A pc) S
Case 2:15-cv-00281-JRG-RSP Document 5 Filed 02/27/15 Page 1 of 2 PagelD #: 29

A AQ 120 (Rev. 3/04)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

Eastern District of Texas O Trademarks:

filed in the U.S. District Court on the following Patents or

DOCKEZND: ov.081 DATE FllEDs 15015
PLAINTIFF

U.S. DISTRICT COURT

Eastern District of Texas

DEFENDANT

Conversant Intellectual Property Management, Inc. et al

Samsung Electronics Co., Ltd., et al

TRAS AR o, et luvien) HOLDER OF PATENT OR TRADEMARK
1 6,223,331 4/24/2001 Conversant Intellectual Property Management, Inc.
2 7,915,933 3/29/2011 Conversant Intellectual Property Management, Inc.
3 7,940,081 5/10/2011 Conversant Intellectual Property Management, Inc.
4 7,945,885 5/17/2011 Conversant Intellectual Property Management, Inc.
5 7,982,532 7/19/2011 Conversant Intellectual Property Management, Inc.

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[1 Amendment [1 Answer [] Cross Bill E] Other Pleading
PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,996,811 8/9/2011 Conversant Intellectual Property Management, Inc.
2 8,253,438 8/28/2012 Conversant Intellectual Property Management, Inc.
3 RE44,218 5/14/2013 Conversant IP NB 868 Inc.
4 5,796,675 8/18/1998 Conversant IP NB 868 Inc.
5 6,107,138 8/22/2000 Conversant IP NB 868 Inc.

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director ~Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

1 MTK 1002



Case 2:15-cv-00281-JRG-RSP Document 5 Filed 02/27/15 Page 2 of 2 PagelD #: 30

% AO 120 (Rev. 3/04)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas on the following Patents or a Trademarks:
DOCKEE :ngcv-281 DATE F"2%)6/201 5 U-S. DISTRICT COURT Eastern District of Texas
PLAINTIFF DEFENDANT
Conversant Intellectual Property Management, Inc. et al Samsung Electronics Co., Ltd., et al
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

I 6,209,056 3/27/2001 Conversant IP NB 868 Inc.

2 6,306,743 10/23/2001 Conversant IP NB 868 Inc.

3 6,313,029 11/6/2001 Conversant IP NB 868 Inc.

4 6,943,602 9/13/2005 Conversant IP NB 868 Inc.

5 7,101,791 9/5/2006 Conversant IP NB 868 Inc.

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[] Amendment [ Answer [1 Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy



32 2 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.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/074,291 08/28/2012 8253438 2037.2077-017 9500
21005 7590 08/08/2012
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.
530 VIRGINIA ROAD
P.O. BOX 9133

CONCORD, MA 01742-9133

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Barry A. Hoberman, Cupertino, CA;
Daniel L. Hillman, San Jose, CA;
William G. Walker, Saratoga, CA,;

John M. Callahan, San Ramon, CA;
Michael A. Zampaglione, San Jose, CA;
Andrew Cole, Sunnyvale, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)



Receipt date: 08/29/2011

13074291 - GAU: 2819
Sheet 2 of 8

Substitute for form 1449B/PTO

INFORMATION DISCLOSURE STATEMENT
IN AN APPLICATION

LISTING OF REFERENCES

March 29, 2011

(Use several sheets if necessary)

ATTORNEY DOCKET NO. CON OF APPL’N NO.

2037.2077-017

12/542,352

FIRST NAMED INVENTOR FILING DATE

Barry A. Hoberman

Herewith

EXAMINER
Not Yet Assigned

CONFIRMATION NO. GROUP

Not Yet Assigned Not Yet
Assigned

U.S. PATENT DOCUMENTS
] | e PUBLICATION b O P ntaey N

A21 |6,437,627 08-20-2002 Tran, ef al.

A22 6,456,110 Bl 09-24-2002 Elamanchili, ef al.

A23 6,522,171 02-18-2003 Hanson, ef al.
Changd(=) appliady  1003/0067322 A1 04-10-2003 Stan et al.
to document;
DS, |A25 [2003/067322 A1 04-10-2003 Mhirees, et al.  Stan
6/20/2012  1a26 6,552,601 B1 04-22-2003 Burr

A27 6,598,148 07-22-2003 Moore, ef al.

A28 (6,621,306 09-16-2003 Ooishi, e al.

A29 6,624,687 Bl 09-23-2003 Burr

A30 (6,631,502 B2 10-07-2003 Buffet, et al.

A3l [2004/0039954 Al 02-26-2004 White, et al.

A32 [2004/0268278 Al 12-30-2004 Hoberman, ef al.

A33 (6,838,901 B2 01-04-2005 Sakata, et al.

A34 6,864,718 03-08-2005 Yu

A35  [2006/0006929 Al 01-12-2006 Caplan, et al.

A36 (6,998,895 02-14-2006 Uvieghara

A37 7,227,383 B2 06-05-2007 Hoberman, et al.

A38  [2007/0176642 08-02-2007 Kursun ct al.

A39 [7,348,804 B2 03-25-2008 Hoberman, ef al.

EXAMINFER /Don Le/ DATE CONSIDERFED 04/20/2012

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.L./

4



PART B - 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 be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 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

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

21005 7590 04/26/2012
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
530 VIRGINIA ROAD States Postal Service with suff)icient postage for first class mail in an envelope
P.O. BOX 9133 addressed to the Mail Stog ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

CONCORD, MA 01742-9133

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/074.,291 03/29/2011 Barry A. Hoberman 2037.2077-017 9500
TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 07/26/2012
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
LE, DON P 2819 326-027000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list Hamulton, brook, Smith &

1_ Reynolds, P.C.

CFR 1.363). .
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

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

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

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

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

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

Mosaid Technologies Incorporated Ottawa, Ontario, Canada

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individuat X1 Corporation or other private group entity [J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number 08-0§80 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. o Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

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

/Benjamin Sparrow, Reg. 62259/ Date July 25, 2012

Authorized Signature

Typed or printed name Benjamin J. Sparrow Registration No. 62,259

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v: deEending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexand%ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Oftice; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

13074291

Filing Date:

29-Mar-2011

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Filer:

Benjamin J. Sparrow/Cheryl Thomas

Attorney Docket Number:

2037.2077-017

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suzgs:;; in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1740 1740
Publ. Fee- early, voluntary, or normal 1504 1 300 300




Description Fee Code Quantity Amount SulL)J-S'I';(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040




Electronic Acknowledgement Receipt

EFS ID: 13334384
Application Number: 13074291
International Application Number:
Confirmation Number: 9500

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

21005

Filer:

Benjamin J. Sparrow/Cheryl Thomas

Filer Authorized By:

Benjamin J. Sparrow

Attorney Docket Number: 2037.2077-017
Receipt Date: 25-JUL-2012
Filing Date: 29-MAR-2011
Time Stamp: 13:43:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2040
RAM confirmation Number 11048
Deposit Account 080380
Authorized User
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)




99176
1 Issue Fee Payment (PTO-85B) 20372077017PartBFee.pdf no 1

fb7603619ee11826670c95808558e3dbefd
ae95

Warnings:

Information:

32153
2 Fee Worksheet (SB06) fee-info.pdf no 2
b20b0c84f2749959fe3966e73900991fdb66|
Warnings:
Information:
Total Files Size (in bytes):I 131329

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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




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.“SP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

21005 7590 0412612012 | EXAMINER |
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. LE, DONP
530 VIRGINIA ROAD
P.O. BOX 9133 l ART UNIT PAPER NUMBER |
CONCORD, MA 01742-9133 2819

DATE MAILED: 04/26/2012

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

13/074,291 03/29/2011 Barry A. Hoberman 2037.2077-017 9500

TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY

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

nonprovisional NO $1740 $300 $0 $2040 07/26/2012

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

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

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

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

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

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

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - 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 be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 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

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

21005 7590 04/26/2012
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
530 VIRGINIA ROAD States Postal Service with suff)icient postage for first class mail in an envelope
P.O. BOX 9133 addressed to the Mail Stog ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

CONCORD, MA 01742-9133

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/074,291 03/29/2011 Barry A. Hoberman 2037.2077-017 9500
TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 07/26/2012
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
LE, DON P 2819 326-027000
(1:.F(13{hzlm3g663())f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list |

(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

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

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individuat [ Corporation or other private group entity [J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. o Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v: deEending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexand%ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Oftice; 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.“SP[O.gOV

[ aprucationvo. | FrmGpate FIRST NAMED INVENTOR [ arroraEy pockETNO. | conFrRMATIONNO. |
13/074,291 03/29/2011 Barry A. Hoberman 2037.2077-017 9500
21005 7590 04262012 | EXAMINER |
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. LE, DON P
530 VIRGINIA ROAD
P.0O. BOX 9133 l ART UNIT PAPER NUMBER |
CONCORD, MA 01742-9133 2819

DATE MAILED: 04/26/2012

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 O 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 of this notice, the Patent Term Adjustment will be 0 day(s).

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

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

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

Page 3 of 3
PTOL-85 (Rev. 02/11)
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

; - 13/074,291 HOBERMAN ET AL.
NOtlce Of AIIOWab’Ilty Examiner Art Unit
DON LE 2819

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to document filed 3/29/2011.

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on
the restriction requirement and election have been incorporated into this action.

3. IX] The allowed claim(s) is/are 64-82.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[J Al b)[ Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. IX] Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [X] Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date See Continuation Sheet
4. [[] Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ other .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120421

14




Continuation Sheet (PTOL-37) Application No. 13/074,291
Continuation of Attachment(s) 3. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 3/29/2011, 7/12/2011, 9/7/2011.
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Application/Control Number: 13/074,291 Page 2
Art Unit: 2819

Allowable Subject Matter

1. Claims 64-82 are allowed.
2. The following is an examiner’s statement of reasons for allowance:
3. With respect to claim 64, the prior art does not teach an integrated circuit

comprising: a plurality of power islands having associated power consumptions, each of
the power islands including circuitries and sleep transistors in coupled relation with the
circuitries, and the sleep transistors being included within the integrated circuit to
facilitate reduction of power consumed by the circuitries; a power island manager
configured to dynamically change the power consumptions based on needs and
operation of the integrated circuit, the power island manager in communication with at
least one of the power islands; and an adaptive leakage controller configured to control
change of a variable voltage to be applied to the sleep transistors, and the power island
manager configured to generate the variable voltage based on a control signal received
from the adaptive leakage controller.

4. With respect to claim 78, the prior art does not teach an integrated circuit
comprising: a plurality of power islands having associated power consumptions, and the
power consumptions being dynamically changeable based on needs and operation of
the integrated circuit, and each of the power islands including circuitries and sleep
transistors in coupled relation with the circuitries, and the sleep transistors being
included within the integrated circuit to facilitate reduction of power consumed by the
circuitries; a sleep generator including a charge pump to generate a variable voltage to

be applied to the sleep transistors; and an adaptive leakage controller configured to

16



Application/Control Number: 13/074,291 Page 3
Art Unit: 2819

control change of the variable voltage by providing a digital control signal to the sleep
generator.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DON LE whose telephone number is (571)272-1806.
The examiner can normally be reached on 7AM - 5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Shawki Ismail can be reached on 571-272-3985. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see 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). 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.
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Art Unit: 2819

/Don P Le/
Primary Examiner, Art Unit 2819
4/21/2012
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office action after the filing of a Request for Continued Examination).

] under 37 CFR 1.97(c) together with either:

a Statement under 37 CFR 1.97(e), as checked below, or
a $180.00 fee under 37 CFR 1.17(p), or

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes
prosecution, whichever occurs first)

[ ]  under 37 CFR 1.97(d) together with:

a Statement under 37 CFR 1.97(¢), as checked below, and
a $180.00 fee under 37 CFR 1.17(p), or

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before
payment of the issue fee)

] under 37 CFR 1.97(i):

Applicant requests that the IDS and cited reference(s) be placed in the application file.
(Filed after payment of issue fee)
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Statement Under 37 CFR 1.97(e)

[l

[

Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment)

[

Applies to original applications (other than design) filed on or after May 29, 2000

Each item of information contained in the Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart application and this
communication was not received by any individual designated in § 1.56(c) more than thirty
days prior to the filing of the Information Disclosure Statement.

Enclosed herewith is a Listing of References. Copies of the cited references are enclosed
except as indicated below or in the attached Listing of References.

Copies of the cited references submitted with an Information Disclosure Statement in prior
application, U.S. Application No. [ ], to which priority under 35 U.S.C. 120 is claimed, are
not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided.

The listed references were cited in a Search Report in counterpart foreign application TW
097146516.

The “concise explanation” requirement (non-English references) for reference(s) [ ] under
37 CFR 1.98(a)(3) is satisfied by:

the explanation provided on the attached sheet.

the explanation provided in the Specification.

submission of the enclosed International Search Report.

submission of the enclosed English-language version of a foreign Search Report
and/or foreign Office Action.

O dddno

the enclosed English language abstract.
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Copies of issued U.S. Patents and Published U.S. Applications are not required and are not being
provided.

Copies of any U.S. Office Communications or non-published U.S. Patent Applications are not being
provided because the examiner has access to such documents through PAIR.

We are not listing separately any prior U.S. Patent Office communications regarding the cited
documents because the Examiner has access to any such actions through PAIR.

Method of payment:

] Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of §[  ].

A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

O O

X

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By_ /James M. Smith, Reg. No. 28,043/
James M. Smith

Registration No. 28,043

Telephone: (978) 341-0036

Facsimile: (978) 341-0136

Concord, MA 01742-9133
Dated: September 7, 2011
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Barry A. Hoberman

Customer Number:

21005
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James M. Smith/Jill Kane

Filer Authorized By:

James M. Smith

Attorney Docket Number:
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Receipt Date: 07-SEP-2011
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Time Stamp: 16:19:23

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office
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and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

Apff%};(éggON I 35115;1)1\1]SA?11‘E G%I;\TA?IBT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAINISIIND CLAIMSl
T3/074201 032072011 2819 1220 20372077017 10 2
CONFIRMATION NO. 9500
21005 UPDATED FILING RECEIPT
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.
530 VIRGINIA ROAD L AL A
P.O. BOX 9133 00000004882660

CONCORD, MA 01742-9133
Date Mailed: 07/20/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Barry A. Hoberman, Cupertino, CA;
Daniel L. Hillman, San Jose, CA;
William G. Walker, Saratoga, CA;
John M. Callahan, San Ramon, CA;
Michael A. Zampaglione, San Jose, CA;
Andrew Cole, Sunnyvale, CA;
Assignment For Published Patent Application
MOSAID Technologies Incorporated, Ottawa, CANADA
Power of Attorney: The patent practitioners associated with Customer Number 021005

Domestic Priority data as claimed by applicant
This application is a CON of 12/542,352 08/17/2009 PAT 7,940,081
which is a CON of 12/284,311 09/19/2008 PAT 7,592,837
which is a CON of 11/998,725 11/30/2007 PAT 7,443,197
which is a CON of 11/732,181 04/02/2007 PAT 7,348,804
which is a DIV of 11/041,687 01/20/2005 PAT 7,227,383
which claims benefit of 60/546,574 02/19/2004
and claims benefit of 60/586,565 07/09/2004

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 04/08/2011
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/074,291

Projected Publication Date: 10/27/2011
Non-Publication Request: No

Early Publication Request: No
Title

Low Leakage and Data Retention Circuitry
Preliminary Class
326

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3

50



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

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

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

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

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

NOT GRANTED

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

IMS/jmk Docket No.: 2037.2077-017
July 12,2011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Application No.: 13/074,291 Group: 2819

Filed: March 29, 2011 Examiner: Not Yet Assigned

Confirmation No.: 9500

For: Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
I hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

REPLY TO NOTICE TO FILE MISSING PARTS OF APPLICATION

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In reply to the Notice to File Missing Parts dated April 13, 2011, the following documents and

fees are being submitted for filing in the captioned application.

[
X

1090675.1

COPY OF EXECUTED DECLARATION FOR PATENT APPLICATION

(Separate transmittal letter and postcard not required)

APPLICATION DATA SHEET

A new Oath or Declaration was required in that the filed Declaration does not identify the
complete mailing or post office address of each inventor. It is apparent that there was an error in
preparing the Original Declaration with the mailing address of William Walker typed in the
residence address line. To correct that informality, an Application Data Sheet is filed herewith
pursuant to 37 CFR § 1.63(c)(1).

POWER OF ATTORNEY DOCUMENT
[l  Granted by Inventor(s)
] Granted by Assignee, including Statement under 37 CFR § 3.73(b)

(Separate transmittal letter and postcard not required)

PRELIMINARY AMENDMENT

(Separate transmittal letter and postcard not required)
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1090675.1

FILING FEE - with Fee Transmittal for Patent Applications
Fee calculations based on:
] Claims as originally filed
L] The Notice to File Missing Parts states an erroneous number of claims.
= Claims upon entry of the Preliminary Amendment filed herewith.

(Separate transmittal letter and postcard not required)

SURCHARGE - surcharge fee of $130

(Separate transmittal letter and postcard not required)

SEQUENCE LISTING - Filed concurrently and is attached
] Preliminary Amendment included in Sequence Listing Transmittal

(Separate transmittal letter and postcard required)

REPLACEMENT DRAWINGS -[ ] sheets of replacement drawings consisting of Figs. 1

- [ ] are enclosed (Separate transmittal letter and postcard not required)

L] A Petition to Accept Color Drawings/Photographs (Fig(s). [ ]) is attached as required.
(Separate check for fees and postcard required)

PETITION FOR EXTENSION OF TIME
Applicant hereby petitions to extend the time to respond to the Notice to File Missing
Parts dated April 13, 2011 for 1 month from June 13, 2011 to July 13,2011. The
appropriate fee of $130 is included as indicated in the Method of Payment section below.

[] A [ ] month extension of time to respond to the Notice to File Missing Parts dated [ ]
was filedon [ ] with payment ofa §[ ] fee

] Applicant hereby petitions for an additional [ ] month extension of time to respond to
the Notice to File Missing Parts. The appropriate fee of §[ ] is included as indicated in
the Method of Payment section below.

(Separate Petition for Extension of Time and postcard not required)

REQUEST FOR CORRECTED FILING RECEIPT - Filed concurrently and is attached

(Separate transmittal letter and postcard required)

STATEMENT CLAIMING SMALL ENTITY STATUS
[l Wasfiledon[ ]

[]  Isenclosed herewith

(Separate transmittal letter and postcard not required)

[] In view of the small entity status of the captioned application, we hereby request a
reimbursement of 50% of the filing fees in the amount of §[ ] which were paidon[ ]
to be deposited in Deposit Account No. 08-0380

OTHER Supplemental Information Disclosure Statement and Listing of References
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-3-
METHOD OF PAYMENT
] The fees required for filing the indicated documents are enclosed in the form of a check
in the total amount of §[ ].
IX]  Please charge Deposit Account 08-0380 in the amount of $1,350 for the fees required for
filing the indicated documents.
= Please charge any deficiency in fees and credit any overpayment to Deposit Account 08-

0380.
Respectfully submitted,

HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By /James M. Smith, Reg. No. 28,043/
James M. Smith

Registration No.: 28,043

Tel.: (978) 341-0036

Fax: (978) 341-0136

Concord, Massachusetts 01742-9133
Date: July 12,2011

1090675.1
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HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

FEE TRANSMITTAL FOR
PATENT APPLICATIONS

Attorney Docket Number

2037.2077-017

Application Number

13/074,291

First

Named Inventor

Barry A. Hoberman

CLAIM CALCULATION (includes any preliminary amendment)

(1) FOR (2) NUMBER FILED | (3) NUMBER (4) RATE (5) CALCULATIONS
EXTRA
TOTAL CLAIMS — — —
(37 CFR 1.16(c) or (j)) 19 —-20= 0 X§52= X$26= $ 0
INDEPENDENT CLAIMS — — —
(37 CFR 1.16(b) or (i) 2 - 3= 0 X$220 = X$110 = $
MULTIPLE DEPENDENT CLAIMS (if applicable) (37 CFR 1.16(d)) + $390 = +$195= | §
' ' BASIC FEE (37 CFR1.16(a)(1))
3 Paper or Electronic Filing - Large Entity $ 330
Paper Filing - Small Entity
3 SR S :_ Electronic filing - Small Entity
APPLICATION SIZE FEE Specification: 32  Pages
$270/135 for each add'l 50 sheets exceeding 100 Drawinas: 12 Sheets
IF FILED ELECTRONICALLY: wnes:
Total No. Pages/Sheets X .75 (If a fraction remains, Sequence Listing: 0 pages $ 0
add 1 page to the total thereby including the fraction).
Using the total after calculation, the fee is $270/135 for Total No. Pages/Sheets 44
.additional 50 ets over 100
SEARCH FEE (37 CFR 1.16(k)) $ 540
EXAMINATION FEE (37 CFR 1.16(0)) $ 220
Surcharge - Late Filing of Declaration or Filing Fees (37 CFR 1.16(f))= | $ 130
Petition for Extension of Time Fee (37 CFR1.17)= | § 130
[Other] | 0
Assignment Recordation Fee (37 CFR 1.21(h)) = 0
(only when filed with application) $
TOTAL= | § 1,350

1. Small entity status:

a. [0 A small entity statementis enclosed.

c. O

Is no longer claimed.

b. [0 A small entity statement was filed in the prior non-provisional application and such status is still proper and desired.

2 X Please charge any deficiency or credit any overpayment in the fees that may be due in this matter to Deposit Account No. 08-
0380.
3 O A check is enclosed for $[ 1. X1 Please charge $1,350 to Deposit Account No. 08-0380.
4 O Other:
Signature /James M. Smith, Reg. No. 28,043/ Date July 12, 2011
Submitted by .
Typed or Printed Name James M. Smith Reg. Number 28,043

— September 15, 2008

1091506.1

55




JMS/jmk
July 12,2011

PATENT APPLICATION
Attorney's Docket No.: 2037.2077-017

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant:

Application No.:
Filed:
Confirmation No:

For:

Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

13/074,291 Group: 2819
March 29, 2011 Examiner: Not Yet Assigned
9500

Low Leakage and Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
I hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

PRELIMINARY AMENDMENT

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Please amend the application as follows:

1091481.1
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Amendments to the Claims

Please cancel Claims 1-63. Please add new Claims 64-82. The Claim Listing below will

replace all prior versions of the claims in the application:

Claim Listing

1-63.

64.

65.

66.

67.

1091481.1

(Cancelled).

(New) An integrated circuit comprising:
a plurality of power islands having associated power consumptions, cach of the

power islands including circuitries and sleep transistors in coupled relation with the
circuitries, and the sleep transistors being included within the integrated circuit to
facilitate reduction of power consumed by the circuitries;

a power island manager configured to dynamically change the power
consumptions based on needs and operation of the integrated circuit, the power island
manager in communication with at least one of the power islands; and

an adaptive leakage controller configured to control change of a variable voltage
to be applied to the sleep transistors, and the power island manager configured to
generate the variable voltage based on a control signal received from the adaptive leakage

controller.

(New) The integrated circuit as claimed in claim 64 wherein the at least one of the power

islands can be put to sleep and taken out of sleep at different times.
(New) The integrated circuit as claimed in claim 65 wherein the power island manager
includes a state machine to control when the at least one of the power islands is put to

sleep and when the at least one of the power islands is taken out of sleep.

(New) The integrated circuit as claimed in claim 64 wherein the power islands are

delineated based on functional intellectual property units of the integrated circuit.
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68. (New) The integrated circuit as claimed in claim 64 wherein the power islands are

delineated by memory, logic and third party intellectual property.

69. (New) The integrated circuit as claimed in claim 64 wherein the variable voltage is an

optimum voltage.

70. (New) The integrated circuit as claimed in claim 69 wherein the optimum voltage is

dependent upon both process variation and temperature variation.

71.  (New) The integrated circuit as claimed in claim 69 wherein the optimum voltage is

generated by a sleep generator within the power island manager.

72.  (New) The integrated circuit as claimed in claim 71 wherein the sleep generator

comprises a charge pump.

73. (New) The integrated circuit as claimed in claim 64 wherein the variable voltage is

generated by a sleep generator within the power island manager.

74. (New) The integrated circuit as claimed in claim 73 wherein the sleep generator

comprises a charge pump.

75. (New) The integrated circuit as claimed in claim 74 wherein the control signal is a digital
signal.
76. (New) The integrated circuit as claimed in claim 64 further comprising a central

processing unit separate from and in communication with the power island manager.

77.  (New) The integrated circuit as claimed in claim 76 further comprising another power
island manager, the central processing unit separate from and in communication with the

another power island manager.

1091481.1
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78.  (New) An integrated circuit comprising:

a plurality of power islands having associated power consumptions, and the power
consumptions being dynamically changeable based on needs and operation of the
integrated circuit, and each of the power islands including circuitries and sleep transistors
in coupled relation with the circuitries, and the sleep transistors being included within the
integrated circuit to facilitate reduction of power consumed by the circuitries;

a sleep generator including a charge pump to generate a variable voltage to be
applied to the sleep transistors; and

an adaptive leakage controller configured to control change of the variable

voltage by providing a digital control signal to the sleep generator.

79. (New) The integrated circuit as claimed in claim 78 wherein the power islands are

delineated based on functional intellectual property units of the integrated circuit.

80. (New) The integrated circuit as claimed in claim 78 wherein the power islands are

delineated by memory, logic and third party intellectual property.

81. (New) The integrated circuit as claimed in claim 78 wherein the variable voltage is an

optimum voltage.

82. (New) The integrated circuit as claimed in claim 81 wherein the optimum voltage is

dependent upon both process variation and temperature variation.

1091481.1

59



13/074,291
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REMARKS

It is believed that all claims are in condition for allowance, and it is respectfully requested
that the application be passed to issue. If the Examiner feels that a telephone conference would

expedite prosecution of this case, the Examiner is invited to call the undersigned.

Respectfully submitted,

HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By /James M. Smith, Reg. No. 28,043/
James M. Smith

Registration No. 28,043

Telephone: (978) 341-0036

Facsimile: (978) 341-0136

Concord, MA 01742-9133
Date: July 12,2011
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Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.
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communication from a foreign patent office in a counterpart application and this
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O dood
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Method of payment:

[l

[
[
X

Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of $

A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By__/James M. Smith, Reg. No. 28,043/
James M. Smith

Registration No. 28,043

Telephone: (978) 341-0036

Facsimile: (978) 341-0136

Concord, MA 01742-9133

Dated:
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* |f 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 SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:

/EVELYN NIMMONS/

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number [ Filing Date
Substitute for Form PTO-875 13/074,291 03/29/2011 | [ 7o be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY [] ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
[ searcH FeE N/A N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
|:| EXAMINATION FEE
(37 GFR 1.16(0). (p), or () NA N/A N/A N/A
O s e zo- | - - on s
INDEPENDENT CLAIMS . N _ _
(37 CFR 1.16(h)) minus 3 = X $ = X$ =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
ASF;PCL,L(FD{/?TSN SIZE FEE is $250 ($125 for small entity) for each
{ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
e | 07/12/2011 | pereq PREVIOUSLY EXTRA RATE®) | Fee (3) RATE ($) FEE($)
E AMENDMENT PAID FOR
s T?G"f‘)') (27 OFR <19 Minus | = 20 -0 Xs$ = OR [ x ss2= 0
5 8
z et -~ 2 Minus | -3 -0 Xs = OR | x se20- 0
<§( D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE (%) FEE ($) RATE ($) FEE ($)
— AMENDMENT PAID FOR
E I:Jéal)(smm B Minus I ** - X$ = OR | X3 =
Nl E vinus | - - XS __= i R
E D Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/074,291 03/29/2011 Barry A. Hoberman 2037.2077-017
CONFIRMATION NO. 9500
21005 FORMALITIES LETTER

HAMILTON, BROOK, SMITH & REYNOLDS, P.C

530 VIRGINIA ROAD | 0 A

P.0.BOX 9133
CONCORD, MA 01742-9133

Date Mailed: 04/13/2011

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
Applicant must submit $330 to complete the basic filing fee for a non-small entity. If appropriate, applicant may
make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1.27).

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« Additional claim fees of $2676 as a non-small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

* A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $3896 for a non-small entity
+ $330 Statutory basic filing fee.
+ $130 Surcharge.
« The application search fee has not been paid. Applicant must submit $540 to complete the search fee.
« The application examination fee has not been paid. Applicant must submit $220 to complete the examination
fee for a non-small entity.
« Total additional claim fee(s) for this application is $2676
+ $440 for 2 independent claims over 3.
« $2236 for 43 total claims over 20.

The request for the Extended Missing Parts Pilot Program is acknowledged.

page 1 of 2
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Items Required To Avoid Processing Delays:

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A new oath or declaration, identifying this application number is required. The oath or declaration does not
comply with 37 CFR 1.63 in that it:
+ does not identify the complete mailing or post office address of each inventor.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/hteffera/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/074,291 03/29/2011 2819 0.00 2037.2077-017 63 5
CONFIRMATION NO. 9500
21005 FILING RECEIPT

HAMILTON, BROOK, SMITH & REYNOLDS, P.C.
530 VIRGINIA ROAD

P.0. BOX 9133

CONCORD, MA 01742-9133

R

Date Mailed: 04/13/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Barry A. Hoberman, Cupertino, CA;
Daniel L. Hillman, San Jose, CA;
William G. Walker, Saratoga, CA;
John M. Callahan, San Ramon, CA;
Michael A. Zampaglione, San Jose, CA;
Andrew Cole, Sunnyvale, CA;
Assignment For Published Patent Application

MOSAID Technologies Incorporated, Ottawa, CANADA
Power of Attorney: The patent practitioners associated with Customer Number 021005

Domestic Priority data as claimed by applicant

This application is a CON of 12/542,352 08/17/2009

which is a CON of 12/284,311 09/19/2008 PAT 7,592,837
which is a CON of 11/998,725 11/30/2007 PAT 7,443,197
which is a CON of 11/732,181 04/02/2007 PAT 7,348,804
which is a DIV of 11/041,687 01/20/2005 PAT 7,227,383
which claims benefit of 60/546,574 02/19/2004

and claims benefit of 60/586,565 07/09/2004

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the

USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 04/08/2011

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/074,291

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

Low Leakage and Data Retention Circuitry
Preliminary Class
326

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USIO.gov
| APPLICATION NUMBER ] FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/074,291 03/29/2011 Barry A. Hoberman 2037.2077-017
CONFIRMATION NO. 9500
21005 POA ACCEPTANCE LETTER
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

530 VIRGINIA ROAD

s R, LA TR

CONCORD, MA 01742-9133

Date Mailed: 04/13/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/29/2011.

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

/hnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/074,291
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), b), or (@) N/A N/A N/A N/A 330
SEARCH FEE
(37 CFR 1.16(K). (), or () N/A N/A N/A N/A 540
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a) N/A N/A N/A N/A 220
TOTAL CLAIMS .
(37 CFR 1.16() 63 minus 20= 43 OR |« 52 = 2236
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 5 minus 3 = 2 x 220 = 440
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 3766
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * i =
= (37 CF; Iav16(i)) Mins = OR |x =
2 Independent * Minus | *** =
E (37 CFR 1.16(h) = OR |x =
<§( Application Size Fee (37 CGFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total . Minus | ** = -
= (37 oFg{ ?16@)) OR |x -
% Independent Minus - = = OR |«x =
W | Grcrr11sM) = =
<§E Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1
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HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

UTILITY Attorney Docket No. 2037.2077-017
PATENT APPLICATION First Named Inventor Barry A. Hoberman
TRANSMITTAL
(Only for new nonprovisional applications under Express Mail Label No.
37 CFR 1.53(b))
Title of : E—
: Low Leakage And Data Retention Circuitry
Invention
Name of Assignee for { \fOSATD Technologies Incorporated City and State for | (ttawa, Ontario, Canada
Publication Purposes Publication Purposes
APPLICATION ELEMENTS ‘ Commissioner for Patents
See MPEP chapter 600 ine wtility oatent anplicati tents ADDRESS TO: P.O. Box 1450
ee chapter concerning utility patent application contents. Alexandria, VA 22313-1450
1. [ Fee Transmittal Form ACCOMPANYING APPLICATION PARTS
2. [X Specification Total Pages 32 7. [0 Assignment Papers (Do not submit when e-filing application)
Both the cl_alms and the abstract must start on a new page 8. X 37CFR3.73(b) Statement [X] Power of Attorney
(For information on the preferrved arrangement, see MPEP 608.01(a)) . .
(when there is an assignee)
3. X Drawing(s) (35 US.C. 113) Total Sheets 12 9. [0 English Translation Document (if applicable)
Fig. of the Drawings for Publication 10 10. X Information Disclosure Statement
[[] No Figure to be Published (Listing of References (formerly PTO-1449))
4. [X Oath or Declaration Total Pages 4 [J Copies of foreign patent docs., publications, and other info.
a. [ Newly executed (original or copy) 11. [ Preliminary Amendment
b. [X] Copy from a prior application (37 C.ER. 1.63(d)) 12. [ Return Receipt Postcard (Check this box if going by express mail)
(for continuation/divisional with Box 18 completed)
i. [] DELETION OF INVENTOR(S) 13a. [] A Foreign Priority Claim under 35 U.S.C. § 119 or 365
Signed statement attached deleting i. [ is made to [country], [app. #], filed [ ]
inventor(s) named in the prior application,
see 37 CFR 1.63(d)(2) and 1.33(b). ii. [ is presented in the attached
5. [ CD-ROM or CD-R in duplicate [] Text file attached herewith [ Specitication [ Preliminary Amendment
Large table or Computer Program (4ppendix) [ Separate Sheet [ Declaration
6. [ Nucleotide and/or Amino Acid Sequence Submission 13b. [ A Certified Copy of each Priority Document
(if applicable, items a.-c. are required) i. [ is enclosed
a. [ Computer Readable Form (CRF) ii. [ was filed in U.S. Application No. [ ]
i. [0 Computer Readable Form (CRF) 14. [ Nonpublication Request under 35 U.S.C. 122(b)2)(B)G).
Applicant must attach form PTO/SB/35 or equivalent.
ii. [] Transfer Request (37 CFR 1.821(e)) 15. Remarks/Change of Correspondence Address
b. [ Specification Sequence Listing on: 16. [ Small Entity Statement(s)
i. [J CD-ROM or CD-R (2 copies); or 17. [ Other:
ii. [ Text file attached herewith (electronic filing)
iii. [ Paper [ ] Pages
c. [ Statements verifying identity of above copies

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the

specification following the title:
X Continuation [ Divisional

Prior application information: Examiner: Don P. Le

The entire disclosure of the prior application is considered a part of the disclosure of the accompanying application and is hereby
incorporated by reference. (4dd standard Related Applications section with incorporation by reference to specification or update same)

[ Continuation-in-part (CIP)

of prior application No.: 12/542,352
Group Art Unit: 2819

19. CORRESPONDENCE ADDRESS

NAME Customer No. 021005
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.
ADDRESS 530 Virginia Road, P.O. Box 9133
CITY Concord | STATE MA ZIP CODE | 01742-9133
COUNTRY USA ‘ TELEPHONE (978) 341-0036 FAX (978) 341-0136
Signature /James M. Smith, Reg. No. 28,043/ March 28, 2011

Submitted by

Typed or Printed Name | James M. Smith

i Reg. Number | 28,043
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Electronic Acknowledgement Receipt

EFS ID: 9759005
Application Number: 13074291
International Application Number:
Confirmation Number: 9500

Title of Invention:

Low Leakage and Data Retention Circuitry

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

21005

Filer:

James M. Smith/Jill Kane

Filer Authorized By:

James M. Smith

Attorney Docket Number: 2037.2077-017
Receipt Date: 29-MAR-2011
Filing Date:
Time Stamp: 13:53:14

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number P Message Digest | Part/.zip| (ifappl.)
67881
1 Miscellaneous Incoming Letter 20372077017_Remarks.pdf no 2
13f39846e6914200d16919b11340a494396

83c84

Warnings:

Information:
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220970
2 Oath or Declaration filed 20372077017_Dec.pdf no 4
ec9b037d2594a30e4ae12bde7e7fed7eff5 |
337c
Warnings:
Information:
176803
3 20372077017_POA_373b.pdf yes 2
90030a22391b4c9ec90a1081f08d24e4297
0dbe
Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 1 1
Assignee showing of ownership per 37 CFR 3.73(b). 2 2
Warnings:
Information:
104777
4 20372077017_Application.pdf yes 32
186587c9f7e46799f73609f32bcf7d47a127h)
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 22
Claims 23 31
Abstract 32 32
Warnings:
Information:
. _ 994946
5 Drawings-only black and white line 20372077017_Drawings.pdf no 12
drawings
d9be301c9e7fbla8cac62bef056aff6940e87]
Warnings:
Information:
85969
6 Transmittal Letter 20372077017_IDS.pdf no 3
e1cf0506928dde8ab20b735d57d6e6eal3a)
25e32
Warnings:
Information:
Inf tion Discl Stat t (IDS) 118999
nformation Disclosure Statemen
7 Filed (SB/08) 20372077017_LOR.pdf no 8
d6d6ee7f5197ffed4d13604188ab1a5b7a94|
3bdo
Warnings:
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Information:

This is not an USPTO supplied IDS fillable form

123763
8 Transmittal of New Application 20372077017_Transmittal.pdf no 1
6ba0f3b80e3fdae890190a9641c7f93a2b34]
efs5h
Warnings:
Information:
Total Files Size (in bytes):| 1894108

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
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P.O. Box 1450
Alexandria, VA 22313-1450
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The above-captioned application is a Continuation of application number 12/542,352
filed on August 17, 2009 to which priority is claimed under 35 U.S.C. § 120.

The specification of the present application is substantially the same as that of the parent
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to the parent application.
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application.
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37 CFR § 1.63(d) or § 1.67(b).
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Smith, Esq., at (978) 341-0036, and all facsimile communications to (978) 341-0136.

Concord, MA 01742-9133
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Registration No.: 28,043
Telephone: (978) 341-0036
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ATTORNEY'S DOCKET NO.: _PA2717US

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

~COPY FOR CONTINUING
As a below named inventor, | hereby declare that: APPLICATION

My residence, post office address and citizenship are as stated below next to my name.

" I believe [ aim an original, first and joint inventor of the subject matter which is claimed and for
which a patent is sought on the invention entitled

“Low Leakage and Data Retention Circuitry”

the specification of which is attached hereto.

[ hereby state that | have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment specifically referred to above.

[ acknowledge the duty to disclose information which is matenal to patentablhfy as defined in
Title 37, Code of Federal Regulations, §1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and
the national or PCT mtematxonal ﬁlmg date of the continuation-in-part application.

I hereby claim foreign priority benefits under Title 35, United States Code §1 19(a)- (d) or (f) or
§365(b) of any foreign application(s) for patent, inventor's or plant breeder’s rights certificate(s),
* or §365(a) of any PCT international application which designated at least one country other than
the United States of America, listed below and have also identified below, by checking the box,
any foreign application for patent, inventor's or plant breeder’s rights certificate(s), or any PCT
international apphcanon having a ﬁhng date before that of the application on which priority is
claimed.

Prior Foreign Application(s):

Foreign Filing Priority Certified Copy
Number Country Date Claimed?  Attached?
v L L L
(Number) (Country) (MM/DD/YYYY) Yes No. Yes No
L L L L
" (Number) (Country) (MM/DDIYYYY) Yes No Yes No
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[ hereby claim the beneﬁt under Title 35, United States Code §119(e) of any United States
provisional application(s) listed below.

Prior Provisional Applications:

60/546.574 February 19, 2004
(Application Number) (Filing Date) -
60/586.565 ’ Julv 9. 2004

(Application Number) - {Filing Date)
| hereby claim the benefit under Title 35, United States Code.§120 of any United States
application(s), or §365(c) of any PCT International application designating the United States,
listed below and, insofar as the subject matter of each of the claims of this application is not

“disclosed in the prior United States or PCT Intemational application in the manner provided by
the first paragraph of Title 35, United States Code §112, [ acknowledge the duty to disclose
information which is material to patentability as defined in Title 37, Code of Federal
Regulations, §1.56 which became available between the filing date of the prior application and
the national or PCT International filing date of this application.

Prior U.S. obr PCT Applications Designating the U.S.:

(Application Number) (Filing Date) (Status -- patented, pending, abandoned)

(Application Number) (Filing Date) (Status -- patented, pending, abandoned)

POWER OF ATTORNEY: [ hereby appoint the attorney(s) and/or agent(s) associated with the
customer number 22830 to prosecute this application and to transact all business in the Patent
and Trademark Office connected therewith. '

SEND ALL CORRESPONDENCE TO:
CARR & FERRELL LLP
2200 Geng Road
© Palo Alto, CA 94303

TEL: (650) 812-3400
FAX: (650) 812-3444
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[ hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
.staternents were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such wiliful faise statements may jeopardize the validity of the application or any
patent issued thereon. -

~Full name of first inventor: Barrv A. Hoberman Citizenship: U.S.A.

irst Name. Middle Nam Initial (if applicable). Last Name

Dated: [~ f“/ - O(

ignature:
Inventor's signature \
Y 7 ¢ t
{Pe@em ink oplyj : (Date of Signature)

Mailing Address: 10290 Palo Vista Road. Cupertino. CA 95014

(Where the inventor customarily receives mail: Number, Streer, City, State. Zip Code)

Residence Address:

(if the inventor lives at a location different than his/her mailing address)

Full name of second inventor: Daniel L. Hillman - Citizenship: U.S.A.
Print First Name, Middle Name or initial (if applicable]. Last Name :

Inventor's signature: K/ e jﬁj/ém Dated: [~ 1405

(Date of Signature)

(Permanent ink only)

Mailing Address: 6607 Winterset Way, San Jose. CA 95120

(Where the inventor customarily receives mail. Number, Smreet, City, State, Zip Code)

Residence Address:

(if the inventor lives at a location different than his/her mailing address)

Full name of third inventor: _William G. Walker Citizenship: USA

Print First Name, Middle Nam¢ or initial (if applicable), Last Name

Inventor's signature: Coulbion S 0/al b _ Dated: ___[~194-Q5"

(Date of Signarure)

(Permanent ink only)

Mailing Address:

(Where the inventor customarily receives mail. Number, Street, City, State, Zip Code)

Residence Address: 18640 Woodbank Way. Saratoga. CA 95070

(if the invenior lives at a location different than his/her mailing address)
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Full name of fourth inventor: John M. Callahan ‘ Citizenship: USA

[nventor's signature:

Print First Name, Middle Name or Initial (if applicable). Last Name

MW M Dated: (/7 -2%

T ermanem ink only} (Daie of Signature)

9610 Alcosta Blvd., San Ramon, CA 94583

Mailing Address:

Residence Address:

(Where the invenior customarily receives mail: Number. Street. Cinv, State. Zip Code)

(if the inventor lives at a location different than his/her mailing address)

Full name of fifth inventor: Michael A. Zampaglione Citizenship: _USA

Inventor's signature:

Mailing Address:

Print First Name, Middle Name or Initial (if applicable). Last Name

OW W}J Datéd: [“ (91\ GS

(Permanent ink only) (Date of Signarure)

1615 Canvon View Drive. San Jose, CA 95132

Residence Address:

Inventor's signature:

(Where the inventor customarily receives mail: Number, Street, City, State. Zip Code)

(if the invenior lives at a location different than his/her mailing address)

Full name of sixth inventor: _Andrew Cole Citizenship: _Australia
Print First Wame. Middle Name or [nitial (if applicable). Last Name :
—_ i - / // / -
: )’ PN N A AN NN
\ AN 4 Dated: /Y 7e>
(Permanent ink only) (Date of Signarure)

1109 Lily Ave. Sunnvvale. CA 94086

Mailing Address:

Residence Address:

(Where the inventor customarily receives mail: Number, Street, Ciry, State, Zip Code)

. (if the invenior lives at a location different than his/her mailing address)
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HAMILTON, BROOK, SMITH & REYNOLDS, P.C. APPLICATION
; . Application/Patent Number 11/ 998,725
REVOCATION OF POWER OF Filing/Issue Date November 30,2007
v ATTORNEY WITH First Named Inventor/Pateniee Barry A. Hoberman
NEW POWER OF ATTORNEY
and Confirmation Number 6623
CHANGE OF CORRESPONDENCE | oo 4t Vet 2819
| | ADDRESS Examirer Name Le, Don P,

Atrorney Docket Number

2037.2077-010

Title | LOW LEAKAGE AND DATA RETENTION CIRCUITRY

1 hereby revoke all previous powers of attorney given in the above-identified application.

} hereby appoint the following practitioner(s): [Notto exceed 10]

0

OR
X 1hereby appoint the practitioners associated with the Customer Number: 021005

Please change the correspondence address for the above-identified application to:
X  Customer Number 021005 :
Hamilton, Brook, Smith & Reynolds, P.C.
530 Virginia Road
P.O. Box 9133
Concord, Massachusetts 01742-5133

- Other

Please direct all telephone calls and facsimiles to:

Name James M. Smith, Esq. Tel. No. §78-341-0036

Fax No. 978-341-0136

1 am the:
O Applicant/Inventor.

Authorized representative of the Assignee, Mosaid Technologies Corporation, of the entire interest. See 37 CFR § 3.71.

B A Statement under 37 CFR § 3.73(b) is enclosed.

= Authorized representative of the Assignee, [ FILL IN WITH NAME OF ASSIGNEE J, together with [ FILL IN WITH
NAME OF ASSIGNEE ), of tb/e entire interest. A Statement under 37 CFR § 3.73(b) is enclosed.

/ m SIGNATURE of Applicant or Assignee of Record

s | TR

Name & Title Philli;iggaér - Secretary

Date July 31, 2008
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cOPY FOR CONTINUING

\ CATION
AePL Docket No. 2037.2077-010

STATEMENT UNDER 37 CFR § 3.73(b)

Applicant/Patentee:__ Barry A. Hoberman, Danie] 1. Hillman, William G. Walker, John M. Callahan, Michael A,
Zampaglione and Andrew Cole

Application No./Patent No.:__11/998.725 Filed/Issue Date:__November 30, 2007
Fori__ LOW LEAKAGE AND DATA RETENTION CIRCUITRY
Mosaid Technologies Corporation ,a Corporation
(Name of Assignee) Type of Assignee, ¢.g., corporetion, partnership, university, povernnent agenoy, &)

states that it is

A, X the assignee of the entire right, title and interest in the patent application identified above; or
B. O an assignee together with [ ] of the entire right, title and interest in the patent application identified
above,

The nght title and interest of the above-named assignee in the patent application identified above is estabhshed by
virtue of:

A.[]  Anassignment from the inventor(s) of the patent application identified above. The assignment was recorded
in the Patent and Trademark Office at Reel [ ], Frame [ ], or a copy thereof is attached.

OR
B.[X A chain of title from the inventor(s) of the patent application identified above, to the current assignee as
shown below: .
1 From:Bamry A. Hoberman, Daniell. Hillman, William G, Walker, Jo . Callal ichael A,

Zampaglione and Andrew Cole
To: Virtual Silicon Technology, Inc.

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

Reel 020242 , Frame 0317-0319 , Or a copy thereof is attached.
2. From:__Virtual Silicon Technology. Inc. To: Moszid Delaware, Inc.

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

Reel 020242 , Frame 0301-0305 , or a copy thereof is attached,
3. From:___Mosaid Delaware. Inc. To: __Mosaid Technologies Corporation

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

Reel 021217 , Frame 0124-0127 , or a copy thereof is attached.

[ Additional documents in the chain of title are listed on z suppiementa} sheet,

As required by 37 CFR 3.73@)(1)0), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrent}y is being, submitted for recordation pursuant to 37 CFR 3,11.

[NOTE: A separate copy (1 e., a rue copy of the original assignment document(s)) must be submitted to Assignment

Division in accordance 37 CFR» art 3, to record the assignment in the records of the USPTO. See MPEP 302.08]
The undersigned "‘ K bhcd below) is authorized to act on behalf of the assignee.

Signature 1/ S

Name: FPRillip Sha%./)

i’itlﬁ: Secretary

Date: July 31, 2008

818241_)
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PATENT APPLICATION
Docket No. 2037.2077-017

Date: Express Mail Label No.

Inventors: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Attorney's Docket No.: 2037.2077-017

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

RELATED APPLICATIONS

This application is a continuation of U.S. Application No. 12/542,352, filed
August 17, 2009, which is a continuation of U.S. Application No. 12/284,311, filed
September 19, 2008 (now U.S. Patent 7,592,837), which is a continuation of U.S.
Application No. 11/998,725, filed November 30, 2007 (now U.S. Patent 7,443,197),
which is a continuation of U.S. Application No. 11/732,181, filed April 2, 2007 (now
U.S. Patent 7,348,804), which is a divisional and claims the priority benefit of U.S.
Application No. 11/041,687 filed January 20, 2005 (now U.S. Patent 7,227,383), which
claims the priority benefit of U.S. Provisional Application No. 60/546,574, filed
February 19, 2004 and U.S. Provisional Application No. 60/586,565, filed July 9, 2004.

The entire teachings of the above applications are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to integrated circuits, and more

particularly to low leakage and data retention circuitry.

1072909.1
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2. Description of the Related Art

Most integrated circuits have a design goal to reduce the overall power
consumption. The total power consumed by an integrated circuit includes dynamic
power consumption and standby leakage current consumption. The challenge in
designing an integrated circuit is to reduce the dynamic power and leakage power, while
maintaining performance and cost goals for the integrated circuit.

In complementary metal oxide semiconductors (CMOS), various types of
leakage occur such as pn junction reverse-bias current, subthreshold leakage, oxide
tunneling current, gate current due to hot-carrier injection, gate-induced drain leakage,
and channel punch through current. When the threshold voltage for a CMOS transistor
is reduced for higher performance, the leakage power is significant in the total power
consumption of the CMOS circuit.

There are two approaches in reducing the leakage power for CMOS circuits. The
first approach is a process level technique that controls the doping profile of the
transistor. The other approach is a circuit level technique where voltages at the different
device terminals such as the drain, source, gate, and body are controlled. Some circuit
level techniques are discussed below.

One circuit level technique is stacking transistors, which is also called self-
reverse bias. When more than one transistor in a stack of series-connected transistors is
turned off, the subthreshold leakage current is reduced. One problem with the transistor
stack is that only a three times reduction in leakage current is achieved.

Another circuit level technique is a multiple threshold voltage design. Both high- and
low-threshold transistors are on the same chip to deal with the leakage problem. The
high-threshold transistors suppress the sub-threshold leakage current. The low-threshold
transistors are used to achieve higher performance. One problem with a multiple
threshold design is that process complexity and costs are increased.

Another circuit level technique is a multiple body bias in which the body voltage
is changed to modify the threshold voltage. If separate body biases are applied to

different NMOS transistors, the transistor cannot share the same well, which requires

1072909.1
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triple well technologies. One problem is that well biasing consumes a lot of chip arca
and requires extra power supplies for each cell. This technique also increases process
complexity and the leakage reduction is not optimal.

Another technique for reducing leakage is a sleep transistor. FIG. 1 depicts prior
art circuitry including a sleep transistor. For NMOS sleep transistors, one or more
NMOS transistors are added to logic gates in series with the cell transistors to VSS. The
NMOS sleep transistors act as a switch to turn on and off the logic gate. In FIG. 1, the
sleep transistor 130 is turned on (gate to VDD) during normal cell operation. When the
cell is idle, the sleep transistor 130 is turned off (gate tied to VSS) to reduce the leakage
current of the cell. Sleep transistors can also be PMOS transistors. One problem with
sleep transistors is that if all logic has sleep transistors, the logic will lose their state

information.

SUMMARY OF THE INVENTION

In an exemplary embodiment of the presently disclosed invention, a data
retention circuit is provided. The exemplary circuit includes an input/output pad cell
that itself includes level shifter circuitry, the level shifter circuitry having inputs and
outputs. Output latching circuitry is also provided as a part of the data retention circuit.
The output latching circuitry includes two transistors. The transistors are coupled to the
outputs of the level shifter circuitry and retain a state of the level shifter circuitry based
on the state of the inputs. A leakage optimization circuit is also included, the leakage
optimization circuit is configured to simultaneously decrease leakage power in
conjunction with the state retention of the output latching circuitry.

In another embodiment of the presently disclosed invention, a system for
controlling power consumption within an integrated circuit is disclosed. The system
includes a power island, the power island includes a first circuit. The first circuit of the
power island is configured to receive an input signals and a hold signal. The circuit is
further configured to process the input signals and retain data in a sleep state having low

leakage. The first circuit is further configured to retain the data based on the hold
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signal. The system further includes a sleep transistor, which is coupled to the first
circuit. The sleep transistor is configured to receive a negative voltage sleep signal and
reduce power consumption of the first circuit in the sleep state. As a result, the first
circuit has low leakage based on the sleep signal while simultancously retaining the

data.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be apparent from the following more particular description of
example embodiments of the invention, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts throughout the different views.
The drawings are not necessarily to scale, emphasis instead being placed upon
illustrating embodiments of the present invention.

FIG. 1 is an illustration of circuitry including a sleep transistor in the prior art;

FIG. 2 is an illustration of an integrated circuit with a power supply in an
exemplary implementation of the invention;

FIG. 2A is a block diagram of a leakage manager system for minimizing state
leakage of a logic gate by application of a negative voltage to a sleep transistor.

FIG. 3 is an illustration of a power island manager with an isolation gate and a D
flip-flop in an exemplary implementation of the invention;

FIG. 4 is an illustration of a power island manager in an exemplary
implementation of the invention;

FIG. 5 is an illustration of a D/Q portion of flip-flop circuitry in an exemplary
implementation of the invention;

FIG. 6 is an illustration of a CK portion of flip-flop circuitry in an exemplary
implementation of the invention;

FIG. 7A is an illustration of a sleep transistor for an OFF node in an exemplary
implementation of the invention;

FIG. 7B is an illustration of a sleep transistor for an SB node in an exemplary

implementation of the invention;
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FIG. 7C is an illustration of a moderate impedance transistor for an SB node in
an exemplary implementation of the invention;

FIG. 8A is an illustration of circuitry for a tristate inverter in the master latch in
an exemplary implementation of the invention;

FIG. 8B is an illustration of circuitry for a tristate inverter in the slave latch in an
exemplary implementation of the invention;

FIG. 9 is an illustration of a HOLDB and SLEEPB signals in an exemplary
implementation of the invention;

FIG. 10 is an illustration of circuitry for low leakage and data retention in an
exemplary implementation of the invention;

FIG. 11 is an illustration of slave latch circuitry in an exemplary implementation
of the invention; and

FIG. 12 is an illustration of circuitry for a level shifter for an I/0 pad in an

exemplary implementation of the invention.

DETAILED DESCRIPTION OF THE INVENTION

A description of example embodiments of the invention follows.

As shown in the exemplary drawings wherein like reference numerals indicate
like or corresponding elements among the figures, exemplary embodiments of a system
and method according to the present invention are described below in detail. It is to be
understood, however, that the present invention may be embodied in various forms.
Therefore, specific details disclosed herein are not to be interpreted as limiting, but
rather as a basis for the claims and as a representative basis for teaching one skilled in
the art to employ the present invention in virtually any appropriately detailed system,
structure, method, process or manner.

Power Island Manager — FIGS. 2-4

In some embodiments, an integrated circuit can be delineated into power islands.
Power consumption can then be controlled within the power island. A power island

manager provides control signals to the power island to control power consumption of
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the power island. In some embodiments, the low leakage, data retention circuitry is
located within the power islands.

FIG. 2 depicts an illustration of an integrated circuit 200 with a power supply
280 in an exemplary implementation of the invention. The integrated circuit 200
includes a central processing unit (CPU) 210, a clock manager 212, power island
managers 220, 222, and 224, a power supply manager 240, level shifter/isolation gates
(LS/ISO) 250, 252, and 254, logic (power island 2) 260, memory (power island 0) 262,
third party intellectual property (IP) (power island 1) 264, adaptive leakage controller
(ALC) 270, and bus 280.

A power island is any section, delineation, partition, or division of an integrated
circuit where power consumption is controlled within the section, delineation, partition,
or division. In some embodiments, the power islands are delineated based on
geographic factors of the integrated circuit. In some embodiments, the power islands are
delineated based on functional IP units of the integrated circuit 200. In this example
depicted in FIG. 2, power islands are delineated by memory 262, logic 260, and third
party IP 264. Power islands are discussed in further detail in pending U.S. application
serial no. 10/840,893 entitled “Managing Power on Integrated Circuits Using Power
Islands” filed on May 7, 2004, which is hereby incorporated by reference.

The power island managers 220, 222, and 224 are any circuitry, device, or
system configured to provide control signals to a power island to control power within
the power island. The power island managers 220, 222, and 224 can dynamically
change the power consumption of the power islands based on the needs and operation of
the integrated circuit 200. The power island managers 220, 222, 224 may select a clock,
change clock frequency, or modify the voltage within the power island to control the
power consumption of the power island.

The ALC 270 provides control signals to compensate for process and
temperature variation to provide the optimum voltage to be applied to sleep transistors

in the power islands. The ALC 270 is described in further detail U.S. Patent Application
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Serial Number 10/996,739 entitled “Systems and Methods for Minimizing Static
Leakage of an Integrated Circuit” filed on 11/17/04.

FIG. 2A is a block diagram of a leakage manager system 290 for minimizing
static leakage of a logic gate by application of a negative voltage to a sleep transistor in
accordance with an example embodiment. The leakage manager system 290 comprises
an adaptive leakage controller (ALC) 291, a negative voltage regulator 292, and a
charge pump 294. The charge pump 294 generates a negative voltage 295 (SLPB). The
ALC 291 determines whether to adjust the negative voltage 295. The ALC 291
generates a signal (depicted as CTRL) depending on the determination. The negative
voltage regulator 292 adjusts the negative voltage 295 depending on the CTRL signal.

As described further herein, the negative voltage regulator 292 of one
embodiment generates an enable (EN) signal to the charge pump 294 to enable the
charge pump 294 to increase the magnitude of the negative voltage 295 (i.c., to make
the negative voltage 295 more negative). If the EN signal is low, an alternating signal
from an oscillator 293 to the charge pump 294 is disabled, preventing the charge pump
294 from increasing the magnitude of the negative voltage 295. Alternatively, if the EN
signal is high, the alternating signal from the oscillator 293 is enabled so that the charge
pump 294 will increase the magnitude of the negative voltage 295. Because the negative
voltage regulator 292 toggles the EN signal on or off depending on whether the ALC
291 determines to adjust the negative voltage 295, the leakage manager system 290
maintains the negative voltage 295 at a particular negative voltage to minimize static
leakage of the logic gate.

Under normal operation where the digital logic block is to operate, the sleep
control receives a signal (sleep input, polarity unimportant here) to disable the charge
pump and raise Vieep voltage to Vpp.

Under idle operation, where the digital logic block is to sleep (change to a low
leakage current state), the Charge Pump Control Logic (CPCL) sends a clock signal and
an enable signal to the Negative Voltage Charge Pump (NVCP) to first rapidly drop the
Veep signal to Vgg. Then the charge pump begins to push the Ve, voltage below Vss
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and continues to do so until it receives a pause signal from the CPCL. The Negative
Bias Voltage Bias Regulator (NVBR) monitors the Ve, voltage until a desirable
reduction of the transistor current I¢ has been achieved. At that point it sends a signal
to the CPCL to initiate a Pause signal to the NVCP. As time passes the Vsleep voltage
will slowly drift upwards toward Vgg and at a preset transistor L, the NVBR sends a
signal to the CPCL to restart the NVCP to restore the Ve, negative voltage to achieve
the desired L.

FIG. 3 depicts an illustration of the power island manager 220 with an isolation
gate 350 and a D flip-flop 360 in an exemplary embodiment of the invention. The
power island manager 220 includes a data retention state machine 330 and a sleep
generator 340 that are coupled to each other.

The power island manager 220 is coupled to the isolation gate 350 by the ISO
signal. The ISO signal is also coupled to other isolation gates. The data retention state
machine 330 is coupled to DRB input of the D flip-flop 360 via the DRB signal. The
data retention state machine 330 is also coupled to the AND gate 362 via the ENC
signal. The clock island (CKI) signal is coupled to the data retention state machine 330
and the AND gate 362. The sleep generator 340 is coupled to the D flip-flop 360 and
the AND gate 362 via the SLPB signal. The output of the AND gate 362 is coupled to
the C input of the D flip-flop 360 via the CKA signal. The system reset signal is
coupled to the RESETB input of the power island manager 220 and the RB input of the
D flip-flop 360. The SLPB signal, the DRB signal, and the system reset signal are
coupled to other data retention flip-flops.

FIG. 4 depicts an illustration of a power island manager 220 in an exemplary
embodiment of the invention. The power island manager 220 includes an AND gate
402, a multiplexer (MUX) 404, a D flip-flop 410, an inverter 412, an AND gate 414, a
D flip-flop 420, a D flip-flop 430, the data retention state machine 330, a MUX 432, a
MUX 442, a sleep generator 340, and a buffer 452.

The DIO pin is coupled to the D input of the D flip-flop 410. The SIO0 pin is
coupled to the SI input of the D flip-flop 410. The CSB and the WEB pins are coupled
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to the inputs of the AND gate 402. The output of the AND gate 402 and the SCK1 pin
are coupled to the input of the MUX 404. The output of the MUX 404 is coupled to the
C inputs of the D flip-flop 410, the D flip-flop 420, and the D flip-flop 430. The Q
output of the D flip-flop 410 is coupled to the DOO pin, which is coupled to the input of
the inverter 412 and the SI input of the D flip-flop 420. The DI1 pin is coupled to the D
input of the D flip-flop 420. The Q output of the D flip-flop 420 is coupled to the DOI
pin, which is coupled to the input of the AND gate 414 and the SI input of the D flip-
flop 430. The output of the AND gate 414 is coupled to the RSTB pin. The DI2 pin is
coupled to the D input of the D flip-flop 430. The Q output of the D flip-flop 430 is
coupled to the DO2 pin, which is coupled to the DLY 1/ISO pin. The DLY 1/ISO pin is
coupled to the SO1, the input of the MUX 432, and the data retention state machine
340.

The RESETB pin is coupled to the R input of the D flip-flop 430, the D flip-flop
420, and the D flip-flop 410. The SE pin, the RESETB pin, the CKI pin, and the SI2 pin
are coupled to the data retention state machine 330. The data retention state machine
330 is coupled to the input of the MUX 432, the SO2 pin, the DRB pin, the ENC pin,
and the input of the MUX 442. The output of the MUX 442, the VDDI pin, and the
VL[0:2] are coupled to the sleep generator 340. The sleep generator 340 is coupled to
the SLPB pin. The sleep generator 340 is coupled to the data retention state machine
330 via the AW pin and the input of the buffer 452. The output of the buffer 452 is
coupled to the DO3 pin. The DRMODE pin is coupled to the MUX 442.

In operation, the power island manager 220 has a three bit register for
controlling a power island for some embodiments. D [0], with input DIO and output
DOO, is an island reset for re-initializing a power island. This bit is combined with
RESETB to form RSTB to re-initialize the power island whenever RESETB or the D
[0] is active. D [1], with input DI1 and output DOI, is a sleep bit. When the D [1] bit is
set to one, the power island goes into a low leakage state. D [2], with input DI2 and
output DO2, is a DLY 1/Isolate bit. When DRMODE is tied to low, the D [2] bit, when
set to one, will add one clock cycle delay between DRB going active and SLPB going
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active. When DRMODE is tied high, the D [2] bit, when set to one, will activate
isolation of the power island. D [3], such as DO3, is an awake bit. This D [3] bit goes
high when SLPB is high. This can be used by software to determine when a power
island is out of the sleep state.

The power island manager 220 has two operating modes: one that supports
power islands with data retention flip-flops and one that does not. When the DRMODE
pin is tied high, a power island is put to sleep by writing a one to D[1]. The data
retention state machine 330 performs the timing. The isolate (ISO) signal goes active
when the sleep bit is written to a one, and the enable clock (ENC) and the data retention
(DRB) will go low after synchronization to the power island clock (CKI). One or two
clock cycles later the sleep (SLPB) goes low. To come out of sleep mode, a zero is
written to D[1]. In some embodiments, all clock buffers in the power islands can be put
to sleep to further minimize leakage. Software can determine when the power island has
come out of sleep by reading when DO3 is high.

The System Reset is typically applied once after initial system power up. In
some embodiments, the System Reset goes to all data retention flip-flops. The System
Reset signal and DIO bar are combined in a logical AND (RSTB output) to provide
initialization to non data retention flip-flops. To create a power island reset, D[0] is set
to a one and then cleared to a zero by software.

When the DRMODE is tied low, the power island manager 220 can also provide
the control signals for a power island without data retention flip-flops. The power island
manager 220 may have a hardware driven method and a software driven method for
interfacing to power islands without data retention flip-flops. The software sequence has

the following sequence:

Write 04 /turn on isolation
Write 06 /turn on sleep, isolation on /come out of sleep

Write 05 /turn sleep off, reset island, isolation on /wait for sleep to go high
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Read/test for DO3 = 1; sleep is high

Write 00 /turn isolation off, normal operation

The hardware driven method uses a clock to sequence the state machine. The
5  only action software takes is to write the sleep bit (DI1) to a one to go into sleep and
write a zero to the sleep bit to go out of sleep. Software can determine when the island
has come out of sleep by reading when DO3 is high.
In some embodiments, the power island manager 220 contains two scan chains
because some of the flip-flops are clocked on the positive and some on the negative.
10 The scan chain enable pin switches the clock on scan chain 1 (SI1 is the input; SO1 is
the output), the registers, to CKS1. Scan chain 2 (SI2 is the input; SO2 is the output) is
connected to the data retention state machine 330 flip-flops that are clocked on the
negative edge of CKI. A separate scan out is provided for each clock domain.
In some embodiments, the SLPB net uses p-type antenna diodes. Since the
15  SLPB net may go to a negative voltage, an n-type antenna diode can cause excessive
leakage to ground. The leakage can cause SLPB not to go negative and may not work
properly. The CSB pin is a chip select pin. The WEB pin is the write enable pin. The
VL [2:0] is the leakage control voltage value set by the ALC 270 (FIG. 2). The VDDI is
the VDD from the power island.
20

Low Leakage, Data Retention Circuitry — FIG. 5. 6, 7A-C, 8A-8B, and 9-12

FIGS. 5, 6, 7A-C, and 8A-8B disclose one embodiment for low leakage, data
retention circuitry. In this embodiment, in sleep mode, the circuit parts of a flip-flop that
do not require data retention are coupled to ground through a sleep transistor. The gate

25  of'the sleep transistor is coupled to a sleep signal that can be driven to a negative

voltage such as —0.3V. Thus, the leakage in these circuit parts of the flip-flop is
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eliminated (reduced). When not in a sleep state, the sleep transistor has a gate value
equal to or greater than the VDD supply, which effectively grounds the circuit.

The circuit parts that require data retention are coupled to ground through two
transistors. One transistor acts effectively to ground the circuit above when not in sleep
mode just as the sleep transistor described above. The other transistor is a PMOS device
with the gate tied to ground, which provides medium impedance to ground. The voltage
drop across this transistor acts to reduce the leakage by increasing the source bias of the
NMOS transistors and simultaneously reduces the voltage across the circuit. In this
embodiment, the data is retained in a sleep state and reduces the leakage by a factor of
22.

FIG. 5 depicts an illustration of a D/Q portion 500 of the flip-flop circuitry in an
exemplary implementation of the invention. The D/Q portion 500 of the flip-flop
circuitry includes an inverter 502, a M3 PMOS transistor 504, an M4 NMOS transistor
506, master latch circuitry 510, an M11 PMOS transistor 522, an M12 NMOS transistor
524, an M13 NMOS transistor 526, slave latch circuitry 530, and an inverter 540.

The D signal input is the input of the inverter 502, which includes transistors M1
and M2. The source of the inverter 502 is coupled to the node OFF, which is described
below in FIG. 7A. The output of the inverter 502 is coupled to the M3 PMOS transistor
504 and the M4 NMOS transistor 506. The gate of the M3 PMOS transistor 504 is
coupled to the CLK signal input. The gate of the M4 NMOS transistor 506 is coupled to
the CLKB signal input.

The master latch circuitry 510 includes the inverter 512 and the inverter 514.
The inverter 514 forms a feedback loop with the inverter 512, where the output of the
inverter 512 is coupled to the input of the inverter 514 and the output of the inverter 514
is coupled to the input of the inverter 512. The inverter 512 corresponds to transistor
M5 and M6. The inverter 514 corresponds to transistors M7-M10. The input of the
inverter 512 is coupled to node A, which is described in FIG. 8A below. The source of
the inverter 512 is also coupled to node OFF, which is described below in FIG. 7A. The
output of the inverter 512 is coupled to node B, which is described below in FIG. 8A.
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The source of the inverter 514 is coupled to node OFF, which is described below in
FIG. 7A. The PMOS gate of the inverter 514 is coupled to the CLKB signal input. The
NMOS gate of the inverter 514 is coupled to the CLK signal input.

The M11 PMOS transistor 522 is in parallel to the M12 NMOS transistor 524
and the M13 NMOS transistor 526, which are in series. The gate of the M11 PMOS
transistor 522 is coupled to the CLKB signal input. The gate of the M12 NMOS
transistor 524 is coupled to the HOLDB signal input. The gate of the M13 NMOS
transistor 526 is coupled to the CLK signal input.

The slave latch circuitry 530 includes the inverter 532 and the inverter 534. The
inverter 534 forms a feedback loop with the inverter 532, where the output of the
inverter 532 is coupled to the input of the inverter 534 and the output of the inverter 534
is coupled to the input of the inverter 532. The inverter 532 corresponds to transistor
M14 and M15. The inverter 534 corresponds to transistors M18-21 and M31. The input
of the inverter 532 is coupled to node C, which is described in FIG. 8B below. The
source of the inverter 532 is also coupled to node SB, which is described below in
FIGS. 7B-C. The output of the inverter 532 is coupled to node D, which is described
below in FIG. 8B. The source of the inverter 534 is coupled to node SB, which is
described below in FIGS. 7B-C. The PMOS gates of the inverter 534 are coupled to the
HOLDB and CLK signal inputs. The NMOS gate of the inverter 534 is coupled to the
CLKB signal input.

The output of the inverter 532 is coupled to the input of the inverter 540. The
inverter 540 corresponds to transistors M16 and M17. The source of the inverter 540 is
also coupled to node OFF, which is described below in FIG. 7A. The output of the
inverter 540 is the Q signal output.

FIG. 6 depicts a CK portion 600 of the flip-flop circuitry in an exemplary
implementation of the invention. The CK portion 600 of the flip-flop circuitry includes
an inverter 602, an M24 PMOS transistor 604, an M25 PMOS transistor 606, an M26
NMOS transistor 608, an M32 NMOS transistor 610, and an M27 PMOS transistor 612.
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The CK signal input is the input of the inverter 602, which includes transistors
M22 and M23. The source of the inverter 602 is coupled to node OFF, which is
described below in FIG. 7A. The output of the inverter 602 is coupled to the drain of the
M24 PMOS transistor 604 and the node CLKB. The gate of the M24 PMOS transistor

5 604 is coupled to the HOLDB signal input. The output of the inverter 602 is also

coupled to the M25 PMOS transistor 606 and the M26 NMOS transistor 608. The M25
PMOS transistor 606, the M26 NMOS transistor 608, and the M32 NMOS transistor
610 are coupled in series. The gate of the M32 NMOS transistor 610 is coupled to the
HOLDB signal input.

10 The CLK signal output is coupled to the drain of the M25 PMOS transistor 606,
the drain of the M26 NMOS transistor 608, and the drain of the M27 PMOS transistor
612. The gate of the M27 PMOS transistor 612 is coupled to the HOLDB signal input.

FIG. 7A depicts a sleep transistor 702 for the OFF node in an exemplary
implementation of the invention. The sleep transistor 702 is an NMOS transistor that

15 corresponds to transistor M28. The drain of the sleep transistor 702 is coupled to the
OFF node. The gate of the sleep transistor 702 is coupled to the SLEEPB signal input.
The source of the sleep transistor 702 is coupled to ground. In some embodiments, the
OFF node can be separated into two or more nodes each having its own NMOS sleep
transistor.

20 FIG. 7B depicts a sleep transistor 704 for the SB node in an exemplary
implementation of the invention. The sleep transistor 704 is an NMOS transistor that
corresponds to transistor M29. The drain of the sleep transistor 704 is coupled to the SB
node. The gate of the sleep transistor 704 is coupled to the SLEEPB signal input. The
source of the sleep transistor 704 is coupled to ground.

25 FIG. 7C depicts a sleep transistor 706 for the SB node in an exemplary
implementation of the invention. The sleep transistor 706 is a PMOS transistor that
corresponds to transistor M30. The source of the sleep transistor 706 is coupled to the

SB node. The gate and drain of the sleep transistor 706 are coupled to ground.
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FIG. 8A depicts circuitry 800 for the tristate inverter in the master latch in an
exemplary implementation of the invention. The circuitry 800 for the master latch
includes a PMOS transistor 802, a PMOS transistor 804, an NMOS transistor 806, and
an NMOS transistor 808 that are coupled together in series. The gates of the PMOS
transistor 802 and the NMOS transistor 808 are coupled to the node B. The gate of the
PMOS transistor 804 is coupled to the CLKB signal input. The gate of the NMOS
transistor 806 is coupled to the CLK signal input. The drains of the PMOS transistor
804 and the NMOS transistor 806 are coupled to node A. The source of the NMOS
transistor 808 is coupled to node OFF.

FIG. 8B depicts circuitry 810 for the tristate inverter in the slave latch in an
exemplary implementation of the invention. The circuitry 810 for the slave latch
includes a PMOS transistor 812, a PMOS transistor 814, a PMOS transistor 816, an
NMOS transistor 818, and an NMOS transistor 820. The PMOS transistor 812 is
coupled to the PMOS transistor 814 and the PMOS transistor 816 that are parallel to
cach other. The PMOS transistor 814 and the PMOS transistor 816 are coupled to the
NMOS transistor 818, which is also coupled to the NMOS transistor 820.

The gates of the PMOS transistor 812 and the NMOS transistor 820 are coupled
to the node D. The gate of the PMOS transistor 814 is coupled to the HOLDB signal
input. The gate of the PMOS transistor 816 is coupled to the CLK signal input. The gate
of the NMOS transistor 818 is coupled to the CLKB signal input. The drains of the
PMOS transistor 814, the PMOS transistor 816, and the NMOS transistor 806 are
coupled to node C. The source of the NMOS transistor 820 is coupled to node SB.

FIG. 9 depicts an illustration of the HOLDB and SLEEPB signals in an
exemplary embodiment of the invention.

The operation begins with CK going to zero. This causes CLKB to be equal to
VDD and CLK to be equal to zero, which isolates the slave latch circuitry 530 from the
master latch circuitry 510. The HOLDB signal goes to 0 to retain the state of the slave
latch. The SLEEPB signal then goes to —0.3V. This shuts off transistor M28 in FIG. 7A,

1072909.1

110



2037.2077-017

10

15

20

25

-16 -

which halts the leakage from all the circuits except in the slave latch circuitry 530.
When not in sleep mode, transistor M28 provides a low impedance path to ground.

The slave latch circuitry 530 is coupled to ground through the transistors M29
and M30, respectively depicted in FIGS. 7B and 7C. One purpose of transistor M29 is
to provide a low impedance path to ground when not in sleep mode.

One purpose of transistor M30 is to provide a default moderate impedance path
to ground when transistor M29 is off or in sleep mode. The leakage in the slave latch
circuitry 530, in going through transistor M30, causes node SB to rise. This provides a
source bias to the slave NMOS transistors reducing the leakage through them and also
reduces the voltage across the slave side to VDD — SB, which further reduces the
leakage. Equilibrium is reached where the leakage cannot increase. Basically, the
leakage is used to limit itself.

This embodiment uses the gated VDD solution because the voltage across the
circuit is reduced to VDD — SB. This embodiment combines this gated VDD with the
modulated back gate bias method because of the source bias SB but only for the NMOS
transistors. This is accomplished without switching a lower VDD and driving a well.
Thus, a simple process can be used. Also, this embodiment advantageously uses the
moderate impedance transistor in a way that causes leakage to limit itself by reaching
equilibrium.

FIGS. 10 and 11 disclose another embodiment for low leakage, data retention
circuitry. In this embodiment, in a sleep state, the circuitries that do not require data
retention are coupled to ground through a sleep transistor. The logic coupled to the
transistors gated by the SLEEPB signal is shut off and draws minimal leakage. This
process is accomplished by driving the SLEEPB signal below VSS by 0.3-0.4V. The
HOLDB signal keeps the slave latch circuitry from changing state while the rest of the
flip-flop comes out of the sleep state. The only part of the flip-flop still powered is the
slave latch circuitry. The slave latch circuitry combines several techniques to minimize

leakage.
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FIG. 10 depicts circuitry 1000 for low leakage and data retention in an
exemplary embodiment of the invention. The circuitry 1000 includes the inverter 1002,
the master latch circuitry 1010, the slave latch circuitry 1020, the inverter 1032, the
inverter 1034, the sleep transistors 1042, 1044, 1046, and 1048, the inverter 1052, and
the inverter 1054.

The D input is the input for the inverter 1002. The master latch circuitry 1010
includes the transmission gate 1012, the inverter 1014, the transmission gate 1016, and
the inverter 1018. The output of the inverter 1002 is coupled to the left contact of the
transmission gate 1012. The right contact of the transmission gate 1012 is coupled to
the input of the inverter 1014 and the left contact of the transmission gate 1016. The
output of the inverter 1014 is coupled to the D input of the slave latch circuitry 1020
and the input of the inverter 1018. The output of the inverter 1018 is coupled to the DB
input of the slave latch circuitry 1020 and the right contact of the transmission gate
1016.

The SLEEPB signal input is coupled to the gates for the SL1 sleep transistor
1042, the SL2 sleep transistor 1044, the SL3 sleep transistor 1046, the SL4 sleep
transistor 1048, and the SLEEPB input of the slave latch circuitry 1020. The SL.1 sleep
transistor 1042 is coupled to the inverter 1002 and ground. The SL2 sleep transistor
1044 is coupled to the inverter 1052, the inverter 1054, and ground. The SL3 sleep
transistor 1046 is coupled to the inverter 1014, the inverter 1018, and ground. The SL4
sleep transistor 1048 is coupled to the inverter 1032, the inverter 1034, and ground. In
some embodiments, the SL1 sleep transistor 1042, the SL2 sleep transistor 1044, the
SL3 sleep transistor 1046, and the SL4 sleep transistor 1048 can each be separated into
two or more node each having its own NMOS sleep transistor.

The CK signal is the input of the inverter 1052. The output of the inverter 1052
is coupled to the transmission gate 1012, the transmission gate 1016, and the input of
the inverter 1054. The output of the inverter 1054 is coupled to the transmission gate
1012, the transmission gate 1016, and the CLK input of the slave latch circuitry 1020.
The HOLDB signal input is coupled to the HOLDB input of the slave latch circuitry
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1020. The output of the slave latch circuitry 1020 is coupled to the input of the inverter
1032. The output of the inverter 1032 is coupled to the input of the inverter 1034. The
output of the inverter 1034 is the Q signal.

FIG. 11 depicts slave latch circuitry 1020 in an exemplary embodiment of the
invention. The slave latch circuitry 1020 includes D1 transistor 1102, D2 transistor
1104, DH transistor 1106, DSL sleep transistor 1108, stack transistors 1110, stack
transistors 1120, D1B transistor 1132, D2B transistor 1134, DHB transistor 1136, and
sleep transistor 1138.

The D1 transistor 1102, the D2 transistor 1104, the DH transistor 1106, and the
DSL sleep transistor 1108 are coupled to each other in series with the sleep transistor
1108 coupled to ground. The gate of the D1 transistor 1102 is coupled to the CLK
signal input. The gate of the D2 transistor 1104 is coupled to the D signal input. The
gate of the DH transistor 1106 is coupled to the HOLDB signal input. The gate of the
sleep transistor 1108 is coupled to the SLEEPB signal input.

The stack transistors 1110 comprise P1 transistor 1112, PO transistor 1114, N1
transistor 1116, and NO transistor 1118. The P1 transistor 1112, the PO transistor 1114,
the N1 transistor 1116, and the NO transistor 1118 are coupled to each other in series
with the NO transistor 1118 coupled to ground. The gates of the P1 transistor 1112, the
PO transistor 1114, the N1 transistor 1116, and the NO transistor 1118 are coupled to the
LAT signal input. The drains of the POB transistor 1124 and the N1B transistor 1126 are
coupled to the LAT signal input.

The stack transistors 1120 comprise P1B transistor 1122, POB transistor 1124,
NI1B transistor 1126, and NOB transistor 1128. The P1B transistor 1122, the POB
transistor 1124, the N1B transistor 1126, and the NOB transistor 1128 are coupled to
each other in series with the NOB transistor 1128 coupled to ground. The gates of the
P1B transistor 1122, the POB transistor 1124, the N1B transistor 1126, and the NOB
transistor 1128 are coupled to the LATB signal input. The drains of the PO transistor
1114 and the N1 transistor 1116 are coupled to the LATB signal input.
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In operation, the logic coupled to the transistors gated by the SLEEPB signal is
shut off and draws minimal leakage. This process is accomplished by driving the
SLEEPB signal below VSS by 0.3-0.4V. The HOLDB signal keeps the slave latch
circuitry 1020 from changing state while the rest of the flip-flop comes out of the sleep
state. The only part of the flip-flop still powered is the slave latch circuitry 1020. The
slave latch circuitry 1020 combines several techniques to minimize leakage. Transistors
not necessary for state retention (stacks with CLK) have sleep transistors to shut off
leakage (gated by the SLEEPB signal).

The 8 transistors in the stack transistors 1110 and 1120 use two techniques to
reduce leakage. The first technique used is transistor stacking, which is also called self-
reverse bias. The NO transistor 1118 and the N1 transistor 1116 will have some small
leakage even when the gate is at 0V. As a result, VNN will be at a positive voltage.
This causes VGS(N1) and VBS(N1) to be negative, and VDS(N1) to decrease.
Consequently, the leakage current is reduced in NO transistor 1118 and the N1 transistor
1116. The same effect occurs on NOB transistor 1128, N1B transistor 1126, P0
transistor 1114, P1 transistor 1112, POB transistor 1124, and P1B transistor 1122.

The second technique is called multiple threshold transistors. Increasing channel
length of MOS transistors increases the threshold of the devices without any change in
process complexity. The NO transistor 1118, the N1 transistor 1116, the NOB transistor
1128, and the N1B transistor 1126 have increased channel length, which raises VTH
and reduces leakage current.

This embodiment reduces leakage by a factor of 25 over a current standard cell

D flip-flop.

1/O Pad — FIG. 12

In some embodiments, a programmable general purpose input and output (I/0)
padcell includes built in-level shifters and isolation that interface with the chip core

logic. In these embodiments, a level shifter can be controlled to retain data.
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FIG. 12 depicts circuitry 1200 for a level shifter for an I/O pad in an exemplary
embodiment of the invention. The circuitry 1200 includes MP2 transistor 1202, MP3
transistor 1204, M3 transistor 1206, M4 transistor 1208, M1 transistor 1210, M0
transistor 1212, M5 transistor 1214, M2 transistor 1216, and an inverter 1218.

The circuitry 1200 is for a latching level shifter. The M3 transistor 1206 and the
M4 transistor 1208 are “native” cascode devices. The M3 transistor 1206 and the M4
transistor 1208 are also known as depletion-mode transistors. The M3 transistor 1206
and the M4 transistor 1208 are used to allow thin gate devices to be used in the input
stage. This allows large voltage ratios between the VDD and the V310. The M0
transistor 1212 and the M1 transistor 1210 are output latching devices that allow the
level shifter to retain the state when both IN and INB are 0. Thus, IN and INB control
data retention.

In some embodiments, the gates of the M3 transistor 1206 and the M4 transistor
1208 are coupled to other transistors connected to the cascode voltage.

The following truth table is for circuitry 1200.

IN INB ouT
0 0 Retain
last state
0 1 0
1 0 1
1 1 legal

There will be setup time requirements for any signal compared to SLPB. If level
shifters are used with an SRAM cell built into the output stage, the two inputs can be
removed anytime after the output latch has flipped to a new state. Both 1.2V inputs to
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the level shifter cannot go to VDD. This can be prevented by including an inverter. If
both the inverter and the level shifter have SLPB transistors, there is a potential timing
race if SLPB goes to VSS with VDD high. In this case, the level shifters should be off
before the output of the inverter drifts to VDD. In some embodiments, the M5 transistor
1214 and the M2 transistor 1216 can be configured to withstand greater voltages.

In some embodiments, the sources of the M5 transistor 1214 and the M2
transistor 1216 can be coupled to a common SLEEPB transistor 1240 to further reduce
leakage. In one embodiment, the width of the SLEEPB transistor 1240 is 4 micrometers,
and the length is .13 micrometers. The following truth table is for circuitry 1200
including this common SLEEPB transistor 1240:

SLEEPB IN INB OouT

1 0 0 Retain
state
(Data
Retention)

1 0 1 0

1 1 0 1

1 1 1 Mlegal

0 X X Retain
State

In some embodiments, the SLEEPB = 0 input state should be understood to
include the SLEEPB voltage being below 0V (E.g. -0.35V generated by a leakage

optimization circuit).
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In this extension to FIG. 12 (and the above truth table), the two Data Retention
states may be operated independently, sequentially or simultancously. This is beneficial
when the SLEEPB input is used to control/limit leakage power while the IN/INB = 00
state is used for data retention. This is because the SLEEPB voltage comes from a
charge pump and takes some time to transition from Vdd (=1) to the Data Retention
mode.

The above description is illustrative and not restrictive. Many variations of the
invention will become apparent to those of skill in the art upon review of this
disclosure. The scope of the invention should, therefore, be determined not with
reference to the above description, but instead should be determined with reference to
the appended claims along with their full scope of equivalents.

While this invention has been particularly shown and described with references
to example embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1072909.1

An integrated circuit comprising:

terminals including a common ground terminal and first and second
power supply terminals;

a level shifter configured to translate binary data from voltage levels
defined by said first power supply terminal and said common ground terminal,
to voltage levels defined by said second power supply terminal and said
common ground terminal, said level shifter having a sleep transistor, input
transistors, and cross-coupled output latching devices between said common
ground terminal and an output terminal, said sleep transistor in series with an
electrical connection to said common ground terminal, and said input transistors
driven by inputs at voltage levels defined by said first power supply terminal
and said common ground terminal; and

power management circuitry configured to control power consumed by

said level shifter using said sleep transistor.

The integrated circuit as claimed in claim 1 wherein said second power supply

terminal provides a higher voltage than said first power supply terminal.

The integrated circuit as claimed in claim 1 wherein said level shifter is built

into an input/output pad cell configured to interface with chip core logic.

The integrated circuit as claimed in claim 1 wherein said sleep transistor enables

a power down mode.

The integrated circuit as claimed in claim 4 wherein said sleep transistor is an n-

channel transistor connected to said common ground terminal.
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The integrated circuit as claimed in claim 5 wherein said power management
circuit applies a voltage from said first power supply terminal to said sleep

transistor when not in said power down mode.

The integrated circuit as claimed in claim 5 wherein said power management
circuit applies a voltage lower than a voltage level of said common ground

terminal to said sleep transistor in said power down mode.

The integrated circuit as claimed in claim 5 wherein said power management
circuit applies a voltage greater than a voltage level of said first power supply

terminal to said sleep transistor when not in said power down mode.

The integrated circuit as claimed in claim 4 wherein said level shifter retains

data in said power down mode.

The integrated circuit as claimed in claim 1 wherein said level shifter latches

level shifted data.

The integrated circuit as claimed in claim 1 wherein said level shifter input

transistors are thin gate transistors.

The integrated circuit as claimed in claim 1 wherein said level shifter comprises

cross-coupled cascode devices.

The integrated circuit as claimed in claim 12 wherein said input transistors are
thin gate transistors and said cross-coupled output latching devices comprise

thick gate transistors.

The integrated circuit as claimed in claim 12 further comprising a static random

access memory (SRAM) cell built into an output stage of said level shifter.
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The integrated circuit as claimed in claim 14 further comprising an inverter to
prevent inputs of said level shifter from reaching a voltage of said first power

supply terminal at the same time.

The integrated circuit as claimed in claim 14 wherein said input transistors are
configured to withstand voltages higher than that of said first power supply

terminal.

A method for operating an integrated circuit, the method comprising:

providing first and second power supply terminals;

translating binary data with a level shifter from voltage levels defined by
said first power supply terminal and a common ground terminal to voltage levels
defined by said second power supply and said common ground terminal;

driving level shifter input transistors with voltage levels defined by said
first power supply terminal and said common ground terminal; and

in a power down mode, controlling power consumed by said level shifter

with a sleep transistor while said level shifter retains data.

The method as claimed in claim 17 wherein said second power supply terminal

provides a higher voltage than said first power supply terminal.

The method as claimed in claim 17 further comprising preventing inputs of said
level shifter from reaching the voltage level of said first power supply terminal

at the same time.

The method as claimed in claim 17 further comprising latching level shifted

data.

The method as claimed in claim 17 wherein controlling power consumed by said

level shifter includes enabling a power down mode.
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The method as claimed in claim 21 further comprising applying voltage from
said first power supply terminal to said sleep transistor when not in said power

down mode.

The method as claimed in claim 21 further comprising applying a voltage lower
than that of said common ground terminal to said sleep transistor in said power

down mode.

The method as claimed in claim 21 further comprising applying a voltage
greater than the voltage level of said first power supply terminal to said sleep

transistor when not in said power down mode.

The method as claimed in claim 21 further comprising retaining data with said

level shifter in said power down mode.

An integrated circuit comprising:

terminals including a common ground terminal and first and second
power supply terminals;

a level shifter built into an input/output pad cell configured to interface
with chip core logic, said level shifter configured to translate binary data from
voltage levels defined by said first power supply terminal and said common
ground terminal, to voltage levels defined by said second power supply terminal
and said common ground terminal, said level shifter having a sleep transistor
and input transistors, said sleep transistor in series with an electrical connection
to said common ground terminal, and said input transistors driven by inputs at
voltage levels defined by said first power supply terminal and said common
ground terminal; and

power management circuitry configured to control power consumed by

said level shifter using said sleep transistor.

121



2037.2077-017

10

15

20

27.

28.

29.

30.

31.

32.

33.

34.

35.

1072909.1

_27-

The integrated circuit as claimed in claim 26 wherein said second power supply

terminal provides a higher voltage than said first power supply terminal.

The integrated circuit as claimed in claim 26 wherein said sleep transistor

enables a power down mode.

The integrated circuit as claimed in claim 28 wherein said sleep transistor is an

n-channel transistor connected to said common ground terminal.

The integrated circuit as claimed in claim 29 wherein said power management
circuit applies a voltage from said first power supply terminal to said sleep

transistor when not in said power down mode.

The integrated circuit as claimed in claim 29 wherein said power management
circuit applies a voltage lower than a voltage level of said common ground

terminal to said sleep transistor in said power down mode.

The integrated circuit as claimed in claim 29 wherein said power management
circuit applies a voltage greater than a voltage level of said first power supply

terminal to said sleep transistor when not in said power down mode.

The integrated circuit as claimed in claim 28 wherein said level shifter retains

data in said power down mode.

The integrated circuit as claimed in claim 26 wherein said level shifter latches

level shifted data.

The integrated circuit as claimed in claim 26 wherein said level shifter input

transistors are thin gate transistors.
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The integrated circuit as claimed in claim 26 wherein said level shifter
comprises cross-coupled cascode devices and cross-coupled output latching

devices.

The integrated circuit as claimed in claim 36 wherein said input transistors are
thin gate transistors and said cross-coupled output latching devices comprise

thick gate transistors.

The integrated circuit as claimed in claim 36 further comprising a static random

access memory (SRAM) cell built into an output stage of said level shifter.

The integrated circuit as claimed in claim 38 further comprising an inverter to
prevent inputs of said level shifter from reaching a voltage of said first power

supply terminal at the same time.

The integrated circuit as claimed in claim 38 wherein said input transistors are
configured to withstand voltages higher than that of said first power supply

terminal.

An integrated circuit comprising:

terminals including a common ground terminal and first and second
power supply terminals;

a level shifter configured to latch data shifted from voltage levels defined
by said first power supply terminal and said common ground terminal, to
voltage levels defined by said second power supply terminal and said common
ground terminal, said level shifter having a sleep transistor and input transistors,
said sleep transistor in series with an electrical connection to said common
ground terminal, and said input transistors driven by inputs at voltage levels
defined by said first power supply terminal and said common ground terminal,

and
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power management circuitry configured to control power consumed by

said level shifter using said sleep transistor.

42.  The integrated circuit as claimed in claim 41 wherein said second power supply

terminal provides a higher voltage than said first power supply terminal.

5 43, The integrated circuit as claimed in claim 41 wherein said level shifter is built

into an input/output pad cell configured to interface with chip core logic.

44.  The integrated circuit as claimed in claim 41 wherein said sleep transistor

enables a power down mode.

45. The integrated circuit as claimed in claim 44 wherein said sleep transistor is an
10 n-channel transistor connected to said common ground terminal.
46. The integrated circuit as claimed in claim 45 wherein said power management

circuit applies a voltage from said first power supply terminal to said sleep

transistor when not in said power down mode.

47.  The integrated circuit as claimed in claim 45 wherein said power management
15 circuit applies a voltage lower than a voltage level of said common ground

terminal to said sleep transistor in said power down mode.

48. The integrated circuit as claimed in claim 45 wherein said power management
circuit applies a voltage greater than a voltage level of said first power supply

terminal to said sleep transistor when not in said power down mode.

20 49. The integrated circuit as claimed in claim 44 wherein said level shifter retains

data in said power down mode.

1072909.1
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The integrated circuit as claimed in claim 41 wherein said level shifter input

transistors are thin gate transistors.

The integrated circuit as claimed in claim 41 wherein said level shifter
comprises cross-coupled cascode devices and cross-coupled output latching

devices.

The integrated circuit as claimed in claim 51 wherein said input transistors are
thin gate transistors and said cross-coupled output latching devices comprise

thick gate transistors.

The integrated circuit as claimed in claim 51 further comprising a static random

access memory (SRAM) cell built into an output stage of said level shifter.

The integrated circuit as claimed in claim 53 further comprising an inverter to
prevent inputs of said level shifter from reaching a voltage of said first power

supply terminal at the same time.

The integrated circuit as claimed in claim 53 wherein said input transistors are
configured to withstand voltages higher than that of said first power supply

terminal.

A method for operating an integrated circuit, the method comprising:

providing first and second power supply terminals;

translating binary data with a level shifter from voltage levels defined by
said first power supply terminal and a common ground terminal to voltage levels
defined by said second power supply and said common ground terminal;

driving level shifter input transistors with voltage levels defined by said

first power supply terminal and said common ground terminal;
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preventing inputs of said level shifter from reaching the voltage level of
said first power supply terminal at the same time; and

controlling power consumed by said level shifter with a sleep transistor.

The method as claimed in claim 56 wherein said second power supply terminal

provides a higher voltage than said first power supply terminal.

The method as claimed in claim 56 further comprising latching level shifted

data.

The method as claimed in claim 56 wherein controlling power consumed by said

level shifter includes enabling a power down mode.

The method as claimed in claim 59 further comprising applying voltage from
said first power supply terminal to said sleep transistor when not in said power

down mode.

The method as claimed in claim 59 further comprising applying a voltage lower
than that of said common ground terminal to said sleep transistor in said power

down mode.

The method as claimed in claim 59 further comprising applying a voltage
greater than the voltage level of said first power supply terminal to said sleep

transistor when not in said power down mode.

The method as claimed in claim 59 further comprising retaining data with said

level shifter in said power down mode.
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ABSTRACT OF THE DISCLOSURE

An integrated circuit includes first circuitry and sleep transistor circuitry. The
first circuitry receives input signals and processes the input signals. The first circuitry
also retains data in a sleep state that has low leakage. The sleep transistor circuitry is

5 coupled to the first circuitry and receives a sleep signal that has a negative voltage. The
sleep circuitry reduces power consumption of the first circuitry in the sleep state to have

low leakage based on the sleep signal while retaining the data in the first circuitry.

1072909.1
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PATENT APPLICATION
JMS/jmk DOCKET NO.: 2037.2077-017
March 28, 2011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M. Callahan,
Michael A. Zampaglione and Andrew Cole

Continuation Application of:

Application No.:  12/542,352

Filed: August 17, 2009
For: Low Leakage And Data Retention Circuitry
Date:

EXPRESS MAIL LABEL NO.

TRANSMITTAL LETTER FOR
INFORMATION DISCLOSURE STATEMENT

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

Alexandria, VA 22313-1450

Sir:
This Information Disclosure Statement is submitted:

Xl under 37 CFR 1.97(b), or

(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the
national stage in an international application; or before the mailing date of a first office action on the merits; or before the mailing of a first
office action after the filing of a Request for Continued Examination).

] under 37 CFR 1.97(c) together with either:
[]  aStatement under 37 CFR 1.97(c), as checked below, or
[1 a$180.00 fee under 37 CFR 1.17(p), or

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes
prosecution, whichever occurs first)

[]  under 37 CFR 1.97(d) together with:
] a Statement under 37 CFR 1.97(¢), as checked below, and
[]  a$180.00 fee under 37 CFR 1.17(p), or

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before
payment of the issue fee)

] under 37 CFR 1.97(i):

Applicant requests that the IDS and cited reference(s) be placed in the application file.
(Filed after payment of issue fee)
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Statement Under 37 CFR 1.97(e)

[l

[

Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment)

[

Applies to original applications (other than design) filed on or after May 29, 2000

Each item of information contained in the Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart application and this
communication was not received by any individual designated in § 1.56(c) more than thirty
days prior to the filing of the Information Disclosure Statement.

Enclosed herewith is a Listing of References. Copies of the cited references are enclosed
except as indicated below or in the attached Listing of References.

Copies of the cited references submitted with an Information Disclosure Statement in prior
application, U.S. Application No. 12/542,352, to which priority under 35 U.S.C. 120 is
claimed, are not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided.

The listed references were cited in the enclosed Search Report in counterpart foreign
application [add application number], which is listed in the attached Listing of References.

The “concise explanation” requirement (non-English references) for reference(s) [ ] under
37 CFR 1.98(a)(3) is satisfied by:

the explanation provided on the attached sheet.

the explanation provided in the Specification.

submission of the enclosed International Search Report.

submission of the enclosed English-language version of a foreign Search Report
and/or foreign Office Action.

O dood

the enclosed English language abstract.
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Method of payment:

X

[
[
[

Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of §[  ].

A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By__/James M. Smith, Reg. No. 28,043/
James M. Smith

Registration No. 28,043

Telephone: (978) 341-0036

Facsimile: (978) 341-0136

Concord, MA 01742-9133

Dated:

1074590.1

March 28, 2011

142



Sheet 1 of 8

Substitute for form 1449B/PTO

INFORMATION DISCLOSURE STATEMENT
IN AN APPLICATION

LISTING OF REFERENCES

March 29, 2011

(Use several sheets if necessary)

ATTORNEY DOCKET NO. CON OF APPL’N NO.

2037.2077-017 12/542,352

FIRST NAMED INVENTOR FILING DATE

Barry A. Hoberman Herewith

EXAMINER CONFIRMATION NO. GROUP

Not Yet Assigned Not Yet Assigned Not Yet
Assigned

U.S. PATENT DOCUMENTS

R T i I
Al 6,046,627 04-04-2000 Itoh, et al.
A2 6,046,627 04-04-2000 Itoh, et al.
A3 6,208,171 B1 03-27-2001 Kumagai, et al.
A4 16,208,171 B1 03-27-2001 Kumagai, ef al.
AS 16,246,265 06-12-2001 Ogawa
A6 6,246,265 06-12-2001 Ogawa
A7 6,288,591 09-11-2001 Riccio
A8 6,288,591 09-11-2001 Riccio
A9 16,307,233 B1 10-23-2001 Awaka, et al.
Al10 16,307,233 B1 10-23-2001 Awaka, et al.
All 16,329,874 B1 12-11-2001 Ye, et al.
Al2 16,329,874 B1 12-11-2001 Ye, et al.
Al3 6,337,583 B1 01-08-2002 Ooishi et al.
Al4 16,337,583 B1 01-08-2002 Ooishi et al.
Al5 6,384,639 B1 05-07-2002 Chen, et al.
Al6 6,384,639 B1 05-07-2002 Chen, et al.
Al7 16,414,534 07-02-2002 Wang, et al.
Al18 16,414,534 07-02-2002 Wang, et al.
A19 ]2002/0089352 Al 07-11-2002 Hanson et al.
A20 16,437,623 08-20-2002 Hsu, et al.
EXAMINER DATE CONSIDERED

883912.3

143




Sheet 2 of 8

Substitute for form 1449B/PTO

INFORMATION DISCLOSURE STATEMENT
IN AN APPLICATION

LISTING OF REFERENCES

March 29, 2011

(Use several sheets if necessary)

2037.2077-017

ATTORNEY DOCKET NO. CON OF APPL’N NO.

12/542,352

Barry A. Hoberman

FIRST NAMED INVENTOR FILING DATE

Herewith

EXAMINER
Not Yet Assigned

CONFIRMATION NO. GROUP

Not Yet Assigned Not Yet
Assigned

U.S. PATENT DOCUMENTS

R T i I
A21 16,437,627 08-20-2002 Tran, ef al.
A22 16,456,110 B1 09-24-2002 Elamanchili, et al.
A23 16,522,171 02-18-2003 Hanson, et al.
A24 12003/0067322 Al 04-10-2003 Stan et al.
A25 |2003/067322 Al 04-10-2003 Mircea, ef al.
A26 16,552,601 B1 04-22-2003 Burr
A27 16,598,148 07-22-2003 Moore, et al.
A28 6,621,306 09-16-2003 Ooishi, et al.
A29 16,624,687 B1 09-23-2003 Burr
A30 16,631,502 B2 10-07-2003 Buffet, ez al.
A31 |2004/0039954 Al 02-26-2004 White, ef al.
A32 12004/0268278 Al 12-30-2004 Hoberman, ef al.
A33 16,838,901 B2 01-04-2005 Sakata, ef al.
A34 6,864,718 03-08-2005 Yu
A35 12006/0006929 Al 01-12-2006 Caplan, et al.
A36 6,998,895 02-14-2006 Uvieghara
A37 7,227,383 B2 06-05-2007 Hoberman, ef al.
A38 [2007/0176642 08-02-2007 Kursun et al.
A39 17,348,804 B2 03-25-2008 Hoberman, ef al.
EXAMINER DATE CONSIDERED

883912.3

144




Sheet 3 of 8

Substitute for form 1449B/PTO ATTORNEY DOCKET NO. CON OF APPL’N NO.
INFORMATION DISCLOSURE STATEMENT | 2037:2077-017 12/542,352
IN AN APPLICATION FIRST NAMED INVENTOR FILING DATE
Barry A. Hoberman Herewith

LISTING OF REFERENCES

M h 29. 2011 EXAMINER CONFIRMATION NO. GROUP
arc s Not Yet Assigned Not Yet Assigned Not Yet
(Use several sheets if necessary) Assigned
A40 (7,391,250 06-24-2008 Chuang

Copies of issued U.S. Patents and Published U.S. Applications are not required and are not being provided. We are
not listing separately any prior U.S. Patent Office communications regarding the cited documents because the

Examiner has access to any such actions through PAIR.

EXAMINER DATE CONSIDERED

883912.3

145




Sheet 4 of 8

Substitute for form 1449B/PTO

INFORMATION DISCLOSURE STATEMENT
IN AN APPLICATION

LISTING OF REFERENCES

March 29, 2011

(Use several sheets if necessary)

ATTORNEY DOCKET NO.
2037.2077-017

CON OF APPL’N NO.
12/542,352

FIRST NAMED INVENTOR FILING DATE

Barry A. Hoberman Herewith

EXAMINER CONFIRMATION NO. GROUP

Not Yet Assigned Not Yet Assigned Not Yet
Assigned

FOREIGN PATENT DOCUMENTS

e 8| comp Cotesimbeetindcote | DTy AN O AL O APPLICANT
B1 JP 09-261013 10-03-1997 Fujitsu Ltd
B2 |DE 19811353 C1 07-22-1999 Siemens AG
B3 |JP 11-214962 08-06-1999 Mitsubishi Electric Corp
B4 |JP 2000-003237 01-07-2000 NEC Corp
B5 [WO 2001/024364 04-05-2001 Koninklijke Philips Electronics N.V.
B6 |JP 2002-507852 03-12-2002 Siemens Aktiengesllschaft
B7 |JP 2003-510941 03-18-2003 Koninklijke Philips Electronics N.V.
B8 EP 1331736 Al 07-30-2003 Texas Instruments France, ef al.
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20

EXAMINER DATE CONSIDERED

883912.3

146




Sheet 5 of 8

Substitute for form 1449B/PTO ATTORNEY DOCKET NO. CON OF APPL’N NO.
INFORMATION DISCLOSURE STATEMENT | 2037:2077-017 12/542,352
IN AN APPLICATION FIRST NAMED INVENTOR FILING DATE
Barry A. Hob Herewith
LISTING OF REFERENCES Aty £ Hoberman crewt
M h 29. 2011 EXAMINER CONFIRMATION NO. GROUP
arc s Not Yet Assigned Not Yet Assigned Not Yet
(Use several sheets if necessary) Assigned

Bxaminer’s | Rel OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

Cl1 Chen, G., et al., “Adaptive Garbage Collection for Battery-Operated Environments, “Proceedings
of USENIX JVMO02 Symposium, August 2002.

C2 |Chen, G, et al., “Energy Savings Through Compression in Embedded JavaEnvironments,”
Proceedings of the CODES’02, June 2002.

C3 DAS, K., et al., “Ultra Low-Leakage Power Strategies for Sub-1 V VLSI: Novel Circuit Styles and
Design Methodologies for Partially Depleted Silicon-On-Insulator (PD-SOI) CMOS Technology,”
16™ International Conference on VLSI Design, 2003, pp. 291-296.

C4 De Micheli, G., et al., “System-Level Power Optimization: Techniques and Tools,” Date 2000.

C5 |Degalahal, V., et al,, “Analyzing Soft Errors in Leakage Optimized SRAM Design,” Proceedings
of 16" International Conference on VLSI Design, January 2003, New Delhi, India.

C6 |Delaluz, V., “DRAM Energy Management Using Software and Hardware Directed Power Mode
Control,” Proceedings of the 7™ International Symposium on High Performance Computer
Architecture, January 20-24, 2001, Monterrey, Mexico.

C7 |Delaluz, V., et al., “Automatic Data Migration for Reducting Energy Consumption in Multi-Bank
Memory Systems,” DAC 2002, June 10-14, 2002, New Orleans, LA, USA.

C8 Delaluz, V., et al., “Hardware and Software Techniques for Controlling DRAM Power Modes,”
IEEE Transaction on Computers, November 2001, Vol. 50.

C9 Delaluz, V., et al., “Scheduler-Based DRAM Energy Management,” DAC 2002, June 10-14, 2002,
New Orleans, LA, USA, ACM.

C10 |Duarte, D., et al., “A Complete Phase-Locked Loop Power Consumption Model,” Proceedings of
the 2002 Design, Automation and Test in Europe Conference and Exhibition (DATE’02), 2002,
1EEE.

C11 |Duarte, D, et al., “Evaluating Run-Time Techniques for Leakage Power Reduction,” Proceedings
of the 15™ International Conference on VLSI Design (VLSID’02) 2002, IEEE.

C12 |Duarte, D, et al., “Impact of Scaling on the Effectiveness of Dynamic Power Reduction Schemes,”
Proceedings of the 20™ International Conference on Computer Design (ICCD), September 16-18,
2002, Freiberg, Germany.

C13 |Duarte, D., et al., “Impact of Technology Scaling and Packaging on Dynamic Voltage Scaling
Techniques,” Proceedings of the 15™ Annual IEEE International ASIC/SOC Conference,
Sepember 25-28, 2002, Rochester, NY.

Cl14 |Duarte, D, et al., “Impact Technology Scaling in the Clock System Power,” Proceedings of the
IEEE Computer Society Annual Symposium on VLSI, April 25-26, 2002, Pittsburgh, PA.

C15 |Filseth, E., “Tally Power into Cost of ‘Free’ Silicon,” EETimes, January 11, 1999, located at
http://www.eetimes.com/story/speakout/OEG19990111S028.

EXAMINER DATE CONSIDERED
8839012.3

147




Sheet 6 of 8

Substitute for form 1449B/PTO ATTORNEY DOCKET NO. CON OF APPL’N NO.
INFORMATION DISCLOSURE STATEMENT | 2037:2077-017 12/542,352
IN AN APPLICATION FIRST NAMED INVENTOR FILING DATE
Barry A. Hob Herewith
LISTING OF REFERENCES Aty £ Hoberman crewt
M h 29. 2011 EXAMINER CONFIRMATION NO. GROUP
arc s Not Yet Assigned Not Yet Assigned Not Yet
(Use several sheets if necessary) Assigned

Bxaminer’s | Rel OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

C16 |Flynn, J., et al., “Power Management in Complex SoC Design,” Synopsys, April 2004, located at
http://www.synopsys.com/sps.

C17 |Frenkil, J., “A Multi-Level Approach to Low-Power IC Design,” IEEE Spectrum, February 1998,
Vo. 35, No. 2.

C18 |Grunwald, D., et al., “Kool Chips Workshop,” MICRO33, December 10, 2000, Monterey, CA.

C19 |Gupta, R., et al., “Low Power Wireless Networked System Design,” HotChips, August 18, 2002,
Stanford, CA.

C20 |Halter, J., etal., “A Gate-Level Leakage Power Reduction Method for Ultra-Low-Power CMOS
Circuits,” IEEE Customs Integrated Circuits Conference, 1997, pp. 475-478.

C21 |Hezavei, J., et al., “Input Sensitive High-Level Power Analysis,” Proceedings of the 2001 IEEE
Workshop on Signal Processing Systems (SiPS), September 2001, pp. 149-156.

C22 |Horiguchi, M., et al., “Switched-Source-Impedance CMOS Circuit for Low Standby Subthreshold
Current Giga-Scale LST’s, “TEEE Journal of Solid-State Circuits, Vol. 28, No. 11, November 1993,
pp. 1131-1135.

C23 |Hu, J.S., et al., “Using Dynamic Branch Behavior for Power-Efficient Instruction Fetch,” Proc. of
IEEECS Annual Symposium on VLSI (ISVLSI 2003), February 20-21, 2003, Tampa, FL.

C24 |Inukai, T, et al., “Boosted Gate MOS (BGMOS): Device/Circuit Cooperation Scheme to Achieve
Leakage-Free Giga-Scale Integration,” Custom Integrated Circuits Conference,
2000.CICC.Proceedings of the IEEE 2000, pp. 409-412.

C25 |Kao, J., et al., “Dual-Threshold Voltage Techniques for Low-Power Digital Circuits,” IEEE
Journal of Solid-State Circuits, Vol. 35, No. 7, July 2000, pp. 1009-1018.

C26 |Kawaguchi, H., et al., “A CMOS Scheme for 0.5V Supply Voltage with Pico-Ampere Standby
Current,” Solid-State Circuits Conference 1998. Digest of Technical Papers. 45" ISSCC 1998
IEEE International, 5-7 February 1998, pp. 192-193.

C27 |Kawaguchi, H., et al., “A Super Cut-Off CMOS (SCCMOS) Scheme for 0.5 V Supply Voltage
with Picoampere Stand-By Current,” IEEE Journal of Solid-State Circuits, Vol. 35, No. 10,
October 2000, pp. 1498-1501.

C28 |Kim, S., et al., “Energy Efficient Instruction Cache Using Page-Based Placement,” Proceedings of
the International Conference on Compilers, Architectures and Synthesis for Embedded Systems,
CASES’01, November 1-17, 2001, Atlanta, GA, USA.

C29 |Kim, S., et al., “Partitioned Instruction Cache Architecture for Energy Efficiency,” ACM
Transactions on Computational Logic, July 2002, pp 1-23, Vol. V, No. N.

C30 |Kim, S., et al., “Power-aware Partitioned Cache Architectures,” Proceedings of ACM/IEEE
International Symposium on Low Power Electronics and Design, 2001, ILSPED’01, August 6-7
2001, Huntington Beach, CA.

EXAMINER DATE CONSIDERED
883912.3

148




Sheet 7 of 8

Substitute for form 1449B/PTO ATTORNEY DOCKET NO. CON OF APPL’N NO.
INFORMATION DISCLOSURE STATEMENT | 2037:2077-017 12/542,352
IN AN APPLICATION FIRST NAMED INVENTOR FILING DATE
Barry A. Hob Herewith
LISTING OF REFERENCES Aty £ Hoberman crewt
M h 29. 2011 EXAMINER CONFIRMATION NO. GROUP
arc s Not Yet Assigned Not Yet Assigned Not Yet
(Use several sheets if necessary) Assigned

Bxaminer’s | Rel OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

C31 |Kim, S., et al., “Predictive Precharging for Bitline Leakage Energy Reduction,” Proceedings of
15™ Annual IEEE International ASIC/SOC Conference, September 25-28, 2002, Rochester, NY.

C32 |Lackey, D., et al., “Managing Power and Performance for System-on-Chip Designs using Voltage
Islands,” Computer Aided Design, 2002, ICCAD 2002.IEEE/ACM International Conference on
10-14 November 2002, pp. 195-202.

C33 |LiL,, et al., “Managing Leakage Energy in Cache Hierarchies,” Journal of Instruction-Level
Parallelism, 2003, pp. 1-24, Vol. 5.

C34 |[Li, L, et al., “Leakage Energy Management in Cache Hierarchies,” 11™ International Conference
on Parallel Architectures and Compilation Techniques (PACT’02), September 2002.

C35 |“Managing Power in Ultra Deep Submicron ASIC/IC Design,” May 2002, Synopsys, Inc.

C36 |Manne, S., et al., “Kool Chips Tutorial,” 32" Annual International Symposium on
Microarchitecture, November 15, 1999, Haifa, Isracl.

C37 |Matsuya, et al., “0.5 um Low-Voltage-Supply Full-Custom LSI Design Technology,” NTT R&D,
Vol. 43, No. 3, pages 29-38 (1994).

C38 |Mutoh, S., et al., “1-V Power Supply High-Speed Digital Circuit Technology with Multithreshold-
Voltage CMOS,” IEEE Journal of Solid-State Circuits, Vol. 30, No. 8, August 1995, pp. 847-854.

C39 |Nose, K., et al., “VTH-Hopping Scheme to Reduce Subthreshold Leakage for Low-Power
Processors,” IEEE Journal of Solid-State Circuits, Vol. 37, No. 3, March 2002, pp. 413-415.

C40 |Pangrle, B., “Low Power Design: A Holistic Approach in an Era of New Semiconductor
Technologies,” San Diego Telecom Council Semiconductor SIG, November 14, 2002.

C41 |Rabaey, J., “Design Aids for Low Power: Part II Architecture and System Levels,” 1997.

C42 |Ramanarayanan, R., et al., “Characterizing Dynamic and Leakage Power Behavior in Flip Flops,”
Proceedings of the 15" Annual IEEE International ASIC/SOC Conference, September 2002.

C43 |Roy, K., et al., “Leakage Current Mechanisms and Leakage Reduction Techniques in Deep-
Submicrometer CMOS Circuits,” Proceedings of the IEEE, February 2000, pp. 305-327, Vol. 91,
No. 2, IEEE.

C44 |Supplementary European Search Report for Application Number PCT/US2005/001938, dated
April 22, 2009.

C45 |Tsai, Y-F, et al., “Implication of Technology Scaling on Leakage Reduction Techniques,” DAC
2003, June 2-6, 2003, ACM, Anaheim, CA, USA.

C46 |Zhang, W., “Exploiting VLIW Schedule Slacks for Dynamic and Leakage Energy Reduction,”
Proceedings of the 34™ Annual International Symposium on Microarchitecture (MICRO’01),
December 2001.

EXAMINER DATE CONSIDERED
883912.3

149




Sheet 8 of 8

Substitute for form 1449B/PTO ATTORNEY DOCKET NO. CON OF APPL’N NO.
INFORMATION DISCLOSURE STATEMENT | 2037:2077-017 12/542,352
IN AN APPLICATION FIRST NAMED INVENTOR FILING DATE
B A. Hob H ith
LISTING OF REFERENCES Aty 4. Hoberman erewt
March 29. 2011 EXAMINER CONFIRMATION NO. | GROUP
arc s Not Yet Assigned Not Yet Assigned Not Yet
(Use several sheets if necessary) Assigned
Bxaminer’s | Rel OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

C47 |Zhang, W., et al., “Compiler Support for Reducing Leakage Energy Consumption,” Proceedings of
the 6™ Design Automation and Test in Europe Conference (Date-03), March, 2003, Munich,
Germany.

C48 |Zhang, Z., et al., “Active Leakage Control with Sleep Transistors and Body Bias,”
www.eecs.berkeley.edu/~zyzhang/ee241/final.pdf.

*Copies of any U.S. Office Communications or non-published U.S. Patent Applications are not being provided
because the examiner has access to such documents through PAIR. We are not listing separately any prior U.S.
Patent Office communications regarding the cited documents because the Examiner has access to any such actions
through PAIR.

EXAMINER DATE CONSIDERED

883912.3

150




	21005_13074291_03-25-2015_Report on the filing or determination of an action regarding a patent
	21005_13074291_08-08-2012_Issue Notification
	21005_13074291_08-02-2012_List of References cited by applicant and considered by examiner
	21005_13074291_07-25-2012_Issue Fee Payment (PTO-85B)
	21005_13074291_07-25-2012_Fee Worksheet (SB06)
	21005_13074291_07-25-2012_Electronic Filing System Acknowledgment Receipt
	21005_13074291_04-26-2012_Notice of Allowance and Fees Due (PTOL-85)
	21005_13074291_04-26-2012_List of references cited by examiner
	21005_13074291_04-26-2012_Issue Information including classification, examiner, name, claim, renumbering, etc.
	21005_13074291_04-26-2012_List of References cited by applicant and considered by examiner
	21005_13074291_04-26-2012_Bibliographic Data Sheet
	21005_13074291_04-26-2012_List of References cited by applicant and considered by examiner
	21005_13074291_04-26-2012_List of References cited by applicant and considered by examiner
	21005_13074291_04-26-2012_Index of Claims
	21005_13074291_04-26-2012_Examiner's search strategy and results
	21005_13074291_04-26-2012_Examiner's search strategy and results
	21005_13074291_04-26-2012_Search information including classification, databases and other search related notes
	21005_13074291_10-27-2011_Notice of Publication
	21005_13074291_09-07-2011_Information Disclosure Statement (IDS) Form (SB08)
	21005_13074291_09-07-2011_Information Disclosure Statement (IDS) Form (SB08)
	21005_13074291_09-07-2011_Electronic Filing System Acknowledgment Receipt
	21005_13074291_07-20-2011_Fee Worksheet (SB06)
	21005_13074291_07-20-2011_Filing Receipt
	21005_13074291_07-12-2011_Applicant Response to Pre-Exam Formalities Notice
	21005_13074291_07-12-2011_Fee Worksheet (SB06)
	21005_13074291_07-12-2011_Preliminary Amendment
	21005_13074291_07-12-2011_Claims
	21005_13074291_07-12-2011_Applicant Arguments/Remarks Made in an Amendment
	21005_13074291_07-12-2011_Transmittal Letter
	21005_13074291_07-12-2011_Information Disclosure Statement (IDS) Form (SB08)
	21005_13074291_07-12-2011_Application Data Sheet
	21005_13074291_07-12-2011_Fee Worksheet (SB06)
	21005_13074291_07-12-2011_Electronic Filing System Acknowledgment Receipt
	21005_13074291_07-12-2011_Fee Worksheet (SB06)
	21005_13074291_04-13-2011_Notice to File Missing Parts
	21005_13074291_04-13-2011_Filing Receipt
	21005_13074291_04-13-2011_Communication - Re:  Power of Attorney (PTOL-308)
	21005_13074291_04-13-2011_Fee Worksheet (SB06)
	21005_13074291_03-29-2011_Transmittal of New Application
	21005_13074291_03-29-2011_Electronic Filing System Acknowledgment Receipt
	21005_13074291_03-29-2011_Miscellaneous Incoming Letter
	21005_13074291_03-29-2011_Oath or Declaration filed
	21005_13074291_03-29-2011_Power of Attorney
	21005_13074291_03-29-2011_Assignee showing of ownership per 37 CFR 3.73
	21005_13074291_03-29-2011_Specification
	21005_13074291_03-29-2011_Claims
	21005_13074291_03-29-2011_Abstract
	21005_13074291_03-29-2011_Drawings-only black and white line drawings
	21005_13074291_03-29-2011_Transmittal Letter
	21005_13074291_03-29-2011_Information Disclosure Statement (IDS) Form (SB08)



