail Date 20070330
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Application/Control Number: 11/078,150 Page 2
Art Unit: 2863

DETAILED ACTION

Allowable Subject Matter

1. Claims 1, 3-9, 11-16 and 18-24 are allowed.

ReasonsforAllowance

2. Thefollowing is an examiner's statement of reasonsfor allowance:

Please see applicant’s response with respectto claims 1, 3-9, 11-16 and 18-24

received on 12/06/2007 for reasonsfor allowance.

Any comments considered necessary by applicant must be submitted nolater

than the paymentof the issue fee and, to avoid processing delays, should preferably

accompanythe issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."

Contact Information

3. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Xiuqin Sun whose telephone numberis (571)272-2280.

The examiner can normally be reached on 6:30am-4:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, John Barlow can be reached on (571)272-2269. The fax phone numberfor.

the organization where this application or proceeding is assigned is 571-273-8300.

19
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Application/Control Number: 11/078,150 Page 3
Art Unit: 2863

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For moreinformation about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

3s LY
March 30, 2007  Supelviscry Patent caminer

Technology Ce 12800

20
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Page 1 of 1

Unrrep States Parent AND TRADEMARK OFFICE
UNIFFED STATES DEPARTMENT OF COMMERCE
United States Pateut and Trademark Office

Address: COMMISSIONER FOR PATENTS
"AO. x

Alexandeia, Vinghibs 22313-1450wretieplo guy

UDCOMA | CONFIRMATION NO.7355
Bib Data Sheet

 
FILING OR 374(c) ySERIAL NUMBER DATE GROUP ART UNIT|ATTORN

11/078,150 03/11/2005 o863 DOCKET NO.
| $1G000124

RULE

APPLICANTS

Marcus W. May, Austin, TX;
Matthew D. Felder, Austin, TX;

4

Pa CONTINUING DATA reanssseransaannnronneneA/TYO
Pk FOREIGN APPLICATIONS revvasasasarnnvnasss]/DL?

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

Foreign Priority claimed Ql yes no
B5 USC 119 (a-d) conditions C) yesWMpo CI met after

{Allowance vo o.

Poweroptimization of a mixed-signal system on an integrated circuit
 

C all Fees |
C) 4.16 Fees (Filing )

C) 1.17 Fees ( Processing Ext. of
RECEIVED_|No. to, charge/credit DEPOSIT ACCOUNT time )

f lowing:ferfollowing CO 1.18 Fees(Issue)
C) other

[a Credit

FILING FEE |FEES: Authority has been given in Paper

 
 

23
http: //neo:8000/PrexServlet/PrexAction?serviceName=BibDataSheet&Action=d... 3/30/07



24

 

Application/Contro} No. Applicant(s)/Patent under
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Examiner Art Unit
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DOCKETNO.SI1G000124

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Marcus W. May

Serial No. 11/078,150

Filed: March 11, 2005

For: Power Optimization of a
Mixed-Signal System on
an Integrated Circuit

Group No.: 2863

Examiner: Walling, MeaganS.

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICIAL ACTION UNDER37 C.E.R. § L111

Responsive to the Official Action having a mailed date of September 6, 2006, Applicant

hereby makes the following arguments and remarks. As such, reconsiderationof the action and

allowance of the present applicationare respectfully requested andare believed to be appropriate

in view ofthe following:

Amendment to the Specification — N/A

Amendment to the Claims begins on page 2 ofthis paper.

Amendment to the Drawings — N/A

Remarks begin on page 9 ofthis paper.
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Appl. No. 11/078, 150 Docket No. SIGQ00124
Response filed December6, 2006
Reply to Office Action, mailed September6, 2006

IN THE CLAIMS

Please amendthe claims as follows, substituting any amendedclaim(s) forthe corresponding

pending claim(s):

I. (Currently Amended) A methodfor power supply optimization of anintegratedcircuit,

comprising:

determining an analog variation parameter representative of an integratedcircuit fabrication

process variance ofthe integrated circuit;

determining an operational temperature associated with the analog variation parameter, and

determining an adjustmentsignal for a power supply voltage levelof the integrated circuit based

on the analog variation parameter with respect to the operational temperature;and

adjusting a regulation signal of a DC-to-DC converter basedonthe adjustment signal to optimize

 powerconsumption of the integrated circuit

2. (Cancelled)

3. (Currently Amended) The method of Glaim2 Claim | further comprises:

updating the adjustmentsignal by repeating at least one of the determination ofthe operational

temperature and determining the adjustmentsignal.

4, (Currently Amended) The method of Claim1, wherein the determining the adjustment signal

further comprises:

determining a digital variation parameter; and

determining the adjustmentsignal based onthe digital variation parameterandthe analog

variation parameter with respect to the operational temperature.

5. (Original) The method of Claim 4 wherein the determining the adjustment signal comprises:

determining a first adjustment signal based on the analog variation parameter:

determining a second adjustment signal based on the digital variation parameter;

comparing thefirst adjustment signal to the second adjustment signal; and

whenthe first adjustment signal compares favorably with the second adjustment signal, sclecting

the first adjustment signal as the adjustmentsignal, else the second adjustment signal as the adjustment

signal,

ie)
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Response filed December6, 2006
Reply to Office Action, mailed September6, 2006

6. (Original) The method Claim 4, wherein determining a digital variation parameter comprises:

measuring processing speedofat least a portion ofan integratedcircuit to produce measured

processing speed;

comparing the measuredprocessing speed with acritical processing speedforthe at least a

portion of the integrated circuit; and

whenthe measured processing speed compares favorably to the critical processing speed,

correspondingly set a value ofthe digital variation parameter.

7. (Original) The method of Claim 4 further comprises:

adjusting a regulation signal of a DC-to-DC converter based on the adjustmentsignal.

8. (Original) The method of Claim 7 further comprises:

updating the adjustmentsignal by repeating at least one ofthe determination of the operational

temperature, the determination of the analog variation parameter, andofthe digital variation parameter

hao
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Appl. No. 11/078,150 Docket No. SIGOQ00124
Response filed December6, 2006
Reply to Office Action, mailed September6, 2006

9. (Currently Amended) Anapparatus for increasing powersupply efficiency ofan integrated

circuit comprises:

a processing module; and

a memory operably coupled to the processing module, wherein the memorystores operational

instractions that cause the processing moduleto:

determine an analog variation parameterrepresentative of an integrated circuit fabrication

process varianceofthe integratedcircuit;

determine an operational temperature associated with the analog variation parameter; and

determine an adjustment signal for a power supply voltage level of the integrated circuit

based on the analog variation parameter and the operational temperature;and

adjust a regulation signal of a DC-to-DC converter based on the adjustment signal to

optimize power consumptionofthe integrated circuit-suehthatpowerconsumptionofthe
242.

 

10. (Cancelled)

Li. (Currently Amended) The method of Glaimt+0 Claim 9, wherein the memory furtherstores

operational instructions that cause the processing module to:

update the adjustmentsignal by repeating at least one of the determination of the operational

temperature and determine the analog variation parameter.

12. (Currently Amended) The apparatus of claim 9, wherein the memory further stores operational

instructions that cause the processing module to determine the adjustment signal by:

determine a digital variation parameter; and

determine the adjustment signal basedon the digital variation parameter andthe analog variation

parameter with respect to the operational temperature.
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Appl. No. 11/078, 150 Docket No, SIG000124
Response filed December 6, 2006
Reply to Office Action, mailed September6, 2006

13. (Original) The apparatus of claim 12, wherein the memory furtherstores operational instructions

that cause the processing module to determine the digital variation parameterby:

measuring a processing speedofat least a portion of an integratedcircuit to produce measured

processing speed;

comparing the measuredprocessing speed witha critical processing speedforthe at least a

portion ofthe integrated circuit; and

when the measured processing speed compares favorably to the critical processing speed,set a

corresponding value of the digttal variation parameter.

14. (Original) The apparatus ofclaim 12, wherein the memory furtherstores operational instructions

that cause the processing module to:

adjust a regulation signal of a DC-to-DC converter basedon the adjustment signal.

1S. (Original) The apparatus of claim 13, wherein the memory furtherstores operational instructions

that cause the processing module to:

determine a first adjustment signal based on the analog variation parameter;

determine a second adjustment signal based on the digital variation parameter;

comparethe first adjustment signal to the second adjustmentsignal; and

whenthe first adjustment signal compares favorably with the second adjustmentsignal, selecting

the first adjustment signal as the adjustmentsignal, else selecting the second adjustmentsignalas the

adjustment signal.

Wn
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16, (Currently Amended) A comprehensive system-on-a-chip comprises:

a processing core operably coupled to process input digital data and produce therefrom output

digital data;

digital interface circuitry operably coupled to provide the input digital data to the processing core

and to receive the output digital data from the processing core;

mixed signal circuitry operably coupled to convert input analog signals into the input digital data

andto convert the output digital data into output analog signals; and

battery optimization circuitry that includes a DC-to-DC converter and a power conservation

circuit, wherein the DC-to-DC converteris operably coupled to convert a battery voltage into a supply

voltage that supplies at least one of: the processing core, the digital interface circuitry, and the mixed

signal circuitry, wherein the power conservation circuit includes:

processing module; and

memory operably coupled to the processing module, wherein the memory stores operational

instructions that cause the processing moduleto:

determine an analog variation parameter representative of an integratedcircuit fabrication

process variance of the integrated circuit;

determine an operational temperature associated with the analog variation parameter;

determine a digital variation parameter representative of a processing speed ofthe

integrated circuit; and

determine an adjustment signal for a power supply voltage level ofthe integrated cireuit

based on the analog variation parameter with respect to the operational temperature and the

digital variation parameter;and

adjusting a regulation signal of a DC-to-DCconverter based on the adjustment signal to

 optimize power consumption ofthe integrated circuits

 

17. (Cancelled)
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18. (Currently Amended) The comprehensive system-on-a-chip of efaHa-+4 Claim 16, wherein the

memory furtherstores operational instructions that cause the processing moduleto:

update the regulation adjustment by repeating at least one of the determination of the operational

temperature and the determination of the analog variation parameter.

19, (Original) The comprehensive system-on-a-chip of claim 16, wherein the memory furtherstores

operational instructions that cause the processing module to measure the processing speed by:

enabling a function to be performedby the at least a portion of the comprehensive system-on-a-

chip;

counting at least one of a numberofcycles of a knownclock during the performing of function

by the at least a portion ofthe integratedcircuit and a numberof repetitions of the function during a cycle

of the knownclock to produce a count value; and

equating the count valuc to the processing speed.

20. (Original) The comprehensive system-on-a-chip of claim 18, wherein the memory furtherstores

operational instructions that cause the processing module to adjust of the supply voltage by:

determining the digital variation parameteras a ratio between the measured processing speed and

the critical processing speed; and

adjusting the supply voltage based on anopcrational sufficiency of cither the digital variation

parameterorthe analog variation parameter with respect to the operational temperature.
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Appl. No. 11/078, 150 Docket No. SIGO00124
Response filed December6, 2006
Reply to Office Action, mailed September6, 2006

21. (Currently Amended) A methodfor increasing powersupply efficiency of anintegratedcircuit,

comprising:

determining an analog variation parameter representative of an integratedcircuit fabrication

process variance ofthe integratedcircuit; and

determining an adjustmentsignal for a powersupply voltage level of the integrated circuit based

on the analog variation parameter;and

adjusting a regulation signal of a DC-to-DC converter based onthe adjustment signal to optimize

 power consumptionofthe integrated circuit

22. (Currently Amended) The methodofelain+2+ Claim 21, wherein the determining the adjustment

signal further comprises:

determining an operational temperature associated with the analog variation parameter; and

determining an adjustmentsignal for a powersupply voltagelevel ofthe integrated circuit based

on the analog variation parameter with respect to the operational temperature, such that power

consumptionofthe integrated circuit is optimized.

23, (Original) The method of Claim 22 further comprises:

determining a digital variation parameter; and

determining the adjustment signal based onthe digital variation parameter and the analog

variation parameter with respect to the operational temperature.

24. (Original) The method of Claim 23 wherein the determining the adjustment signal comprises:

determining afirst adjustment signal based on the analog variation parameter;

determining a second adjustment signal based on the digital variation parameter;

comparing the first adjustment signal to the second adjustmentsignal; and

whenthe first adjustment signal compares favorably with the second adjustment signal, sclecting

the first adjustment signal as the adjustmentsignal, else the second adjustmentsignal as the adjustment

signal.
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Appl. No. 11/078,150 Docket No. S1G000124
Response filed December6, 2006
Reply to Office Action, mailed September6, 2006

REMARKS

Claims 1-24 are pending in the application.

Claims 1-24 had beenrejected.

Claims 1,3, 4,9, 11, 12, 16, 18,21 and 22 have been amended.

Claims 2, 10, and 17 have been cancelled without prejudice.

Reconsideration of the Claims is respectfully requested.

1. Rejection under 35 U.S.C. § 10] 

Claims 1-24 were rejected under 35 U.S.C. 101 because the claimed inventionis directed to

non-statutory subject matter.

Claims 1, 9,21, and 22 were amendedaccordingly to overcomethe rejection.

2. Allowed and Allowable Subject Matter

Applicant notes with appreciation the allowability ofits Claims 16-20 upon being rewrittento

overcome the rejection under 35 U.S.C. § 101. Claim 16 has been amendedaccordingly. Claim

17 has been cancelled without prejudice.

The Office Action noted that Claims 2-8, 10-15, and 23-24 were objected to as being

dependent upona rejected base claim, but would be allowable if rewritten in independent form

including all of the limitations of the base claim and anyintervening claims. Applicant notes

with appreciation this indication of allowability.

Claim | has been amendedto incorporate Claim 2. Claim 9 has been amendedto incorporate

Claim 10. Claim 21 has been amendedto clarify Applicant’s claimed invention by adding the

limitation of “adjusting a regulation signal of a DC-to-DCconverter based on the adjustment

signal to optimize power consumption ofthe integrated circuit.” Applicant respectfully submits

that these amendments overcome the objection.

3. Conclusion

As a result of the foregoing, the Applicant respectfully submits that Claims 1, 3-9, 1-16, and

18-24, in the Application are in condition for allowance, and respectfully requests an early

allowance of such Claims.

9
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Appl. No. 11/078,150 Docket No. SIG000124
Response filed December 6, 2006
Replyto Office Action, mailed September6, 2006

If any issuesarise, or if the Examiner has any suggestions for expediting allowanceofthis

Application, the Applicant respectfully invites the Examiner to contact the undersignedat the

telephone numberindicated beloworat ksmith@texaspatents.com.

The Commissioneris hereby authorized to charge any additional fees connected withthis

communication or credit any overpayment to Garlick Harrison & Markison Deposit Account No.

50-2126.

Respectfully submitted,

Date: _December6, 2006 /Kevin L. Smith/
Kevin L. Smith, Reg. No. 38,620
Attorney for Applicant

Garlick Harrison & Markison

P.O. Box 160727

Austin, Texas 78716-0727

(972) 772-883 6/office
(972) 772-5033/facsimile
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Application No. Applicant(s)

41/078,150 MAY ETAL.

Office Action Summary Examiner Art Unit

Meagan S. Walling 2863
 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER iS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time maybe available underthe provisions of 37 CFR 1.136(a). In no event, however, maya reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extendedperiod for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three monthsafter 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 20 June 2006.
2a)L] This action is FINAL. 2b) This action is non-final.

3)L] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 1-24 is/are pendingin the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5)L] Claim(s) is/are allowed.

6) Claim(s) 1-24 is/are rejected.
7)L] Claim(s}___is/are objected to.

8)[] Claim(s) ____ are subjectto restriction and/or election requirement.

 

 

Application Papers

9){_] The specification is objected to by the Examiner.
10) The drawing(s) filed on 11 March 2005is/are: a)(X] accepted oryO objected to by the Examiner.

Applicant may not requestthat any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is requiredif the drawing(s) is objected to. See 37 CFR 1.121(d).

11) The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

42)(] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJ All b)L} Some * c)LJ Noneof:

1.4] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No. ____
3.) Copiesof the certified copies of the priority documents have been receivedin this National Stage

application from the International Bureau (PCT Rule 17.2{a)).
* See the attached detailed Office action for a list of the certified copies not received.

  
 

Attachment(s}

1) C] Notice of References Cited (PTO-892) 4) a interview Summary (PTO-413)
2) [) Notice of Oraftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date._
3) (] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) (_] Notice of informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) CL} other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060901
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Application/Control Number: 11/078,150 Page 2
Art Unit: 2863

DETAILED ACTION

Claim Rejections - 35 USC § 101

35 U.S.C. 101 reads as follows:

Whoeverinvents or discovers any new and useful process, machine, manufacture, or composition of matter, or
any newand useful improvementthereof, may obtain a patenttherefor, subject to the conditions and
requirements of this title.

I. Claims 1-24 are rejected under 35 U.S.C. 10] because the claimed inventionis directed

to non-statutory subject matter. The claimed invention must produce a “useful, concrete, and

tangible result.” State Street, 149 F.3d at 1373, 47 USPQ2d at 1601-02.

Claims 1-24 do not producea tangible result. In order to overcometherejection, claim

language should be added that includes outputting, displaying, storing, or otherwise conveying

the result of the previous methodsteps.

For the official interim guidelines for examination ofpatent applications for patent

subject mattereligibility, please see the US Patent and Trademark Organization Official Gazette

Notices at http://www.uspto.gov/web/offices/com/sol/og/2005/week47/patgupa. htm.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publicationin this or a foreign country or in public use or on
sale in this country, more than one year priorto the date ofapplication for patent in the United States.

2. Claims 1, 9, 21, and 22 are rejected under 35 U.S.C. 102(b) as being anticipated by

Rostoker et al. (US 5,563,928).
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Application/Control Number: 11/078, 150 Page 3
Art Unit: 2863

Regarding claim 1, Rostoker et al. teaches determining an analog variation parameter

representative of an integrated circuit fabrication process variance of the integrated circuit

(column1, lines 25-33); determining an operational temperature associated with the analog

variation parameter (column1, lines 34-38); and determining an adjustmentsignal for a power

supply voltage level of the integrated circuit based on the analog variation parameter with respect

to eh operational temperature, such that power consumptionof the integrated circuit is optimized

(column2, lines 14-17).

Regarding claim 9, Rostoker et al. teaches a processing module (1002); and a memory

(1004) operably coupled to the processing module, wherein the memory stores operation

instructions that cause the processing module to: determine an analog variation parameter

representative of an integrated circuit fabrication process variance ofthe integrated circuit

(column 1, lines 25-33), determine an operational temperature associated with the analog

variation parameter (column1, lines 34-38); and determine an adjustment signal for a power

supply voltage level of the integrated circuit based on the analog variation parameter with respect

to eh operational temperature, such that power consumptionofthe integrated circuit is optimized

(column 2, lines 14-17).

Regarding claim 21, Rostokeret al. teaches determining an analog variation parameter

representative of an integrated circuit fabrication process varianceof the integratedcircuit

(column1, lines 25-33); and determining an adjustmentsignal for a powersupply voltagelevel

of the integrated circuit based on the analogvariation parameter such that power consumption of

the integrated circuit is optimized (column2, lines 14-17).
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Application/Control Number: 11/078, 150 Page 4

Art Unit: 2863

Regarding claim 22, Rostokeret al. teaches determining an operational temperature

associated with the analog variation parameter (column1, lines 34-38); and determining an

adjustment signal for a power supply voltage level of the integrated circuit based on the analog

variation parameter with respect to eh operational temperature such that the power consumption

of the integrated circuit is optimized (column2, lines 14-17).

Allowable Subject Matter

3. Claims 2-8, 10-15 and 23-24 would be allowable if rewritten in independent form

includingall of the limitations of the base claim and any intervening claims and to overcome the

35 U.S.C. 101 rejection.

Please see the previous office action for an indication of allowable subject matter.

4. Claims 16-20 would be allowable if rewritten to overcome the 35 U.S.C. 101 rejection.

Please see the previousoffice action for an indication of allowable subject matter.

Response to Arguments

Applicant's arguments filed 6/20/06 have been fully considered but they are not

persuasive.

Aside from restating the claims, the only argument seemsto be a single statement on

page 9 of the remarksthatstates, “... Rostoker appears to control temperature and voltage

parameters of its integrated circuit by power reduction, instead of monitoring the parameters for

optimizing power consumption.”
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Application/Control Number: 11/078, 150 Page 5
Art Unit: 2863

Although Rostokerteaches, in column 2, lines 10-13, that operating parameters may be

adjusted (emphasis added), Rostoker further teaches, in column2, lines 14-19, that an object of

the invention is to determine optimal performance parameters over a wide range of temperatures

and voltages encountered.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Meagan S. Walling whose telephone number1s (571) 272-2283.

The examiner can normally be reached on Monday through Friday 8:30 AM to 5 PM.

If attempts to reach the examiner by telephoneare unsuccessful, the examiner’s

supervisor, John Barlow can be reached on (571) 272-2269. The fax phone numberforthe

organization wherethis application or proceeding is assigned is 571-273-8300.

Information regarding thestatus of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applicationsis available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197(toll-free).

msw iyhe
John Bart

ervisory Patpat Examiner
Technology Center 2800
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adn voltage DERWENT

SS 41|variation near parameter same US-PGPUB;|OR ON 2006/03/14 14:30
temperature and(ic (integrated USPAT;
circuit)) and optimiz$3 with power|EPO; JPO;
and voltage DERWENT

$10 22|variation near parameter same US-PGPUB;|OR ON 2006/03/14 14:31
temperature and (ic (integrated USPAT;
circuit}) and optimiz$3 with power|EPO; JPO;

same voltage DERWENT L |
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S11 7|variation near parameter same US-PGPUB;|OR |ON 2006/03/14 12:09
temperature and (ic (integrated USPAT;
near circuit)) and optimiz$3 with EPO; JPO;
power samevoltage DERWENT

$12 3|variation near parameter same US-PGPUB;|OR ON 2006/03/14 12:09
temperature and(ic (integrated USPAT;
near circuit)) and optimiz$3 with EPO; JPO;
power same voltage and dc DERWENT

$13 330|702/17.ccls. US-PGPUB;|OR ON 2006/03/14 14:30
USPAT;
EPO; JPO;
DERWENT

$14 867|702/117.ccls. US-PGPUB;|OR ON 2006/03/14 14:30
USPAT;
EPO; JPO;
DERWENT

$15 684|702/130.ccls. US-PGPUB;|OR ON 2006/03/14 14:30
USPAT;
EPO; JPO;
DERWENT

$16 482|377/19.ccls. US-PGPUB;|OR ON 2006/03/14 14:30
USPAT;
EPO; JPO;
DERWENT

$17 3894|438/17.ccls. US-PGPUB;|OR ON 2006/03/14 14:30
USPAT;
EPO; JPO;
DERWENT

$18 0|$14 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:30
same temperature and (ic USPAT;
(integrated circuit)) and optimiz$3|EPO; JPO;
with power and voitage) DERWENT

$19 0|$15 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:30
same temperature and (ic USPAT;
(integrated circuit)) and optimiz$3|EPO; JPO;
with power and voltage) DERWENT

$20 0|$16 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:30
same temperature and (ic USPAT;
(integrated circuit)) and optimiz$3|EPO; JPO;
with power and voltage) DERWENT

S21 2|S17 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:30
same temperature and (ic USPAT;
(integrated circuit)) and optimiz$3_|EPO; JPO;
with power and voltage) DERWENT

$22 Q|$14 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:31
same temperature and(ic USPAT;
(integrated circuit)) and optimiz$3_|EPO; JPO;
with power same voltage) DERWENT

9/1/06 10:43:50 AM Page 2

C:\Documents and Settings\MWalling\My Documents\EAST\Workspaces\11078150.mSP



51

EAST Search History
 

 
 

 

$23 0;$15 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:31
same temperature and(ic USPAT;
(integrated circuit)) and optimiz$3|EPO; JPO;
with power same voltage) DERWENT

$24 0|S16 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:31
same temperature and (ic USPAT;
(integrated circuit)) and optimiz$3|EPO; JPO;
with power same voltage) DERWENT

$25 1|S17 and (variation near parameter|US-PGPUB;|OR ON 2006/03/14 14:31
same temperature and(ic USPAT;
(integrated circuit)) and optimiz$3_|EPO; JPO;
with power same voltage) DERWENT
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DOCKET NO. S1G000124

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Application of: Marcus W. May

Serial No.  11/078,150

Filed: March 11, 2005

For: Power Optimization of a
Mixed-Signal System on
an Integrated Circuit

Group No.: 2863

Examiner: Walling, MeaganS.

Mail Stop Amendment
Comunissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICIAL ACTION UNDER37 C.F.R.§L.I11

Sir:

Responsive to the Official Action having a mailed date of March 20, 2006, Applicant

hereby makes the following arguments and remarks. As such, reconsideration of the action

and allowance of the present application are respectfully requested and are believedto be

appropriate in view ofthe following:

Amendment to the Specification - N/A

Amendment to the Claims begins on page 2 ofthis paper.

Amendment to the Drawings ~ N/A

Remarks begin on page 9 ofthis paper.
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Appl. No. 11/078,150 Docket No. S$1G000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

IN THE CLAIMS

Please amendthe claims as follows, substituting any amendedclaim(s) for the corresponding

pending claim(s):

1. (Original) A method for power supply optimization of an integrated circuit, comprising:

determining an analog variation parameter representative of an integratedcircuit fabrication

process variance ofthe integratedcircuit;

determining an operational temperature associated with the analog variation paramcter; and

determining an adjustmentsignal for a power supply voltage level of the integrated circuit based

on the analog variation parameter with respect to the operational temperature, such that power

consumptionof the integrated circuit is optimized.

2. (Original) The method Claim | further comprises:

adjusting a regulation signal of a DC-to-DC converter based on the adjustmentsignal.

3, (Original) The method of Claim 2 further comprises:

updating the adjustment signal by repeating at least one ofthe determinationofthe operational

temperature and determining the adjustment signal.

4. (Original) The method of Claim | further comprises:

determining a digital variation parameter; and

determining the adjustment signal based onthe digital variation parameter andthe analog

variation parameter with respect to the operational temperature.

5. (Original) The method of Claim 4 wherein the determining the adjustment signal comprises:
determining a first adjustment signal based on the analog variation parameter;

determining a second adjustment signal basedonthe digital variation parameter;

comparing the first adjustment signal to the second adjustment signal; and

when the first adjustment signal compares favorably with the second adjustment signal, selecting

the first adjustment signal as the adjustment signal, else the second adjustment signal as the adjustment

signal.

bo
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Appl. No. 11/078, 150 Docket No. SIGQ00124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

6. (Original) The method Claim 4, wherein determining a digital variation parameter comprises:

measuring processing speedofat least a portion of an integratedcircuit to produce measured

processing speed;

comparing the measured processing speed witha critical processing speedforthe at least a

portion of the integratedcircuit; and

when the measured processing speed compares favorably to the critical processing speed,

correspondingly set a value of the digital variation parameter.

7, (Original) The method of Claim4 further comprises:

adjusting a regulation signal of a DC-to-DC converter based on the adjustment signal.

8. (Original) The method of Claim 7 further comprises:

updating the adjustment signal by repeating at least one of the determination of the operational

temperature, the determination of the analog variation parameter, andof the digital variation parameter

3
hor
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Appl. No, 11/078,150 Docket No. SIG000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

9. (Original) An apparatus for increasing powersupply efficiency of an integratedcircuit

comprises:

a processing module; and

a memory operably coupled to the processing module, wherein the memory stores operational

instructions that cause the processing module to:

determine an analog variation parameter representative of an integrated circuit fabrication

process variance of the integratedcircuit;

determine an operational temperature associated with the analog variation parameter; and

determine an adjustment signal for a power supply voltage level of the integrated circuit

based on the analog variation parameter and the operational temperature, such that power

consumption ofthe integrated circuit is optimized.

10. (Original) The apparatus of claim 9, wherein the memory further stores operational instructions

that cause the processing moduleto:

adjust a regulation signal of a DC-to-DCconverter based on the adjustmentsignal.

lI. (Original) The method of Claim 10, wherein the memory further stores operational instructions

that cause the processing module to:

update the adjustment signal by repeating at least one of the determination ofthe operational

temperature and determine the analog variation parameter.

12. (Original) The apparatus of claim 9, wherein the memoryfurtherstores operational instructions

that cause the processing module to:

determine adigital variation parameter; and

determine the adjustment signal basedonthe digital variation parameter and the analog variation

parameter with respect to the operational temperature.
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Appl. No, 11/078,150 Docket No. SIG000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

13. (Original) The apparatus of claim 12, wherein the memory furtherstores operational instructions

that cause the processing module to determinethe digital variation parameterby:

measuring a processing speedofat least a portion of an integrated circuit to produce measured

processing speed;

comparing the measuredprocessing speed with acritical processing speedforthe at least a

portionofthe integrated circuit; and

when the measured processing speed compares favorably to the critical processing speed, set a

corresponding value ofthe digital variation parameter.

14. (Original) The apparatus of claim 12, wherein the memory further stores operational instructions

that cause the processing module to:

adjust a regulation signal of a DC-to-DC converter based on the adjustment signal.

IS. (Original) The apparatus of claim 13, wherein the memory furtherstores operational instructions

that cause the processing module to:

determine afirst adjustment signal based on the analog variation parameter;

determine a secondadjustmentsignal basedonthe digital variation parameter;

compare the first adjustment signal to the second adjustmentsignal; and

whenthefirst adjustment signal compares favorably with the second adjustmentsignal, selecting

the first adjustmentsignal as the adjustment signal, else selecting the secondadjustment signal as the

adjustment signal.
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Appl. No. 11/078,150 Docket No. SIGO00124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

16. (Original) A comprehensive system-on-a-chip comprises:

a processing core operably coupledto process input digital data and produce thercfrom output

digital data;

digital interface circuitry operably coupled to provide the input digital data to the processing core

and to receive the output digital data from the processing core;

mixed signal circuitry operably coupled to convert input analog signals into the input digital data

and to convert the output digital data into output analog signals; and

battery optimization circuitry that includes a DC-to-DC converter and a power conservation

circuit, wherein the DC-to-DC converteris operably coupled to convert a battery voltage into a supply

voltage that supplies at least one of: the processingcore, the digital interface circuitry, and the mixed

signal circuitry, wherein the powerconservationcircuit includes:

processing module; and

memory operably coupled to the processing module, wherein the memorystores operational

instructions that cause the processing moduleto:

determine an analog variation parameter representative of an integratedcircuit fabrication

process variance of the integrated circuit;

determine an operational temperature associated with the analog variation parameter,

determine a digital variation parameter representative of a processing speed ofthe

integrated circuit; and

determine an adjustment signal for a power supply voltage level of the integratedcircuit

based on the analog variation parameter with respect to the operational temperature and the

digital variation parameter, such that power consumptionofthe integrated circuit is optimized.

17. (Original) The comprehensive system-on-a-chip of claim 16, whercin the memory furtherstores

operational instructions that cause the processing moduleto:

adjust a regulation signal of a DC-to-DC converter based on the adjustment signal.

LS. (Original) The comprehensive system-on-a-chip of claim 17, whercin the memory further stores

operational instructions that cause the processing moduleto:

update the regulation adjustment by repcating at least one ofthe determination ofthe operational

temperature and the determination of the analog variation parameter.

6
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Appl. No. 11/078,150 Docket No. SIGQ00124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

19. (Original) The comprehensive system-on-a-chip of claim 16, wherein the memory further stores

operational instructions that cause the processing module to measure the processing speed by:

enabling a function to be performedbythe at least a portion of the comprehensive system-on-a-

chip;

counting at least one of a numberofcycles of a knownclock during the performing of function

by the at least a portionofthe integrated circuit and a numberofrepetitions of the function during a cycle

of the knownclock to produce a count value; and

equating the count value to the processing speed.

20. (Original) The comprehensive system-on-a-chip of claim 18, wherein the memory further stores

operational instructions that cause the processing module to adjust of the supply voltage by:

determining the digital variation parameteras a ratio between the measured processing speed and

the critical processing speed; and

adjusting the supply voltage based on an operational sufficiency of cither the digital variation

parameteror the analog variation parameter with respect to the operational temperature.
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Appl. No. 11/078, 150 Docket No. SIG000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

21. (Original) A methodforincreasing powersupply efficiency of an integrated circuit, comprising:

determining an analog variation parameter representative of an integrated circuit fabrication

process variance of the integrated circuit; and

determining an adjustment signal for a power supply voltage level of the integrated circuit based

on the analog variation parameter such that power consumption of the integratedcircuit is optimized.

22. (Original) The method of claim 21 further comprises:

determining an operational temperature associated with the analog variation parameter; and

determining an adjustment signal for a power supply voltage level of the integrated circuit based

on the analog variation parameter with respect to the operational temperature, such that power

consumptionof the integrated circuit is optimized.

23. (Original) The method of Claim 22 further comprises:

determining a digital variation parameter; and

determining the adjustment signal basedonthe digital variation parameter and the analog

varlation parameter with respect to the operational temperature.

24, (Original) The method of Claim 23 wherein the determining the adjustment signal comprises:

determining a first adjustment signal based on the analog variation parameter;

determining a second adjustment signal based onthe digital variation parameter;

comparing the first adjustment signal to the second adjustment signal; and

whenthe first adjustment signal compares favorably with the second adjustmentsignal, selecting

the first adjustment signal as the adjustmentsignal, clse the second adjustment signal as the adjustment

signal.
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Appl. No. 11/078,150 Docket No. SIG000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

REMARKS

Claims 1-24 are pending in the application.

Claims 1, 9, 21, and 22 have beenrejected.

Claims 16-20 are allowed.

Claims 2-8, 10-15, 23 and 24 have been objected to as depending froma rejected base

claim, but would be allowable if rewritten accordingly.

Reconsideration of the Claimsis respectfully requested.

1. Rejection under 35 U.S.C. § 102

Claims 1, 9, 21, and 22 were rejected under 35 U.S.C. § 102(b) as being anticipated by U.S.
Patent No. 5,563,928 to Rostokeret al. (Rostoker’).

Forestablishing anticipation, “[a] claim is anticipated only if each and every elementas set

forth in the claim is found, either expressly or inherently described, in a single priorart reference.

... The identical invention must be shownin as complete detail as is contained in the... claim.”

MPEP§ 2131 at p. 2100-73 (8thed., rev. 3, August 2005) (citations omitted).

Rostokerrelates to “a method and apparatus for optimizing the performanceofthe digital

systems by determining the optimal speed-powerparameters for the components ofthe digital

systems.” (Rostoker Col. 1:18-22). Under the heading “Digital System” of Rostoker, “[w]hen a

system requires a certain operating speed, the voltage and/or temperature parameters of the

integrated circuits may be adjusted so as to realize a minimumappropriate relaxation oscillator

frequency [parameter] for each integrated circuit. Conversely, whenthe integratedcircuits ofthe

system [have] muchfaster [clock rates] than necessary for desired operation, the voltage to these

integrated circuits may be lowered to reduce power consumption ofthe system.” (Rostoker Col.

12:56-63). Also, “[t]emperature and voltage [parameters] may be controlled... (Rostoker Col.

12:64-66; see also, e.g., Col. 11:34-42 (a set point signal for temperature control); Claim 21). In

other words, Rostoker appears to control temperature and voltage parameters ofits integrated

circuits by powerreduction, instead of monitoring the parameters for optimizing power

consumption,

In contrast, Applicant’s Independent Claim | recites, inter alia, a “method for power supply

optimization of an integratedcircuit, comprising: determining an analog variation parameter
 

representative of an integratedcircuit fabrication process variance ofthe integrated circuit: . ..

9
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Appl. No. 11/078,150 Docket No. SIG000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

and determining an adjustment signal for a powersupply voltage level of the integrated circuit
 

based on the analog variation parameter with respect to the operational temperature, such that
 

powerconsumptionofthe integrated circuit 1s optimized.” (emphasis added).

Also, the method of Applicant’s Independent Claim 20 recites, inter alia, a “methodfor

increasing powersupply efficiency of an integrated circuit, comprising: determining an analog

variation parameter representative of an integrated circuit fabrication process variance ofthe

integrated circuit; and determining an adjustment signal for a power supply voltage level of the
 

integrated circuit based on the analog variation parameter such that power consumption ofthe
 

integrated circuit is optimized.” (emphasis added).
 

Applicant respectfully submits that Rostoker does not provide each and every element asset

forth in Applicant’s methodclaims | and 20.

Also, the apparatus of Applicant’s Independent Claim9 recites, inter alia, an “apparatus for

increasing powersupply efficiency of an integrated circuit comprises: a processing module; and a

memory operably coupledto the processing module, whereimthe memory stores operational

instructions that cause the processing module to: determine an analog variation parameter

representative of an integratedcircuit fabrication process variance ofthe integrated circuit; . . .

determine an adjustment signal for a power supply voltage level of the integrated circuit based on
 

the analog variation parameter and the operational temperature, such that power consumption of
 

the integratedcircuit is optimized.” (emphasis added).

Applicant respectfully submits that Rostoker docs not provide each and every element as set

forth in Applicant’s apparatus of Independent Claim9,

Accordingly, Applicant respectfully submits that each and every element as set forth in

Applicant’s claimed invention ofits Independent Claim 1, Independent Claim 9, and Independent

Claim 21 and Claim 22 that depends therefrom, is not found in Rosteker. Applicant respectfully

requests that the rejection to these claims be withdrawn.

iQ)
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Appl. No. 11/078, 150 Docket No. SIG000124
Response mailed June 20, 2006
Reply to Office Action, mailed date March 20, 2006

2. Allowed and Allowable Subject Matter

Applicant notes with appreciation the allowance of its Claims 16-20.

The Office Action noted that Claims 2-8, 10-15, and 23-24 were 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. Applicant notes

with appreciation this mdication of allowability.

3. Conclusion

As a result of the foregoing, the Applicant respectfully submits that Claims 1-15 and 21-24,

in addition to Claims 16-20, in the Application are in condition for allowance, andrespectfully

requests an early allowance ofsuch Claims.

If any issues arise, or if the Examiner has any suggestions for expediting allowance ofthis

Application, the Applicant respectfully invites the Examinerto contact the undersignedat the

telephone numberindicated belowor at ksmith@texaspatents.com.

The Commissioneris hereby authorized to charge any additional fees connected with this

communication or credit any overpayment to Garlick Harrison & Markison Deposit Account No.

50-2126.

Respectfully submitted,

Date: _June 20, 2006 /Kevin L. Smith/

Kevin L. Smith, Reg. No. 38,620
Attorney for Applicant

 

Garlick Harrison & Markison

P.O. Box 160727

Austin, Texas 78716-0727

(972) 772-883 6/office
(972) 772-5033/facsimile
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 Office Action Summary Examiner Art Unit

| MeaganS. Walling 2863
-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY(30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensionsof time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire $1X (6) MONTHSfrom 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).

Anyreply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX] Responsive to communication(s) filed on 17 March 2005.

2a)(_] This action is FINAL. 2b)XJ This action is non-final.
3) Since this application is in condition for allowance except for formal matters, prosecution as to the menitsis

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

Disposition of Claims

4)X} Claim(s) 1-24 is/are pending in the application.
4a) Of the above claim(s)___ is/are withdrawn from consideration.

5)B Claim(s) 18-20 is/are allowed.

6) Claim(s) 1,9,21 and 22 is/are rejected.

7) Claim(s) 2-8,10-15,23 and 24 is/are objectedto.

8)L] Claim(s)__ are subject to restriction and/or election requirement.

Application Papers

9)(_] The specification is objected to by the Examiner.
10) The drawing(s) filed on 17 March 2005is/are: a)X] 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).

41)[7] The oathor declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12){_] Acknowledgmentis madeof a claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f}.
a)LIA! b)LJ Some * c)[_] Noneof:

1.[] Certified copies of the priority documents have been received.

2.-] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been receivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

 

 
Attachment(s)

1) x Notice of References Cited (PTO-892) . 4) Cl Interview Summary (PTO-413)
2) (_] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [} information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) _] Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) (_] Other:

Application No. Applicant(s)

11/078,150 MAYET AL. (on
—

 
 
ULS. Patent and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060314
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DETAILED ACTION

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section madein this Office action:

A person shail be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one yearprior to the date of application for patent in the United States.

1. Claims 1, 9, 21, and 22 are rejected under 35 U.S.C. 102(b) as being anticipated by

Rostokeret al. (US 5,563,928).

Regarding claim 1, Rostokeret al. teaches determining an analog variation parameter

representative of an integrated circuit fabrication process variance ofthe integrated circuit

(column J, lines 25-33); determining an operational temperature associated with the analog

variation parameter (column 1, lines 34-38); and determining an adjustment signal for a power

supply voltage level of the integrated circuit based on the analog variation parameter with respect

to eh operational temperature, such that power consumptionofthe integrated circuit is optimized

(column2, lines 14-17).

Regarding claim 9, Rostokeret al. teaches a processing module (1002); and a memory

(1004) operably coupled to the processing module, wherein the memory stores operation

instructions that cause the processing moduleto: determine an analog variation parameter

representative ofan integrated circuit fabrication process variance ofthe integrated circuit

(column 1, lines 25-33); determine an operational temperature associated with the analog

variation parameter (columnI, lines 34-38); and determine an adjustment signal for a power

supply voltagelevel of the integrated circuit based on the analog variation parameter with respect
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to eh operational temperature, such that power consumption ofthe integrated circuit is optimized

(column 2,lines 14-17).

Regarding claim 21, Rostokeret al. teaches determining an analog variation parameter

representative of an integrated circuit fabrication process variance ofthe integrated circuit

(column1, lines 25-33); and determining an adjustmentsignal for a power supply voltage level

of the integrated circuit based on the analog variation parameter such that power consumption of

the integrated circuit is optimized (column2, lines 14-17).

Regarding claim 22, Rostokeret al. teaches determining an operational temperature

associated with the analog variation parameter (column 1, lines 34-38); and determining an

adjustment signal for a power supply voltage level of the integrated circuit based onthe analog

variation parameter with respect to eh operational temperature such that the power consumption

of the integrated circuit is optimized (column 2,lines 14-17).

Allowable Subject Matter

2. Claims 2-8, 10-15 and 23-24 are objected to as being dependent uponarejected base

claim, but would be allowable if rewritten in independent form includingall of the limitations of

. the base claim and any intervening claims.

The following is a statement of reasons for the indication of allowable subject matter:

The primary reason for the indication ofallowability of claims 2 and 10 is the inclusion

of the limitation of adjusting a regulation signal of a DC-to-DC converter based on the

adjustmentsignal. It is this limitation in the claimed combinationthat has not been found,

taught, or suggested bythe priorart that makes these claims allowable.
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The primary reason for the indication of allowability of claims 4, 12, and 22 is the

inclusion of the limitation of determining a digital variation parameter; and determining the

adjustment signal based on the digital variation parameter and the analog variation parameter

with respect to the operational temperature. It is this limitation in the claimed combination that

has not been found, taught, or suggested by the prior art that makes these claimsallowable.

3. Claims 16-20 are allowed.

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

Theprimary reason for the allowanceof claim 16 is the inclusion of the limitation of a

processing core operably coupled to process input digital data and produce therefrom output

digital data’, digital interface circuitry operably coupled to provide the input digital data to the

processing core andto receive the output digital data from the processing core; mixed signal

circuitry operably coupled to convert input analog signals into the input digital data and to

convert the output digital data into output analog signals; and battery optimization circuitry that

includes a DC-to-DC converter and a power conservation circuit, wherein the DC-to-DC

converter is operably coupled to convert a battery voltage into a supply voltage that suppliesat

least one of: the processing core, the digital interface circuitry, and the mixed signal circuitry,

wherein the power conservationcircuit includes: processing module, and memory operably

coupled to the processing module, wherein the memorystores operational instructionsthat cause

the processing module determine an analog variation parameter representative ofan integrated

circuit fabrication process varianceofthe integrated circuit, determine an operational

temperature associated with the analog variation parameter, determine a digital variation
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parameter representative of a processing speedof the integratedcircuit: and determine an

adjustmentsignal for a power supply voltagelevel of the integrated circuit based on the analog

variation parameter with respect to the operational temperature and the digital variation

parameter, such that power consumptionofthe integrated circuit is optimized. It is this

limitation in the claimed combination that has not been found, taught, or suggested by the prior

art that makes these claims allowable.

Any comments considered necessary by applicant must be submitted nolater than the

paymentofthe issue fee and, to avoid processing delays, should preferably accompany the issue

fee.- Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Conclusion

Any inquiry concerning this communicationor earlier communications from the

examiner should be directed to Meagan S. Walling whose telephone numberis (571) 272-2283.

The examiner can normally be reached on Monday through Friday 8:30 AM to 5 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, John Barlow can be reached on (571) 272-2269. The fax phone numberfor the

organization wherethis application or proceeding is assigned 1s 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197(toll-free).
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POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM
ON AN INTEGRATED CIRCUIT

TECHNICAL FIELD

{0001} This invention relates generally to portable electronic equipment and more

particularly to a sensing digital and analog parameters of an integrated circuit to provide

powersupply optimization.

BACKGROUND

[0002] As is known, integrated circuits are used in a wide variety of electronic

equipment, including portable, or handheld, devices. Such handheld devices include

personal digital assistants (PDA), CD players, MP3 players, DVD players, AM/FM radio,

a pager, cellular telephones, computer memory extension (commonly referredto as a

thumb drive), etc. These handheld devices include one or more integrated circuits to

provide the functionality of the device. For example, a thumb drive may include an

integrated circuit for interfacing with a computer (for example, personal computer,

laptop, server, workstation, etc.) via one of the ports of the computer(for example,

Universal Serial Bus,parallel port, etc.) and at least one other memory integrated circuit

(for example, flash memory). As such, when the thumb drive is coupled to a computer,

data can be read from and written to the memory of the thumb drive. Accordingly, a user

maystore personalized information (for example, presentations, Internet access account

information, etc.) on his/her thumb drive and use any computer to access the information.

[0003] As another example, an MP3 player may include multiple integrated circuits to

support the storage and playback of digitally formatted audio (that is, formatted in

accordance with the MP3 specification). As is known, one integrated circuit may be used

for interfacing with a computer, another integrated circuit for generating a power supply

voltage, another for processing the storage and/or playback ofthe digitally formatted

audio data, and still another for rendering the playback of the digitally formatted audio.

[0004] Integrated circuit technology has led to a plethora of handheld devices; however,

to be “wired” in today’s electronic world, multiple handheld devices would be needed.

l
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For example, one may owna cellular telephone for cellular telephone service, a PDA for

scheduling, address book, etc., one or more thumbdrives for extended memory

functionality, an MP3 player for storage and/or playback ofdigitally recorded music, a

radio, etc. Thus, even though a single handheld device may be relatively small, carrying

multiple handheld devices on one’s person can become quite burdensome.

* [0005] Such handheld devices use a battery (or batteries) to supply powerto the circuitry

of the device. The greater the circuitpower consumption, the shorter the battery life (that

is, the length of time a device can be operated before having to replace or charge the

battery).

[0006] With the goal ofextending battery lifespan for portable devices, various

techniques had been used. One technique has beento turn off circuitry that is not needed

to support the present function and to put the device in a “sleep” mode when theentire

device is not in use.

{0007} Another technique is related to improvements in integrated circuit fabrication that

allows for smaller devices to be developed and to be operated at lower voltages, thus

consuming less power. For example, 0.18 micron Complementary Metal Oxide

Semiconductor (“CMOS”) integrated circuit technology is currently the most accepted

process, which uses supply voltages of 1.8 volts. Several years ago, however, 0.35

micron and 0.50 micron CMOSintegrated circuit technologies were the prevalent

processes, which could use supply voltages of about 3.3 volts. In the near future, 0.10

and 0.13 micron CMOSintegrated circuit technology will likely become the technology

of choice because of lower supply voltages of about 1.0 volts.

[0008] While these design techniques worked to reduce power consumption generally,
they had been designed assuming the worst-case operation of an integrated circuit. As

such, integrated circuit circuits would be consuming more power than needed because the

power reducing techniques were under a worst-case assumption and not individually

optimized on a chip-by-chip basis.
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[0009] Generally, digital components and analog components are operated under

different processes, techniques, or parameters for their desired functional results.

Because digital componentoperation is based on clock speed, and analog component

operation is based on bias factors suchas threshold voltage, different operational
parameters or conditions may be more favorable for one over the other. For example,
lower operational temperatures raise the threshold voltage level for analog components,
affecting signal performance, while favorable for digital componentoperation.

Conversely, higher operational temperatures lowerthe threshold voltage level for analog

components, while slowing digital gate response for digital components. Accordingly,
power consumption considerations for each type of componentwould differ.

[0010] Therefore, a need exists for an integrated circuit that provides multiple functions

through mixed-signal operation and architectures for handheld devices with appropriate

optimized power-consumption and with a minimal requirementof external components.

Le
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SUMMARY

{001 1] Provided is a method and apparatus for conserving power of a system-on-a-chip

having analog circuitry. An aspect is a method and apparatus for increasing the power

supply efficiency of an integrated circuit, by determining an analog variation parameter
that is representative of an integratedcircuit fabrication process variance of the integrated

circuit. An operational temperature is determined, where the operational temperature is

associated with the analog variation parameter. With the analog variation parameter and

the operational temperature, an adjustmentsignal is determined for a powersupply level

of the integrated circuit, such that power consumptionofthe integrated circuit is

optimized.

(0012] A further aspect involves determining a digital variation parameter, and

determining the adjustment signal based on the digital variation parameter and the analog

variation parameter with respectto the operational temperature. The digital variation

parameter is determined by using a speed sensing technique, which begins by measuring

the processing speed ofat least a portion ofan integrated circuit (“IC”) to produce

measured processing speed. The portion of the IC maybeatest circuit, a critical path of

the IC, and/or a replica of the critica! path of the IC, The processing continues by

comparing the measured processing speed with a critical processing speed for the at least

a portion of the integrated circuit. The processing then continues by adjusting supply

voltage to the integrated circuit to reduce power consumptionofthe integrated circuit

when the measured processing speed compares favorably to the critical processing speed.

[0013] With such a method and apparatus, power consumptionis optimized on an IC-by-

IC basis, as well as over time.
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DESCRIPTION OF THE DRAWINGS

{0014} Figure 1 is a schematic block diagramof a multiple function battery operated

device that includes a battery-optimized system-on-a-chip in accordance with the present

invention;

(0015] Figure 2 is a schematic block diagram of another multiple function battery

operated device that includes a battery-optimized system-on-a-chip in accordance with

the present invention;

[0016] Figure 3 is a schematic block diagram of a power conserving circuit in accordance

with the present invention;

[0017] Figure 4 is a graph of supply voltage versus transistor speed in accordance with

the present invention;

{0018] Figure 5 is a graph of integrated circuit power consumption versus supply voltage

in accordance with the present invention;

[0019] Figure 6 is a logic diagram of a method for conserving powerin accordance with

the digital circuitry in accordance with the present invention;

[0020] Figure 7a is a schematic of a process sensing channel in accordance with the

present invention;

{0021} Figure 7b illustrates a graph that plots interrelationships of fabrication parameter

corners versus headroom voltage in accordance with the present invention;

[0022] Figure 8 is a schematic block diagram of an analog power conservation circuit in

accordance with the present invention; \

[0023] Figure 9 is a schematic diagram ofthe operational temperature sensor In

accordance with the present invention;

[0024] Figure 10 is a graph of current versus temperature that illustrates the operation of

the operational temperature sensorof Figure 9;

>
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[0025] Figure 11 is a schematic block diagram of a power conserving circuit having a

first component for assessing power conservation for a digital circuit, and a second

componentfor assessing power conservation for an analog circuit in accordance with the

present invention; and

[0026] Figures 12a, 12b, and 12c are a logic diagram for a method for conserving power

for a mixed signal integrated circuit in accordance with the present invention.
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DETAILED DESCRIPTION

[0027] Figure | is a schematic block diagram of a multiple function battery operated

device 10 that includes a battery-optimized system-on-a-chip 12, a battery 14, an inductor

16, a display 18, a connector 20, and an input device 22. The multiple function battery

operated device 10 mayalso be referred to as a handheld device. The connector 20

provides coupling between the battery-optimized system-on-a-chip 12 and external

sources 34, which may be a host computer 36, a video decoder 38, a memory stick 40, a

wireless modem 42, a camcorder image sensor 44. The battery-optimized system-on-a-

chip 12 includes a multimedia module 24, a high-speedinterface 28, a processing module

30, on-chip memory 32, and an on-chip DC-to-DC converter 26. In general, the multiple

function battery operated device 10 may be, but is not limited to, an MP3 player/recorder,

a thumb drive memory extension,a digital camera,a digital camcorder, a DVD

player/recorder, video conferencing device, a personaldigital assistant (“PDA”), a radio,
a television, and/or a CD player/recorder.

(0028} The DC-to-DC converter 26 is operably coupled to the battery 14 and inductor 16

to produceat least one supply voltage (Vpp). In general, the DC-to-DC converter may be

a buck converter, a boost converter, a fly-back converter, a half bridge converter, and/or a

full bridge converter. Note that the DC-to-DC converter can also be an inductor-less

configuration including a linear regulator and/or a switched-capacitor regulator. In one

embodiment, the DC-to-DC converter is a boost converterthat includes a sink transistor,

at least one load transistor, and regulation circuitry. The regulation circuitry monitors the

supply voltage (Vpp) with respect to a reference voltage and produces therefrom a

regulation signal. The regulation signal, in one phase, enables the sink transistor to build

up energy in the inductor and, in another phase, enables the load transistor to transferthe

energyofthe inductor to the supply voltage. The DC-to-DC converter 26 may be

constructed in accordance with the teaching of U.S. Patent 6,204,651, entitled METHOD

AND APPARATUS FOR REGULATING A DC VOLTAGE,whichis hereby

incorporated by reference, and provides the supply voltage the processing module 30, the

on-chip memory 32, the high-speed interface 28, and/or the multimedia module 24. The
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DC-to-DC converter 26 may also provide the supply voltage off-chip to powerthe

display 18 and/or the input device 22.

{0029] The high-speed interface 28 is operably coupled to bus 25 within the system-on-a-

chip 12 and externally via the connector 20. As such, the high-speed interface 28, which

may be a universalserial bus (“USB”) interface, a serial-to-deserial interface, or parallel

interface, provides connectivity between one or more external sources 34 and the system-

on-a-chip 12. For example, the host computer 36, which may be a personal computer,

laptop, workstation, etc., provides digitized audio (for example, an MP3 file, WMA -

Windows Media Architecture-, MP3 PRO, Ogg Vorbis, AAC - Advanced Audio Coding,

aCDfile, etc.) and/or digitized video signals (for example, an MPEG (motion picture

expert group)file, a JPEG Goint photographic expert group) file, a DVD file, a video

graphics file, a text file, etc.) to the high-speed interface 28. The high-speed interface 28

converts the format ofthe received data into a generic format of the system-on-a-chip,

which is based on the type of processing module 30 and/or the type of on-chip memory

32.

[0030] The high-speed interface then provides the gencric formatted data to the

processing module 30, the on-chip memory 32, and/or the multimedia module 24. For

instance, the digitalized audio and/or video data maybestored in the on-chip memory 32

for later playback, where the processing module 30 controls the storing of the data via a

multimedia application 46. Note that processing module 30 maybe a single processing

device or a plurality of processing devices. Such a processing device may be a

microprocessor, micro-controller, digital signal processor, microcomputer, central

processing unit, field programmable gate array, programmable logic device, state

machine,logic circultry, analog circuitry, digital circuitry, and/or any device that

manipulates signals (analog and/or digital) based on operational instructions.

{0031] The on-chip memory 32 may be a single memorydevice or a plurality of memory

devices. Such a memory device maybe a read-only memory, random access memory,

volatile memory, non-volatile memory, static memory, dynamic memory, flash memory,

cache memory, and/or any device that stores digital information. Note that when the
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processing module 30 implements one or more of its functions via a state machine,

analog circuitry, digital circuitry, and/orlogic circuitry, the memorystoring the

corresponding operational instructions may be embedded within,or externalto, the

circuitry comprising the state machine, analog circuitry, digital circuitry, and/or logic

circuitry. The memory 32 stores, and the processing module 30 executes, operational

instructions corresponding to multimedia applications 46 thatinclude, but are not limited

to audio playback, audio record, video playback, video record,storing text, displaying

text, storing video graphics, file system transfer, and/or displaying video graphics.

{0032} The data that is stored in the on-chip memory 32 may be subsequently retrieved

underthe control of the processing module 30 while executing a multimedia application

46 to render the data audible and/orvisible. In this instance, the processing module 30

causes the data to be retrieved from the on-chip memory 32 and to be provided tothe

multimedia module 24. The multimedia module 24 processes the data to produce

rendered output data 52, which mayinclude analog audio signals, digital audio signals,

analog video signals, digital video signals, text, and/or video graphics, and provides the

rendered output data 52 to the display 18. The display 18, which may be a headphone

jack, a speaker or speakers, a Liquid Crystal Display (“LCD”) video graphicsdisplay, an

electro-luminance backlight video graphics display, etc., converts the rendered output

data 52 into audible and/or visual information.

[0033] In other examples, the high-speed interface 28 may exchange audio data, video

data, video graphics data, and/or text data with the video decoder 38, the memory stick

40, the wireless modem 42, and/or the camcorder image sensor 44. As such, the multiple

function battery operated device 10 may function as a portable MP3 player/recorder, a

personal DVD player/recorder, a personal CD player/recorder,etc.

{0034] The multimedia module 24 mayalso receive input signals 54 from the input

device 22, which maybe a microphone, a keypad, a video capture device (for example, a

digital camera or a digital camcorder), etc. Such input signals 54 maybe videosignals,

audio signals, video graphics signals, and/or text signals. Upon receiving the input

signals 54, the multimedia module 24, in conjunction with the processing module 30
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executing a multimedia application, converts the input signals 54 into the generic digital

format of the system-on-a-chip for storage in the on-chip memoryorfor providing to an

external source via the high-speed interface 28.

[0035] As one of average skill in the art will appreciate, the system-on-a-chip may

include a memory interface operably coupledto the bus 25, which is coupled to a flash

memory, or the like, to extend the memory of the battery operated device 10. Assuch, in
one embodiment, all of the video, video graphics, text, and/or audio data is stored in the

on-chip memory and in another embodiment, the video, video graphics,text, and/or audio

datais at least partially stored off-chip in the external memory and retrieved when

needed.

{0036] As one of average skill in the art will further appreciate, when the battery

operated, or handheld, device 10 is not coupled to the host device, (thatis, it is ina

battery powered mode) the processing module 30 executes a multimedia application 46 to
detect the disconnection and to place the handheld device in a battery operation mode. In

the battery operation mode, the processing module 30 retrieves, and subsequently

executes, a set of operational instructions from the on-chip memory32 to support the

battery operational mode. For example, the battery operational mode may correspond to

MP3file playback,digital dictaphone recording, MPEGfile playback, JPEG file

playback, text messaging display, cellular telephone functionality, and/or AM/FM radio

reception.

[0037] As one of average skill in the art will still further appreciate, due to the

comprehensiveness ofthe system-on-a-chip 12, the battery-operated device 10 requires

minimal additional components, thus reducing cost and complexity of the resulting

device 10. Further, by including battery-optimizing techniques, the system-on-a-chip

optimally consumes powerto fully extend the life of the battery.

[0038] Figure 2 is a schematic block diagram of another multiple function battery

operated device 60 that includes a battery-optimized system-on-a-chip 62, a plurality of

external memories 86, the battery 14, an external power source 68, a video and/ortext
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display 78, a headphone jack 74, speaker(s) 76, a microphone 84, a keypad 82, and a

video capture device 80.

[0039] The battery-optimized system-on-a-chip 62 includesa plurality of high-speed
interfaces 28, a plurality of memory interfaces 64, a plurality of processing modules 30,

the DC-to-DC converter 26, a battery charger 66, the on-chip memory 32, the multimedia

module 24, a power conserving circuit 250 providing an adjust signal 252 (which will be

described in greater detail with reference to Figures 3 through 12), and an electro-

luminance backlighting drive circuitry 70. The multimedia module 24 includes a

capacitor-less headphone driver 72. The on-chip memory 32 includes randomaccess

memory (“RAM”) 90 and read only memory (“ROM”) 88.

[0040] The pluralityof high-speed interfaces 28-1 through 28-n allow the system-on-a-

chip 62 to be simultaneously coupled to multiple external sources 34. The high-speed

interfaces may utilize the sameor different interface protocols. For example, all of the

high-speed interfaces 28 may utilize a USB interface protocol, an Ethernet interface

protocol,a fire-wire interface protocol, a serial/deserial interface protocol, etc.

Alternatively, each high-speed interface 28-1 through 28-» may use a different interface

protocol. For instance, high-speed interface 28-1 may support a USB interface, high-

speed interface 28-2 may support Ethernet, and high-speed interface 28-» may support a

fire-wire interface. One or more ofthe processing modules 30-1 through 30-n

coordinates and arbitrates the high-speed interfaces 28 access to the bus 25.

[0041] The plurality of memory interfaces 64-1 through 64-n allow the system-on-a-chip

62 to be coupled to a plurality of external memory devices 86-1 through 86-7. The

external memory devices 86-1 through 86-7 may be NAND flash memory devices, NOR

flash memory devices, and/or any other type of random access memory devices or read

only memory devices.

{0042] While executing one or more multimedia applications, one or more of the

processing modules 30 coordinates the reading and/or writing of multimedia data to and

from the external memory devices 86. For instance, one ofthe external memory devices

86 maystore MP3files for subsequent playback, another external memory device 86,

I
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maystore videofiles (for example, MPEG, JPEG,etc.) for subsequent playback, and

another external memory device maystore text and/or video graphics relating to

operation ofthe device 60 and/or related to inputted data via the keypad 82, the video

capture device 80, and/or one of the external sources 34 (see Figure 1).

[0043] Each of the external memorydevices 86 may or may not be compliant with a

memory interface standard. As such, the memoryinterfaces 64 include a flexible

topology to accommodate the various types of external memory devices 86 that may be

coupled to the system-on-a-chip 62. For a detailed discussion of the functionality of the

memoryinterfaces 64 refer to U.S. patent application entitled FLEXIBLE MEMORY

INTERFACE SYSTEM, having serial no. 10/865,585 and a filing date of June 10, 2004,

which is hereby incorporated by reference.

[0044] The multimedia module 24 is operably coupled to receive input signals 54 from a

microphone 84, a keypad 82, and/or a video capture device 80. The video capture device
80 may be a digital camera and/or a digital camcorder that supplies MPEGfiles, JPEG

files, and/or other standardized format forstill and/or motion digital images. The

multimedia module 24 receives the digital video images from the video capture device 80

and either converts them into the generic format ofthe system-on-a-chip to produce

generic video that are stored either in the on-chip memory 32 and/orin the external

memory 86 or provides the digital video images to the bus 25 for storage in the on-chip

memory 32 and/or in the external memory 86. One or more of the processing modules

30 coordinates the storing ofthe digital video images and whetherthe data will be

converted to the generic format or not. The generic format may involve portioning

packets of the video image into data wordsofa size corresponding to the bus width of the

processing modules 30, storage word size of the on-chip or off-chip memory, and/or of

the bus width of the bus 25.

[0045] The multimedia module 24 is also coupled to receive input signals 54 from the .
keypad 82. The keypad 82 may be a touch screen pad, a keyboard, voice recognition

module, and/or any device that produces text messages. The multimedia module 24

receives the text messages from the keypad 82 and either processes themfor display on
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the video and/ortext display 78 or for storage in the RAM 90 and/orin the external

memory 86. The processing of the text message may involve routing it to the video

and/or text display 78, converting it to the generic format for storing in the RAM 90 or

the external memory86, or rendering it for display (that is, converting text information

into pixel information).

{0046} The multimedia module 24 is further coupled to receive input signals 54 from the

microphone 84. The multimedia module 24 converts the analog audio input signals from

the microphone 84 into digital audio input signals using an encoding scheme, suchas

pulse code modulation (“PCM”). The multimedia module 24 provides the digital audio

signals to the RAM 90 and/or the external memory 86 for storage underthe control of the
processing module 30, which is executing an audio recording multimedia application 46.

Accordingly, in this mode, the multiple function battery operated device 60 may function

as a dictaphone.

[0047] The multimedia module 24 is operably coupled to provide analog audio signals to

the speaker(s) 76 and/or to the headphone jack 74. The multimedia module 24 may

generate the analog audio signals by performing a PCM decodingofdigital audio signals

stored in the on-chip memory 32 and/orstored in the external memory 86. The

multimedia module 24 includes a driver, or multiple drivers, to supply the analog audio

signals to the speaker(s) 76. The multimediamodule 24 also includes the capacitor-less

headphone driver 72 to supply the analog audio signals to the headphonejack. The

capacitor-less headphonedriver 72 reduces the number of external components by

eliminating the need for coupling capacitors from the on-chip drivers to the headphone

jack, wherein the coupling capacitors enabled level shifting of the analog audio signals

fromthe driver level of 0.9-volts (for example, an alternating current (“AC”) ground for

the left channel and right channel drivers) to 0-volts for the headphones. By reducing the

numberof required external components,the cost of producing a multiple function

battery operated device 60 is reduced withoutsacrificing featuresand/or functionality.

[0048] The multimedia module 24 is further coupled to the video and/or text display 78,

which maybe an electro-luminance backlight display, an LCD display, or any other type

95



96

DOCKETNO. SIGOQ00124

of display that displays text, video graphics, and/or video images(still or motion). The

multimedia module 24 receives digital video data from the on-chip memory and/or an

external memory 86 underthe control of the processing module 30, which is executing a

text and/or video playback multimedia application. Upon receiving the digital video data,

the multimedia module 24 convertsit into pixel information (for example, RGB, YUV,
YCrCb, etc.), which is provided to the video an/or text display 78.

[0049] If the display 78 is an electro-luminance backlight display, the system-on-a-chip

includes the electro-luminance backlighting drive circuitry 70. In general, the electro-

luminance backlighting drive circuitry 70 provides the control signals for the power

transistors of the electro-luminance backlight display, thus eliminating the need for an

extra integrated circuit to generate the control signals. By eliminating the need for an

extra integrated circuit, the cost of producing a multiple function battery operated device

60 is reduced without sacrificing features and/or functionality.

[0050] The battery charger 66 is operably coupled to charge the battery 14 when the

external source 68 is coupled to the device 10. The external source 68 may be a 5 volt

supply that is received via a USB connection to a host computer or other external source

having a USB connection. The details of the battery charger 66 are described in U.S.

patent application entitled METHOD AND APPARATUS TO PERFORM BATTERY

CHARGING USING A DC-DC CONVERTER CIRCUIT, having serial no. 10/675,116,

and a filing date of September 30, 2003, and U.S. patent application entitled

OVERVOLTAGE AND BACKFLOW CURRENTPROTECTION FOR A BATTERY

CHARGER,havingserial no. 10/675,101, and having filing date September 30, 2003,

both of which are hereby incorporated by reference.

[0051] Each of the processing modules 30-1 through 30-n maybe a single processing

device or a plurality of processing devices. Such a processing device may bea

microprocessor, micro-controller, digital signal processor, microcomputer, central

processing unit, field programmable gate array, programmable logic device, state

machine, logic circuitry, analog circuitry, digital circuitry, and/or any device that

manipulates signals (analog and/or digital) based on operational instructions. Further,
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each of the processing modules may be performing separate multimedia applications

and/or co-process a single multimedia application. Such multimedia applications 46

include, but are not limited to, audio playback, audio record, video playback, video

record, storing text, displaying text, storing video graphics,file system transfer, and/or

displaying video graphics.

[0052] The on-chip memory 32 is shownto include ROM 88 and RAM 90. The ROM

88 may store a bootalgorithm to initiate the battery-optimized system-on-a-chip 62,

video graphics data, and/or any other system level data that should not be overwritten.

The RAM 90 maybeused asa first and/or second level cache memory for the processing

modules 30 and mayrange from a few hundredkilobits to several hundreds megabits of

storage capacity.

[0053] Figure 3 is a schematic block diagram of a digital power conserving circuit 92 of

a power conservation unit 250 (see Figure 2) that includes a portion of an IC 100, a

sensing circuit 102, and a comparator 116. The portion of the IC 100 may bea speed test

circuit (for example, a plurality of gates interoperably coupled, an adder, a multiplier,

ring oscillator, etc.), a critical path within the IC (for example,the path in the IC have the

greatest amount ofdelay), and/or a replica of the critical path within the IC. The power

conserving circuit 92 is provided through power conserving circuit 250, shown in Figure

2.

[0054] In operation, the portion of the IC 100 receives a test input 106, which maybe a

single bit of data, an enable signal, and/or multiple bits of data having a knownpattern.

The sensing circuit [02 determines when the portion of the IC 100 receives the test input

106 with respect to a known clock 104. The sensing circuit 102 monitors the output of

the portion of the IC 100 to determine whenthe test output 108 is produced. When the

test output 108 is detected, the sensing circuit 102 determines the numberof cycles ofthe

known clock 104 that has passed betweenthe portion of the IC 100 receiving the test

input 106 andit producing the test output 108 to produce a count value. Alternatively,
the sensing circuit 102 counts the numberof iterations of performing the function during
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a clock cycle (for example, how many oscillations of a ring oscillator occur during a

clock cycle) to determine a count value.

{0055] The sensing circuit 102 converts the count value into a measured processing speed

110 of the portion of the IC 100. For example, if the test circuit is a ring oscillator, that

is, a plurality of inverters coupled in cascaded fashion,the rise and fall times can be

determined based on the numberofiterations in a clock cycle, where the rise and fall
times can be used to determine the processing speed. The comparator 116 compares the

measured processing speed 110 witha critical processing speed 112 to determine whether

the supply voltage can be adjusted 114 and by how much. In general, the critical

processing speed 112 correspondsto the time during which the portion of the IC must

perform its function in order to avoid a timing error in the system-on-a-chip. If the

measured processing timeis less than thecritical processing time, the supply voltage may

be decreased, which slows the processing speed of the portion of the IC 100 but also

reduces power consumption of the IC. This is graphically illustrated in Figures 4 and 5.

[0056] Figure 4 illustrates a graph that plots supply voltage versus transistor speed,

whichis a key factor in determining the speed of the portion of the IC 100. As shown,

from IC to IC and/or over temperature, the transistor speed with respect to supply voltage

will vary. Ideally, it is desired to sct the supply voltage such that the speed of the

transistor (for example, rise and fall times) is at the critical speed or slightly above the

critical speed. As shown, however, the speed to supply voltage may vary from IC to IC

and within the same IC as the operating temperature of the IC changes. For instance,

manyICs will have the nominal temperature , while a few will experience the minimum

temperature, and a few will experience the maximumtemperature. Without the power

conserving circuit 92 (see Figure 3), the supply voltage forall of the all ICs in this lot and

in other lots would have to be set to handle the worst-case condition, where thecritical
processing speed is only achieved with a maximumsupply voltage. As such, even

though most of the [Cs have a better speed to supply voltage ratio, they are operated

based on the worst-case condition. Thus, they consume more power than necessary to

perform their specific function since IC power consumption increases non-linearlyas the

supply voltage increases as shownin Figure 5.
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[0057] The power conserving circuit 92 provides an adjust signal 114 for a supply

voltage on a chip-by-chip basis such that the speed ofa transistor is maintained ata rate

just above the critical speed. Thus, some JCs will require the supply voltageto beset at
or near the maximumlevel, someICs will be able to have the supply voltage set at or

‘near the minimumlevel, while most will have the supply voltage set somewhere between

the maximum and minimum values. Accordingly, by lowering the supply voltage for an

individual IC, the power consumption for the IC is minimized.

[0058] Figure 6 is a logic diagram of a method-for conserving power of a system-on-a-

chip that begins at step 120 where processing speed ofat least a portion of an integrated

circuit is measured to produce measured processing speed. The atleast a portion of the

integrated circuit includes a speed test circuit, a critical path of the integrated circuit,

and/or a replicated circuit ofthe critical path of the integrated circuit. The measuring of

the processing speed may be done as shownin steps 130 through 134. At step 130, the at

least a portion of the integrated circuit performs a function, which maybe, but is not

limited to, an add function, a delay line function, a ring oscillation function, a memory

retrieval function, and/or a multiplication function. The process then proceedsto step

132 where a numberof cycles of a known clock are counted during the performing of

function by the at least a portion of the integrated circuit or the numberofiterations, or

repetitions, of performing the function during a clock cycle to produce a count value.

The process then proceeds to step 134 where the count value is equated to the processing

speed.

[0059] Returning to the main path ofthe logic diagram, the process continuesat step 122

where the measured processing speed is compared with a critical processing speed for the

at least a portion of the integrated circuit. The process then proceeds to step 124 where a

determination is made as to whether the comparison was favorable. If not, the process

proceeds to step 126 where the supply voltage is maintainedat its current setting, which

initially may be set at its maximum value.

(0060] If the measured processing speed compared favorablyto the critical processing

speed, the process proceeds to step 128 where the supply voltage to the integrated circuit
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is adjusted to reduce power consumption of the integrated circuit. In one embodiment,

the adjusting of the supply voltage may be done by determining a ratio between the

measured processing speed andthe critical processing speed and proportionally adjusting

the supply voltage based on the ratio. In another embodiment, the adjusting of the supply

' voltage may be donebyadjusting the feedback of the supply voltage for regulation of an
on-chip DC-to-DC converter that produces the supply voltage, or adjusting a reference

voltage used for regulation of the on-chip DC-to-DC converter that produces the supply

voltage. As one of average skill in the art will appreciate, the measuring, comparing, and

adjusting to update the supply voltage may be periodically performed.

[0061] Figure 7a is a schematic diagramillustrating a process sensing channel 200 for

measurement or assessment of an analog variation parameter of a portion of an IC 100

resulting from various fabrication parameters — that is, providing the ability to account for

fabrication variations autonomously through the lifespan of the device. It is noted that

the portions of an IC referred to herein are not to be construed as being the same, but may

be other locations on the totality of the integrated circuit, and that the term “portion,” as

used,is to refer to something less than the entirety ofthe integrated circuit.

[0062] A suitable value used for assessing the analog variation parameteris the threshold

voltage Vt of the IC. As shown,a diode-typefield effect transistor (“FET”) 202 With a

known-current source 204 provides a measurement node 206, which allows measurement

of the voltage of the diode-configured FET 202. This diod-type configuration can be

implemented with m and p-type devices. The analog variation parameteris assessed by .

measuring the gate voltage of the transistor 202 at a point where a specific small drain

current flows. An operational temperature is determined that is associated with the

analog variation parameter(as discussed later in detail).

[0063] Accordingly, by assessing the analog variation parameterfor the IC, the

headroomvoltage relating to the IC 100 is “sensed.” This information regarding the

analog circuitry headroomcan be used in determining an adjust Vop signal 252 (see

Figure 2). The term “headroom voltage” is understood to be the available signal swing in

analog circuitry before a performance loss becomes unacceptable, such as in signal
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distortion via signalsize, signal quality, etc. The AVpp adjust signal 218 provides a

mechanism for adjustment of the DC-to-DC converter 26. In this manner, the external

powersource 68 is optimized, thereby extending the useful lifespan of a power source to

service the multiple function battery operated device 10 of Figure | or the multiple
function battery operated device 60 of Figure 2.

[0064] Figure 7b illustrates a graph that plots interrelationships of fabrication parameter

corners versus headroom voltage. The illustration is general in nature, and is set forth to.

conveythe interrelationships that are represented by the analog variation parameter for

assessing the magnitude of available headroom voltage. The fabrication parameter

corners generally having greater influence on device operation are generally poly sheet p

and temperature T (through the Vt voltage). The operational temperature T and voltage

Vpp are conditional on the operational environmentof the device 10 (see Figure !) or of

the device 60 (see Figure 2).

[0065] The analog circuitry operates within a headroom voltage, represented as the

voltage between the gate and source terminals of the diode-type FET 202. With respect

to the graph of Figure 7b, the gate length L, generally does not affect the headroom

voltage of the analog devices when long L devices are used. Accordingly, whether the

length L is 1, or 1.1, the degree of influence to the headroom voltage is minimized In

view of other factors having greater influence to the headroomvoltage.

[0066] The absolute value of the threshold voltage |Vt}, as discussed above, is a

fabrication process corner. As an example, presumea fabrication process has the

capability of providing an IC with an absolute threshold voltage value |Vt| being 0.4 volts

+0.1 volts. If the resulting value of|Vtj is at the higher range (as a result of fabrication

or environmental influences such as temperature), then the transistor turns “on”at 0.5

volts instead of the 0.4 volt value. The higherthe threshold voltage |Vt|, then the smaller

range the drain voltage has to “swing.” Also, as the threshold voltage value [Vt

increases, the available headroom voltage decreases. In other words,if an analog device

can be fabricated on an integrated circuit having a lower threshold voltage |Vti, then a

higher headroomvoltage is achievable.
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[0067] As shown,poly sheet p is inversely proportional to the device bias current. Poly

sheet — is the sheet resistance of poly silicon in units of ohms-per-square. Poly sheetis

used for several thingsin an integrated circuit fabrication process, including resistor
applications. Bias currents to the analogcircuits of an integrated circuit are typically the
band-gap voltage divided by a poly resistor. That is, the current / equals the band-gap

voltage divided by a resistance R, where resistance R is poly sheet 9 times length divided

by width. The bias currents are inversely proportionalto poly sheet p. The relationship to

the headroom voltage for the analog circuitryis that increase bias currents in turn can

limit the headroom voltage.

[0068] Thoughthe poly sheet 9 parameter does not have a large influence to the

performanceofthe digital circuits of an integrated circuit, it does affect the headroom

voltage for analog operation. Accordingly, if poly sheet p is low, there ts more current,

and the biasing of each deviceis larger, diminishing the headroom voltage.

[0069] With the operational temperature T, the absolute value of the threshold voltage

|Vt| trends downwardas the as the operational temperature T increases. The opposite

effect results as the operational temperature T decreases, causing the absolute value of the

threshold voltage |Vi| to increase. Thus, for low temperature, a higher threshold voltage

[Vt] results, leaving less capacity for headroomvoltage.

[0070] Figure 8 is a schematic block diagram of an analog power conserving circuit 209

that includes a portion of an IC 100, a process sense module 208, an operational

temperature sensor 210, and an analog Vpp (AVpp) look-up table 214. The portion of the

IC 100, for example, may be an operational amplifier circuit.

[0071] In operation, the process sense module 208 senses the analog variation parameter

of the IC 100 portion, and provides an analog parameter signal 215. The operational

temperature sensor 210 senses the operational temperature of an IC 100 portion. This

value is associated with the analog variation parameter determination of the process sense

module 208. The operational temperature sensor 210 provides a temperature signal 216.

The AVpplook-up table 214 has inputs that receive the analog variations parameter

signal 215 and the temperature signal 216.
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[0072] The analog variations parameter signal 215 provides a signal representation

interaction of the fabrication parameters and the operational parameters with the
magnitude of available headroom voltage. The operational parameters being represented

in the analog variations parameter signal 215 are generally those set out in the graph of

Figure 7b that plots interrelationships of fabrication parameter corners versus headroom

voltage, including the poly sheet p.

[0073] The AVpplook-up table 214, based on inputs from the analog variations

parameter signal 215 and the operational temperature signal input 216, provides an

analog Vpp (AVpp) adjust signal 218. The AVpp look-up table 214 may also be

provided as a memory device operably connected to a microprocessor, or provided as a

logic circuit, that contains information and data representing the represents the threshold

voltage curve, the operational temperature curve, and voltage Vpp curve with respect to

the headroomvoltage plot shown in Figure 7b. With this information, an AVppadjust

signal 218 is generated responsive to the analog variations parameter signal 215, based on

the operational temperature signal 216.

[0074] With respect to analog circuitry on the IC 100, the AVpp adjust signal 218 ts

accepted by a DC-to-DC converter 26, which is operably coupled to the battery 14 and

inductor 16 (see Figure 2) to produce.at least one supply voltage for analog circuitry

(Vpp). In general, the DC-to-DC converter 26 may be a buck converter, a boost

converter, a fly-back converter, a half bridge converter, and/or a full bridge converter.

Note that the DC-to-DC converter can also be an inductor-less configuration including a

linear regulator and/or a switched-capacitor regulator.

[0075] Through normal use and operation, the multiple function battery operated device

10 or device 60 is subjected to varying environmental conditions. Accordingly, the

adjustment signal 218 can be updated by repeating the determinationofat least one of the

operational temperature T and the analog variation parameter conveyed bythe analog

parameter signal 215, which can be conducted by the operational temperature sensor210,

andthe process sense module 208, respectively.
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[0076] Figure 9 illustrates a schematic block diagram of an operational temperature

sensor 210 for deployment on a portion of an integrated circuit 100. The operational

temperature sensor 210 determines the operational temperature T associated with an

analog variation parameter. for the integrated circuit 100.

[0077] Due to the supply voltage optimization, the.temperature sensor configuration used
should be sensitive to temperature but sufficiently immune to other deviations, including

powersupply-voltage variation. Sufficient immunity to deviations can be provided via

reference strictures such as that of Figure 9, or variable-compensation techniques or

other suitable techniques that account for variable deviation.

[0078] The temperature sensor 210 has a proportional-to-absolute-temperature (“PTAT”)

generator module 220, and a digital control module 222. Generally, the temperature

sensor 210 of Figure 9 provides a temperature signal 216 that is based on a comparison

conducted between current sources Iprar and ler provided at node 224, The comparison

is provided by the comparator module 226.

[0079] The PTAT generator module 220 provides a current source Iprar. The current

source Iprat, as suggested, has a magnitude that is proportional! to absolute temperature

that changes as the temperature T ofthe portion of the IC 100 changes. The digital

control module 222 provides a temperature signal 216. Also, the digital control module

222 provides a reference current source Ie, which is a fixed current that is independent of

temperature, thus providing a constant reference current function having the property of

never increasing and of never decreasing as the value of the temperature Tincreases or

otherwise changes. The digital control module 222 contains a register that outputs,

through the temperature signal 216, a value representative of an operational temperature

T of the portion of the IC 100.

[0080] Figure 10 is a graph that plots current versus temperature for illustrating the

operation of the operational temperature sensor 210 and via the relationship of the

reference current Iper and the variable current Iprar. As shown in Figure 10, reference

current Inger IS substantially constant with respect to temperature T. Reference to Figure 9

will be made for discussion ofthe graph of Figure 10.
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[0081] To begin, the current source Ire is less than the magnitude of the variable current

lprar. An output of the comparator module 226 provides a logic “low”value to the

digital control module 222 via a temp_sense signal 228. The digital control module 222

operates at a speed designated by a clock signal.

[0082] The digital control module 222 senses the temp_sense signal 228, and updates an

up/down counter to reflect the status of the temp_sense signal 228 with respect to

iterations of the clock signal. The digital control module 222 incrementally increases the
reference current Iper for sampling at the next clock cycle of the clock signal the

temp_sense signal 228. This process of incrementing the reference current Ipep continues
until a trip point is achieved. The trip point occurs when the reference current lrEF
intersects the variable current Iprar. In other words, where the reference current Iper iS

substantially equal to the variable current Ipray at node 224, causing the comparator

module 226 to trip. Upon tripping, the temp_sense signal 228 ofthe comparator module

226 transitions to a logic “high” value, indicating “temperature found”to the digital

control module 222.

{0083} With a logic high value provided by the temp_sense signal 228, the up/down

counter ofthe digital control module 222 stops incrementing with respect to the logic low

value ofthe temp_sense signal 228 and iterations of the clock signal, . The contents of

the up/down counter are latched and are provided to the look-up table 214 (see Figure 8)

by the temperature signal 216. The digital control module 222 then powers down the

PTAT generator module 220 through powercontrol signal 230.

[0084] As can be readily appreciated, other circuits or configurations can be implemented

for assessment of the operational temperature T. As a further alternative, operational

temperature T may be estimated based upon a difference of the values of the analog

parameter signal 215 over time. That is, the estimate, or inference, can be used as an

indicator of temperature or temperature difference. These inferences can be processed

with the analog parametersignal 215 for generation of an AVpp adjust signal 218 from

the AVpp look-up table 214. Such an inference of the operational temperature, however,

nN Go
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would not provide the level of accuracy otherwise available through the operational

temperature sensor 210 of Figure 9.

[0085] Figure 1 lis a schematic block diagram showing a power conservingcircuit 250

that provides an adjust supply voltage signal 252 for a shared voltage source supplying

powerto the analog and the digital circuitry of the battery-optimized system-on-chip 62

(see Figure 2).

[0086] The powerconserving circuit 250 has a component addressing digital circuitry

poweroptimization - power conserving circuit 92, and a second component addressing

analog circuitry. power optimization - analog power conservation circuit 209. Each

optimization circuit provides respective inputs to the comparator 260. The comparator

provides an adjust supply voltage signal 252.

[0087] In operation, the comparator 260 determines the greater of the input values

provided. That is, a selection of the digital adjust supply voltage 217 representing the

digital variation parameter, or of the AVpp adjust signa] 218 representing the analog

variation parameter with respect to the operational temperature T. In other words,the

determination is that whenthefirst, or digital, adjust supply voltage signal 114 compares

favorably with the second, or AVpp, adjust signal 218, then the first, or digital,

adjustmentsignal is selected as the adjust supply voltage signal 252. Otherwise, the

second, or AVpp, adjustment signal is selected as the adjust supply voltage signal 252.

[0088] The adjust supply voltage signal 252 is accepted by a DC-to-DC converter 26,

which is operably coupled to the battery 14 and inductor 16 to produce a supply voltage

Voppto the circuitry of the battery-optimized system-on-chip 62. In general, the DC-to-

DC converter may be a buck converter, a boost converter, a fly-back converter, a half

bridge converter, and/ora full bridge converter. Note that the DC-to-DC converter can

also be an inductor-less configuration including a linear regulator and/or a switched-

capacitor regulator.

[0089] Through use and operation, the multiple function battery operated device 10 is

subjected to varying environmental conditions. Accordingly, the adjustment signal 252
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can bé updated by repeating the determination ofat least one ofthe operational

temperature T and the analog variation parameter, which can be conducted bythe

operational temperature sensor 210, and the process sense module 208, respectively.

[0090] Figures 12a, 12b, and 12c provide a logic diagram of a methodfor conserving

powerof a system-on-a-chip that begins at step 302 where the analog variation parameter

is determined, representing fabrication process variations to the IC. Step 304 determines

the operational temperature T of the integrated circuit. At step 306, determination ofthe

analog voltage level (AVpp) signal is conducted based on the analog variation parameter

with respect to the operational temperature T.

(0091] At step 308,if a digital componentis present on the integrated circuit, or present

for a shared power supply with the analog componentofthe integrated circuit, then the

method proceeds to step 352 (see Figure 12b). If not, indicating that either there is no

digital component for the power supplyto allocate appropriate energy resources(either

by not being present, or the digital component has a devoted power channel), the method

proceeds to step 310 where the power consumption of the IC is optimized by adjusting

the supply voltage Vpp to the analog voltage level AVpp signal. The process then can be

repeated by returning to step 302.

[0092] if a digital componentis present, as determinedat step 308 at Figure 12a, the

method continues to step 352 of Figure |2b where processing speed ofat least a portion

of an integrated circuit is measured to produce measured processing speed. Theat least a

portion of the integrated circuit includes a speedtestcircuit, a critical path of the

integrated circuit, and/or a replicatedcircuit of the critical path of the integrated circuit.

The measuring of the processing speed may be done as shown in Figure 12c¢ as steps 376

through 380. At step 376, the at least a portion of the integrated circuit performs a

function, which may be, but is not limited to, an add function, a delay line function, a ring

oscillation function, a memory retrieval function, and/or a multiplication function. The

process then proceeds to step 378 where a numberofcycles of a knownclock are counted

during the performing of function by the at least a portion ofthe integrated circuit or the

numberofiterations, or repetitions, of performing the function during a clock cycle to
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produce a count value. The process then proceeds to step 380 where the count value is

equated to the processing speed.

{0093} Returning to the main path of the logic diagram of Figure 2b, the process

continues at step 354 where the measured processing speed is compared with a critical

processing speed for the at least a portion of the integrated circuit. The process then

proceeds to step 356 where a determination is made as to whether the comparison was

favorable. If not, the process proceeds to step 358 where the digital variation parameter

is Maintained at its current setting.

[0094] If the comparison is favorable, then in step 360 the digital variation parameteris

the favorable comparison result from step 356. In one embodiment, the adjusting of the

supply voltage may be done by determining a ratio between the measured processing
speed and the critical processing speed and proportionally adjusting the supply voltage

based on the ratio. In another embodiment, the adjusting the supply voltage may be done

by adjusting the feedback of the supply voltage for regulation of an on-chip DC-to-DC

converter that produces the supply voltage, or adjusting a reference voltage used for

regulation of the on-chip DC-to-DC converterthat produces the supply voltage.

[0095] In step 362 determination of an adjustment signal as based on the analog variation

parameter with respect to the operational temperature against the digital variation

parameter. In this instance a comparison is made betweenthe analog variation parameter

and the digital variation parameter. The adjustment signal is the favorable result. At step

364 optimization, or reduction, of power consumption of the integrated circuit is

accomplished by adjusting the supply voltage via the adjustment signal selected as the
favorable result.

[0096] As one of averageskill in the art will appreciate, the measuring, comparing, and

adjusting to update the supply voltage maybe repeatedly performed, as indicated bythe

return of the method to step 302 (see Figure 12a).

{0097} The preceding discussion presents a method and apparatus for conserving power

on an IC-by-IC, or chip-by-chip, basis, and over time. Ina first aspect, this is achieved
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by measuring the processing speed of the IC, comparing the measured processing speed
with a critical processing speed, and if the measured processing speedis faster than the

critical processing speed, decreasing the supply voltage such that the actual processing

speed approaches the critical processing speed. In another aspect, power optimization, or

conservation, is achieved by determining an analog variation parameter with respect to an

operational temperature, decreasing the supply voltage suchthat a sufficient headroom

voltage for analog signal performance is provided. In yet another aspect, the digital

variation parameter-: as set out as the value representative of the actual processing speed

approachesthe critica] processing speed, is compared with the analog variation

parameter. The resulting favorable comparison provides a basis to decrease or optimize

the supply voltage. As one of average skill in the art will appreciate, other embodiments

may be derived from the teachings of the present invention without deviating from the

scope of the claims.

[0098] As one of average skill in the art will appreciate, the term “substantially” or

“approximately”, as may be used herein, provides an industry-accepted toleranceto its

corresponding term. Such an industry-accepted tolerance ranges from less than one

percent to twenty percent and correspondsto, but is not limited to, component values,

integrated circuit process variations, temperature variations, rise and fall times, and/or

thermal noise. As one of average skill in the art will further appreciate, the term

“operably coupled”, as may be used herein, includes direct coupling and indirect coupling

via another component, element,circuit, or module where, for indirect coupling, the

intervening component, element, circuit, or module does not modify the information ofa

signal but may adjust its current level, voltage level, and/or power level. As one of

average skill in the art will also appreciate, inferred coupling (that is, where one element

is coupled to another element by inference) includes direct and indirect coupling between

two elements in the same manneras “operably coupled”. As one ofaverage skill in the

art will further appreciate, the term “compares favorably”, as may be used herein,

indicates that a comparison between two or more elements, items, signals, etc., provides a

desired relationship. For example, when the desired relationship is that signal 1 has a

greater magnitude than signal 2, a favorable comparison maybe achieved when the
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magnitude ofsignal | is greater than that of signal 2 or when the magnitudeofsignal2 is

less than that of signal | (see Figure 1).
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110



111

CoOoAIDNHHeWNY
tad

nN

WwtM
tS

aHDMN

DOCKETNO. SIGO00124

CLAIMS

What is Claimedis:

1. A method for power supply optimization of an integrated circuit, comprising:

determining an analog variation parameter representative of an integratedcircuit

fabrication process variance of the integrated circuit;

determining an operational temperature associated with the analog variation

parameter; and

determining an adjustment signal for a power supply voltage level of the

integrated circuit based on the analog variation parameter with respect to the

operational temperature, such that power consumption of the integrated circuit is

optimized.

2. The method Claim | further comprises:

adjusting a regulation signal of a DC-to-DC converter based on the adjustment

signal.

3. The method of Claim 2 further comprises:

updating the adjustment signal by repeating at least one of the determination of

the operational temperature and determining the adjustmentsignal.

4. The method of Claim | further comprises:

determining a digital variation parameter; and

- determining the adjustment signal based on the digital variation parameter and the

analog variation parameter with respect to the operational temperature.

5. The method of Claim 4 wherein the determining the adjustment signal comprises:

determining a first adjustment signal based on the analog variation parameter;

determining asecond adjustment signal based on the digital variation parameter;
comparingthe first adjustment signal to the second adjustment signal; and

whenthe first adjustment signal compares favorably with the second adjustment

_signal, selecting the first adjustmentsignal as the adjustmentsignal, else the second

adjustment signal as the adjustment signal.
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6. The method Claim 4, wherein determining a digital variation parameter

comprises:

measuring processing speed ofat least-a portion of an integrated circuit to

produce measured processing speed;

comparing the measured processing speed with a critical processing speed for the

at least a portion of the integrated circuit; and .
when the measured processing speed compares favorably to the critical processing

speed, correspondingly set a value of the digital variation parameter.

7. The method of Claim 4 further comprises:

adjusting a regulation signal of a DC-to-DC converter based on the adjustment

signal.

8. The method of Claim 7 further comprises:

updating the adjustment signal by repeating at least one of the determination of

the operational temperature, the determination of the analog variation parameter, and

of the digital variation parameter
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9. An apparatus forincreasing power supplyefficiency of an integratedcircuit

comprises:

‘a processing module; and

a memory operably coupled to the processing module, wherein the memory stores

operational instructions that cause the processing module to:

determine an analog variation parameter representative of an integrated

circuit fabrication process variance of the integrated circuit;

determine an operational temperature associated with the analog variation

parameter; and

determine an adjustmentsignal for a power supply voltage level of the

integrated circuit based on the analog variation parameterand the operational

temperature, such that power consumption of the integrated circuit is

optimized.

10. The apparatus of claim 9, wherein the memory further stores operational

instructions that cause the processing module to:

adjust a regulation signal of a DC-to-DC converter based on the adjustment

signal.

11. The method of Claim 10, wherein the memory further stores operational

instructions that cause the processing moduleto:

update the adjustment signal by repeating at least one of the determination of the

operational temperature and determine the analog variation parameter.

12. The apparatus of claim 9, wherein the memory further stores operational

instructions that cause the processing module to:

determine a digital variation parameter; and

determine the adjustment signal based onthe digital variation parameter and the

analog variation parameter with respect to the operational temperature.
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13. The apparatus of claim 12, wherein the memory further stores operational

instructions that cause the processing module to determine the digital variation

parameter by:

measuring a processing speed ofat least a portion of an integrated circuit to

produce measured processing speed,

comparing the measured processing speed with a critical processing speed for the

at least a portion of the integrated circuit; and

when the measured processing speed compares favorably to the critical processing

speed, set a corresponding value of the digital variation parameter.

14. The apparatus of claim 12, wherein the memory further stores operational

instructions that cause the processing module to:

adjust a regulation signal of a DC-to-DC converter based on the adjustment

signal.

15. The apparatus of claim 13, wherein the memory further stores operational

instructions that cause the processing module to:

determinea first adjustment signal based on the analog variation parameter;

determine a second adjustment signal based on the digital variation parameter;

compare the first adjustment signal to the second adjustment signal; and

whenthe first adjustment signa] compares favorably with the second adjustment

signal, selecting the first adjustment signal as the adjustmentsignal, else selecting the

second adjustment signal as the adjustment signal.
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16. A comprehensive system-on-a-chip comprises:

a processing core operably coupled to process input digital data and produce

therefrom outputdigital data;

digital interface circuitry operably coupled to provide the input digital data to

the processing core and to receive the output digital data from the processing

core;

mixed signal circuitry operably coupled to convert input analog signals into

the input digital data and to convert the output digital data into output analog

signals; and

battery optimization circuitrythat includes a DC-to-DC converter and a power
conservation circuit, wherein the DC-to-DC converter is operably coupled to

convert a battery voltage into a supply voltage that supplies at least one of: the

processing core, the digital interface circuitry, and themixed signalcircuitry,

wherein the power conservation circuit includes:

processing module; and

memoryoperably coupled to the processing module, wherein the

memory stores operational instructions that cause the processing module
to:

determine an analog variation parameter representative of

an integrated circuit fabrication process variance of the integrated

circuit;

determine an operational temperature associated with the

analog variation parameter;

determine a digital variation parameter representative ofa

processing speed ofthe integrated circuit; and

determine an adjustmentsignal for a power supply voltage

level of the integrated circuit based on the analog variation

parameter with respectto the operational temperature and the

digital variation parameter, such that power consumption of the

integrated circuit is optimized.
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17. The comprehensive system-on-a-chip of claim 16, wherein the memory

further stores operational instructions that cause the processing module to:

adjust a regulation signal of a DC-to-DC converter based onthe adjustment

signal.

18: The comprehensive system-on-a-chip of claim 17, wherein the memory

further stores operational instructions that cause the processing module to:

update the regulation adjustment by repeating at least one of the determination of

the operational temperature and the determination of the analog variation parameter.

19. The comprehensive system-on-a-chip of claim 16, wherein the memory

further stores operational instructions that cause the processing module to measure

the processing speed by:

enabling a function to be performed bytheat least a portion of the comprehensive

system-on-a-chip;

counting at least one of a numberof cycles of a known clock during the

performing of function by the at least a portion of the integrated circuit and a number

of repetitions of the function during a cycle of the known clock to produce a count

value; and

equating the countvalue to the processing speed.

20. The comprehensive system-on-a-chip of claim 18, wherein the memory

further stores operational instructions that cause the processing module to adjust of

the supply voltage by:

determining the digital variation parameter as a ratio between the measured

processing speed and thecritical processing speed; and

adjusting the supply voltage based on an operational sufficiency of either the

digital variation parameteror the analog variation parameter with respect to the

operational temperature.
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21. A method for increasing power supply efficiency of an integrated circuit,

comprising:

determining an analog variation parameterrepresentative of anintegrated circuit

fabrication process variance of the integrated circuit; and

determining an adjustmentsignal for a power supply voltage level of the integrated
circuit based on the analog variation parameter such that power consumptionof the

integrated circuit is optimized.

22. The method of claim 21 further comprises:

determining an operational temperature associated with the analog variation

. parameter; and

determining.an adjustment signal for a power supply voltage level of the integrated

circuit based on the analog variation parameter with respect to the operational

temperature, such that power consumption of the integrated circuit is optimized.

23. The method of Claim 22 further comprises:

determining a digital variation parameter; and

determining the adjustmentsignal based on the digital variation parameter and the

analog variation parameter with respect to the operational temperature.

24, The method of Claim 23 wherein the determining the adjustment signal

comprises:

determininga first adjustment signal based on the analog variation parameter;

determining a second adjustment signal based on the digital variation parameter;

comparing the first adjustment signal to the second adjustmentsignal; and

whenthe first adjustment signal compares favorably with the second adjustment

signal, selecting the first adjustment signal as the adjustment signal, else the second

adjustment signal as the adjustmentsignal.
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POWER OPTIMIZATION OF A MIXED-SIGNAL SYSTEM
ON AN INTEGRATEDCIRCUIT

ABSTRACTOF THE DISCLOSURE

A method and apparatus for conserving power of a mixed-signal system-on-a-chip

having analogcircuitry, involving determination of an analog variation parameterthat is
representative of an integrated circuit fabrication process varianceofthe integrated
circuit, and anoperational temperature associated with the analog variation parameter.

With the analog variation parameter and the operational temperature, an adjustment

signal is determined for a power supply level of the integrated circuit, such that power

consumption of the integrated circuit is optimized. Further, in mixed-signal integrated

circuits with digital and analog circuitry, a digital variation parameter is determined,

where the adjustment signal determination is based on the digital variation parameter and

the analog variation parameter with respect to the operational temperature. With such a

method and apparatus, power consumption is optimized on an IC-by-IC basis such that

power consumption of each IC is optimized.
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the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR:| [__] A petition has beenfiled for this unsignedinventor

Given Name Marcus W. Family Name
(first and middle[if any) ~|or SurnameInventor's

Signature

 

Residence: City Austin Citizenship USA

Mailing Address 311) Mistyglen Circle
 

Mailing Address
 

City Austin

NAME OF SECOND INVENTOR: [__] A petition has beenfiled for this unsigned inventor
Given Name Family Name. - . z . |(first and middle [if any]) Matthew D or Surname Felder

Inventor's

Signature Flo (7 Theo Date FSofeo S-
Residence: City Austin UsState TX {Country Citizenship USA

Mailing Address 12109 Barrel Bend
 

Mailing Address
 

City Austin tate TX ZIP 78748 -[eountry USA
Additional inventors are being named on the supplemental Additional Inventor(s) sheets(s) PTO/SB/02A

LJ attached hereto.
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

FEE RECORD SHEET 

03/16/2005 MMEKONEN 00000005 501415 11078150

Ol FC:2011 150.00 DA
Oe FCs2tii 250.00 BA
03 FC:2311 100.00 DA
04 FC:2201 100.00 DA
O5-FC:2202 100.00 DA

PTO-1556

(5/87)

“U.S. Government Printing Office: 2002 -—- 489-287/80033
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* If the difference in column 1 is less than zero, enter “0” in column 2
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=g2.* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. .
™ If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 20, enter 20." OR ADDIT. FEE“ef the “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter “3.” : , :

The “Highest Number Previously Paid For” (Total or Independent)is the highest number found in the appropriate box in column.1.
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