
18351 U.S. PTO 

1111m11111111111111111111111111111111 

U.S. PTO 
11/894991 
08/21/2007 

082107 Attorney Docket No.: TRAN-P470 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I hereby certify that this transmittal of the below described documents is being deposited with the United States Postal Service in 
an envelope bearing Express Mail Postage and an Express Mail label, with the below serial number, addressed to the 
Commissioner for Patents P.O. Box 1450 Alexandria, VA 22313-1450, on the below date ofde osit 
Express Mail EM061752383US Name of Person Making Anthony Chou 
Label No.: the De osit: 
Date of 08/21/2007 Signature of the Person 
De osit: · Makin the De osit: 

lnventor(s): Andrew Read, Sameer Halapete, Keith Klayman 

Title: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 
PROCESSOR 

This is a request for filing a Divisional application under 37 CFR 1.53(b), of pending prior application 
Application No. . .. Q~!~.~~!~.?..?._................................... filed on 10/2_3_/2_0_0_0 __ _ 

of ... Andrew .. Read , .. Sameer .. Halapete, Keith. Klayman·····-··· .. ·········· ............................. - ................ - ......... _ ...................................... . 
lnventor(s) 

for SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 
PROCESSOR Title-of-in-ve-n-tio_n _________ ................................................................................... . 

Examiner: Art Unit: ___ ................................. . _____ .,, ................................... . 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

TRANSMITTAL OF FILING UNDER 37 CFR 1.53(b) 
APPLICATION ELEMENTS 

[ ] Application claims small entity status (if applicable) 37 CFR 1.27. 

[ X] Specification [Total Pages__zu 

[ X] Drawings (35 u.s.c. 113) [Total Sheets...L._J 

[ X] Oath or Declaration [Total Sheets--2....J 

[ ] Newly executed (original or copy) 
[ X] A copy from a prior application (37 CFR 1.63 (d}) 

[ ] DELETION OF INVENTOR(S) 
Signed statement attached deleting inventor(s) name in the prior application, 

see 37 CFR 1.63 (d)(2) and 1.33(b) 

[ X] Power of Attorney 

ACCOMPANYING APPLICATION PARTS 

[ ] Assignment Papers (cover sheet & document(s)) 

Name of Assignee Transmeta Corporation 
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[ ] 37 CFR 3.73 (b) Statement (when there is an assignee) 

[ ] English Translation Document (if applicable) 

[ J Information Disclosure Statement (PTO/SB/08 or PTO-1449) 
[ ] Copies of citations attached 

[ ] Preliminary Amendment 

[ X J Return Receipt Postcard (MPEP 503) 
(Should be specifically itemized) 

[ ] Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 

( X] Nonpublication Request under 35 U.S.C. 122 (b)(2)(B)(i). 
Applicant must attach form PTO/SB/35 or equivalent. 

[ X] Other: Power of Attorney by Assignee of Entire Interest (Revocation of Prior Powers) documents are 
included. 

Petition for Suspension of Prosecution for the Time Necessary to File an Amendment 

D There is provided herewith a Petition To Suspend Prosecution For The Time 
Necessary to File An Amendment (New Application Filed Concurrently). 

Priority Claim 

35 u.s.c. 119 
D Priority of Application Number 

in 
filed on 

is claimed under ---------35 u.s.c. 119. 
D The certified copy has been filed in prior U.S. Application No. 

in 
D The certified copy will follow. 

35 U.S.C. 120, 121 and 365(c) 
"This application is a divisional and claims the benefit of copending application(s) 

IX] application number 09/694.433 filed on ... 10/23/2000 
D International Application _______ filed on 

which designated the U.S." 

lnventorship Statement 

(a) With respect to prior copending U.S. application from which this application claims benefit under 35 
USC 120 the inventor(s) in this application are: 

[X]thesame. 
D less than those named in the prior application. It is requested that the following inventor(s) 

identified above for the prior application be deleted: 

............. Type names.of invento;ii"io_be_d_ete_ted-----------------·-----............................................. . 

page 2 of 5 rev. 12/04 kgr 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 002



(b) The inventorship for all the claims in this application are 

00 the same. 
D not the same. And an explanation, including the ownership of the various claims at the 

time the last claimed invention was made, is submitted. 

Maintenance of Codependency of Prior Application 

DA petition, fee and response has been filed to extend the term pending prior application 
until 

D A copy of the petition for extension of time in the prior application is attached. 

Conditional Petition for Extension of Time in Prior Application 

00 A conditional petition for extension of time is being fifed in the pending parent application. 
[]] A copy of the conditional petition for extension of time in the prior application 

is attached 

Abandonment of Prior Application (if applicable) 

D Please abandon the prior application at a time while the prior application is pending or when 
the petition for extension of time or to revive in that application is granted and when this 
application is granted a filing date so as to make this application copending with said prior 
application. 

Notification in Parent Application of the Filing of This Divisional Application 

[]] A notification of the filing of this divisional is being filed in the parent application 
from which this application claims priority under 35 USC§ 120. 

FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
Filing 
Fees Search Fees 

Small Entit 11 Small Entitv 
Application 
Type Fee($) 
Utility 300 
DesiQn 200 
Plant 200 
Reissue 300 
Provisional 200 

2. EXCESS CLAIM FEES 
. Fee Description 

Fee($) Fee($) Fee($) 
150 500 250 
100 100 50 
100 300 150 
150 500 250 
100 

Examination Fees 

Small Entity 
Fee 
($) Fee($) 

200 100 
130 65 
160 80 
600 300 

Each claim over 20 or, for Reissues, each claim over 20 and more than in the original patent 
Each independent claim over 3 or, for reissues, each independent claim more than in the original patent 
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$1,000.00 
$ 
$ 
$ 
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Small Entity 
Fee ($) Fee ($) 
50 25 
200 100 
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I • Multiole deoendent c aims 360 180 
Total Claims Extra Claims Fee($) Fee Paid($) Multiple Dependent Claims 
19 minus 20 0 X $50.00 $0.00 

HP = highest number of Independent Claims Paid for, if greater than 3 

lndep. Claims Extra Claims Fee($) Fee Paid($) 
4 minus 3 1 X $200.00 $200.00 

HP= highest number of Independent Claims Paid for, if greater than 3 

3. APPLICATION SIZE FEE 
If the specification and drawings exceed 100 sheets of paper, the application size fee due is &250 ($125 for small 
entity) for each additional 50 sheets or fraction thereof. See U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

Total Sheets 
Total Sheets Extra Sheets Number of each additional 50 or fraction Fee$ 

thereof 
23 -100 0 /50 

4. OTHER FEE(S) 
Non-English specification, $130 fee (no small entity discount) 
Other: 

5. PAYMENT OF FEES 

Total Fees Due ($) 
$1,200.00 

The full fee due in connection with this communication is provided as follows: 

1 . Not enclosed 

[ ] No filing fee is to be paid at this time. 

2. Enclosed 

[ X ] Filing fee 

[ ] Recording assignment 

= 

[ X ] The Commissioner is hereby authorized to charge any additional fees associated 
with this communication or credit any overpayment to Deposit Account No.: 
50-4160 . A duplicate copy of this authorization is enclosed. 

[ X ] A check in the amount of $1,200.00. 

[ ] Charge any fees required or credit any overpayments associated with this filing to 
Deposit Account No.: 50-4160. 

This application is filed pursuant to 37 C.F .R. § 1.53 in the name of the above-identified 
lnventor(s). 

[ X] Customer No: 45590 
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Please direct all correspondence concerning the above-identified application to the following 
address: 

MURABITO, HAO & BARNES LLP 
Two North Market Street, Third Floor 

San Jose, California 95113 
(408) 938-9060 

[ X ] This transmittal ends with this page. 

Respectfully submitted, 

Date: August 21. 2007 By:_....,--=_~--~-·-----__ ~ 
Reg. No. 35,295 
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Attorney Docket No.: TRAN-P059 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent Application 

I hereby certify that this transmittal of the below described document is being deposited with the United States Postal Service in an 
envelope bearing First Class Postage and addressed to the Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450 
on the below date of de osit. 
Date of 8/21/2007 Name of Person Mina Oliveri 
De sit: Makin the De osit: 

In re Application 

lnventor(s): Andrew Read, Sameer Halapete, and Keith Klayman 

Application No.: 09/694,433 

Filed: 10/23/2000 

Title: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 
PROCESSOR 

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

NOTIFICATION OF FILING OF DIVISIONAL APPLICATION CLAIMING 
BENEFIT OF FILING DATE 

(THIS IS NOT A REQUEST FOR A CPA FILING) 

fXl Notification is hereby being made of the filing of a continuation application claiming benefit 
LJ for filing date for this case 

[xl concurrently herewith. 
Don ---················-·····----- -----·----

Please direct all correspondence concerning the above-identified application to the following 
address: 

Date: August 21. 2007 

Page 1 of 1 

MURABITO, HAO & BARNES LLP 
Two North Market Street, Third Floor 

San Jose, California 95113 
(408) 938-9060 

Customer No: 45590 

Respectfully submitted, 

By: 
Anthony C. Murabito 
Reg. No. 35,295 

rev. 02/00 KGR 
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Notification to Parent of Divisional Application Filing 
Applicant: Read et al. SIN.: 09/694,433 
Docket No.: TRAN-P059 Filed: 10/23/2000 
Title: SAVING POWER WHEN IN OR TRANSITIONING 
TO A STATIC MODE OF A PROCESSOR 
Sir: 
Please acknowledge receipt of the following: 
~Certificate of Mailing 
ef Conditional Petition for an Extension of Time 
cY"Notification of Filing of Divisional Application 
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' ] 

Attorney Docket No.: TRAN-P059 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I hereby certify that this transmittal of the below described document is being deposited with the United States Postal Service in an 
envelope bearing First Class Postage and addressed to the Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 
on the below date of de it. 
Date of 8/21/2007 Name of Person Mina Oliveri 
De osit: Makin the De osit: 

In re Application of: 

lnventor(s): Andrew Read, Sameer Halapete, and Keith Klayman 

Application No.: 09/694,433 

Filed: 10/23/2000 

// 

Title: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A PROCESSOR 

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

CONDITIONAL PETITION FOR EXTENSION OF TIME 

This conditional petition is being filed along with the 
accompanying DIVISIONAL 
and provides for the possibility that applicant has inadvertently overlooked the need for a petition and 
fee for extension of time. 

Conditional petition for extension of time 

If any extension of time for the accompanying response is required, applicant requests that this be 
considered a petition therefor. 

Status 

This application is on behalf of 

[ ] 

[Kl other than a small entity 
D a small entity 

A verified statement: 
0 is attached 
D is already filed 

The Commissioner is hereby authorized to charge any additional fees associated with this 
communication or credit any overpayment to Deposit Account' No.: 50-4160. 
A duplicate copy of this authorization is enclosed. 
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Please direct all correspondence concerning the above-identified application to the following address: 

Date: August 21, 2007 

Page 2 of 2 

MURABITO, HAO & BARNES LLP 
Two North Market Street, Third Floor 

San Jose, California 95113 
( 408) 938-9060 

Customer No: 45590 

Respectfully submitted, 

By: __ --=~=--.,!;,==·=---_-_:-_:-_:~_-_------
Anthony C. Murabito 
Reg. No. 35,295 

rev. 6/97 jpw 
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18351 U.S. PTO 

1111m11111111111111111111111111111111 

U.S. PTO 
11/894991 
08/21/2007 

082107 Attorney Docket No.: TRAN-P470 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I hereby certify that this transmittal of the below described documents is being deposited with the United States Postal Service in 
an envelope bearing Express Mail Postage and an Express Mail label, with the below serial number, addressed to the 
Commissioner for Patents P.O. Box 1450 Alexandria, VA 22313-1450, on the below date ofde osit 
Express Mail EM061752383US Name of Person Making Anthony Chou 
Label No.: the De osit: 
Date of 08/21/2007 Signature of the Person 
De osit: · Makin the De osit: 

lnventor(s): Andrew Read, Sameer Halapete, Keith Klayman 

Title: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 
PROCESSOR 

This is a request for filing a Divisional application under 37 CFR 1.53(b), of pending prior application 
Application No. . .. Q~!~.~~!~.?..?._................................... filed on 10/2_3_/2_0_0_0 __ _ 

of ... Andrew .. Read , .. Sameer .. Halapete, Keith. Klayman·····-··· .. ·········· ............................. - ................ - ......... _ ...................................... . 
lnventor(s) 

for SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 
PROCESSOR Title-of-in-ve-n-tio_n _________ ................................................................................... . 

Examiner: Art Unit: ___ ................................. . _____ .,, ................................... . 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

TRANSMITTAL OF FILING UNDER 37 CFR 1.53(b) 
APPLICATION ELEMENTS 

[ ] Application claims small entity status (if applicable) 37 CFR 1.27. 

[ X] Specification [Total Pages__zu 

[ X] Drawings (35 u.s.c. 113) [Total Sheets...L._J 

[ X] Oath or Declaration [Total Sheets--2....J 

[ ] Newly executed (original or copy) 
[ X] A copy from a prior application (37 CFR 1.63 (d}) 

[ ] DELETION OF INVENTOR(S) 
Signed statement attached deleting inventor(s) name in the prior application, 

see 37 CFR 1.63 (d)(2) and 1.33(b) 

[ X] Power of Attorney 

ACCOMPANYING APPLICATION PARTS 

[ ] Assignment Papers (cover sheet & document(s)) 

Name of Assignee Transmeta Corporation 
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[ ] 37 CFR 3.73 (b) Statement (when there is an assignee) 

[ ] English Translation Document (if applicable) 

[ J Information Disclosure Statement (PTO/SB/08 or PTO-1449) 
[ ] Copies of citations attached 

[ ] Preliminary Amendment 

[ X J Return Receipt Postcard (MPEP 503) 
(Should be specifically itemized) 

[ ] Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 

( X] Nonpublication Request under 35 U.S.C. 122 (b)(2)(B)(i). 
Applicant must attach form PTO/SB/35 or equivalent. 

[ X] Other: Power of Attorney by Assignee of Entire Interest (Revocation of Prior Powers) documents are 
included. 

Petition for Suspension of Prosecution for the Time Necessary to File an Amendment 

D There is provided herewith a Petition To Suspend Prosecution For The Time 
Necessary to File An Amendment (New Application Filed Concurrently). 

Priority Claim 

35 u.s.c. 119 
D Priority of Application Number 

in 
filed on 

is claimed under ---------35 u.s.c. 119. 
D The certified copy has been filed in prior U.S. Application No. 

in 
D The certified copy will follow. 

35 U.S.C. 120, 121 and 365(c) 
"This application is a divisional and claims the benefit of copending application(s) 

IX] application number 09/694.433 filed on ... 10/23/2000 
D International Application _______ filed on 

which designated the U.S." 

lnventorship Statement 

(a) With respect to prior copending U.S. application from which this application claims benefit under 35 
USC 120 the inventor(s) in this application are: 

[X]thesame. 
D less than those named in the prior application. It is requested that the following inventor(s) 

identified above for the prior application be deleted: 

............. Type names.of invento;ii"io_be_d_ete_ted-----------------·-----............................................. . 
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(b) The inventorship for all the claims in this application are 

00 the same. 
D not the same. And an explanation, including the ownership of the various claims at the 

time the last claimed invention was made, is submitted. 

Maintenance of Codependency of Prior Application 

DA petition, fee and response has been filed to extend the term pending prior application 
until 

D A copy of the petition for extension of time in the prior application is attached. 

Conditional Petition for Extension of Time in Prior Application 

00 A conditional petition for extension of time is being fifed in the pending parent application. 
[]] A copy of the conditional petition for extension of time in the prior application 

is attached 

Abandonment of Prior Application (if applicable) 

D Please abandon the prior application at a time while the prior application is pending or when 
the petition for extension of time or to revive in that application is granted and when this 
application is granted a filing date so as to make this application copending with said prior 
application. 

Notification in Parent Application of the Filing of This Divisional Application 

[]] A notification of the filing of this divisional is being filed in the parent application 
from which this application claims priority under 35 USC§ 120. 

FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
Filing 
Fees Search Fees 

Small Entit 11 Small Entitv 
Application 
Type Fee($) 
Utility 300 
DesiQn 200 
Plant 200 
Reissue 300 
Provisional 200 

2. EXCESS CLAIM FEES 
. Fee Description 

Fee($) Fee($) Fee($) 
150 500 250 
100 100 50 
100 300 150 
150 500 250 
100 

Examination Fees 

Small Entity 
Fee 
($) Fee($) 

200 100 
130 65 
160 80 
600 300 

Each claim over 20 or, for Reissues, each claim over 20 and more than in the original patent 
Each independent claim over 3 or, for reissues, each independent claim more than in the original patent 
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Fees Paid 
($) 

$1,000.00 
$ 
$ 
$ 
$ 

Small Entity 
Fee ($) Fee ($) 
50 25 
200 100 
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I • Multiole deoendent c aims 360 180 
Total Claims Extra Claims Fee($) Fee Paid($) Multiple Dependent Claims 
19 minus 20 0 X $50.00 $0.00 

HP = highest number of Independent Claims Paid for, if greater than 3 

lndep. Claims Extra Claims Fee($) Fee Paid($) 
4 minus 3 1 X $200.00 $200.00 

HP= highest number of Independent Claims Paid for, if greater than 3 

3. APPLICATION SIZE FEE 
If the specification and drawings exceed 100 sheets of paper, the application size fee due is &250 ($125 for small 
entity) for each additional 50 sheets or fraction thereof. See U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

Total Sheets 
Total Sheets Extra Sheets Number of each additional 50 or fraction Fee$ 

thereof 
23 -100 0 /50 

4. OTHER FEE(S) 
Non-English specification, $130 fee (no small entity discount) 
Other: 

5. PAYMENT OF FEES 

Total Fees Due ($) 
$1,200.00 

The full fee due in connection with this communication is provided as follows: 

1 . Not enclosed 

[ ] No filing fee is to be paid at this time. 

2. Enclosed 

[ X ] Filing fee 

[ ] Recording assignment 

= 

[ X ] The Commissioner is hereby authorized to charge any additional fees associated 
with this communication or credit any overpayment to Deposit Account No.: 
50-4160 . A duplicate copy of this authorization is enclosed. 

[ X ] A check in the amount of $1,200.00. 

[ ] Charge any fees required or credit any overpayments associated with this filing to 
Deposit Account No.: 50-4160. 

This application is filed pursuant to 37 C.F .R. § 1.53 in the name of the above-identified 
lnventor(s). 

[ X] Customer No: 45590 
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Please direct all correspondence concerning the above-identified application to the following 
address: 

MURABITO, HAO & BARNES LLP 
Two North Market Street, Third Floor 

San Jose, California 95113 
(408) 938-9060 

[ X ] This transmittal ends with this page. 

Respectfully submitted, 

Date: August 21. 2007 By:_....,--=_~--~-·-----__ ~ 
Reg. No. 35,295 
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Attorney Docket No.: TRAN-P059 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent Application 

I hereby certify that this transmittal of the below described document is being deposited with the United States Postal Service in an 
envelope bearing First Class Postage and addressed to the Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450 
on the below date of de osit. 
Date of 8/21/2007 Name of Person Mina Oliveri 
De sit: Makin the De osit: 

In re Application 

lnventor(s): Andrew Read, Sameer Halapete, and Keith Klayman 

Application No.: 09/694,433 

Filed: 10/23/2000 

Title: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 
PROCESSOR 

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

NOTIFICATION OF FILING OF DIVISIONAL APPLICATION CLAIMING 
BENEFIT OF FILING DATE 

(THIS IS NOT A REQUEST FOR A CPA FILING) 

fXl Notification is hereby being made of the filing of a continuation application claiming benefit 
LJ for filing date for this case 

[xl concurrently herewith. 
Don ---················-·····----- -----·----

Please direct all correspondence concerning the above-identified application to the following 
address: 

Date: August 21. 2007 

Page 1 of 1 

MURABITO, HAO & BARNES LLP 
Two North Market Street, Third Floor 

San Jose, California 95113 
(408) 938-9060 

Customer No: 45590 

Respectfully submitted, 

By: 
Anthony C. Murabito 
Reg. No. 35,295 

rev. 02/00 KGR 
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Notification to Parent of Divisional Application Filing 
Applicant: Read et al. SIN.: 09/694,433 
Docket No.: TRAN-P059 Filed: 10/23/2000 
Title: SAVING POWER WHEN IN OR TRANSITIONING 
TO A STATIC MODE OF A PROCESSOR 
Sir: 
Please acknowledge receipt of the following: 
~Certificate of Mailing 
ef Conditional Petition for an Extension of Time 
cY"Notification of Filing of Divisional Application 
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' ] 

Attorney Docket No.: TRAN-P059 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I hereby certify that this transmittal of the below described document is being deposited with the United States Postal Service in an 
envelope bearing First Class Postage and addressed to the Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 
on the below date of de it. 
Date of 8/21/2007 Name of Person Mina Oliveri 
De osit: Makin the De osit: 

In re Application of: 

lnventor(s): Andrew Read, Sameer Halapete, and Keith Klayman 

Application No.: 09/694,433 

Filed: 10/23/2000 

// 

Title: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A PROCESSOR 

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

CONDITIONAL PETITION FOR EXTENSION OF TIME 

This conditional petition is being filed along with the 
accompanying DIVISIONAL 
and provides for the possibility that applicant has inadvertently overlooked the need for a petition and 
fee for extension of time. 

Conditional petition for extension of time 

If any extension of time for the accompanying response is required, applicant requests that this be 
considered a petition therefor. 

Status 

This application is on behalf of 

[ ] 

[Kl other than a small entity 
D a small entity 

A verified statement: 
0 is attached 
D is already filed 

The Commissioner is hereby authorized to charge any additional fees associated with this 
communication or credit any overpayment to Deposit Account' No.: 50-4160. 
A duplicate copy of this authorization is enclosed. 
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Please direct all correspondence concerning the above-identified application to the following address: 

Date: August 21, 2007 

Page 2 of 2 

MURABITO, HAO & BARNES LLP 
Two North Market Street, Third Floor 

San Jose, California 95113 
( 408) 938-9060 

Customer No: 45590 

Respectfully submitted, 
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SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A 

PROCESSOR 

RELATED APPLICATION 

This Application is a Divisional Application of co-pending, commonly owned United 

States Patent Application Serial No. 09/694,433, attorney docket TRAN-P059, filed 

10/23/2000, entitled "SAVING POWER WHEN IN OR TRANSITIONING TO A 

STATIC MODE OF A PROCESSOR" to Read et al., which is hereby incorporated 

herein by reference in its entirety. 
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BACKGROUND OF THE INVENTION 

Field Of The Invention 

This invention relates to computer systems and, more particularly, to 

5 apparatus and methods for reducing power use by a computer system 

during intervals in which processing is stopped. 

History Of The Prior Art 

As computer processors have increased in ability, the number of 

transistors utilized has increased almost exponentially. This increase in 

10 circuit elements has drastically increased the power requirements of 

such processors. As the need of power increases, the temperature at 

which a computer operates increases and the battery 1if e of portable 

computers decreases. The loss of battery life with modern portable 

computers greatly reduces the time during which the computer can 

15 function as a portable device. In fact, the power usage has become so 

great that even with significant reduction in the process size utilized, a 

plethora of techniques have been implemented to reduce power usage to 

maintain the efficacy of portable computers. 

One of these techniques monitors the use of the various devices within 

20 the computer and disables those devices that have not been utilized for 

some period. Because the processor utilizes a significant amount of the 

power (e.g., 50%) used by a portable computer, this technique is utilized 

to disable the processor itself when its processing requirements are 

unused for some interval. In the typical case, disabling the processor is 
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accomplished by terminating the system clocks furnished to the 

processor. When processor clocks have been disabled, controlling 

circuitry (typically a portion of the "Southbridge" circuitry of an X86-

processor-based computer) remains enabled to detect interrupts 

S requiring processor operation. The receipt of such an interrupt causes 

the controlling circuitry to once again enable clocks to the processor so 

that the processor may take whatever steps are necessary to handle the 

basis of the interrupt. 

The technique of disabling the processor reduces significantly the 

10 dissipation of power caused by the operation of the processor even at a 

low frequency. In fact, the technique works quite well; and it is 

estimated that with many portable computers the processor is placed in 

the state in which system clocks are disabled during approximately 

ninety percent of the operation of the computer. However, use of this 

15 technique emphasizes another aspect of power loss using advanced 

processors. When system clocks for a processor are disabled, the 

processor must remain in a state (sometimes called "deep sleep") in 

which it is capable of rapidly responding to interrupts. Such a state 

requires the application of core voltage to the various circuits. The 

20 application of this voltage generates a power dissipation referred to in 

this specification as "static power" usage because the processor is in its 

static state in which clocks are disabled. To date there has been little 

attention paid to this static power usage. However, the usage is very 

significant when a processor functions in the deep sleep mode as much 

25 as ninety percent of the time. As process technologies continue to shrink 
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in dimension and lower operating voltages, this static power increases 

due to lower threshold voltages and thinner gate oxides. 

It is desirable to furnish apparatus and methods for reducing the power 

use of a processor in the state in which its clocks are disabled. 

5 Summary Of The Invention 

The present invention is realized by a method for reducing power utilized 

by a processor including the steps of determining that a processor is 

transitioning from a computing mode to a mode in which system clock to 

the processor is disabled, and reducing core voltage to the processor to a 

10 value sufficient to maintain state during the mode in which system clock 

is disabled. 

These and other features of the invention will be better understood by 

reference to the detailed description which follows taken together with 

the drawings in which like elements are referred to by like designations 

15 throughout the several views. 

Brief Description Of The Drawings 

Figure 1 is a diagram illustrating current-voltage characteristics of 

CMOS transistor devices utilized in microprocessors. 

Figure 2 is another diagram illustrating current-voltage characteristics of 

20 CMOS transistor devices utilized in microprocessors. 

Figure 3 is a circuit diagram illustrating a first circuit designed in 

accordance with the present invention for reducing static power usage. 
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5 

Figure 4 is a circuit diagram illustrating a second circuit designed in 

accordance with the present invention for reducing static power usage. 

Figure 5 is another circuit diagram illustrating a circuit designed in 

accordance with the present invention for reducing static power usage. 

Detailed Description 

Figure 1 is a first diagram displaying a number of curves illustrating the 

current-voltage characteristics of CMOS transistor devices utilized in the 

circuits of a microprocessor. This first diagram utilizes a linear scale for 

both current and voltage. As may be seen, each of the curves illustrates 

IO that the drain-to-source current of a transistor is essentially nonexistent 

until the voltage at the gate terminal of the transistor is raised to a 

threshold voltage. Once the threshold voltage of the transistor is 

reached, drain-to-source current increases either linearly or 

quadratically depending on whether the transistor is in the linear region 

15 or saturation region of operation. 

Although the diagram of Figure 1 appears to illustrate that current 

flowing below the threshold value of the gate voltage is insignificant, this 

is not the case in some situations. Figure 2 illustrates current versus 

voltage curves of the typical transistor device below the threshold voltage 

20 with the voltage being plotted on a log scale. As may be seen, current in 

fact flows below the threshold voltage. If a transistor functions in the 

state below the threshold voltage for ninety percent of computer 

processor operation, then this current has a significant affect on power 

usage by the processor. 
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Since a processor is not capable of computing in the mode in which its 

clocks are disabled, it would at first glance appear that the solution 

would be to terminate the application of voltage to the processor. 

However, as suggested above, it is necessary that the processor be 

5 maintained in a condition in which it can respond rapidly to interrupts 

provided by the circuitry that controls application of the system clocks. 

To do this, the processor must maintain state sufficient to immediately 

return to an operating condition. Thus, prior art processors have been 

provided sufficient voltage to maintain such state and to keep their 

10 transistors ready to immediately respond to interrupts. In general, this 

has been accomplished by maintaining the processor core voltage at the 

same level as the operating voltage. With most prior art processors, the 

core voltage used by a processor is selected by use of motherboard 

switches or setup software at a level sufficient to provide the highest 

15 frequency operations specified for the particular processor. For example, 

many processors provide 1.8 volts as a core voltage. On the other hand, 

the voltage required· to maintain state in a deep sleep mode may be 

significantly less, e.g., one volt or less. Since such processors function at 

the same voltage whether in a computing or a deep sleep mode, a 

20 significant amount of unnecessary power may be expended. In one 

typical state of the art X86 processor, the power usage averages 

approximately one-half watt in the deep sleep state because of the 

leakage illustrated by the diagram of Figure 2. 

The present invention reduces the voltage applied to the processor 

25 significantly below the lowest voltage normally furnished as a core 

voltage for the processor during the mode in which system clocks are 
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disabled thereby reducing the power utilized by the processor in the deep 

sleep state. 

Figure 3 is a circuit diagram illustrating a first embodiment of the 

invention. In the circuit 10 illustrated, a switching voltage regulator 11 

5 receives an input signal at a terminal 12 which determines its output 

voltage value. Most modern processors utilize a voltage regulator which 

is capable of furnishing a range of core voltages for operating transistors; 

a typical regulator may furnish a range of voltages between 2 and 0.925 

volts from which a particular core voltage may be selected for operation. 

10 Typically, a binary signal is provided a the terminal 12 which selects the 

particular output voltage level to be furnished by the regulator 11; in 

such a case, a number of individual pins may be utilized as the terminal 

12. 

Recently, a new power saving technique has been utilized which 

15 dynamically adjusts both the voltage and operating frequency to a level 

sufficient to maintain computing operations being conducted by a 

processor. The technique which offers significant power savings is 

described in detail in U.S. Patent application Serial No. 09/484,516, 

filed January 18, 2000, entitled Adaptive Power Control, assigned to the 

20 assignee of the present invention. A processor which utilizes this 

technique monitors operations within the processor to determine the 

frequency level at which the processor should operate. Depending on the 

particular operations being carried out by the processor, the value 

furnished at the terminal 12 of a regulator functioning in such a system 

25 will cause the regulator to produce an output voltage at some level 
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between the high and low values necessary for the particular processor 

to carry out computing functions. 

In the circuit of Figure 3, input to the terminal 12 is furnished via a 

circuit 13 such as a multiplexor that is capable of providing one or more 

5 input values. In the embodiment illustrated, a value is provided at a first 

input 14 to the circuit 13 by the processor (or other circuitry) which 

determines the operating condition of the processor in its computing 

range; and a second value is provided at a second input 15 which is 

selected especially for the deep sleep condition. Either of these input 

10 values may be selected by a control signal provided at a control terminal 

16 of the circuit 13. In one embodiment, a system control signal 

normally utilized to signal entry into the deep sleep condition (a stop 

clock signal) is used as the control signal to be furnished at the control 

terminal 16. This control signal selects the input value furnished at the 

15 input 15 which is especially chosen to cause a typical prior art regulator 

11 to produce a voltage output for operating the processor in the deep 

sleep mode. In one embodiment of the invention, the value furnished for 

deep sleep mode is chosen to cause the regulator 11 to produce the 

lowest voltage possible in its range of output voltages. In one exemplary 

20 processor that utilizes the technique described in the above-mentioned 

patent application, the processor is specified as capable of conducting 

computing operations in a core voltage range from a low voltage of 1.2 

volts to a high voltage of 1.6 volts. On the other hand, the processor 

when operating in deep sleep mode has no problem maintaining that 

25 state necessary to resume computing even though functioning at a core 

voltage of 0.925 volts, the lowest voltage which the regulator can provide. 
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Thus, although the voltage regulator 11 may typically provide a range of 

varying output voltage levels, the lowest voltage at which a processor is 

specified for conducting computing operations is typically significantly 

above the lowest value which the regulator is capable of furnishing. 

5 In order to reduce power usage in one embodiment of the present 

invention, in response to a control signal indicating that the processor is 

about to go into the deep sleep state, the value at the input 15 is 

furnished by the circuit 13 to the regulator causing the regulator 11 to 

generate its lowest possible output voltage level for the deep sleep 

10 condition. In one exemplary embodiment, the high and low voltages 

generated in a computing mode are 1.6 volts and 1.2 volts while the deep 

sleep voltage is 0. 925 volts. 

Although the voltage level furnished by the regulator 11 for the deep 

sleep mode of the processor might appear to be only slightly lower than 

15 that furnished in the lowest operating condition for the exemplary 

processor, the reduction in power usage is quite significant. Because 

both the voltage and the leakage current are reduced, the reduction in 

power is approximately equal to the ratio in voltage levels raised to the 

power of about three to four. Over any period of processor use involving 

20 the deep sleep state, such a reduction is quite large. 

One problem with this approach to reducing power is that it does not 

reduce the voltage level as far as might be possible and, thus, does not 

conserve as much power as could be saved. This approach only reduces 

the voltage level to the lowest level furnished by the regulator. This 

25 voltage is significantly greater than appears to be necessary for a 
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processor which also dynamically regulates voltage furnished during 

computing operations to save power. Two criteria control the level to 

which the core voltage may be reduced in deep sleep. The level must be 

sufficient to maintain state that the processor requires to function after 

5 returning from the deep sleep state. The level must be one that can be 

reached during the times allowed for transition to and from the deep 

sleep mode. 

The first criterion is met so long as values of state stored are not lost 

during the deep sleep mode. Tests have shown that a core voltage 

10 significantly below one-half volt allows the retention of the memory state 

of a processor. Thus, using this criterion, it would be desirable to reduce 

the core voltage to a value such as one-half volt or lower. 

However, depending on system configuration, the time allowed to 

transition to and from deep sleep in an X86 processor can be as low as 

15 50 microseconds. Depending on the capacitive load of the particular 

circuitry, a voltage variation of about 0:5 to 0.6 volts may take place 

during this time in one exemplary configuration. • 

Thus, if the exemplary processor is operating at its lowest processing 

core voltage of 1.2 volts, its core voltage may be lowered in the time 

20 available to 0.6 - 0.7 volts. On the other hand, if the processor is 

operating at a processing core voltage of 1.5 volts, its core voltage may 

only be lowered in the time available to 0.9 - 1 volts. Consequently, it is 

desirable that the core voltage furnished during deep sleep be lowered to 

a level which may be below the level provided by a typical voltage 
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regulator but which varies depending on the core operating voltage from 

which it transitions. 

This desirable result may be reached utilizing a circuit such as that 

described in Figure 4. The circuit of Figure 4 includes a feedback 

5 network 41 for controlling the level of voltage at the output of the 

regulator 11. Prior art regulators such as the Maxim 1711 provide a 

feedback terminal and describe how that terminal may be utilized with a 

resistor-voltage-divider network joined between the output terminal and 

ground to raise the output voltage level. 

10 The embodiment of the present invention illustrated in Figure 4 utilizes 

the same feedback terminal and a similar resistor-voltage-divider 

network but joins the divider between the output terminal and a source 

of voltage 42 higher than the normal output voltage of the regulator to 

force the output voltage level to a lower value rather than a higher level. 

15 The particular source voltage and the particular resistor values may be 

selected to cause the voltage level at the output of the regulator to drop 

from a particular output value to a desired value such as 0.6 volts when 

transitioning from a computing level of 1.2 volts. 

By appropriate choice of the resistor values of the divider network 41 and 

20 the source 42, the voltage drop provided by such a divider network 

accomplishes the desired result of providing an output voltage for the 

deep sleep mode of operation that varies from the previous processor 

computing core voltage by an amount attainable during the transition 

period available. In one embodiment, resistor 43 was chosen to be 1 

25 Kohms, resistor 45 to be 2.7 Kohms, and source 42 to be 3.3 volts. Such 
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values cause the voltage drop into deep sleep mode to be between 0.5 

and 0.6 volts whether beginning at core voltages of 1.2 or 1.6 volts. On 

the other hand, by using a higher value of voltage at source 45 and 

adjusting the values of resistors_4·i and 43, the increments of voltage 

5 drop reached from different starting voltages to final deep sleep voltage 

values at the terminal 12 may be brought closer to one another. 

It should be noted that the circuitry of Figures 3 and 4 may be combined 

so that both input selection and output adjustment are both used to 

adjust the core voltage value produced by a voltage regulator for deep 

10 sleep mode in particular instances where the load capacitance is 

relatively low. 

Prior art voltage regulators function in at least two different modes of 

operation. A first mode of operation is often referred to as "low noise" or 

"continuous" mode. In this mode, the regulator responds as rapidly as 

15 possible to each change in voltage thereby maintaining the output 

voltage at the desired output level as accurately as possible. In order to 

maintain this mode of rapid response, regulators consume a certain 

amount of power. When a regulator is supplying a significant amount of 

power to the load, the power required to operate in continuous mode is 

20 relatively small. But, when a regulator is supplying a small amount of 

power to the load, the power used to operate the regulator in continuous 

mode becomes significant, and reduces the efficiency of the regulator 

significantly. It is common for regulators operating in the continuous 

mode to transfer charge from the supply capacitors back into the power 

25 source when the output voltage is changed from a higher voltage to a 
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lower voltage. The regulator can later transfer that charge back to the 

regulator output capacitors. Thus, most of the charge is not wasted. 

A second mode of operation by voltage regulators is often referred to as 

"high efficiency," "burst," or "skip" mode. In this mode, a regulator 

5 detects the reduction in load requirements (such as that caused by a 

transition into the deep sleep state) and switches to a mode whereby the 

regulator corrects the output voltage less frequently. When there is an 

increase in load requirements, the regulator switches back to the 

continuous mode of regulation during which more rapid correction 

10 occurs. This has the positive effect of reducing the power consumed by 

the regulator during deep sleep thereby increasing the regulator 

efficiency and saving system power. But, as a result of reducing the 

regulator response rate, there is more noise on the regulator output. 

It is common for regulators operating in the high efficiency mode to drain 

15 the charge on the supply capacitors during a high to low voltage 

transition on the power supply output or to allow the load to drain the 

charge. Thus, the charge is wasted during high to low voltage 

transitions. 

It is typical to operate a voltage regulator in the high efficiency mode. 

20 Consequently, there is some waste of power whenever a regulated 

processor goes into the lower voltage deep sleep mode. If the processor is 

constantly being placed in.deep sleep mode, then the loss of power may 

be quite high. Different operating systems may increase the waste of 

power by their operations. For example, an operating system that 

25 detects changes in operation through a polling process must constantly 
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bring a processor out of deep sleep to determine whether a change in 

operating mode should be implemented. For many such systems, Sl,l.Ch a 

system causes an inordinate amount of power waste if a processor would 

otherwise spend long periods in the deep sleep mode. On the other 

5 hand, an operating system that remains in deep sleep until an 

externally-generated interrupt brings it out of that state wastes power 

through operating the regulator in the high efficiency mode only when 

the processor is placed in the deep sleep state. 

The present invention utilizes the ability of regulators to function in both 

10 the high efficiency mode and the continuous mode to substantially 

reduce power wasted by transitioning between a computing and a lower 

voltage deep sleep mode. Although regulators have not been dynamically 

switched between high efficiency and continuous modes, in one 

embodiment of the invention, an additional controlling input 50 as 

15 shown in Figure 5 is added to the regulator for selecting the mode of 

operation of the regulator based on whether the processor being 

regulated is transitioning between states. If the regulator receives a 

control signal 51 indicating that the processor is to be placed into the 

deep sleep mode, for example, then a regulator operating in the high 

20 efficiency mode immediately switches to the continuous mode during the 

voltage transition. Assuming that the regulator returns the charge to the 

battery during continuous mode, this has the effect of reducing the waste 

of power caused during the transition. Once the transition has 

completed, the regulator switches back to the high efficiency state for 

25 operation during the deep sleep mode of the processor. 
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For regulators that do not conserve capacitive charge by transferring the 

charge to the battery, a circuit for accomplishing this may be 

implemented or a capacitor storage arrangement such as a charge pump 

53 for storage may be added. Alternatively, when transitioning to deep 

5 sleep, the regulator could switch to a mode where the regulator does not 

actively drive the voltage low but allows the capacitor charge to drain 

through the load. The selection of power savings modes is dependent on 

the processor leakage current, the voltage drop between the operating 

and deep sleep voltages, and the efficiency of the regulator in transferring 

10 charge from the capacitors to the power source and then back. If the 

leakage current is not sufficient to bring the voltage down more than ( 1 -

efficiency) * (deep sleep voltage drop) during the deep sleep interval, then 

it is more advantageous to use the load to drain the charge on the 

capacitors. Otherwise, the charge on the capacitors should be 

15 transferred back to the power source. 

The control signal utilized may be the same control signal (stop clocks) 

that signals the transition into the deep sleep state if the method is to be 

used only for transitions between operating and deep sleep states. 

Alternatively, a control signal generated by a particular increment of 

20 desired change may be utilized for voltage changes within the computing 

range of the processor as well as the transition to deep sleep mode. 

Although the present invention has been described in terms of a 

preferred embodiment, it will be appreciated that various modifications 

and alterations might be made by those skilled in the art without 

25 departing from the spirit and scope of the invention. The invention 

should therefore be measured in terms of the claims which follow. 
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Claims 

What is claimed is: 

A computer system comprising: 

a processing unit; 

circuitry coupled to the processor unit, said circuitry configured to 

provide to said processing unit: 

a sleep voltage; 

a first operating voltage; and 

a second operating voltage that is less than the first operating voltage; 

wherein said computer system has a first transition time for 

transitioning from said sleep voltage to said first operating voltage; 

wherein said computer system has a second transition time for 

transitioning from said sleep voltage to said second operating voltage; 

wherein said second transition time is within an allowed time for 

transitioning from a sleep state to an operating state; and 

wherein said first transition time is greater than said allowed time. 

2. A computer system as recited in Claim 1 wherein said allowed time is 

based on a configuration of said computer system. 
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3. A computer system as recited in Claim 1 wherein said allowed time is 

based on timing requirements of said computer system. 

4. A computer system as recited in Claim 3, wherein said timing 

requirements are based on interrupt response times. 

5. A computer system as recited in Claim 1 wherein said first and second 

transition times are based on respective first and second voltage ramp times. 

6. A computer system as recited in Claim 1 wherein said sleep voltage is 

sufficient to maintain state of said processing unit but is not sufficient to maintain 

processing activity in said processing unit. 

7. A method of operating a computer processor, said method comprising: 

transitioning from providing a sleep voltage to said computer processor 

to providing a first operating voltage to said computer processor within an allowed 

time for transitioning from a sleep state to an operating state; and 

transitioning from said providing said first operating voltage to said 

computer processor to providing a second operating voltage to said computer 

processor, wherein a transition time for changing from said sleep voltage directly to 

said second operating voltage is greater than said allowed time for transitioning from 

said sleep state to said operating state. 
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8. A method in accordance with Claim 7 wherein said second operating 

voltage is greater than said first operating voltage. 

9. A method in accordance with Claim 7 further comprising: 

enabling a system clock to said computer processor when providing said 

first operating voltage to said computer processor; and 

disabling said system clock to said computer processor when providing 

said sleep voltage to said computer processor. 

10. A method in accordance with Claim 7, wherein said sleep voltage is 

sufficient to maintain state of said computer processor but is not sufficient to 

maintain processing activity in said computer processor. 

11. A computer system comprising: 

a processor; 

an adjustable voltage supply configured to output to said processor: 

a sleep voltage; and 

a first operating voltage that, based on a rate of 

transitioning from said sleep voltage to said first operating voltage, is not achievable 

from said sleep voltage within an allowed time for transitioning from a sleep state to 

an operating state. 
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12. A computer system as recited in Claim 11, wherein said adjustable 

voltage supply is further configured to output to said processor a second operating 

voltage that, based on a rate of transitioning from said sleep voltage to said second 

operating voltage, is achievable from said sleep voltage within said allowed time for 

transitioning from said sleep state to said operating state. 

13. A computer system as recited in Claim 11 wherein said allowed time is 

based on a configuration of said computer system. 

14. A computer system as recited in Claim 11 wherein said adjustable 

voltage supply comprises a voltage regulator. 

15. A computer system comprising: 

a processing unit; 

circuitry coupled to the processor unit, said circuitry configured to 

provide to said processing unit: 

a first sleep voltage and a second sleep voltage; 

a first operating voltage when transitioning from said first sleep voltage; 

and 

a second operating voltage when transitioning from said second sleep 

voltage. 
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16. A computer system as recited in Claim 15, wherein said circuitry is 

further configured to provide to said processing unit: 

said first sleep voltage when transitioning from said first operating 

voltage; and 

said second sleep voltage when transitioning from said second operating 

voltage. 

17. A computer system as recited in Claim 15 wherein a voltage difference 

between said first operating voltage and said first sleep voltage is approximately 

equal to a voltage difference between said second operating voltage and said second 

sleep voltage. 

18. A computer system as recited in Claim 15 wherein said first operating 

voltage is greater than said second operating voltage and wherein said first sleep 

voltage is greater than said second sleep voltage. 

19. A computer system as recited in Claim 18 wherein a voltage transition 

from said second sleep voltage to said first operating voltage is greater than a time 

allowed for transition from a sleep state to an operating state of said computer 

system. 
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ABSTRACT OF THE DISCLOSURE 

A method for reducing power utilized by a processor including determining that a 

processor is transitioning from a computer mode to a mode in which system clock to 

the processor is disabled, and reducing core voltage to the processor to a value 

sufficient to maintain state during the mode in which system clock is disabled. 
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Attorney's Docket No.: Trans59 Patent 

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

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

I believe I am the original, first, and sole inventor (if only one name is listed below) 01· an 
original, first, and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 

STATIC POWER CONTROL 

the specification of which was filed on October 23, 2000, and assigned Serial No. 
09/694,433. 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to abo·,e. 
l do not know and do not believe that the claimed invention was ever known or used in 
the United States of America before my invention thereof, or patented or described in 
any printed publication in any country before my invention thereof or more than one 
year prior to this application, that the same was not in public use or on sale in the 
United States of America more than one year prior to this application, and that the 
invention has not been patented or made the subject of an inventor's certificate issuEid 
before the date of this application in any country foreign to the United States of America 
on an application filed by me or my legal representatives or assigns more than twelvn 
months (for a utility patent application) or six months (for a design patent application) 
prior to this application. 

l acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1.56. 

I hereby appoint Stephen L. King, Reg. No. 19,180; with offices located at 30 Sweettay 
Road, Rancho Palos Verdes, California 90275, telephone (310) 377-5073, with full 
power of substitution and revocation, to prosecute this application and to transact all 
business in the Patent and Trademark Office connected herewith. 

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

Full Name of Sole/First Inventor Andrew Read 

Inventor's Signature ///4,dt.4,~ (/.,~/ 
.. / 

Date 2<; -~AtJ O \ _--=.._;______:;;.__.;_____:::......:._ 

Residence Sunnyvale. California 
(City, State) 

Citizenship U.S.A. 
(Country) 

Post Office Address: 1621 Eagle Drive 
Sunnyvale, California 94087 

Full Name of Second/Joint Inventor Sameer Halepete 

Inventor's Signature---~~-,-,,:;~'----"<-'------ Date 2G ·:J A-N 2 0 O :L 

Residence San Jose, California 
(City, State) 

Citizenship India 
(Country) 

Post Office Address: 373 River Oaks Circle. #1608 
San Jose California 95134 

Full Name of Third/Joint Inventor Keith Klayman 

Inventor's Signature /~ /~ Date ;J._s ~a..-, O / 

Residence Sunnyvale. California 
(City, State) 

Citizenship U.S.A. 
(Country) 

Post Office Address: 613 San Conradoter #2 
Sunnyvale, California 94086 

2 
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Attorney Docket No.: TRAN-P059 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Patent 

In re Application of: 

lnventor(s): Andrew Read, Sameer Halepete, and Keith Klayman 

Serial No.: 09/694,433 

Filed: 10/23/00 

For: STATIC POWER CONTROL 

Patent No.: 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Examiner: 

Art Unit: 2188 

Issued Date: 

POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST 
(REVOCATION OF PRIOR POWERS) 

As assignee of record of the entire interest of the above identified 
ti application, 
D patent, 

REVOCATION OF PRIOR POWERS OF ATTORNEY 

all powers of attorney previously given are hereby revoked and 

NEW POWER OF ATTORNEY 

the following attorney(s) and/or agents{s) are hereby appointed to prosecute and transact all business in the 
Patent and Trademark Office connected herewith. 

James P. Hao 

... Anthony .. c ..... Murabi to ................................ . 

... John P · .... Wagner .............................................. . 

Glenn D. Barnes 

Thomas M. Catale 

Jose S. Garcia 

Eric J. Gash 

Lin C. Hsu 
--··········································-··························· 

Ronald M. Pomerenke 

... John .. F ...... Ryan ..................................................... . 

Matthew J. Blecher 

Lawrence R. Goerke 

Registration No.: .... ~.?..: .. ~.?..~ ............ .. 
Registration No.: .... ?..?..! .. ~ .. ?..?. ............. . 
Registration No.: .... ~.?..! .. ~.?..~ ............ .. 
Registration No.: .... ~.?..: .. ?..?..~ ............. . 
Registration No.: .... ~.?..:.~.~.~ ............. . 
Registration No.: .... ~.?..: .. ~.~.~ ............. . 
Registration No.: .... ~.?..:.3..?.~ ............ .. 
Registration No.: .... i.?..!.:?..~.?. ............. . 

Registration No.: .... i.?..: .. ~.~.?. ............. . 
Registration No.: .... i.?..! .. ~.?..?. ............. . 
Registration No.: .... i.?..: .. ?..?..~ ............. . 
Registration No.: 45,927 

~-Reginald __ A .... Ratliff................................. Registration No.: .... ~.~.: .. ~.?..~ ............. . 

rev. 2198 dbp 
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William A. Zarbis 

Mehlin Dean Matthews 

Registration No.: .... ~.?..!..!.?..~ ............. . 

··········-····--·······-····-·-·---········ .. •··•·•··················•· Registration No.: 46, 12?.·····---···· 

..• Joel._ D .... Youngs ........................................ - •.• Registration No.: ... g.:.~?..:.}.~:?. ..... ... 

... Bryn .. c ..... Ekroot ...................................... ._ ...... . ·Registration No.: .... ?..~.! .. !:?..?. ...... ._ .... . 

SEND CORRESPONDENCE TO: 

WAGNER, MURABITO & HAO LLP 
Two North Market Street 

Third Floor 
San Jose, CA 95113 

DIRECT PHONE CALLS TO: 

Anthony C. Murabito 
( 408) 938-9060 

Transmeta corporation 
(type or print identity of assignee of entire interest) 

3940 Freedom Circle 
Santa Clara. CA 95054 

Address 

Recorded in PTO on _..,.,0=2/...,.0..,.5,.../0 ..... 1..._ ___ _ 
Reel 011536 
Frame 0490 

a Recorded herewith 

ASSIGNEE CERTIFICATION 

Attached to this power is a "CERTIFICATE UNDER 37 CFR 3.73(b)." 

Date 

Bryn C, Ekroot 
(type or print name of person authorized to sign on behalf 
of assignee) 

Director of Intellectual Property 
Title 

111V. 2198 dbp 
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Docket No.: TRAN-P059 
Ealfmt 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Read et al. 

Serial No.: 09/694,433 

) 
) 
) 
) 
) 
) 
) 
) 

Filing Date: 10/23/00 

For: STATIC POWER CONTROL 

CERTIFICATE UNDER 37 CFR 3.73lb) 

TRANSMETA CORPORATION, a corporation, certifies that it is the assignee of the entire right, 
title and interest in the patent application identified above by virtue of either: 

[ X J An assignment from the inventor(s) of the patent application identified above. A copy of the 
assignment is attached. 

[ ] A chain of title from the inventor(s), of the patent application identified above, to the current 
assignees as shown below: 

1. From: _________ To: ________ _ 

The document was recorded in the Patent and Trademark Office at 
Reel: ____ , Frame: ____ , or for which a copy thereof 
is attached. 

2. From: _________ To: ________ _ 
The document was recorded in the Patent and Trademark Office at 
Reel: ____ , Frame: ____ , or for which a copy thereof 
is attached. 

3. From: _________ To: ________ _ 

The document was recorded in the Patent and Trademark Office at 
Reel: ____ , Frame: ____ , or for which a copy thereof 
is attached. 

[ J Additional documents in the chain of title are listed on a 
supplemental sheet. 

J Copies of assignments or other documents in the chain of title are attached. 

The undersigned has reviewed all the documents in the chain of title of the patent application 
identified above and, to the best of undersigned's knowledge and belief, title is in the assignee 
identified above. 

The undersigned (whose title is supplied below) avers that the undersigned is empowered to 
sign this certificate on behalf of the assignee. 

I hereby declare that all statements made herein of my own knowledge are true, and that all 
statements made on information and belief are believed to be true; and further, that these statements 
are made with the knowledge that willful false statements, and the like so made, are punishable by fine 

- 1 -
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or imprisonment, or both, under Section 1001, Title 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the application or any patent issuing thereon. 

Bryn C. Ekroot 
Typed or Printed Name 

Director of Intellectual Property 
Tttle 

- 2 -
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PATENT APPLICATION SERIAL NO; ~----------

.PT0.-1556 · 
(5/87) 

I 

U.S. DEPARTMENT OF COMMERCE . 
PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 

08/24/2007 r:IGEBRHll 00000012. 11894991-. . · .. 

01 FC: rni-1· 
D2 FC:1111. 
0J FC: 131.1 
04 FC;f201· 

•t.ts. G.ovemment Pri!lfing ~:. 2002~ 489-267/69033 . · 
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UNITED STATES PATENT AND TR-\DEMARK 0FFIGE 
UNITED STATES DEPART:vIENT OF COMMERCE 
United States Patent and Trademark Office 
Addm" COMMISSIC!I\ER FOIZ PA'l'l':N'l'S 

PO Rox 1410 
Alexandria, Virginia 22313-1450 
wv1w.uspto.gov 

APPLICATION NUMBER FILING or 371 (c) GRP ART UNIT FIL FEE REC'D 
DATE 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

11/894,991 08/21/2007 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA95113 

2115 1200 TRAN-P470 19 

CONFIRMATION NO. 9781 

FILING RECEIPT 

Date Mailed: 09/13/2007 

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 write to the Office of Initial Patent 
Examination's Filing Receipt Corrections. 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) 
Andrew Read, Sunnyvale, CA; 
Sameer Halepete, San Jose, CA; 
Keith Klayman, Sunnyvale, CA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 

This application is a DIV of 09/694,433 10/23/2000 PAT 7,260,731 

Foreign Applications 

If Required, Foreign Filing License Granted: 09/10/2007 

4 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is 
US11 /894,991 

Projected Publication Date: 12/20/2007 

Non-Publication Request: No 

Early Publication Request: No 

Title 

Saving power when in or transitioning to a static mode of a processor 

Preliminary Class 
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713 

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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the 
subject matter as imposed by any Government contract or the provisions of existing laws relating to 
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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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UNITED STATES PATENT AND TR-\DEMARK 0FFIGE 
UNITED STATES DEPART:vIENT OF COMMERCE 
United States Patent and Trademark Office 
Addm" COMMISSIC!I\ER FOIZ PA'l'l':N'l'S 

PO Rox 1410 
Alexandria, Virginia 22313-1450 
wv1w.uspto.gov 

APPLICATION NUMBER FILING or 371 (c) GRP ART UNIT FIL FEE REC'D 
DATE 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

11/894,991 08/21/2007 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA95113 

2115 1200 TRAN-P470 19 

CONFIRMATION NO. 9781 

FILING RECEIPT 

Date Mailed: 09/17/2007 

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 write to the Office of Initial Patent 
Examination's Filing Receipt Corrections. 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) 
Andrew Read, Sunnyvale, CA; 
Sameer Halepete, San Jose, CA; 
Keith Klayman, Sunnyvale, CA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 

This application is a DIV of 09/694,433 10/23/2000 PAT 7,260,731 

Foreign Applications 

If Required, Foreign Filing License Granted: 09/10/2007 

4 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is 
US11 /894,991 

Projected Publication Date: 12/20/2007 

Non-Publication Request: No 

Early Publication Request: No 

Title 

Saving power when in or transitioning to a static mode of a processor 

Preliminary Class 
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713 

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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the 
subject matter as imposed by any Government contract or the provisions of existing laws relating to 
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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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S UNITED STATES PATENT AND ThADEMARK 0FFIGE 
UNITED STATES DEPARTMENT OF COMMERCE 
U nlted States Patent and Trademark Office 
Addrao:COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vuginia 22JIJ-IUO 
www.UlplD.gov 

APPLICATION NUMBER FILING OR 371(c) DA TE FIRST NAMED APPLICANT ATTY. DOCKETNO.frlTLE 

11/894,991 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA 95113 

08/21/2007 Andrew Read TRAN-P470 

CONFIRMATION NO. 9781 

Date Mailed: 09/17/2007 

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT 

Publication and General Rules Issues 

In response to your request for a corrected Filing Receipt, the Office is unable to comply with the request 
because: 

□ The articles such as "a", "an", and "the" are not included as the first words in the title of an application. 
They are considered to be unnecessary to the understanding of the title. 

D The words "new", "improved", "improvement of", "improvement in", or "improvement relating to" are 
not included as the first words in the title of an application because a patent application is, by nature, a 
new idea or improvement. See MPEP 606. 

D The title appears on the filing receipt in sentence case for publication in the Annual Index of Patents. 

D Amendments are not accepted in provisional applications. See 37 CFR 1.53(c). 

D An amendment or Application Data Sheet is needed to make this change. 

□ The inventor's residence will only include the city and state for U.S. residences or city and country for 
residences outside the U.S. (See MPEP 605.02.) 

□ Continuity claimed under 35 USC 120 cannot be added to the Filing Receipt without the applicant 
supplying the relationship (continuation, divisional, or continuation-in-part) in an Application Data 
Sheet or amendment to the first page of the specification. 

□ Small entity status was previously claimed in this application. To notify the Office of a loss of 
entitlement to small entity status, see 37 CFR 1.27(g). To have a good faith error in claiming small 
entity status excused, see 37 CFR 1.28(c). 
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□ The request for non-publication was not timely filed. A request for non-publication must be submitted 
upon filing of an application. The application is scheduled to be published on the date specified on the 
filing receipt. See 37 CFR 1.213(a)(1) 

□ The request for non-publication has not been recognized because it is not conspicuous as required by 
37 CFR 1.213(a)(2) 

□ The request for non-publication has not been recognized because it does not contain the certification 
as required by 37 CFR 1.213(a)(3). 

□· The request for non-publication has not been recognized because it is not signed in compliance with 
37 CFR 1.33(b) as required by 37 CFR 1.213(a}(4). 

□ There was no prior request for non-publication in this application. The request to rescind the non
publication request will not be processed. 

□ Your request for non-publication will not be acknowledged because this application is not eligible for 
publication. Only utility and plant applications filed on or after November 29, 2000 are eligible for 
publication. 

□ The "Non-Publication Request" indicator is correct. If there was a proper request submitted at the time 
of filing, the notation on the filing receipt will be "Yes". If no such request was made, the notation will 
be"No". 

□ Assignment information will only be included for applications that are eligible for publication. 

Office of Initial Patent Examibation (571) 272-4000, or 1-800-PTO-9199 

PART 3 - OFFICE COPY 
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UNITED STATES PATENT AND TR-\DEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371 (c) DATE 

11/894,991 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA95113 

08/21/2007 

UNITED STATES DEPART:vIENT OF COMMERCE 
United States Patent and Trademark Office 
Addm" COMMISSIC!I\ER FOIZ PA'l'l':N'l'S 

PO Rox 1410 
Alexandria, Virginia 22313-1450 
wv1w.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Andrew Read TRAN-P470 

CONFIRMATION NO. 9781 

Title: Saving power when in or transitioning to a static mode of a processor 

Publication No. US-2007-0294555-A 1 
Publication Date: 12/20/2007 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication 
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date 
are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases 
via the Internet at www.uspto.gov. The direct link to access the publication is currently 
http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the 
publication to applicant. A copy of the publication may be obtained from the Office upon payment 
of the appropriate fee set forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application 
publications are handled by the USPTO's Office of Public Records. The Office of Public Records 
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759, 
by mail addressed to the United States Patent and Trademark Office, Office of Public Records, 
Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions 
and the dates of receipt of correspondence filed in the Office, may also be accessed via the 
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of 
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this 
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is 
confidential and may only be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling 
the Patent Electronic Business Center at 1-866-217-9197. 

Pre-Grant Publication Division, 703-605-4283 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

11/894,991 08/21/2007 

7590 07/02/2009 

MURABIT0, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA 95113 

FIRST NAMED INVENTOR 

Andrew Read 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

TRAN-P470 9781 

EXAMINER 

CAO,CHUN 

ART UNIT PAPER NUMBER 

2115 

MAIL DATE DELIVERY MODE 

07/02/2009 PAPER 

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

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

PTOL-90A (Rev. 04/07) 
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Office Action Summary 

Application No. 

11/894,991 

Examiner 

Chun Cao 

Applicant(s) 

READ ET AL. 

Art Unit 

2115 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

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

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

Status 

1 )IZI Responsive to communication(s) filed on 21 August 2007. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

4)[8J Claim(s) 1-19 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-19 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

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

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

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

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 
4) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 
5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 

Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20090630 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

DETAILED ACTION 

1. Claims 1-19 are presented for examination. 

Page 2 

2. The title of the invention is not descriptive. A new title is required that is clearly 

indicative of the invention to which the claims are directed. The current title is imprecise. 

Claim Rejections - 35 USC § 112 

3. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

4. Claims 1-19 are rejected under 35 U.S.C. 112, first paragraph, as failing to 

comply with the enablement requirement. The claim(s) contains subject matter which 

was not described in the specification in such a way as to enable one skilled in the art to 

which it pertains, or with which it is most nearly connected, to make and/or use the 

invention. There is no teaching in applicant's specification which suggests that 1) 

Claims 1, 7, 11 and 19 recites that second transition time is within an allowed time for 

transitioning from a sleep state to an operating state; and said first transition time is 

greater than said allowed time. 2) Claim 15 recites that circuitry configured to provide a 

second sleep voltage to said processing unit. However, the specification only seems to 

be enabling for circuitry configured to provide a first sleep voltage to said processing 

unit while the processing unit is in a deep sleep mode. 

5. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

Page 3 

6. Claims 1-6 and 15-19 are rejected under 35 U.S.C. 112, second paragraph, as 

being indefinite for failing to particularly point out and distinctly claim the subject matter 

which applicant regards as the invention. 

As per claim 1, recites the limitations" "the processor unit" in line 3. There is 

insufficient antecedent basis for this limitation in the claim. 

As per claim 15, recites the limitations" "the processor unit" in line 3. There is 

insufficient antecedent basis for this limitation in the claim. 

7. Claims 2-6, 8-10, 12-14 and 16-19 are rejected because they incorporate the 

deficiencies of claims 1, 7, 11 and 15 respectively. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Chun Cao whose telephone number is 571-272-3664. 

The examiner can normally be reached on Monday-Friday from 7:30 am-4:00 pm. 

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

supervisor, Thomas C. Lee can be reached on 571-272-3667. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application should 

be directed to the Group receptionist whose telephone number is 571-272-2100. 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

Page 4 

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). 

June 30, 2009 

/Chun Cao/ 

Primary Examiner, Art Unit 2115 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

11/894,991 READ ET AL. 
Notice of References Cited 

Examiner Art Unit 

Chun Cao 2115 
Page 1 of 3 

U.S. PATENT DOCUMENTS 

* 
Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-7,260,731 B1 08-2007 Read et al. 713/320 

* B US-6,442,746 08-2002 James et al. 716/14 

* C US-6,314,522 11-2001 Chu et al. 713/322 
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*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20090630 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 065



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

11/894,991 READ ET AL. 
Notice of References Cited 

Examiner Art Unit 

Chun Cao 2115 
Page 2 of 3 

U.S. PATENT DOCUMENTS 

* 
Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-6,457,082 09-2002 Zhang et al. 710/260 

* B US-6, 111,806 08-2000 Shirley et al. 365/226 

* C US-5, 760,636 06-1998 Noble et al. 327/513 

* D US-5,528, 127 06-1996 Streit, Lawrence C. 323/269 

* E US-6,208, 127 03-2001 Doluca, Tun.cedilla. 323/349 

* F US-6,04 7,248 04-2000 Georgiou et al. 702/132 

* G US-6,457, 135 09-2002 Cooper, Barnes 713/323 

* H US-5,852, 737 12-1998 Bikowsky, Zeev 713/323 

* I US-6,675,304 01-2004 Pole et al. 713/322 

* J US-6, 704,880 03-2004 Dai et al. 713/323 

* K US-5,778,237 07-1998 Yamamoto et al. 713/322 

* L US-5,204,863 04-1993 Saint-Joigny et al. 714/55 

* M US-5,832,205 11-1998 Kelly et al. 714/53 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

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

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20090630 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 066



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

11/894,991 READ ET AL. 
Notice of References Cited 

Examiner Art Unit 

Chun Cao 2115 
Page 3 of 3 

U.S. PATENT DOCUMENTS 

* 
Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-6,425,086 07-2002 Clark et al. 713/322 

* B US-5,440,520 08-1995 Schutz et al. 365/226 

* C US-5,727,208 03-1998 Brown, Alan E. 713/100 

* D US-6,484,265 11-2002 Borkar et al. 713/324 

* E US-5, 787,294 07-1998 Evoy, David R. 713/320 

* F US-5, 142,684 08-1992 Perry et al. 713/320 

* G US-5,592, 173 01-1997 Lau et al. 342/357.12 

* H US-5,757,171 05-1998 Babcock, Sean 323/271 

* I US-5,848,281 12-1998 Smalley et al. 713/322 

* J US-5,923,545 07-1999 Nguyen, Don J. 363/24 

* K US-6, 118,306 09-2000 Orton et al. 327/44 

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

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

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20090630 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 067



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 11894991 READ ET AL. 

Examiner Art Unit 

Chun Cao 2115 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 06/30/2009 

1 ✓ 

2 ✓ 

3 ✓ 

4 ✓ 

5 ✓ 

6 ✓ 

7 ✓ 

8 ✓ 

9 ✓ 

10 ✓ 

11 ✓ 

12 ✓ 

13 ✓ 

14 ✓ 

15 ✓ 

16 ✓ 

17 ✓ 

18 ✓ 

19 ✓ 
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TRAN-P470 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Read et al. 

Serial: 

Filed: 

11/894,991 

August 21, 2007 

Group Art Unit: 2115 

Examiner: Chun Cao 

For: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC 
MODE OF A PROCESSOR (as filed) 

AMENDMENT and RESPONSE 

Honorable Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Office Action mailed July 7, 2009 in the above captioned 

Patent Application, Applicants respectfully request the Examiner to enter the 

following amendments and to consider the following remarks. 
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Title: 

Please amend the title of the application as follows: 

SAVING PO'NER 'NHEN IN OR TRANSITIONING TO AND FROM A STATIC 

MODESLEEP STATE OF A PROCESSOR 
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In the Claims: 

1. (currently amended) A computer system comprising: 

a processing unit; 

circuitry coupled to the processing p:rocesso:r unit, said circuitry configured to 

provide to said processing unit: 

a sleep voltage; 

a first operating voltage; and 

a second operating voltage that is less than the first operating voltage; 

wherein said computer system has a first transition time for transitioning 

from said sleep voltage to said first operating voltage; 

wherein said computer system has a second transition time for transitioning 

from said sleep voltage to said second operating voltage; 

wherein said second transition time is within an allowed time for 

transitioning from a sleep state to an operating state; and 

wherein said first transition time is greater than said allowed time. 

2. (original) A computer system as recited in Claim 1 wherein said allowed time is 

based on a configuration of said computer system. 

3. (original) A computer system as recited in Claim 1 wherein said allowed time is 

based on timing requirements of said computer system. 
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4. (original) A computer system as recited in Claim 3, wherein said timing 

requirements are based on interrupt response times. 

5. (original) A computer system as recited in Claim 1 wherein said first and second 

transition times are based on respective first and second voltage ramp times. 

6. (original) A computer system as recited in Claim 1 wherein said sleep voltage is 

sufficient to maintain state of said processing unit but is not sufficient to maintain 

processing activity in said processing unit. 

7. (original) A method of operating a computer processor, said method comprising: 

transitioning from providing a sleep voltage to said computer processor to 

providing a first operating voltage to said computer processor within an allowed 

time for transitioning from a sleep state to an operating state; and 

transitioning from said providing said first operating voltage to said 

computer processor to providing a second operating voltage to said computer 

processor, wherein a transition time for changing from said sleep voltage directly to 

said second operating voltage is greater than said allowed time for transitioning 

from said sleep state to said operating state. 

8. (original) A method in accordance with Claim 7 wherein said second operating 

voltage is greater than said first operating voltage. 
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9. (original) A method in accordance with Claim 7 further comprising: 

enabling a system clock to said computer processor when providing said first 

operating voltage to said computer processor; and 

disabling said system clock to said computer processor when providing said 

sleep voltage to said computer processor. 

10. (original)A method in accordance with Claim 7, wherein said sleep voltage is 

sufficient to maintain state of said computer processor but is not sufficient to 

maintain processing activity in said computer processor. 

11. (original)A computer system comprising: 

a processor; 

an adjustable voltage supply configured to output to said processor: 

a sleep voltage; and 

a first operating voltage that, based on a rate of transitioning from 

said sleep voltage to said first operating voltage, is not achievable from said sleep 

voltage within an allowed time for transitioning from a sleep state to an operating 

state. 

12. (original)A computer system as recited in Claim 11, wherein said adjustable 

voltage supply is further configured to output to said processor a second operating 

voltage that, based on a rate of transitioning from said sleep voltage to said second 
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operating voltage, is achievable from said sleep voltage within said allowed time for 

transitioning from said sleep state to said operating state. 

13. (original)A computer system as recited in Claim 11 wherein said allowed time is 

based on a configuration of said computer system. 

14. (original)A computer system as recited in Claim 11 wherein said adjustable 

voltage supply comprises a voltage regulator. 

15. (currently amended) A computer system comprising: 

a processing unit; 

circuitry coupled to the processing p:rocesso:r unit, said circuitry configured to 

provide to said processing unit: 

a first sleep voltage and a second sleep voltage; 

a first operating voltage when transitioning from said first sleep voltage; and 

a second operating voltage when transitioning from said second sleep voltage. 

16. (original)A computer system as recited in Claim 15, wherein said circuitry is 

further configured to provide to said processing unit: 

said first sleep voltage when transitioning from said first operating voltage; 

and 

said second sleep voltage when transitioning from said second operating 

voltage. 
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17. (original)A computer system as recited in Claim 15 wherein a voltage difference 

between said first operating voltage and said first sleep voltage is approximately 

equal to a voltage difference between said second operating voltage and said second 

sleep voltage. 

18. (original)A computer system as recited in Claim 15 wherein said first operating 

voltage is greater than said second operating voltage and wherein said first sleep 

voltage is greater than said second sleep voltage. 

19. (original)A computer system as recited in Claim 18 wherein a voltage transition 

from said second sleep voltage to said first operating voltage is greater than a time 

allowed for transition from a sleep state to an operating state of said computer 

system. 

20. (new) A computer system comprising: 

means for processing; 

means for supplying a voltage coupled to said processing means for providing 

to said processing means: 

a first and a second sleep voltage; 

a first operating voltage responsive to a transition from said first sleep 

voltage; and 
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a second operating voltage responsive to a transition from said second 

sleep voltage. 

21. (new) The computer system of Claim 20 wherein: 

said means for supplying a voltage are further for providing to said means for 

processmg: 

said first sleep voltage re responsive to a transition from said first 

operating voltage; and 

said second sleep voltage responsive to a transition from said second 

operating voltage. 

22. (new) The computer system of Claim 20 wherein a voltage difference between 

said first operating voltage and said first sleep voltage is approximately equal to a 

voltage difference between said second operating voltage and said second sleep 

voltage. 

23. (new) The computer system of Claim 20 wherein said first operating voltage 

is greater than said second operating voltage and wherein said first sleep voltage is 

greater than said second sleep voltage. 

24. (new) The computer system of Claim 20 wherein said means for supplying a 

voltage requires a greater time duration for a voltage transition from said second 
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sleep voltage to said first operating voltage than a time duration allowed for 

transition from a sleep state to an operating state of said computer system. 

TRAN-P4 70/ACM/NAO 
Examiner: Cao, C. 9 

Serial No.: 11/894,991 
Group Art Unit: 2115 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 080



REMARKS 

Claims 1-24 are pending in the present application. Claims 1 and 15 are 

amended. Claims 20-24 are newly added. No new matter is added. Applicants 

respectfully request reconsideration of the present application in view of the 

amendments presented herein and the following remarks. 

There are no art-based rejections. 

35 U.S.C. § 112 

Claims 1-19 are rejected under 35 U.S.C. § 112, first paragraph, as failing to 

comply with the enablement requirement. The rejection alleges that the claimed 

limitations of "said second transition time is within an allowed time for 

transitioning from a sleep state to an operating state; and wherein said first 

transition time is greater than said allowed time" are not supported. Applicants 

respectfully traverse. 

At page 9 line 21 et seq., the present application discloses that certain time 

intervals are "allowed for transition to and from the deep sleep mode." An 

exemplary time allowance is given for transitions "to and from deep sleep." 
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At page 10, line 18 et seq., the present application discloses, "if the exemplary 

processor is operating at its lowest processing core voltage of 1.2 volts (e.g., a second 

operating voltage), its core voltage may be lowered in the time available to 0.6-0. 7 

volts." However, a similar time interval may be required for a transition from a 

voltage of 0.9-.01 volts to a first operating voltage of 1.5 volts. Accordingly, the 

present application teaches that a transition from the range of 0.6-0. 7 volts to a first 

operating voltage of 1.5 volts, e.g., a first transition time, is greater than the 

allowed time, which only allows for a transition from 0.6-0. 7 to 1.2 volts. 

While the examples cited present exemplary voltages and duration, the cited 

passages, as well as the application as a whole, provide enabling support for the 

Claims. Accordingly, Applicants respectfully solicit withdrawal of the 35 U.S.C. § 

112, first paragraph, rejections. 

Claim 15 is rejected under 35 U.S.C. § 112, first paragraph, as failing to 

comply with the enablement requirement. The rejection alleges that the claimed 

limitations of "a second sleep voltage " are not supported. Applicants respectfully 

traverse. 

With reference to page 9 line 21 et seq., the present application discloses that 

the previously disclosed embodiment of the present invention "does not reduce the 

voltage level as far as might be possible." The present application further describes 

a sleep voltage of 0.9-1.0 volts, and a lower sleep voltage of 0.6-0. 7 volts. 
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Accordingly first and second sleep voltages are disclosed and enabled. Thus, 

Applicants respectfully solicit withdrawal of this 35 U.S.C. § 112, first paragraph, 

rejection. 

Claims 1-6 and 15-19 stand rejected under 35 U.S.C. § 112, second 

paragraph, as being indefinite for antecedent issues. Applicants respectfully assert 

that amendments presented herein to independent Claims 1 and 15 correct the 

cited informalities, and respectfully solicit withdrawal of this rejection. 

Title 

The title is objected to as not descriptive. Applicants herein amend the title 

of the present application. 

Applicants respectfully assert that the amended title is brief, technically 

accurate and descriptive, as required by MPEP § 606, and respectfully request 

withdrawal of this objection. 
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CONCLUSION 

Claims 1-19 are pending in the present application. Applicants respectfully 

request reconsideration of the present application in view of the amendments and 

remarks presented herein. 

The Examiner is invited to contact Applicants' undersigned representative if 

the Examiner believes such action would expedite resolution of the present 

Application. 

Please charge any additional fees or apply any credits to our PTO deposit 

account number: 504160. 

Date: October 5, 2009 

TRAN-P4 70/ACM/NAO 
Examiner: Cao, C. 

Respectfully submitted, 

MURABITO, HAO & BARNES LLP 

/Anthony C. Murabito/ 
Anthony C. Murabito 
Reg. No. 35,295 

Two North Market Street 
Third Floor 
San Jose, California 95113 
( 408) 938-9060 
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Publication Title: 

Power saving system. 

Abstract: 

In a personal computer having a logic circuit constituted by low-power 
consumption elements such as CMOS elements, a power saving system 
includes a register (41) in which control data can be set from a keyboard (29) or 
by software, and switches (43) for allowing and stopping power supply from a 
power-- supply to an oscillator on the basis of control data from the register. 
Supply of clock· signals to a disabled logic circuit can b_e stopped by an operator'.s. • 
decision. In initialization processing of a driver routine of an extended card-
optionally connected to the personal computer, power supply designation 
information is set in the register. In the completion routine, power supply stop 
designation information is set in the register. 
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@ Power saving system. 

® In a personal computer having a logic circuit 
constituted by low-power consumption elements 
such as CMOS elements, a power saving system 
includes a register (41) in which control data can be 
set from a keyboard (29) or by software, and switch
es (43) for allowing and stopping power supply from 
a power supply to an oscillator on the basis of 
control data from the register. Supply of clock sig-
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nals to a disabled logic circuit can be stopped by an 
operator's decision. In initialization processing of a 
driver routine of an extended card optionally con
nected to the personal computer, power supply des
ignation information is set in the register. In the 
completion routine, power supply stop designation 
information is set in the register. 
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Power saving system 

The present invention relates to a power saving 
system having a logic circuit constituted by CMOS 
(Complementary Metal Oxide Semiconductor) ele
ments and applied to. e.g .• a personal computer. 

In recent years. various types of chips such as 
microprocessor, memory and LSI chips are manu
factured along with developments in semiconductor 
technologies. and packing densities of these chips 
are increasing year by year. As a result. compact 
personal computers have been developed. and for 
example. compact. light-weight, portable personal 
computers -e:alled lap-top computers have been 
very popular 1n place of ·desk-top personal comput• 
ers. Most of the lap-top computers are designed as 
battery-operated computers. For this reason, these 
computers are designed to minimize power con
sumption of the internal circuits in order to prolong 
the operating time. 

It is known that power consumption of a CMOS 
1s minimized when a clock pulse is not supplied. A 
power-saving implementation is proposed wherein 
LSls (Large Scale Integration Circuits) used in in
ternal circuits of computers are arranged by CMOS 
elements. 

Wasteful power consumption such as power 
consumption required for waiting for a key input 
from a keyboard is still present. Strong demand 
has arisen for further power saving. 

It is an obiect of the present invention to pro
vide a power saving system which utilizes CMOS 
characteristics which exhibit minimum power con
sumption in the absence of input clock pulses, 
thereby performing power saving in accordance 
with a software instruction. 

According to the first aspect of the present 
invention, a power saving system for a personal 
computer which includes a logic circuit constituted 
by highly integrated semiconductor elements, com
prises: a power supply for supplying power: clock 
signal generating means for receiving the power 
from the power supply and supplying a clock signal 
to the logic circuit; keyboard means including at 
least a power supply designation key for designat· 
ing power supply to the clock signal generating 
means and a power supply stop designation key 
for designating stop of power supply to the clock 
signal generating means, and for outputting power 
supply designation information and power supply 
stop designation information; latch means for latch
ing the power supply designation information or the 
power supply stop designation information from the 
keyboard means; and switch means, connected 
between the latch means and the clock signal 
generating means, for supplying the power to the 
clock signal generating means on the basis of the 

power supply designation information supplied 
from the latch means and for stopping power sup
ply to the clock signal generating means on the , 
basis of the power supply stop designation in-

s formation supplied from the latch means. 
According to the second aspect of the present 

invention, a power saving system for a personal 
computer which includes a logic circuit constituted 
by highly integrated semiconductor elements and 

10 receives an input signal and outputs a predeter
mined signal. comprises: a power supply for sup
plying power; clock signal generating means for 
receiving the power from the power supply and -·. 
supplying a clock signal to the logic circuit: latch· 

15 means for latching power supply stop designation 
information: memory means for storing a control 
program serving as a logic circuit driver routine 
executed by the personal computer, the control 
program determining whether a predetermined sig-

20 nal is output from the logic circuit within a pre• 
determined period of time and setting the power 
supply stop designation information in the latch 
means when the predetermined signal is not output 
within the predetermined period of time: and switch 

25 means, connected between the latch means and 
the clock signal generating means, for stopping 
power supply to the clock signal generating means 
on the basis of the power supply stop designation 
information supplied from the latch means. 

30 According to the third aspect of the present 
invention. a power saving system for a personal 
computer, comprises: a power supply for supplying 
power: extended card means, optionally connec
table to the personal computer, for executing a 

35 predetermined logical function: clock signal gen
erating means for receiving the power from the 
power supply and supplying a clock signal to the 
extended card means: latch means for latching 
power supply designation information or power 

40 supply stop designation information: memory 
means for storing a program serving as an ex
tended card driver routine e><ecuted by the per• 
sonal computer, the program including an initializa
tion routine for setting the power supply designa• 

45 lion information in the latch means and a comple
tion routine for setting the power supply stop des
ignation information in the latch means after a 
predetermined function is executed by the ex
tended card means: and switch means, connected 

so between the latch means and the clock signal 
generating means, for supplying the power to the 
clock signal generating means on the basis of the 
power supply designation information supplied 
from the latch means and for stopping power sup
ply to the clock signal generating means on the 

2 
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basis of the power supply stop designation in
formation supplied from the latch means. 

· Additional objects and advantages of the inven
tion will be set forth in the description which fol
lows, and in part will be obvious from the descrip
tion, or may be learned by practice of the · inven
tion. The objects and advantages of the invention 
may· be realized and obtained by means of the 
instrumentalities and combinations particularly 
pointed out in the appended claims. 

Other objects and features of the present in
vention will be apparent from the following descrip
tion taken in connection with the accompanying 
drawings, in which: 

Fig. 1 is a block diagram showing an ar
rangemeint of a personal computer which employs 
a power saving system according the present in
vention; 

Fig. 2 is a block diagram of a power saving 
system according to the first embodiment of the 
present invention; 

Fig. 3 is a data format showing bit assign
ment of a register shown in Fig. 2; 

Fig. 4 is a flow chart for controlling power 
supply upon operations of power ON and OFF 
keys arranged on a keyboard; 

Fig. 5 is a flow chart for controlling power 
supply by time-out; 

Fig. 6 is a flow chart in which power supply 
control is utilized in a driver routine of an extended 
card optionally connected to the power saving sys
tem; and 

Fig. 7 is a block diagram showing a power 
saving system according to the second embodi
ment of the present invention. 

Fig. 1 is a block diagram showing an arrange
ment of a personal computer which employs a 
power saving system according to the present in
vention. 

Referring to Fig. 1, a CPU (Central Processing 
Unit) 1 controls the overall system operations of 
the personal computer. A ROM (Read Only Mem
ory) 3 stores a basic input and output operating 
system (BIOS) program for controlling 
inputs/outputs of the personal computer. This BIOS 
includes programs represented by flow charts of 
Figs. 4 to 6. A RAM (Random Access Memory) 5 
stores application programs executed by this per
sonal computer and various data. A OMAC (Direct 
Memory Access Controller) 7 comprises a com
mercially available LSI for controlling DMA. A PIC 
(Interrupt Controller) 9 comprises a commercially 
available LSI for controlling various circuit inter
rupts. A PIT (timer) 11 measures time. An RTC 
(Real Time Clock) 13 comprises a commercially 
avallable LSI for storing date, time, an the like. 

An HCC (Hard Disk Controller) 15 comprises a 
commercially available LSI for controlling an HOO 

(Hard Disk Driver) 17. The HDD (Hard Disk [?rive) 
17 serves as an external storage unit for storing 
programs and data An FDC (Floppy Disk Control
ler) 19 comprises a commercially available LSI for 

s controlling an FDO (Floppy Disk D~ive) 21. The 
FOO 21 serves as an external storage unit for 
storing programs and data as in the HDD 11: · A 
PRTCONT (Printer Controller) 23 controls a printer. 
An S1O (Serial Input and Output Control Circuit) 25 

10 comprises a commercially available LSI for control
ling communication. A KBC (Keyboard Controller) 
27 comprises a commercially available LSI for con
trolling a keyboard 29. The keyboard 29 comprises 
various keys for inputting various data and includes 

1s a power ON command key 29a for designating 
power supply and a power OFF command key 29b 
for designating power of power supply. A P.DPC 
(Plasma Display Controller) _31 controls a POP 
(Plasma Display) 33. A VRAM (Video RAM) 35 

20 serves as a memory for storing the content dis
played on the PDP 33. Data is read out from a 
kanji ROM 37 to display kanji characters, and the 
readout kanji information is displayed on the PDP 
33. The CPU 1, the ROM 3, the RAM 5, the DMAC 

25 7, the PIC 9, the PIT 11, the ATC 13, the HDC 15, 
the FDC 19, the PRTC 23, the SIO 25, the KBC 27, 
the POPC 31, the VRAM 35, and the kanji ROM 37 
are connected to a system bus 39. 

Fig. 2 is a block diagram showing a power 
30 saving system according to the first embodiment of 

the present invention. 
A register 41 is connected to the system bus 

39. The register 41 stores control data for ON/OFF
controlling the power supply. More specifically, the 

35 register 41 comprises, e.g., a 16-bit register. As 
shown in Fig. 3, bit information for controlling pow
er ON/OFF is assigned to, e.g., bit 0. That is, when 
bit O is set at logic "1 ", the power is supplied to 
the respective circuits. However, when bit O is set 

40 at logic "O", the power OFF state is set. A bit 
output from the register 41 is supplied to a switch 
circuit 43. This register 41 may be assigned to the 
RAM 5 in the form of, e.g., a memory mapped VO. 
Alternatively, 1/0 device addresses may be as-

45 signed to this register. In either case, the register 
41 can be accessed by software. 

The switch circuit 43 comprises an electronic 
switch (constituted by, e.g .• transistors) or a relay 
circuit. When a bit output from the register 41 is 

so set at logic "1 ", the power is supplied from a 
power supply 49 to an oscillator 45. However, when 
the bit output is set at logic "0", the power supply 
is stopped. When the oscillator 45 receives the 
power through the switch circuit 43, the oscillator 

ss 45 outputs a clock signal to a logic circuit 7. The 
power supply 49 Is connected to supply the power 
to the CPU 1, the keyboard 29, the register 41, the 
switch circuit 43, and the logic cil'Ctlit 47. The logic 

3 
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circuit 47 comprises a CMOS circuit for performing 
a predetermined function. For example, in the 
block diagram of Fig. 1, the logic circuit 47 cor
responds to the OMAC 7, the PIC 9, the PIT 11, 
the RTC 13. the FOC 19, the PRTC 23. the SIO 25, 
the KBC27. the POC 31, and the like. Although not 
illustrated. the logic circuit 47 also includes a LAN 
(Local Area Network) controller and a MODEM 
(Modulator "Demodulator). 

Power supply or stop of power supply can be 
designated automatically or by an operator. The 
flow chart shown in Fig. 4 exemplifies an operation 
for detecting depression of the power OFF or ON 
command key 29a or 29b arranged on the key
board 29 an_q_ tor allowing or stopping power supply 
from the· power supply IQ th.a oscillator 45.· 

The CPU 1 determines in step 51 whether a 
key input is detected. If YES in step 51. the CPU 1 
determines m step 53 whether the depressed key 
is the power OFF command key 29a. If YES in step 
53. data "01" (hex) is set in the register 41 in step 
55. As a result. bit data of "1 ff is supplied from the 
register 41 to the switch circuit 43, and then the 
switch circuit 43 supplies the power from the power 
supply 49 to the oscillator 45. Therefore, the os
cillator 45 supplies a clock signal to the logic circuit 
47. and the logic circuit is operated. 

When the CPU 1 determines in step 57 that 
the power ON command key 29b is depressed, the 
CPU 1 sets data "00" (hex) in the register 41 in 
step 59. 

Bil data of "O" is supplied from the register 41 
to the switch circuit 43. and the switch circuit 43 
does not supply the power to the oscillator 45. In 
this case. no clock signal is supplied from the 
oscillator 45 to the logic circuit 47. The power 
consumption ol the logic circuit 47 becomes mini
mum, and the power can be saved. 

Fig. 5 is a flow chart showing an operation for 
automatically controlling power supply to the KBC 
(Keyboard Controller) 27. 

The CPU 1 determines in step 61 whether a 
key input Is detected. If NO in step 61, a time
measuring software counter is incremented in step 
63. The CPU 1 then determines in step 65 whether 
a predetermined period of time has elapsed. If NO 
in step 65. the CPU 1 repeats the operations in 
steps 61, 63. and 65. When the CPU 1 determines 
in step 65 that the predetermined period of time 
has elapsed. the CPU 1 sets data "00" (hex) in the 
register 41 in step 67. As described above, in this 
case, the switch circuit 43 does not supply the 
power to the oscillator 45, and the oscillator 45 
does not supply the clock signal to the logic circuit 
47 accordingly. As a result, the power consumption 
of the logic circuit 47 becomes minimum, and the 
power can be saved. 

Fig. 6 is a flow chart showing an operation for 

automatically controlling power supply or stop of. 
power supply when, e.g., a LAN drive routine is 
loaded or unloaded. 

Assume that the system bus of the personal 
s computer shown in Fig. 1 is connected to an exter

nal connector {not shown), and that a LAN control 
card serving as an extended card can be optionally 
connected to this personal computer. In this case. 
the LAN driver routine is prestored in the HOO 17. 

10 In order to perform LAN control, the LAN driver 
routine stored in the HOO 17 is loaded in the RAM 
5 and Is executed by the CPU 1. 

In step 71 as an initialization routine, the CPU 1 
sets data "01" (hex) in the register 41. The switch 

1s circuit 43 supplies the power to the oscillator 45, 
and the oscillator 45 then supplies a clock signal to . 
the logic circuit 47 (in this case. to the LAN card).,··. · 
The LAN card is then operated. After the predeter- ··
mined LAN processing routine is executed. the 

20 CPU 1 performs completion processing in step 73. 
In this completion processing. the CPU 1 sets data 
"00" (hex) m the register 41. In this case, the 
switch circuit 43 stops supplying the power to the 
oscillator 45. Therefore, the power consumption of 

25 the LAN card becomes minimum, and the power 
can be saved. 

Fig. 7 is a block diagram of a power saving 
system according to the second embodiment of the 
present invention. The same reference numerals as 

30 in Fig. 1 denote the same parts in Fig. 2, and a 
detailed description thereof will be omitted. 

In the embodiment shown in Fig. 7, power from 
a power supply 49 is always supplied to an oscilla
tor 45. A clock signal is supplied from the oscillator 

35 45 to a gate circuit 75. The gate circuit 75 com
prises, e.g., an ANO gate and supplies a clock 
signal from the oscillator 45 to a logic circuit 47 in 
response to an enable signal from a CPU 1. The 
enable signal supplied from the CPU 1 may be 

40 supplied from a keyboard as in Fig. 2 or may be 
obtained by utilizing the concept of time-out. as 
shown In Fig. 4, or an enable or disable signal may 
be formed in the initialization and completion rou
tines in the extended load module, as shown in Fig. 

45 6. The same effect as in the embodiment of Fig. 2 
can be obtained in the above modifications. 

In the second embodiment. the LAN card is 
exemplified as the extended card. However, the 
present invention is not limited to this. For exam-

so pie, power supply of various external optional cards 
such as an SCSI (Small Computer System Inter
face) control card, various communication boards, 
a keyboard controller, a printer controller, a display 
circuit controller, and a modem card can be con-

55 trolled. 
In the above embodiment, the programs shown 

in Figs. 4 to 6 are stored in the ROM 3. However, 
these programs may be stored in, e.g., the HOO 17 
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and the FDD 21. 
Additional advantages and modifications will 

readily occur to those skilled In the art. Therefore, 
the Invention in its broader aspects is not limited to 
the" specific details, representative devices, and il
lustrated examples shown and described. Accord
ingly, departures may be made from such details 
without departing from the spirit or scope of the 
general inventive concept as defined by the appen
ded claims and their equivalents. 

Clalms 

1. A power saving system for a personal com
puter having a logic circuit (47) constituted by 
highly integrated semiconductor elements, a power 
supply (49) for supplying power, and an oscillator 
(45) for receiving the power from said power sup
ply and supplying a clock signal to said logic 
circuit, characterized by comprising: 
means (29a, 29b, Figs. 4, 5, and 6) for designating 
supply and stop of supply of the clock signal to 
said logic circuit; and 
control means (41, 43, 75) for controlling the sup
ply or the stop of supply of the clock signal to said 
logic circuit in response to designation information 
from said designating means. 

2. A system according to claim 1, character
ized in that said designating means comprises a 
keyboard (29) including at least a power supply 
designation key (29a) for designating power supply 
from said power supply to said oscillator and a 
power supply stop key (29b) for designating stop of 
power supply from said power supply to said os
cillator, said keyboard (29) being arranged to out
put power supply designation information and pow
er supply stop designation information. 

3. A system according to claim 1, character
ized in that said logic circuit receives an input 
signal and outputs a predetermined signal, and 
said designating means comprises memory means 
(3, 17, 21) for storing a control program serving as 
a logic circuit driver routine executed by said per
sonal computer, the control program setting the 
power supply stop designation information when 
the predetermined signal is not output from said 
logic circuit within a predetermined period of time. 

4. A system according to claim 1, character
ized in that said logic circuit includes optional ex
tended card means, connectable to said personal 
computer, for executing a predetermined logic 
function, and said designating means comprises 
memory means for storing a program serving as an 
extended card driver routine executed by saic! per
sonal computer, the control program including an 
initialization routine for outputting power supply 
designation information and a completion routine 

for outputting the power supply stop designation 
information after the predetermined function is per
formed by said extended card means. 

5. A system according to any one of claims 1 
s to 4, characterized in that said control means com

prises: 
latch means (41) for latching information for des
ignating supply and stop of supply of the clock 
signal; and 

10 switch means (43), connected between said latch 
means and said oscillator, for supplying the power 
to said oscillator on the basis of the clock supply 
designation information supplied from said latch 
circuit and for stopping power supply to said os-

15 cillator on the basis of the clock supply stop des-
ignation Information supplied from said latch circ1,1it. 

6. A system according to any one of claims .1 
to 4, characterized in that said control means com
prises gate means (75), connected between said 

20 oscillator and said logic circuit, for receiving the 
clock supply designation information and supplying 
the clock signal from said oscillator to said logic 
circuit, and for stopping supply of the clock signal 
to said logic circuit on the basis of the clock supply 

2s stop designation information. 
7. A system according- to any one of claims 1 

to 6, characterized in that said logic circuit com
prises CMOS (Complementary Metal Oxide Semi
conductor) elements. · 

30 8. A system according to any one of claims 1 
to 7, characterized in that said logic circuit includes 
a LAN (Local Area Network) control circuit, an SCSI 
(Small Computer System Interface) control circuit, 
a communication board, a keyboard controller, a 

35 printer controller, a display controller, and a model 
control circuit. 

40 

45 

55 
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Abstract: 

A personal computer having a sleep mode function for reducing power 
consumption by lowering the frequency of a clock pulse to be supplied to a CPU 
includes a clock control circuit (18) for generating a high-frequency first clock 
pulse, and a low-frequency second clock pulse. When a power supply is turned 
on, an·initial program loader- (IPL). discriminates whether or not an AC adapter 
(105) is connected. The computer also includes a sleep mode controller (16) for➔•• •• 
when the AC adapter is connected, disabling a signal, to be supplied to the clock·.
control circuit, for instructing generation of the second clock pulse. 
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@ Computer system having sleep mode function. 

@ A personal computer having a sleep mode func
tion for reducing power consumption by lowering the 
frequency of a clock pulse to be supplied to a CPU 
includes a clock control circuit (18) for generating a 
high-frequency first clock pulse, and a low-frequency 
second clock pulse. When a power supply is turned 
on, an initial program loader (IPL) discriminates 
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whether or not an AC adapter (105) is connected. 
The computer also includes a sleep mode controller 
(16) for, when the AC adapter is connected, dis
abling a signal, to be supplied to the clock control 
circuit, for instructing generation of the second clock 
pulse. 
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The present invention relates to a personal 
computer and, more particularly, to a computer 
system having a sleep mode function of decreasing 
a processing speed of a CPU to save power of the 
system (i.e., to reduce power consumption). 

In recent years, a lap-top type personal com
puter which employs a battery (rechargeable inter
nal battery) as a power supply for a computer 
system has been developed. Such a computer 
must have some means for saving power since 
continuous use of its power supply is limited. 

For the purpose of saving power of the power 
supply, a so-called sleep mode function of de
creasing a processing speed of a CPU 
(microprocessor). under a predetermined conc;lition 
is known. When no input/output (1/0) operation is 
performed, the CPU does not require a normal 
processing speed (relatively high speed), and the 
processing speed of the CPU can be decreased. 
The processing speed of the CPU is determined by 
the frequency of a clock pulse. For this reason, the 
sleep mode function switches a high-frequency 
clock pulse normally supplied to the CPU to a low
frequency clock pulse, and supplies it to the CPU. 

When the following conditions are satisfied, the 
sleep mode function is started upon execution of a 
HALT instruction by a basic input and output sys
tem (BIOS). 

(1) Although a keyboard control routine of the 
BIOS is executed, no key input data is set in a 
key buffer. 
(2) No key input data is set in the key buffer, 
and the CPU is in an idle state. 

On the other hand, the sleep mode function is 
released when an external interrupt, e.g., a timer 
interrupt occurs, or when the CPU is reset. Once 
the sleep mode function is released, it will not be 
enabled unless the BIOS executes a HALT instruc
tion again. 

In order to enable the sleep mode function, the 
BIOS must execute a HALT instruction under the 
above-mentioned conditions. When the sleep mode 
function is permitted to be enabled, the BIOS must 
always monitor whether the above-mentioned con
ditions are satisfied. More specifically, time is un
desirably wasted for processing which is not asso
ciated with actual execution of a program. 

When the sleep mode function is enabled, and 
when it is released in response to an interrupt (e.g., 
a timer interrupt for monitoring a status of the 
system) or resetting of the CPU, the low-frequency 
clock (e.g., 4 MHz) must be restored to the high
frequency clock (32 MHz). This operation requires 
a plurality of cycles, and time is wasted for pro
cessing which is not associated with actual execu
tion of the program, as described above. 

As described above, the sleep mode function 
is set to prolong a battery driving time by reducing 

power consumption. Therefore, when the computer 
receives an external power supply, e.g., when an 
AC adapter is connected to the computer, a power 
supply from the AC adapter has priority over a 

5 power supply from the battery. Therefore, the sleep 
mode function need not be enabled. 

However, the sleep mode function of a conven
tional battery driven personal computer is enabled 
as long as the conditions are satisfied even when 

10 the computer is operated by a mounted battery, 
and when it receives an external power supply, 
e.g., when it is operated by an externally con
nected AC adapter or when it receives power from 
a master station which can be connected to the 

75 battery driven personal computer. Therefore, the 
processing speed of a program is decreased, and 
performance of the personal computer cannot be 
fully exhibited. 

It is an object of the present invention to pro-
20 vide a personal computer which can disable a 

sleep mode function when the personal computer 
which is battery driven is operated by externally 
supplied power, and can fully exhibit its perfor
mance. 

25 In order to achieve the above object, according 
to the present invention, a computer system having 
a sleep mode function, comprises: processor 
means for performing various data processing op
erations; clock control means for selecting one of a 

30 first clock pulse at a predetermined high frequency 
required in a normal mode of the processor means, 
and a second clock pulse at a predetermined low 
frequency required in a sleep mode of the proces
sor means, and supplying the selected clock pulse 

35 to the processor means; discrimination means for 
discriminating whether or not the computer system 
receives an external power supply; and sleep op
eration control means for, when the discrimination 
means discriminates that the computer system re-

40 ceives an external power supply, prohibiting the 
clock control means to supply the second clock 
pulse to the processor means. 

According to the present invention, the com
puter can automatically recognize that power is 

45 externally supplied, and can automatically disable 
the sleep mode function. As a result, a personal 
computer having a sleep mode function, which can 
fully exhibit its performance can be provided. 

This invention can be more fully understood 
5o from the following detailed description when taken 

in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a block diagram showing a personal 
computer having a sleep mode function accord-

55 ing to an embodiment of the present invention; 
Fig. 2 is a detailed circuit diagram of a sleep 
mode controller shown in Fig. 1; 
Fig. 3 is a detailed circuit diagram of a logic 

2 
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circuit shown in Fig. 1; 
Fig. 4 is a detailed circuit diagram of a clock 
control circuit shown in Fig. 1; 
Fig. 5 is a detailed circuit diagram of a circuit for 
discriminating connection of an AC adapter; and 
Figs. 6A and 6B are flow charts showing an 
operation of the embodiment shown in Fig. 1. 

' Fig. 1 is a block diagram showing a personal 
computer having a sleep mode function according 
to an embodiment of the present invention. The 
personal computer shown in Fig. 1 is a lap-top type 
personal computer which can be operated by a 
rechargeable battery. As shown in Fig. 1, this.sys
tem comprises a microprocessor 10 constituting a 
central processing unit (CPU), a keyboclJ'.d 11, a 
keyboard controller (KBC) 12, a memory 13, a read 
only memory (ROM) 14 for storing a basic input 
and output system (BIOS), an 1/0 device 15, and a 
power supply 103 connected to a system bus 19 
via a power supply control interface (PS-IF) 101. 

The keyboard 11 and the KBC 12 constitute an 
input device for inputting data upon various key 
operations on the keyboard 11. The memory 13 
comprising a random access memory (RAM) con
stitutes various registers such as key buffers for 
storing data inputted from the keyboard 11. As 
described above, the ROM 14 stores the BIOS for 
performing an 1/0 control operation. The 1/0 device 
15 is an external storage device such as a floppy 
disk drive. 

The system further comprises a sleep mode 
controller 16 and a control register 17. The sleep 
mode controller 16 discriminates based on a com
mand outputted from, e.g .• the CPU 10 whether or 
not predetermined conditions for executing a sleep 
mode are satisfied. If the predetermined conditions 
are satisfied, the sleep mode controller 16 outputs 
a control signal SS to a clock control circuit 18. 
The control register 17 stores mode control data 
for enabling or disabling execution of a control 
operation of the sleep mode controller 16. 

The clock control circuit 18 generates a clock 
pulse CK for determining a processing speed of 
the CPU 10, as shown in Fig. 4. A clock generator 
40 generates clock pulses NCK1 and NCK2 neces
sary for a normal operation (high-speed process
ing) of the CPU 10, and a low-frequency (e.g., 4 
MHz) clock pulse SCK necessary for the sleep 
mode. The clock pulse NCK1 is a high-frequency 
(e.g., 32 MHz) pulse, and the clock pulse NCK2 is 
a high-frequency (e.g., 16 MHz) pulse. The clock 
control circuit 18 comprises first and second clock 
switching circuits 41 and 42. 

The first clock switching circuit 41 selects one 
of the clock pulses NCK1 and NCK2 on the basis 
of a clock switch signal CS outputted from the KBC 
12, and outputs the selected pulse as a normal
mode clock pulse NCK. The first clock switching 

circuit 41 is constituted by a logic circuit compris-· 
ing AND gates 41a and 41b, an OR gate 41c, and 
an inverter 41 d. The second clock switching circuit 
42 selects and outputs the clock pulse SCK in 

s accordance with the clock switch signal SS from 
the sleep mode controller 16 in the sleep mode, 
and selects and outputs the clock pulse NCK from 
the first clock switching circuit 41 in the normal 
mode. The second clock switching circuit 42 is 

10 constituted by a logic circuit comprising AND gates 
42a and 42b, an OR gate 42c, and an inverter 42d. 

The sleep mode controller 16 has a circuit 
shown in Fig. 2. More specifically, the controller 16 
is a logic circuit comprising AND gates 20a and 

15 20b, flip-flops 21a through 21e, NANO gates 22a 
and 22b, inverters 23a and 23b, an OR gate 24, 
and buffer circuits 25a and 25b. The first input- ; 
terminal of the AND gate 20a receives the mode 
control data CD stored in the control register 17, 

20 and the second input terminal thereof receives a 
HALT instruction from the CPU 10. When the HALT 
instruction is at logic level "H" (High), it becomes a 
significant signal. When the mode control data CD 
is at logic level "H", the sleep mode is disabled, 

25 and when it is at logic level "L" (low), the sleep 
mode is enabled. Therefore, when the mode con
trol data CD at logic level "L" is stored in the 
control register 17, and the HALT instruction at 
logic level "H" is inputted, the AND gate 20a 

30 outputs a signal at logic level "H" to the OR gate 
24. The control register 17 is set in a write enable 
state in response to a write enable signal WE 
generated by decoding an 1/0 address outputted 
from the CPU 10. The mode control data CD is set 

35 in the control register 17 by the CPU 10 on the 
basis of a content (whether the sleep mode is . 
enabled or disabled) set in a setup menu or a pop
up menu by a user via the keyboard 11. 

The first input terminal of the NANO gate 22a 
40 receives a system reset signal SR1, and the sec

ond input terminal thereof receives a sleep mode 
release signal (interrupt request) IR. The system 
reset signal SR1 is a reset signal (logic level "H") 
outputted from a gate array {not shown). The gate 

45 array generates the reset signal upon reception of 
a power ON/OFF signal from the power supply 103 
or upon reception of a control signal from the 
keyboard 11. The release signal IR is a power OFF 
signal (power ON reset signal) outputted from the 

so power supply 103, or an interrupt signal from an 
interrupt controller (not shown). The first input ter
minal of the NANO gate 22b receives, e.g., a signal 
BR outputted from a OMA controller (not shown) to 
request release of the system bus 19, and the 

ss second input terminal thereof receives a signal BP 
outputted from the CPU 1 O to enable use of the 
system bus 19. The signals BR and BP which are 
significant at logic level "H" are generated when a 

3 
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file is to be accessed. For this reason, when a file 
is not accessed, the signals BR and BP are at logic 
level "L". The clock terminals of the flip-flops 21 a 
through 21 e receive a clock CLK from a clock 
generator (not shown). The AND gate 20b outputs 
the control signal SS as an output signal from the 
controller 16. When the mode control data CD is at 
logic level "L", the HALT instruction is at logic level 
"H", and the signals BR and BP are at logic level 
"L •. As a result, the AND gate 20b outputs the 
"H"-level control signal SS which means to setting 
of the sleep mode. When one of the system reset 
signal SR1 and the release signal IR is at logic 
level "H", the sleep mode is released. When the 
"H"-level mode..contrpl data CD which means pro
hibition of the control operation of the sleep mode 
controller 16 is set in the control register 17, the 
sleep mode is released. In Fig. 2, the flip-flops 21 c 
and 21d are arranged to synchronize the system 
reset signal SR1 and the interrupt signal IR with the 
HALT signal. More specifically, the system reset 
signal SRl and the interrupt signal IR are gen
erated at arbitrary timings. However, the HALT 
signal is generated by decoding the HALT instruc
tion by the CPU upon an instruction from the BIOS. 
Therefore, the HALT signal and the system reset 
signal SR1 or the interrupt signal IR are synchro
nized with each other. Fig. 2 shows system result 
signals SRl and SRO. The system reset signal SRO 
is an inverted signal of SR1. More specifically, the 
system reset signal SRl goes active at logic "1" 
("H"), and the system reset signal SRO goes active 
at logic "0" ("L "). The HALT instruction is gen
erated by a status decode circuit shown in Fig. 3 (a 
logic circuit 100 shown in Fig. 1 ). This circuit 
comprises AND gates 30a through 30c, and invert
ers 31a and 31b. The CPU 10 outputs various 
status signals Ml, WR, DC, BH, BL, and AS to the 
status decode circuit. The signal Ml means mem
ory access when it is at logic level "W; and means 
1/0 access when it is at logic level "L •. The signal 
WR means a write mode when it is at logic level 
"H"; and means a read mode when it is at logic 
level "L ". The signal DC means data when it is at 
logic level "H"; and means a command when it is a 
logic level "L ". For example, when 16-bit data is to 
be accessed, the signal BH at logic level "H'' 
means that an upper byte of data is enabled, and 
the signal BL at logic level "H" means that a lower 
byte of the data is enabled. When the signal AS is 
at logic level "H" it means that an address signal is 
correct. When the status decode circuit receives 
the "H"-level signal Ml, the "H"·level signal WR, 
the "L "·level signal DC, the "H"·level signal BH, 
the "L "·level signal BL, and "H"·level signal AS, it 
causes the AND gate 30a to output the "H"-level 
HALT instruction. 

Fig. 5 is a circuit for discriminating that an AC 

adapter 105 is connected as an external power 
supply. An output voltage from the AC adapter 105 
is voltage-divided by voltage-dividing resistors 107 
and 109, and the divided voltage is supplied to the 

5 input terminal of a sub CPU 121 in the power 
supply 103. An analog divided voltage supplied to 
the input terminal A is converted into a digital value 
by an internal first ND converter 111. An output 
voltage from a battery 113 is voltage-divided by 

10 voltage-dividing resistors 115 and 117, and the 
divided voltage is supplied to an input terminal B of 
the sub CPU 121. The sub CPU 121 has a ground 
terminal. One of the output terminals of the AC 
adapter 105 and the battery 113 is connected to 

15 the ground terminal via the voltage-dividing resis
tors, and the other output terminal is directly con
nected to the ground terminal. When the AC adapt- ·• 
er 105 is connected, a voltage divided by the 
voltage-dividing resistors 107 and 109 is supplied 

20 to the terminal A, and is converted into a digital 
value by the ND converter 111. Therefore, the sub 
CPU 121 reads an output value from the ND 
converter 111 to detect connection of the AC 
adapter 105. Data indicating connection of the AC 

25 adapter 105 is outputted onto the system bus 19 
via the PS-IF 101. The CPU 10 receives the con
nection data of the AC adapter 105 when the BIOS 
(e.g., an initial program loader (IPL)) stored in the 
ROM 14 is executed, and sets the "H"-level mode 

30 control data CD in the register 17. 
The operation of this embodiment will be de

scribed below with reference to the flow charts 
shown in Figs. 6A and 6B. 

When the power supply of the battery in the 
35 power supply 103 is set ON, the clock generator 40 

in the clock control circuit 18 is activated, and 
generates the clock pulses NCK1, NCK2, and SCK 
(steps S1 and S3). The first clock switching circuit 
41 selects the clock pulse NCK1 or NCK2 in accor-

40 dance with the clock switch signal CS outputted 
from the KBC 12, and outputs the selected pulse 
as a normal-mode clock pulse. When the predeter
mined conditions for setting the sleep mode are 
not satisfied, the sleep mode controller 16 outputs 

45 the "L "-level control signal SS to the clock control 
circuit 18. In other words, the second clock switch
ing circuit 42 of the clock control circuit supplies 
the clock pulse NCK as the clock CK to the CPU in 
a normal mode. In response to the clock pulse 

50 NCK (NCK1 or NCK2), the CPU 10 performs nor
mal high-speed data processing (normal mode). 

The CPU 10 checks in step S5 if the AC 
adapter 105 is connected. If the CPU 10 deter
mines in step S5 that the AC adapter 105 is 

55 connected, the flow advances to step S17. On the 
other hand, if it is determined in step S5 that the 
AC adapter 105 is not connected, the CPU 10 
checks in step S7 if the "H"-level mode control 
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data CD indicating that the control operation of the 
sleep mode controller 16 is to be prohibited is set 
in the control register 17. If YES in step S7, the 
CPU 10 advances the flow to step S17. On the 
other hand, if NO in step S7, the CPU 10 enables 
the sleep mode in step S9. More specifically, the 
CPU 10 executes the BIOS stored in the ROM 14 
to detect a state wherein no key input is made 
from the keyboard 11 for a predetermined period of 
time. More specifically, the CPU 10 outputs a 
HALT instruction when input data from the KBC 12 
is not stored in the key buffer of the memory 13 for 
a predetermined period of time. In other words, if 
no input data is stored in the key buffer, the logic 
circuit 100 {fig. 3) outputs an "H"·lev~I HALT 
instruction to the controller. 16. If there is no file 
access for the 1/0 device 15 as an external device 
via the system bus 19 for a predetermined period 
of time, "L "·level signals BR and BP are outputted 
to the controller 16 (NO in step S13). When these 
conditions are satisfied (YES in step S11 and NO 
in step S13), the controller 16 outputs an "H"·level 
control signal SS to the clock control circuit 18. 
Upon reception of the "H"•level control signal SS, 
the second clock switching circuit 42 of the clock 
control circuit 18 supplies the low-frequency clock 
pulse SCK as the clock CK to the CPU 10. As a 
result, the mode of the CPU 10 is switched from 
the normal mode, i.e., a high-speed mode to the 
sleep mode, and the CPU 10 performs low-speed 
data processing in accorda_nce with this clock pulse 
(steps S15 and S23). The sleep mode is released 
when a signal IR is generated in response to a data 
input from the keyboard 11 or when file access is 
made. 

When the AC adapter 105 is connected (YES 
in step S5), or when the mode control data CD at 
logic level "H" for prohibiting the control operation 
of the sleep mode controller 16 is inputted from the 
keyboard 11, the data CD is set in the control 
register 17 (YES in step S7). As shown in Fig. 2, 
since the "L "-level signal is supplied from the 
control register 17 to the first input terminal of the 
AND gate 20a, setting of the sleep mode is prohi,b· 
ited. Therefore, even when the above-mentioned 
conditions are satisfied (YES in step S11 and NO 
in step S13), the sleep mode operation is disabled 
(step S17). More specifically, the second clock 
switching circuit 42 of the clock control circuit 18 
supplies the clock NCK as the clock CK to the CPU 
1 O in response to the input "L "·level control signal 
SS. The CPU 10 executes normal high-speed data 
processing (normal mode) in response to the clock 
pulse NCK (step S19 and S21). 

According to the present invention, when the 
power supply of the computer system is turned on, 
the initial program loader determines whether or 
not the AC adapter is connected, and if the AC 

adapter is connected, the clock control circuit pro-· 
hibits supply of the low-frequency clock pulse to 
the CPU 10. As a result, the high-speed operation 
of the CPU can be maintained. 

5 In the above embodiment, data set by a user in 
the setup menu or the pop-up menu and indicating 
whether the sleep mode is enabled or disabled is 
set in the register 17. However, the memory 13 
may comprise a battery backup RAM, and the data 

10 may be stored in the memory 13. 
In the above embodiment, whether or not the 

AC adapter is connected or whether or not the 
computer receives a power supply from an expan
sion unit for expanding a function of the personal 

15 computer is determined when the power supply is 
turned on. However, execution of the sleep mode 
may be disabled when the AC adapter is con-·• ; 
nected or when the computer receives a power 
supply from the expansion unit in a state wherein 

20 the personal computer is driven by the battery. 

Claims 

1. A computer system having a sleep mode func-
25 lion, characterized by comprising: 

processor means (10) for performing var
ious data processing operations; 

clock control means (18) for selecting one 
of a first clock pulse at a predetermined high 

30 frequency required in a normal mode of said 
processor means, and a second clock pulse at 
a predetermined low frequency required in a 
sleep mode of said processor means, and sup
plying the selected clock pulse to said proces-

35 sor means; 
discrimination means (14) for discriminat

ing whether or not said computer system re
ceives an external power supply; and 

sleep operation control means (16) for, 
40 when said discrimination means discriminates 

that said computer system receives an external 
power supply, prohibiting said clock control 
means to supply the second clock pulse to 
said processor means. 

45 

2. A system according to claim 1, characterized 
in that said discrimination means includes 
means for discriminating whether or not an AC 
adapter is connected to said system to check 

5o whether or not a power is externally supplied. 

3. A system according to claim 1, characterized 
in that said discrimination means includes 
means for discriminating whether or not said 

55 computer system receives a power supply 
from an expansion unit for expanding a func
tion of said computer system which is releas
ably connected to said system. 

5 
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4. A system according to claim 1, characterized 
in that said discrimination means includes ini· 
tial program loader means for, when a power is 
supplied to said computer system, discriminat· 
ing whether or not said computer system re- 5 

ceives an external power supply. 

5. A system according to claim 1, characterized 
in that said sleep operation control means 
comprises memory means for storing mode 10, 

control data indicating that the sleep mode 
operation is prohibited. 

6. A system according to claim 5, characterized 
in that sail'.! memory means comprises a regis· 15 

tar. 

7. A system according to claim 5, characterized 
in that said memory means comprises a 
battery-backup random access memory 20 

(RAM). 

8. A computer system including a main body 
having a battery and an external terminal for 
receiving an external power source, compris- 25 

ing: 
a central processing unit (CPU) (10) per· 

forming data processing operations; 
a clock control circuit (18) selecting one of 

a high clock pulse for operating said CPU at a 30 

high speed and a low clock pulse for operating 
said CPU at a low speed, the clock control 
circuit supplying the selected clock pulse to 
said CPU; 

determination means (14) for determinating 35 

whether or not the main body receives the 
external power source through the external ter
minal; and 

a sleep mode controller (16) instructing 
said clock control circuit to supply the high 40 

clock pulse to said CPU when said determina-
tion means determinates that the main body 
receives the external power source through the 
external terminal. 

45 

50 

55 

6 

• 
10 
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The present invention relates to reducing the 
power consumption of a digital processor. Such 
reduction is desirable particularly to reduce heat dis
sipation in data processing apparaws including digital 

processors. 
In a known type of processor the contents of its 

Internal registers are not lost even if the supply of a 
clock signal to the processor is stopped. Operations 
can be resumed from the stop state by reopening the 
supply of the clock signal. Such a processor is refer
red to herein as a full-static processor and, if it uses 
CMOS logic, power consumption and heat dissipation 
can be greatly reduced by stopping the supply of a 
clock signal to the processor, or decreasing the fre
quency of the clock signal, while the processor idle. 

Japanese Published Unexamined Patent Appli
cation (PUPA) No.62-169219 (U.S. Pat. No.4,851, 
987) discloses an information processing system in 
which the supply of a clock signal to a processor is 
stopped according to a result of the execution of a pro
gram which detennines whether the system is cur
rently in a state where it waits for the completion of an 
operation of an input/output device or key input by an 
operator. However, even though the system waits for 
the completion of the operation of the input/output 
device or key input by the operator, the processor is 
not always used to be in an idle time. Particularly, in 
an infonnation processing system using a multi-task
ing operating system, possibility that a processor runs 
a second task while waiting for the completion of an 
operation of an input/output device or key input by an 
operator is not insignificant. In such a conventional 
apparatus there is therefore a danger that the supply 
of a clock signal to the processor may be stopped 
while the processor runs the task. 

It is accordingly an object of the present invention 
to provide an information processing system and a 
method for operating such a system which minimises 
this danger. 

According to the present invention there is pro
vided an information processing apparatJJs using a 
multi-tasking operating system, a method for control
ling a processor clock signal wherein the supply of a 
processor clock signal to a processor is controlled by 
a program which runs in the lowest priority under said 
multi-tasking operating system. 

There is further provided an information proces
sing system including a full static processor, a clock 
signal generator for supplying the clock signal to said 
processor, and a clock signal controller for controlling 
the supply of the clock signal to said processor from 
said clock signal generator when a program given the 
lowest priority runs under a multi-tasking operating 
system. 

An information processing system is usually pro
vided with a system timer for synchronising the entire 
system in addition to a generator or oscillator for 
generating the clock signal to be supplied to the pro-

cessor. Under the multi-tasking operating system, 
tasks to run are switched to one another according to 
a priority given to each task for each time interval indi
cated by the system timer. Now in a case where a pro-

5 gram (clock control program) that controls the supply 
of the clock signal to the processor is provided, and 
the clock control program is given the lowest priority, 
the clock control program runs if only the clock control 
program runs and any other tasks does not run, that 

10 is, only if the processor may be stopped. Thereby, the 
supply of the clock signal to the processor can be cer
tainly controlled on or off for each time interval indi
cated by the system timer. Instead of stopping the 
supply of the clock signal to the processor, the fre-

15 quency of the clock signal may be controlled so that 
it can be decreased. 

In order that the invention may be well understood 
a preferred embodiment thereof will now be described 
by reference to the accompanying drawings, in 

20 which:-
FIG.1 is a time chart showing the operations of 

the embodiment of an infonnatlon processing system 
constructed in accordance with the present invention. 

FIG.2 is a block diagram showing the overall con-
25 struction of said embodiment. 

FIG.3 is a flowchart showing a method for control
ling processor clock signals and processing steps 
according to the present invention. 

FIG.2 shows the overall construction of an embo-
30 diment of an infonnation processing system accord

ing to the present invention. Referring to the figure, a 
processor 10 connects to a clock signal line 21, an 
interrupt signal line 22, and a signal lines 23. The sig
nal line 23 is comprised of a plurality of signal lines for 

35 a control signal, an address signal, and a data signal 
other than an interrupt signal and connected to a 
memory 30 and a system timer 70. The signal line 23 
and the interrupt signal line 22 may be called a system 
bus 20. The memory 30 stores a multi-tasking operat-

40 ing system MOS, a clock control program CCP that 
runs in the lowest priority under the multi-tasking 
operating system MOS, and application programs A 
and B. 

The clock signal line 21 and the interrupt signal 
45 line 22 connect to a clock signal controller 40. The 

clock signal controller 40 comprises a clock signal on
off switcher 41, a signal transition detector 42, and a 
register 43. The clock signal on-off switcher 41 is 
always supplied with a clock signal for the processor 

so from a generator 50, stopping the supply of the clock 
signal to the processor 1 O in response to a clock stop
ping signal from the register 43, reopening the supply 
of the clock signal to the processor 10 in response to 
a clock reopening signal from the signal transition 

55 detector 42. The signal transition detector 42 con
nects to an interrupt signal controller 60. The signal 
transition detector 42, when receiving an interrupt sig
nal from the interrupt signal controller 60, gives the 

2 
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Interrupt signal to the processor 10 and the clock 
reopening signal to the clock signal on-off switcher 41. 

To the interrupt signal controller 60, in addition to 
interrupt signals from input/output devices such as a 
keyboard, a disk storage, a printer, etc., a signal from 5 

the system timer are inputted. When receiving these 
signals, the interrupt signal controller 60 outputs the 
interrupt signal to the signal transition detector 42. 
Thereby, except that the interrupt signals from the 
input/output devices are received, the supply of the 10 

clock signal to the processor 1 O is reopened when the 
system timer 70 indicates the lapse of a predeter
mined time. Under the multi-tasking operating system 
MOS, task execution is switched for each time interval 
indicated by the system timer 70. The register 43 is 15 

used for receiving and holding a result of the execu-
tion of the clock control program CCP given the lowest 
priority. 

Now the operations of the embodiment are des-
cribed by reference to FIG.1 in addition to FIG.2. Gen- 20 

erally, in the multi-tasking operating system, a task 
scheduler, which is one of the component programs 
of the operating system, switches tasks on or off 
based on time slicing in which the task scheduler 
gives plural tasks the execute right of the processor 25 

according to their priority for each predetermined time 
interval at the completion of a running task or based 
on a event-driven method in which the execute right 
of the processor is transferred in response to occurr-
ence of an event such as an interruption, as in the 30 

embodiment Time quanta of time slices are deter
mined by the system timer 70. 

FIG.1 shows a state where the execution of plural 
tasks including the clock control program CCP given 
the lowest priority is switched under the multi-tasking 35 

operating system OS and a condition that the supply 
of a clock signal to the processor 10 is controlled on 
or off. Now if the system timer 70 issues a signal indi
cating the lapse of a predetermined time interval over 
the signal line 23 while the application program B 40 

given priority 2 is running, an object of program execu-
tion temporarily changes from the application prog-
ram B to the operating system OS. The operating 
system OS not only determines whether the appli-
cation program B has the execute right of the pro- 45 

cessor 10 even in the following quantum of time, but 
also selects any of programs that require the execute 
right of the processor 10 in the following quantum of 
time and gives it the execution right 

FIG.1 shows a case where only the clock control so 
program CCP requires the execute right of the pro
cessor 1 O. In this case, the clock control program CCP 
runs and, as a result, a signal indicating that a clock 
signal may be stopped is sent to the register 43 of the 
clock controller 40 through the signal line 23. Since 55 

the clock control program CCP does nothing but sim-
ple work as described above, its execution time is very 
short. The register 43 not only holds said signal, but 

3 

also provides a clock stopping signal to the clock sig
nal on-off switcher 41 to stop the supply of the clock 
signal to the processor 10. 

If the supply of the clock signal to the processor 
10 stops and then the system timer 70 issues a signal 
indicating the lapse of a predetermined time, the inter
rupt signal controller 60 provides an interrupt signal to 
the signal transition detector 42 and then the signal 
transition detector 42 provides a clock reopening sig
nal to the clock signal on-off switcher 41 to not only 
reopen the supply of the clock signal to the processor 
10, but also provide an interrupt signal to the pro
cessor 10. The processor 10, on receiving the inter
rupt signal, prompts a timer interrupt handler and a 
dispatcher, which are the component programs of the 
operating system OS, to run and determines a prog
ram to be run in the following quantum of time after 
they run. 

FIG.1 shows also a case where a program to be 
run in the following quantum of time is only the clock 
control program CCP. Also in this case, the clock con
trol program CCP runs to stop the supply of a clock 
signal to the processor 10. If the interrupt signal con
troller 60 issues an interrupt signal while the supply of 
the clock signal to the processor 10 is stopping, not 
only the supply of the clock signal to the processor 10 
is reopened, but also the operating system OS per
forms functions to determine a program to be run in 
the following quantum of time. If the program to be run 
is the application program A given priority 1, the appl i
cation program A runs until the system timer70 issues 
the following signal. When the system timer 70 issues 
the signal, the operating system functions to deter
mine a program to be run in the following quantum of 
time and If the program thus determined is the appli
cation program A, the program A runs again until the 
system timer 70 issues the following signal. 

FIG.3 shows processing steps for stopping the 
supply of a clock signal to the processor under the 
multi-tasking operating system. In the figure, both an 
interrupt handler and a task dispatcher are the com
ponent programs of a task scheduler of the operating 
system. The interrupt handler is a program that runs 
in response to an interrupt signal to do work required 
for stopping and then reopening an application run
ning before receiving the interrupt signal. The task 
dispatcher is a program that determines the following 
task to be run according to priority given to each task 
and transfers the execute right of the processor to the 
task thus determined. 

Referring to FIG.3, in a step S 11 an application 
program given priority other than the lowest priority 
runs. In a subsequent step S12, whether said appli
cation program is completed or not is determined. If 
the application program is not completed, the proces
sing proceeds to a step S13 where the application 
program continues to run. If the application program 
is completed, the processing proceeds to a step S16. 
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If an interrupt signal Is encountered in a step S14 dur
ing the run of the application program, the processing 
proceeds to a step S15 where the interrupt handler 
runs and then the task dispatcher is started in the step 
S 16. The task dispatcher determines whether the run
ning application program is authorised to run also in 
the subsequent quantum of time or not (in a step S17). 
If the application program is authorised to run in the 
subsequent quantum of time, the processing returns 
to the step S11. If the application program is not 
authorised to run, whether another application prog
ram requests authorisation for running or not is deter
mined in a step S18. If another application requests 
to be authorised to run, the application program runs 
in a step S19. Otherwise, the processing proceeds to 
a step S21 where the clock control program (given the 
lowest priority) for stopping a clock signal is started. 
In a subsequent step S22, the clock control program 
runs to send a signal indicating that the supply of the 
clock signal is stopped, to the register 43 of the clock 
signal controller 40 and in a step S23 the supply of the 
clock signal is stopped. 

According to the above embodiment, since the 
clock control program runs only if there is no other 
tasks to be run, the supply of the clock signal is not in 
danger of being stopped while some task is running 
in a background. Further, according to the embodi
ment, since the on-off control for the clock signal is 
performed for each timer interval indicated by the sys
tem timer, the clock signal is stopped in a small slice 
of the idle time for the processor and thereby low 
power dissipation is offered. 

It will be recognised that said clock signal control
ler 40 may be connected to a processor, not the pro
cessor 10 and added to another program. It will be 
appreciated that instead of stopping the supply of a 
clock signal to the processor 10, the frequency of the 
clock signal may be decreased to attempt low power 
dissipation. 

As described above, according to the present 
invention, a method and an information processing 
system which ensure that an allowed time to stop a 
processor or an allowed time to delay an operation of 
the processor is determined to stop the supply of a 
clock signal to the processor or decrease the fre
quency of the clock signal, can be provided. 

Clalms 

1 In an information processing apparatus using a 
multi-tasking operating system, a method for control
ling a processor clock signal wherein the supply of a 
processor clock signal to a processor is controlled by 

adapted to open or to close the supply of clock signals 
to the processor. 

3 The method for controlling a processor clock 
signal according to claim 1 wherein said program is 

5 adapted to change the frequency of the clock signal 
provided to the processor from an operating fre
quency to a reduced idle frequency and vice versa. 

4 An information processing system including a 
full static processor, a clock signal generator for sup-

10 plying the clock signal to said processor, and a clock 
signal controller for controlling the supply of the clock 
signal to said processor from said clock signal 
generator when a program given the lowest priority 
runs under a multi-tasking operating system. 

1s 5 A system as claimed In claim 4 in which said 
clock signal controller is adapted to change the fre
quency of said clock signal from an operating fre
quency to an idling frequency and vice versa. 

6 A system as claimed in claim 4 in which said 
20 clock signal controller is adapted to open or to close 

the supply of clock signals to said processor. 
7 The information processing system according 

to claim 6 wherein said clock signal controller is adap
ted to reopen the supply of a clock signal to said pro-

25 cessor in response to an interrupt signal to said 
processor. 

8 The information processing system according 
to claim 7 wherein said interrupt signal is an output 
signal from a system timer for synchronising the entire 

30 information processing system. 
9 An information processing system as claimed in 

any of claims 4 to 8 including a memory, a processor, 
an input/output device, a generator for supplying a 
clock signal to said processor, and a system timer for 

35 synchronising among the parts of the system, wherein 
a clock signal controller is provided for the purpose of 
stopping the supply of the clock signal to the pro
cessor by means of a program that runs in the lowest 
priority under a multi-tasking operating system and 

40 reopening the supply of said clock signal in response 
to an interrupt signal from said input/output device or 
said system timer. 

45 

50 

a program which runs in the lowest priority under said 55 

multi-tasking operating system. 
2 The method for controlling a processor clock 

signal according to claim 1 wherein said program is 

4 
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The present invention relates to the reduction 
of power consumption in computers. More specifi
cally, the invention relates to techniques for reduc
ing the power consumption in computers by dy
namically varying the voltage and frequency of 
computer systems under program control. 

In computer systems, and especially in porta
ble computer systems, power consumption is an 
important consideration. Conservation of power ex
tends the period of time that portable computing 
devices are able to operate effectively from an 
internal battery when the computer is disconnected 
from an external power source. Among users of the 
portable computers there is a need for the same or 
more computational capability as found in desktop 
machines placed in a low-power environment. 

Power dissipation in "well-designed" CMOS 
circuits is dominated by the switching component. 
which may be approximated by the formula 

where f is the clock frequency, C is the average 
effective capacitance being switched at each clock 
cycle, and Vdd is the supply voltage. Thus, the task 
of reducing power needs becomes that of minimiz
ing f , C, and Vdd, while retaining the required 
functionality. Since the maximum frequency de
creases in roughly linear proportion to Vdd, it can 
be approximated it by the formula 

where k is a constant factor. Thus, lowering the 
voltage from 5 volts to 2 volts, by a factor of 2.5, 
offers a possible fifteen fold reduction in power 
(2.5'52/22) while similarly slowing the maximum op
erating frequency of the computer by only a factor 
of about two and a half. Many integrated circuit (IC) 
manufacturers sell chips that operate over a range 
of supply voltages. In some cases, chips have 
simply been recharacterized, and work unchanged 
for different voltage modes. Some systems achieve 
a reduction in power consumption by running at a 
constant lower voltage However, running at a con
tinuously lowered voltage can result in poorer per
formance, which may be unacceptable to the user. 

Other low power computer systems vary their 
clock rate to conserve power. Varying the clock 
rate alone gives a linear decrease in power usage. 
For static ICs that can actually stop their clock 
altogether when they are not busy, however, there 
is little advantage in slowing the clock over simply 
running the clock as fast as possible when there is 
work, and stopping it completely when there is no 
work. 

US-A-5,167,024 describes a power manage
ment method for a portable computer which con-

trols various units within the computer through tran
sistor switches which control the distribution of 
power by deactivating clock signals to the various 
units within the computer when they are not in use, 

5 removing the supply voltage from a device until 
usage is requested, or decreasing the frequency of 
clock signals for a "slow mode", providing a 25-
30% power saving. 

Some applications require real-time operation. 
10 Radio modem, speech and video compression, and 

speech recognition operations may require com
putation at near-peak rates. However, once the 
real-time requirements of the applications are met, 
there may be no real advantage in increasing the 

15 computational throughput. 
It is an object of the invention to reduce the 

power consumption in a computer system by dy
namically reducing both voltage and clock speed 
without significantly affecting the user's perception 

20 of performance. 
It is a further object of the Invention to reduce 

power consumption by dynamically reducing volt
age and clock speed to a computer system or 
portions of a computer system under program con-

25 trol. 
The present invention describes a method for 

reducing the power consumption of an electrical 
circuit by determining a task to be performed, 
determining the lowest level of power needed to 

30 perform the task, and determining the voltage and 
clock speed necessary to run at that power level. 
The clock speed and supply voltage are set to the 
determined levels and the task is performed. 

The method may further be performed by de-
35 termining the lowest acceptable voltage for the task 

to be performed and the clock speed necessary to 
run at that voltage, or by determining the minimum 
clock speed needed to complete the task and the 
voltage needed to support that clock speed. The 

40 clock speed and supply voltage are set to the 
determined levels and the task is performed. 

The invention further provides a method for 
dynamically adjusting the power consumption of an 
electrical circuit for performing a second task, the 

45 circuit comprising a supply voltage source and a 
clock source and set at a first power level for 
performing a first task, the method comprising: 
determining the second task to be performed by 
the electrical circuit; determining a second power 

50 level necessary to perform the second task; deter
mining a change in voltage to provide the deter
mined second power level; determining a change 
in clock speed to provide the determined second 
power level; changing the supply voltage to the 

55 electrical circuit according to said determined 
change in voltage; changing the clock source ac
cording to said determined change in clock speed; 
and performing the second task. 

2 
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In another aspect of the invention, a method for 
determining the power level is performed by deter
mining the amount of recent idle time in the circuit. 
The power level is chosen based on the amount of 
recent idle time, and voltage and clock speed are 
adjusted to provide that power level to perform the 
task. 

In the present system, power consumption is 
reduced by dynamically varying the voltage under 
program control. An IC or computer subsystem 
running at a lower voltage also requires a lower 
clock rate, since it cannot switch as quickly The 
operating system software of the computer deter
mines the appropriate power level for the task 
being run at a given time, lowering the voltage and 
clock speed for tasks that can take longer to run. 

Running the whole computer at a low voltage 
or speed all the time has the problem that it may 
not be fast enough for some tasks. Dynamically 
varying the voltage and speed under operating 
system control means the CPU can be fast when 
needed and power conservative at other times, 
depending on the task to be performed. 

Embodiments of the invention will now be de
scribed, by way of example, with reference to the 
accompanying drawings, in which: 

Fig. 1 shows a block diagram of the system of 
the invention; 
Fig. 2 describes a general method for perform
ing power level selection for the system of Fig. 
1; 
Fig 3 describes a method for determining nec
essary power requirements; 
Fig. 4 describes the timing implemented in the 
sequencer; 
Fig. 5 shows a block diagram of the sequencer 
ofFig.1; 
Fig. 6 shows a more detailed block diagram of 
the delay circuit for the sequencer of Fig. 5; 
Fig. 7 shows a block diagram of the variable 
clock source of the system of Fig. 1; and 
Fig. 8 shows a block diagram of the variable 
voltage source of the system of Fig. 1, 
Fig. 1 shows a block diagram for general sys

tem 10. The system is based on a general com
puter system 20. For the purposes of the descrip
tion here, computer system 20 may be an in
tegrated circuit (IC), a computer board, some sub
system, or a computer itself. Further, in a computer 
there may be several of these systems, each con
trolling different parts of a system 

A portion of computer system 20 comprises a 
power control subsystem 22, which performs cal
culations to determine the power level needed to 
run an operation of computer system 20 This de
sired power level is provided to sequencer 26 by a 
power select signal pwr-sel 24. Although for illus
trative purposes pwr-sel 24 is shown and de-

scribed in this figure in terms of a single signal, it 
will be obvious that pwr-sel could be a number of 
lines n describing a desired power level. 

Sequencer 26 selects the clock speeds and 
5 voltage values that achieve the desired power level. 

The voltage is required at all times to be greater 
than or equal to the minimum voltage for the cur
rent clock speed. Thus, if the clock speed is being 
reduced, the voltage must be lowered later than the 

10 clock, but if the clock speed is being increased, the 
voltage needs to be raised in advance of the clock. 

Variable clock source 36 is provided with a 
reference frequency ref-elk signal 34. This clock 
may come from the computer or a dedicated or 

15 external source. clk-sel signal 30 provides the 
desired clock speed to variable clock source 36. 
Although for illustrative purposes clk-sel signal 30 
is shown and described in this figure in terms of a 
single signal, it will be obvious that clk-sel could 

20 be a number of signals m describing a desired 
clock speed. The output of variable clock source 
36, clock signal 38, is provided to computer sys
tem 20 to perform the desired operation. 

Variable voltage source 40 is provided a volt-
25 age select volt-sel signal 28 Although for illustra

tive purposes volt-sel signal 30 is shown and 
described in this figure in terms of a single signal, 
it will be obvious that volt-sel could be a number 
of signals p describing a desired voltage level. The 

30 selected voltage Vdd 42 is provided to computer 
system 20 to perform the desired operation. 

Fig. 2 describes a general overview of the 
present method for performing power level selec
tion for system 10. These steps may be performed 

35 by a combination of the subsystems of system 10. 
The step in box 50 finds the operation or task 

to be performed. The step in box 52 determines 
the minimum power requirements to perform the 
operation at an acceptable performance level. 

40 There are many ways by which a lower power 
consumption rate might be chosen. Some tasks 
may be labeled "background" or not time critical. A 
mail delivery process, for example, must eventually 
complete, but it can afford to take longer without 

45 significantly affecting the user's perception of the 
performance of the machine. Some tasks have a 
scheduled time to complete, and have a very pre
dictable performance. Such a task might have the 
clock slowed so that the task completes exactly on 

50 time, within its margin of performance prediction, 
and no sooner. The appropriate voltage would be 
derived from the calculated clock value. Tasks may 
be relabeled with different priorities, with the volt
age and clock rate determined based on their prior-

55 ity User interactive tasks might have a high priority, 
work that requires less interaction a medium prior
ity, and work that is permitted to go slowly a 
background priority. 

3 
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Voltage could also be lowered in a portable 
computer when the battery life is low, thus permit
ting a user to continue useful work but at a reduced 
speed. This might be an acceptable tradeoff for a 
user who could otherwise do nothing at all Or the 
user might be given control over the tasks, for 
instance, by having a "speed bar" on each window 
which could be varied by the user to control the 
speed of activities of the tasks in that window, so 
that activities that are allowed to run more slowly 
will consume less power. 

For each chip or subsystem, the minimum and 
maximum voltages at which the chip will run must 
be characterized, and an appropriate clock level for 
each voltage chosen. Some chips which have al
ready been characterized by their manufacturer 
from 3.3V to 5V, for example, may have a clock 
speed specified for each of 3.3V and 5V, but not 
for voltages in between. These values could be 
determined experimentally, or experimentation may 
be reduced by choosing a conservative clock 
speed. 

The step in box 54 determines if the new 
power requirement is a decreased level from the 
previous power level If so, the step in box 56 
initiates a reduction in the clock speed, and the 
step in box 58, after a delay period, initiates a 
decrease in the voltage. Note that this delay can be 
omitted for some circuits. Then the step in box 66 
initiates the operation. In the figure, the reduction in 
clock speed and voltage are initiated, but may not 
complete before the operation itself is initiated. The 
operation may also be initiated before both steps 
56 and 58 have been performed. Thus the clock 
and voltage adjustment may be performed in par
allel with the operation. The operation may run 
slower later in its process than at the beginning 
due to this slowdown. In systems or operations 
where this may cause timing problems, the opera
tion may not be initiated until a sufficient time has 
passed for the clock and voltage to reach the 
desired level. 

If the new power requirement is not a decrease 
from the previous level, the step in box 60 checks 
for an increase in power required. If no increase is 
required, the operation simply begins in the step in 
box 66. If an increase in power is necessary, the 
step in box 62 initiates an increase in the voltage. 
After a delay period sufficient for the voltage in
crease to have taken effect throughout the com
puter system, the step in box 64 initiates an in
crease in the clock speed. The operation is initiated 
in the step in box 66. Again, the increase in voltage 
and clock speed are initiated, but may not com
plete before the operation itself is initiated, and the 
operation may be performed in parallel with the 
voltage and clock speed increase. In systems or 
operations where increasing the speed of the op-

eration during its performance may cause timing 
problems, the operation may not be initiated until a 
sufficient time has passed for the clock and voltage 
to reach the desired level. 

5 The flowchart of Fig 3 describes an example 
method that could be used to determine the neces
sary power requirements as described in step 52. It 
is essentially a test for a number of conditions. 
Other conditions could easily be added. This code 

10 may be simply added to an operating system since 
it does not interfere with the task scheduling activ
ity and it can be executed quickly. In the step in 
box 70, the operating system scheduler chooses 
the next job or task to run. The step in box 72 

15 determines the priority of the task. If it is a low 
priority task, the minimum clock speed may be 
chosen by the step in box 88. 

If the current task is not low priority, the step in 
box 74 determines if there has been a large pro-

20 portion of idle time recently For example, if the 
system is running so fast that it completes all it 
operations and still has a great deal of idle time, 
then perhaps the system might be run slower and 
at a lower voltage, in order to optimize the power 

25 consumption. This proportion may be set by the 
user or the system designer, and may vary accord
ing to the perceived speed and/or operational 
needs of the system. 

If there has been a lot of recent idle time, the 
30 step in box 80 determines if screen or keyboard 

1/0 operations are necessary for this task. To per
form screen or keyboard 1/0 operations, the step in 
box 86 may set the clock to the maximum clock 
speed, and correspondingly set the voltage level to 

35 the maximum voltage. If there are no screen or 
keyboard 1/0 operations in the current task, how
ever, the step in box 84 will reduce the clock 
speed and the voltage. This should reduce the 
amount of idle time while reducing the power con-

40 sumption. 
In most instances, the voltage and clock speed 

should be lowered if there is too much idle time. 
Checking for a screen or 1/0 operation is shown in 
the method above to be an exception to lowering 

45 the clock speed, since these operations generally 
require a faster or maximum speed. However, in 
some systems it may be necessary to always 
increase the clock speed to the maximum for 
screen or keyboard or other 1/0 operations, rather 

50 than just when there has been recent idle time, to 
prevent effects on the performance of the system. 
This would require the test in box 80 to be per
formed earlier, perhaps before the steps in boxes 
74 or 72. 

55 If there has not been a great deal of recent idle 
time, the step in box 76 determines if there has 
been no recent idle time For example, if the sys
tem is running at such a slow speed that it is 

Patent provided by Sughrue .tJ1ion, PLLC - http://www.sughrue.com 
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running constantly, the performance of the system 
may suffer. If there has been no recent idle time, 
the step in box 82 increases the clock to a faster 
clock speed, with a corresponding increase in volt
age If there has been some recent idle time, the 
step in box 78 determines that no change is need
ed in the clock speed and it remains at the current 
settings. The scheduler in the operating system is 
returned control in the step in box 90. 

The average desired amount of idle time to 
provide the optimum power consumption and per
formance may be tuned to the particular system to 
allow the system to run as slowly as possible 
without significantly detrimentally affecting the 
user's perception of system performance. The 
steps in Fig. 3 may further be repeated during the 
operation of the task, adjusting the voltage and 
clock speed iteratively throughout the operation 
based on the amount of idle time during operation. 
This works particularly for tasks in which the pa
rameters of the task are fairly stationary throughout 
operation. 

Fig. 4 describes the timing implemented in 
system 10 by sequencer 26. For example, when 
the pwr-sel line indicates an increase in power, 
the volt-sel line goes up t, later. The clock speed 
should not be raised until the voltage has reached 
a suitable level to support that clock speed, so 
clk-sel is delayed t2. When power is reduced, 
clk-sel is reduced at t3 after pwr-sel is reduced. 
Since the voltage should not be reduced until the 
clock is slow enough to support a lower voltage, 
volt-sel is delayed to f4 later. Note that t2 is 
likely to be much longer than t, , t3, and t4. The 
delay values may be derived by experimentation, 
since manufacturers do not currently anticipate dy
namically varying the voltage supply or specify 
such delays for chips. However, experimentation 
may be reduced by choosing a conservative value, 
say one millisecond, for the delay 

Figs. 5-8 describe block diagrams of circuits 
that may be used to create system 10 as shown in 
Fig. 1. For clarity, the circuitry is described herein 
in terms of two selectable clock speeds and two 
selectable voltage levels. However, it will be clear 
to one skilled in the art that the circuitry may be 
expanded to provide a greater number of both 
clock speeds and voltage levels. 

A block diagram of sequencer 26 is shown in 
Fig 5. The signal pwr-sel is input to a delay 
circuit 100 which is clocked by the ref-elk line 34 
The delayed output is input to a multiplexer 104. 
ref-elk 34 is inverted and input to a D-flipflop 108 
which is triggered by the pwr- sel line 24. The 
output of the flipflop is a delayed pwr-sel-delay, 
which is input to the multiplexer This delayed pow
er signal is triggered on the opposite clock edge 
from the delay units, so that the clk-sel line does 

not cause a glitch on the clock output line. 
pwr-sel signal 24 is inverted and input into a 
second delay 102, the inverted output of which is 
input to a second multiplexer 106. The output of 

5 multiplexer 104 provides the clk-sel signal 30, and 
the output of multiplexer 106 provides the volt-sel 
signal 28. 

Fig. 6 describes delay circuit 100 or 102 of Fig. 
5. The input (In) is coupled with the reference clock 

10 input (elk) at AND gate 118 A positive output from 
gate 118 begins a counter 120. The output of 
counter 120 is compared by comparator 122 with a 
fixed delay 128. When the counter has reached the 
delay value, the comparator output signal is ORed 

15 (at gate 124) with the output of flipflop 126, and the 
result is input to flipflop 126. Both the counter 120 
and the flipflop 126 may be cleared by the reset 
line (Reset). 

For more than one pwr-sel line, delay circuit 
20 100 may further have a decoder before gate 118. 

Fig. 7 shows a block diagram of a circuit that 
may be used for variable clock source 36. The 
signal ref-elk, which runs at the maximum clock 
speed of the system, is provided to a program-

25 mable frequency divider In this case, the frequency 
divider comprises a flipflop 140, which divides the 
clock source ref-elk, and a multiplexer 142 which 
isolates the frequency selected by clk-sel. There 
may be more than one clk-sel line 30 and a 

30 plurality of clock frequencies, and it will be obvious 
that the clock source must be designed so as to 
avoid introducing glitches on the clock output. 

Fig. 8 shows a block diagram of a circuit that 
may be used for variable voltage source 40. volt-

35 sel line 28 is input to the voltage source circuitry. 
volt-sel may comprise several signals for indicat
ing a desired voltage level, and may be input to a 
decoder. The appropriate lines of transistors in the 
feedback amplifier 147 are energized by volt-sel 

40 to produce output Vdd· The voltage source 40 may 
also require a low-pass filter so that the voltage 
changes gradually across the subsystem This filter 
value may be determined experimentally for a sys
tem Experimentation may be reduced by adding a 

45 relatively large filter, which will cause the voltage to 
take longer to change. 

Varying the clock to subsystems or ICs in a 
computer may mean that the CPU will either need 
to buffer its data for delivery for a different external 

50 clock rate, or entire systems will need to change 
the clock rate to match the CPU Multiple different 
clock rates within a computer system are not un
common, and there are standard methods of mov
ing data among parts of the system using different 

55 clocks. In this case the problem may be simplified, 
since the slowed CPU clock could still be synchro
nized with other clocks, running at an integral mul
tiple or traction of the base rate. Performance en-

5 
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hancements, such as parallel processing circuitry 
or pipelining circuitry, may increase the perfor
mance of the system, and may be used in conjunc
tion with the present invention. 

Claims 

1. A method for dynamically adjusting the power 
consumption of an electrical circuit (20), the 
circuit comprising a supply voltage source (40) 
and a clock source (36), the method compris
ing: 

determining (50) a task to be performed by 
the electrical circuit (20); 

determining (52) the required level of pow
er to perform the task; 

determining a change in voltage to provide 
the determined level of power; 

determining a change in clock speed to 
provide the determined level of power; 

changing (62,58) the supply voltage to the 
electrical circuit according to said determined 
change in voltage; 

changing (64,56) the clock source accord
ing to said determined change in clock speed. 

2. The method of claim 1, wherein (1) said step 
of determining a change in voltage (62) is 
performed before said step of determining a 
change in clock speed (64), or (2) said step of 
determining a change in clock speed (56) is 
performed before said step of determining a 
change in voltage (58). 

3. The method of claim 1, further including the 
step of commencing performance of said task 
before completion of said supply voltage 
changing and said clock source changing 
steps. 

4. A method for reducing the power consumption 
of an electrical circuit (20), comprising: 

determining (50) a task to be performed; 
determining (52) a lowest acceptable volt

age for the task to be performed; 
determining (78-88) a clock speed of the 

circuit at said determined voltage; 
setting (56) the clock of said electrical 

circuit to said determined clock speed; 
setting (58) the supply voltage of said 

electrical circuit to said determined voltage. 

5. The method of claim 5, wherein (1) if said 
determined voltage is less than an immediately 
previous voltage, said step of setting the clock 
is done before said step of setting the supply 
voltage, and (2) 
if said determined voltage is greater that an 

immediately previous voltage, said step of set
ting the supply voltage is done before said 
step of setting the clock. 

5 6. A method for reducing the power consumption 
of an electrical circuit, comprising: 

determining (50) a task to be performed; 
determining (52) a lowest acceptable clock 

speed for the task to be performed; 
10 determining a voltage of the circuit for said 

determined clock speed; 
setting (56) the clock of said electrical 

circuit to said determined clock speed; 
setting (58) the supply voltage of said 

15 electrical circuit to said determined voltage. 

7. A method for dynamically adjusting the power 
consumption of an electrical circuit (20) for 
performing a second task, the circuit compris-

20 ing a supply voltage source (40) and a clock 
source (36) and set at a first power level for 
performing a first task, the method comprising: 

determining (50) the second task to be 
performed by the electrical circuit; 

25 determining (52) a second power level 
necessary to perform the second task; 

determining a change in voltage to provide 
the determined second power level; 

determining a change in clock speed to 
30 provide the determined second power level; 

changing (62) the supply voltage to the 
electrical circuit according to said determined 
change in voltage; 

changing (64) the clock source according 
35 to said determined change in clock speed. 

8. The method of claim 9, wherein (1) if said 
determined change in voltage is negative, said 
step of changing the clock source is performed 

40 before said step of changing the supply volt
age, and (2) if said determined change in volt
age is positive, said step of changing the sup
ply voltage is done before said step of chang
ing the clock source. 

45 

9. A method for dynamically adjusting the power 
consumption of an electrical circuit (20), the 
circuit comprising a supply voltage source (40) 
and a clock source (36), the method compris-

50 ing: 
determining a task to be performed by the 

electrical circuit; 
determining the amount of recent idle time 

of said circuit; 
55 determining a level of power for said task 

6 

based on said amount of recent idle time; 
determining a change in voltage to provide 

said determined level of power; 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 148



11 EP O 632 360 A1 

determining a change in clock speed to 
provide said determined level of power; 

changing the supply voltage to the elec
trical circuit according to said determined 
change in voltage; 5 

changing the clock source according to 
said determined change in clock speed. 

10. The method of claim 9, wherein the step of 
determining a level of power for said task is 10 

further based upon the priority of said task, 
and/or wherein the steps of determining the 
amount of recent idle time of said circuit, de
termining a level of power, determining a 
change in voltage, determining a change in 15 

clock speed, changing the supply voltage, and 
changing the clock source are performed re
peatedly during operation of said task. 

20 

25 

30 

35 

40 

45 

50 

55 

7 

12 
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Description 

Background 

[0001) This invention relates to electronic circuits and, 
more particularly to power consumption within electron
ic circuits. 
[0002) Integrated circuits are designed to meet speed 
requirements under worst-case operating conditions. In 
Lucent Technology's 0.35µm 3.3V CMOS technology, 
the "worst-case-slow" condition is specified for a tem
perature of 125C and a chip supply voltage, Vdd> of 2.7V. 
The worst-case power consumption of the chip is quoted 
at the maximum supply voltage of 3.6V. The difference 
in chip performance at the "worst-case slow", nominal, 
and "worst-case-fast· conditions is shown in FIG. 1, 
where the frequency of a 25-stage ring oscillator is 
shown at different supply voltages and process corners. 
At the nominal operating voltage of 3.3V, the speed dif
ference between "worst case slow" (WCS) and "worst 
case fast• (WCF) is a factor of 2.2. From the graph it can 
be seen that if a chip is designed to operate at 140MHz 
.and at 2. 1 V supply even when it is "worst-case-slow", a 
manufactured chip whose characteristics happen to be 
nominal will continue to operate at 140MHz even when 
the chip supply is reduced to 2. 1 V. 
[0003] The power consumption of a CMOS circuit in
creases linearly with operating frequency and quadrat
ically with supply voltage. Therefore, a reduction in sup
ply voltage can significantly reduce power consumption. 
For example, by reducing the nominal operating voltage 
from 3.3V to 2.1 V, the nominal power consumption of 
a 140MHz chip is reduced by 60% without altering the 
circuit. This, of course, presumes an ability to identify 

5 

in integrating much of the buck controller circuit onto the 
chip. The only off-chip components are the inductor (typ
ically about l0µH) and capacitor (typically about 30µF) 
used in the buck converter. Efficiencies in excess of 80% 
are typical for a range of voltages and load currents. 
See, for example, "A High-Efficiency Variable Voltage 
CMOS Dynamic de-de Switching Regulator,• by W. 
Namgoong, M. Yu, and T. Meng, Proceedings ISSCC97 
pp. 380-381, February, 1997. Researchers have been 

10 also experimenting with on-chip voltage scaling tech
niques to counter process and temperature variations. 
See "Variable Supply-Voltage Scheme for Low Power 
High-Speed COMS Digital Design," by T. Kuroda et al, 

15 

C/CC97 Conference Proceedings, and JSSC Issue of 
C/8S97, May, 1998. The Kuroda et al paper demon
strates that the speed of the circuit can be maintained 
(or at least the speed degradation can be minimized) by 
tuning the threshold voltages even as the supply voltage 
is lowered. The tuning is achieved on-chip by varying 

20 the substrate-bias voltage. These techniques are need
ed to ensure that the leakage current, which increasing 
as the threshold voltage is reduced, does not become 
too large . 
[0007] Thus, it is known that varying supply voltage to 

25 a chip can improve performance by eliminating unex
pected variability in the supply voltage, and by account
ing for process and operating temperature variations. 

30 
Summary of the Invention 

[0008] Improved performance of multi-processor 
chips is achieved by dynamically controlling the 
processing load of chips and controlling, which signifi-

and measure a chip's variation from nominal character- 35 

istics, and an ability to modify the supply voltage based 

cantly greater than on/off granularity, the operating volt
ages of those chips so as to minimize overall power con
sumption. A controller in a multi-processor chip allo-

on this measurement. 
[0004] To achieve variable power supply voltage scal-
ing, a programmable de-de converter may be used. 
Probably, the most efficient approach in use today is the 
buck converter circuit. These are well known in the art. 
[0005] Voltage scaling as a function of temperature 
has been incorporated into the Intel Pentium product 
family as a technique to achieve high performance at 
varying operating temperatures and process comers. It 
is described in US Patent No. 5,440,520. The approach 
uses an on-chip temperature sensor and associated 
processing circuitry which issues a code to the off-chip 
power supply to provide a particular supply voltage. The 
process variation information is hard-coded into each 
device as a final step of manufacturing. This approach 
has the disadvantage of costly testing of each chip to 
determine its variance from nominal processing. Sever-
al manufacturers make Pentium-compatible de-de con
verter circuits, which are highlighted in "Powering the 
Big Microprocessors", by B. Travis, EDN, August 15, pp. 
31-44, 1997. 
[0006] Recently, there has been considerable interest 

BNSDOCID: <EP ___ 0978781A2~1_> 

cates tasks to the individual processors to equalize 
processing load among the chips, then the controller 
lowers the clock frequency on the chip to as low a level 

40 as possible while assuring proper operation, and finally 
reduces the supply voltage. Further improvement is 
possible by controlling the supply voltage of individual 
processing elements within the multi-processor chip, as 

45 
well as controlling the supply voltage of other elements 
in the system within which the multi-processor chip op-
erates. 

Brief Description of the Drawings 

50 [0009] 

55 

2 

FIG. 1 illustrates the maximum operating frequency 
that is achievable with a 0.35µm technology CMOS 
chip as a function of supply voltage; 

FIG. 2 presents a block diagram of a multi-proces
sor chip with supply voltage control in accordance 
with the principles disclosed herein; 
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FIG. 3 shows the relationship between the voltage 
control clock, Clk, of FIG. 2, the clock applied to the 
processing elements of FIG. 2, Clk-L, and the sup
ply voltage applied to the processing elements, V dd 

-local; and 

FIG. 4 depicts the block diagram of a multi-proces
sor chip with supply voltage control that is individual 
to each of the processing elements. 

Detailed Description 

[0010) FIG. 2 depicts a block diagram of a multi-proc
essor chip. It contains processing elements (PEs) 100, 
101 , 1 02, 103, ... 104, and each PE contains a central 
processing unit (CPU) and a local cache memory (not 
shown). A real-time operating system resides in PE 100 
and allocates tasks to the other PEs from a mix of many 
digital signal processing applications. The load ofthe 
FIG. 2 system is time varying and is dependent on the 
applications that are being executed at any given time. 
For example, a set-top-box for a multimedia broadband 
access system might need to receive an HDTV signal. 
It could also be transmitting data from a computer, to the 
Internet, and responding to button requests from a re
mote control handset. Over time, this dynamic mix of 
applications places different load requirements on the 
system. 

··· [0011) For a maximally utilized system, all of the avail
able processors oughtto be operating at full speed when 

·--~ satisfying the maximum load encountered by the sys-
1 :. tern. At such a time, the power consumption of the mul

tiprocessor chip is at its maximum level. However, as 
the load requirements are lowered, the system should, 
advantageously, reduce its power consumption. It may 
be noted that, typically, computers spend 99% of their 
time waiting for a user to press a key. This presents a 
great opportunity to drastically reduce the average pow
er consumption. The specific approach by which the 
system "scales back" its performance can greatly im
pact the realizable power savings. 
[0012) In the FIG. 2 arrangement, in accordance with 
the principles disclosed herein, the applications that 
need to be processed are mapped to the N PEs under 
control of real time operating system (ATOS) executed 
on PE 100. If the number of instructions that need to be 
executed for each task is known and made available to 
the operating system, a scheduler within the operating 
system can use this information to determine the best 
way to allocate the tasks to the available processors in 
order to balance the computation. The intermediate 
goal, of course, is to maximize the parallelism and to 
evenly distribute the load presented to the FIG. 2 system 
among all of the PE's. 
[0013] When an application that is running on the Fl G. 
2 system is subdivided into N concurrent task streams, 
as suggested above, each of the PEs become lightly 
loaded. This allows the clock frequency of the PEs to be 
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reduced, and if the task division can be carried out per
fectly, then the clock frequency of the FIG. 2 system can 
be reduced by a factor of N. Reducing the frequency, as 
indicated above, allows reducing the necessary supply 

5 voltage, and reducing the supply voltage reduces the 
system's power consumption (quadratically). To illus
trate, if a given application that is executed on 1 PE re
quires operating the PE at 140MHz, it is known from 
FIG. 1 that the PE can be operated at approximately a 

10 2.7V supply. When the application is divided into two 
concurrent tasks and assigned to two PEs that are de
signed to operate at 140MHz from a 2.7V supply, then 
the PEs can be operated at 70 MHz and at a supply volt
age of 1.BV. This reduction in operating voltage repre-

15 sents a power saving of 55%. Of course, it is unlikely 
that an application can be perfectly divided into two 
equal load task streams and, therefore, the 55% power 
saving is the maximum achievable power saving for two 
PEs. 

20 [0014) It should be understood that in the above ex
ample, when two PEs are employed and their operating 
frequency can be reduced to 70 MHz, the indicated re
duction presumes that it is desired to perform the given 
tasks as if there was a single PE that operates at 

25 140MHz. That is, the presumption is that there is acer
tain time when the tasks assigned to the chip must be 
finished. In fact, there might not be any particular re
quirement for when the tasks are to be finished. Alter
natively, a requirement for when the tasks are to be fin-

30 ished might not be related to the highest operating fre
quency of the chip. 
[0015) For example, the above-illustrated chip (where 
each of the PEs is designed to operate at 140 MHz) 
might be employed in a system whose basic frequency 

35 is related to 160 MHz. In such an arrangement, dividing 
tasks between the two PEs of the chip and operating 
each of the PEs at 80MHz would be preferable because 
it would be easier to synchronize the chip's input and 
output functions to the other elements in the system. 

40 Thus, in a sense it is the expected completion time for 
the collection of assigned tasks that is controlling, and 
the reduction of frequency from the maximum that the 
chip can support may be controlled by the division of 
tasks that may be accomplished. 

45 [0016) Hence, the operating system of PE 100 needs 
to ascertain the required completion time, divide the col
lection of tasks as evenly as possible (in terms of need
ed processing time), consider the PE with the tasks that 
require the most time to carry out, and adjust the clock 

so frequency to insure that the most heavily loaded PE car
ries out its assigned tasks within the required completion 
time. Once the frequency is thus determined, a mini
mum supply voltage can be determined. The supply 
voltage determination can be made by reference to a 

55 plot like the one shown in FIG. 1 or, advantageously, by 
evaluating the actual performance of the multiprocessor 
at hand. 
[0017] As indicated above, the operating system can 

3 
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reduce the supply voltage even further by tracking tem
perature and process variations. For example, when the 
chip is nominal in its characteristics, then it can be op
erated along line 20 of FIG. 1, which calls for only 1.5V 
supply when operating at 70MHz. 
[0018) Returning the discussion to FIG. 2, the pro
grammable-frequency clock is generated using an ap
propriately multiplied input reference clock (line 101) via 
a phase lock loop frequency synthesizer circuit 11 O 
which has a high resolution, e.g., can be altered in in
crements of 5MHz. Advantageously, two clocks are gen
erated by PLL 110 (requiring two synthesizer circuits), 
a Clk clock, and a Clk-L which is 1 frequency step lower 
than Clk when Clk is being increased. For example, in 
a PLL 110 unit that provides 5MHz resolution, when Clk 
is being increased from 75 MHz to 80MHz, the value of 
Clk-L is set to 75MHz. 
[0019) Clk-L is applied to the PEs, while Clk is applied 
to calibration circuit 120, which generates a supply volt
age command. The supply voltage command is applied 
to de-de converter 130 followed by L-C circuit 140 to 
cause the combination of converter 130 and L-C circuit 
140 to create the supply voltage V do'-local, which is fed 
back to calibration circuit 120via line 102. The Vdd-local 
supply voltage is also applied to all ofthe PEs (excluding 
perhaps the operating system PE 100). 
[0020) The reason for having the frequency Clk-L lag 
behind the frequency Clk is that the clock frequency ap
plied to the PEs should not be increased prior to the sup
ply voltage being increased to accommodate the higher 
frequency. Otherwise. the PEs might fail to perform 
properly. Circuit 120 observes the level on line 102 to 
determine whether it corresponds to the voltage neces
sary to make PEs 100-104 operate properly (described 
below), and it also waits till the signal on line 102 is sta
ble (following whatever ringing occurs at the output of 
L-C circuit 140. The signal on line 121 provides informa
tion to PE 100 (yes/no) to inform the operating system 
of when the supply voltage is stable. When the voltage 
is stable and Clk has reached the required frequency, 
the operating system sets Clk-L to Clk and then changes 
the task allocation on the PEs to correspond to that 
which the PEs were set up to accommodate. 
[0021) FIG. 3 demonstrates the timing associated 
with increasing Clk, Clk-L and Vd0 1ocal when a new task 
is created and the load on the multiprocessor is thus in
creased, and the timing associated with decreasing Clk, 
Clk-L and V dd"local when the load on the multiprocessor 
is decreased. Specifically, it shows the system operating 
at 70MHz from a 1.BV supply when the load is increased 
in three steps to 140MHz. When the 2. 7V supply is sta
ble, as shown by the supply voltage plot, the new task 
is enabled for execution. Some time thereafter accord
ing to FIG. 3, a task completes, which reduces the load 
on the multiprocessor. The reduced load permits lower
ing the clock frequency to 100MHz and lowering the 
supply voltage to 2. 1 V. This, too, is accommodated in 
steps (two steps, this time), with Clk-L preceding Clk to 
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insure, again, that the PEs continue to operate properly 
while the supply voltage is decreased. 
[0022) Calibration block 120 can use one of several 
techniques to determine the voltage required to operate 

5 the circuit at a given clock frequency. One technique is 
given in Koruda et al article. Recognizing that each of 
the PEs (101-104) has a critical path which controls the 
ultimate speed of the PE, block 120 uses two copies of 
that portion of the PE circuit that contains the critical 

10 path of the PE circuit, with one of the copies being pur
posely designed to be just slightly slower. Both of the 
copies are operated from clock signal Clk and from the 
Vdd"local supply voltage of line 102, and that voltage is 
adjusted within block 120 so that, while operating at fre-

75 quency Clk, the slightly slower PE fails to operate prop
erly while the other PE does operate properly. This guar
antees that the PE's are operating from a supply voltage 
that is "just above• the point at which they are likely to 
fail. Since the two critical path copies within element 120 

20 experience the same variations in temperature as do 
PEs 101-104, the V Mlocal supply voltage appropriately 
tracks the temperature variations as well as the different 
operating frequency specifications. 
[0023) The FIG. 2 system uses the operating system 

25 to react to variations in the system load. As more tasks 
are entered into the "to-do" list, the operating system of 
PE 1 00 computes the correct way to balance the addi
tional computational requirements and allocates the 
tasks to the processors. It then computes the required 

30 operating frequency. 
[0024) It is noted that the frequency is gradually pro
grammed into the system (as shown by the stepped 
changes in FIG. 3). This prevents excessive noise on 
the V dd-local supply voltage and possible circuit failure. 

35 For example, if the system is operating at 50MHz and it 
needs to operate at 75MHz, the clock frequency is in
creased slowly, perhaps even as slowly as in 5MHz in
crements. In addition, as indicated above, the Vdd-local 
supply voltage is increased ahead of increasing the fre-

40. quency of the clock the operates the PEs, when in
creased processing capability is desired, and the clock 
is reduced ahead of reducing the supply voltage when 
reduced processing capability will suffice. 
[0025) Of course, Vdd -local can only be reduced so-

45 far before the circuits start to fail, at which point the op
erating system employs gated clocking techniques to 
"shut down" PEs that are not needed. Of course, the fact 
that supply voltage V dd-local varies as a function of load 
should be accounted for in the interface between the 

50 PEs 101-104 and PE 100 (as well as in the interface 
between the multiprocessor chip and the 'outside 
world". This is accomplished with level converter 150, 
which is quite conventional. It basically converts be
tween the voltage leve I of P Es 101-1 04 and the voltage 

55 level of PE 100. 

4 

[0026) The notion of adjusting operating frequency to 
load and adjusting supply voltage to track the operating 
frequency can be extended to allow each PE to have its 

' 
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own supply voltage. The benefit of this approach for 
some applications becomes apparent when it is realized 
that the chip-wise voltage scaling is most effective when 
the load of the computation can be evenly distributed 
across all of the PEs. In some applications, however, 
one may encounter tasks that cannot be partitioned into 
concurrent evenly-loaded threads and, therefore, some 
PE within the multiprocessor would require a higher op
erating frequency and a higher operating voltage. This 
would require raising the frequency and voltage of the 
entire multiprocessor chip. 
(0027) A separate power supply for each PE in a chip 
overcomes this limitation by allowing the operating sys-
tem to independently program the lowest operating fre
quency and corresponding lowest supply voltage for 
each PE. The architecture of such an arrangement is 
shown in FIG. 4. Each PE in FIG. 4 needs an independ-
ent controller that performs the functions of PE 100 (ex
cept it does not divide tasks among PEs). As shown in 

5 

tion is called, more information is stored in the fast mem
ory, until that memory is filled. Thereafter, when a new 
application is called, some of the information in the fast 
memory is discarded, some other information is placed 
in the slower hard drive, and the released memory is 
populated with the new application. It is possible to an
ticipate that memory stored in the fast memory is so old 
as to be unlikely to be accessed before a new applica
tion is called. When so anticipated, some of the fast 

10 memory can be released (storing some of the data that 
needed to be remembered) at a leisurely pace. That is, 
lower clock frequency can be employed in connection 
with the fast memory and the hard drive, with a corre
sponding lower supply voltage, resulting in an overall 

15 power saving in both the memory's operation and in the 
operation of the hard drive. 
(0031) The above description illustrated the principles 
of this invention, but it should be realized that a skilled 

FIG. 4, all of the controllers are embodied in a single 20 

controller 200, which may be just another processing el
ement of the integrated circuit that contains the other 
processing elements. Each processing element also re
quires a calibration circuit like circuit 120, and a voltage 
converter circuit like circuits 130 and 140. It also has a 25 

artisan may easily make various modifications and im
provements that are within the scope of this invention 
as defined by the appended claims. For example, in one 
of the embodiment disclosed above all of the PEs in a 
multi-processor chip are subjected to a single controlled 
supply voltage. In another embodiment disclosed above 
each of the PEs in a multi-processor chip is subjected 
to its own, individually controlled, supply voltage. It PE 200 that assigns the tasks given to the multi-proc

essor chip of FIG. 4 among the PEs. 
[0028) It may be noted that if the frequencies at which 
the individual PEs operate differ from one another and 
from other elements within the system where the multi
processor .chip is employed, there is an issue of syn
chronization that must be addressed. That is, a synchro
nization schema must be implemented when there is a 
need to communicate data between PEs (or with other 
system elements) that operate at different frequencies. 
It is possible to arrange the frequencies so that the col
lection of tasks that are assigned to the multiprocessor 
is completed at a predetermined time. In such a case, 
the synchronization problem of the multiprocessor vis
a-vis other elements within the system where the multi
processor is employed is minimized. However, that 
leaves the issue of synchronizing the exchange of data 
among the PEs of a multiprocessor chip. 
[0029) To effect such synchronization, each PE within 
the FIG. 4 arrangement is connection to an arrangement 
comprising elements 150 and 160. Level converter 150 
converts the variable voltage swings of the PEs to a 
fixed level swing, and network 160 resolves the issue of 
different clock domains. 
[0030) The principles disclosed above for a multiproc
essor is extendible to other system arrangements. This 
includes systems with a plurality of separate processor 
elements that operate at different frequencies and op
erating voltages, as well as components that are nottyp
ically thought of as processor elements. For example, 
there is a current often-used practice to maintain pro
gram code and data for different applications of a per
sonal computer in a fast memory. As each new applica-
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should be realized, however, that a middle ground is al
so possible; i.e., the PEs of a multi-processor chip can 
be divided into groups, and each group of PEs can be 

30 arranged to operate from its own controlled supply volt
age. To cite another example, the FIG. 2 embodiment 
employs two almost identical critical path circuits to es
tablish the minimum supply voltage. Alternatively, the 
voltage may be set in accordance with a preset frequen-

35 cy-voltage relationship that is not unlike the one depict
ed in FIG. 1. 
(0032) It should also be noted that level converter 150 
is interposed in FIG. 2 between PE 100 and the other 
PEs because PE 100 is operating off Vdd- PE 100 can 

40 also be operated off Vdd -local, in which case the level 
converter is interposed between PE 100 and the inpuV 
output port of the FIG. 2 circuits that interacts with PE 
100. 
[0033] It should further be noted thatthe power supply 

45 circuit need not have any elements outside the circuit 
itself (as depicted in FIG. 2). A skilled artisan would be 
aware that circuit design exists that can be manufac
tured wholly within an integrated circuit. 
[0034) Yet another modification may be implemented 

50 by discarding the two-step application of voltages and 
frequencies of FIG. 3 when appropriate timing condi
tions are met. 

55 Claims 

1. 

s 

A method for controlling power consumption of a 
system sub-circuit comprising the steps of: 
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ascertaining time allotted for carrying out an as- a controller, responsive to an applied task and 
signed task; to a specification for a time interval that may be 
determining a lowest frequency at which or devoted to executing said task, for developing 
above which the sub-circuit must operate in or- a frequency of operation for said processor that 
der to complete execution of the assigned task 5 is the lowest frequency of operation that allows 
within the allotted time; and completion of said applied task within said time 
based on characteristics of the sub-circuit, set- interval; 
ting a supply voltage that is applied to the sub- a calibration circuit responsive to said controller 
circuit to a lowest level that insures proper op- for directing creation of a supply voltage for said 
eration of the sub-circuit at the determined fre- 10 processor, and 
quency. a power supply responsive to said calibration 

circuit, for developing said supply voltage for 
2. The method of claim 1, carried out in a multiproces- said processor and applying said supply volt-

sor sub-circuit, wherein said assigned task compris- age to said processor; 
es a plurality of sub-tasks, the method further com- 15 

prising the step of wherein said controller directs said processor 
to execute said task after said supply voltage is ap-

apportioning said sub-tasks among processors plied to said processor and the frequency of a clock 
of said multiprocessor sub-circuit, resulting in applied to said processor is set to said lowest fre-
one of said processors carrying the largest load 20 quency of operation that allows completion of said 
of sub-tasks processing, compared to the sub- applied task within said time interval. 
tasks processing load of others of said proces-
sors, where 5. The circuit of claim 4 further comprising a level con-
said step of apportioning is executed prior to verier circuit interposed between inpuVoutput ports 
said step of determining, and 25 of said circuit and said processor, to convert voltag-
said step of determining ascertains the lowest es levels passing between said inpuVoutput ports 
frequency at which the processor carrying the and·said processor. 
largest load of sub-tasks processing may oper-
ate in order to complete its assigned sub-tasks 6. The circuit of claim 4 wherein said controller in-
processing within the allotted time. 30 eludes a generator of clock signals that develops a 

first clock signal having a first frequency and applied 
3. The method of claim 2 further comprising the steps to said calibration circuits, and a second clock sig-

of: nal having a second frequency applied to said proc-
essor, wherein the second frequency can be set to 

determining a new lowest frequency, when a 35 said first frequency or to a lower frequency. 
new task is assigned, at which or above which 
the sub-circuit must operate in order to com- 7. The circuit of claim 4 wherein said task includes a 
plete execution of the assigned task within the plurality of sub-tasks, said processor comprises a 
allotted time; plurality of processing elements, said controller par-
comparing the lowest frequency to the new low- 40 titians said sub-tasks among said processing ele-
est frequency to determine whether a new op- ment and develops said frequency of operation for 
erating frequency should be set for said sub- said processor based on said partitioning. 
circuit; 
when said step of comparing determines that 8. The circuit of claim 7 wherein said controller devel-
the new lowest frequency may be lower than 45 ops said frequency of operation for said processor 
said lowest frequency, reducing the frequency by evaluating the lowest frequency of operation for 
at which said sub-circuit is set to operate and, a most-burdened processing element that would 
thereafter, reducing the supply voltage that is still complete execution within said time interval, 
applied to the sub-circuit; and wherein the most-burdened processing element is 
when said step of comparing determines that 50 a processing element to which sub-tasks are allo-
the new lowest frequency must be higher than cated that require, in the aggregate, the most 
said lowest frequency, increasing the supply processing time. 
voltage that is applied to the sub-circuit and, 
thereafter, increasing the frequency at which 9. The circuit of claim 4 wherein said processor com-
said sub-circuit is set to operate to said new 55 prises N processing elements, said controller com-
lowest frequency. prises N controller sub-modules, said calibration 

circuit comprises N calibration circuit sub-modules, 
4. A circuit that includes a processor, comprising: and said power supply comprises N power supply 

6 
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modules, and wherein 
the i-th calibration circuit sub-mcxlule is re

sponsive to the i-th controller sub-module and di
rects the i-th power supply module, the i-th power 
supply module provides power to the i-th process- 5 

ing element and the i-th processing element is re
sponsive to the i-th controller sub-module. 

10. The apparatus of claim 9 further comprising a 
processing element for accepting said task and, 10 

when Said task comprises a plurality of sub-tasks, 
for partitioning said sub-tasks among the N 
processing elements. 

11. The apparatus of claim 9 further comprising a level 15 

converter associated with each of said processing 
elements and coupled to inpuVoutput ports of said 
associated processing elements. 

12. A circuit comprising: 

a controller processing element; 
a plurality of task-handling processing ele
ments; 

20 

a calibration circuit responsive to said controller 25 

processing element for directing creation of a 
supply voltage for said processor; and 
a power supply circuit, responsive to said cali
bration circuit, for developing a supply voltage 
for said task-handling processing elements; 30 

wherein said controller processing element di
rects said task-handling processing elements 
to execute tasks at a selected processing fre
quency. 

13. A method for operating a processor comprising the 
step of applying a supply voltage to said processor 
as a function of frequency necessary to operate 
said processor to complete an assigned task within 

35 

an assigned time interval. 40 

14. The method of claim 13 wherein said function sub
stantially minimizes power consumption in said 
processor. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To effectively suppress the power consumption of the 
whole system by positively generating inactive processors even in a state where 
the number of tasks is over that of processors. 

SOLUTION: In this information processing system, OS previously knows the 
resource request quantity of the processors 11 and 12 of the processing unit of 
each task including OS itself to centralize the group of tasks to the specific 
processor 11 within a range in which the resources of the processors 11 and 12 
are not short (a range in which the sum of the request quantity of the 
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processor resources is not over 100). Thereby, the other processor 12 is 
brought into an inactive state so that power source supply for the inactive 
processor is stopped or a clock frequency is lowered. Thereby the power 
consumption of the whole system is effectively suppressed. 

COPYRIGHT: (C)1997,JPO 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 173



(19) El*lil4'fffn' ( J P) 

(51)Int.Q. 0 

GO 6 F 15/16 

(21) WU-laJ' 

(22)1:lilriB 

(57) r l!f-J 1 

1/32 

1/04 

iUJi!'a-laJ' lr~flft-laJ' 

430 

3 0 1 

4'f fillJZ8-201 

l!Z.I&; 8 ~ 0996) 1 fJ 5 B 

r~m1 VE*- fllt'7)7"o-t •:1-ita-if-tQtlffi!ml'11!1/ 
A 'r .b.t::J:..n w:tL iPtJ t::ro-t •:1-tt1itt:?o •:1 7 fflJ?Bt 
lta-iiJ~t·~ t..: c L---Ci, .: '1.)fl:hl.Ufft:J: Qi)liJt~ 
:tl0i1i~*'i+5tt:lif~t.,tt.7j:-~,c i§ -3~W;l{a')-:, 

rmi:k.=Jaf;t] *~IIJl'7)fflffl!ml'11!1/ .7-T .b.U, 0 S ti, 
0 S 13 :!l-f'a-*clb~ :1 A 7 '1)!m1'11!11! {i'[ '1) 7°0--t •:, -tj"J,f ~'7) 
l!*.fita-:jJWH:mtJ, 7"o-t •;,-ttx~ti::fJEL,7j:-Pielffl 
( :ro-t •;,tt~G7)Jl!3j(:i.G7)~iJq O O a-~.:c.7j:-~ 'ie 

lffl) t•:1 A :7ff a-~~'7)7"0--t •:,-trt:•q:r ~ -it Q. .:tt. 
t: .1: tJ , ff!!G7)7'0-t: •:1-itiflif-ll::tt'l.;c 7j:' .g G7)t·, .: '1.)lif-
1.1::ttff.;'1)7•0-t: •:,-ttt::t-tt Mlti5~U€ta-Wil:, ix:~ 'li:7 
O •:, :7 ffll/1.ma-rlf .g • .:tt.t:J: tJ 1/ A 'r .b.~~'7.)il!iJf 

~n a-~m~,:j!l]fti!J-t Q.: c tJ>iiftmc,:,: Q. 

( 11) 4'f fftl:ffll~!Jff 3-la} 

~lffllll9-185589 
(43)~6118 ljl.fit9~(1997) 7 J:)158 

FI 

GO 6 F 15/16 

1/04 

1/00 

E 
430B 
301C 
332B 

ftM~ *M~ -~lJlO)&'. 5 OL (~ 7 JO 

(70WBA 

(72)~1JJJ-

(74>MA 

1 l 

s 
2 

000003078 

-~~~ 
-JIIW,Jl ltl!lfj*!:irfii!J I IIIIJ72fiil!l 
1Jllli ffli!! 
U.W.mUIBT 2 TEI 9 M 
tl:Jll]fllill~ 
:Jl'J.!I!± ~UJ {£-

12 11 

jT1u8 j 

jrw2 j 
jrwa I ~ paau I 
~ ~ 

s 
2 

•••&2)ta-, ' 

(a) (b) 

-~~ 

12 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 174



1 
[ ~ifffil'j;J<Q)~lffl] 
[ ~;l<l}l l ] mltQ)? A? Z" ~~H:~JiiiJ~,j,-mflQ) 

7"O-e •:,-lj" C , 
rue? :J..? H'l4J£-tQM1iifilJiQ)7"□ -e •:,fl~Q)~ 
31<:fiU:~-1~, tt-.!l:.afiJQJ7"o-e ·:,-tJ-iJ<M-t Q J: -3 t: 
jjij!cmfl(1)7"D-e •;,-lj"Q) 'J ~Q)~5E(1)7"O-e -;,-tj"(;:7"O 
-e •:,-tj"jf~Q),f'~,'J{~ t,,j,-~ ,a-c'flltQJ? :J..? z-~ 
Q 7' :J.. ?1fJ11!-~fic, 

( 2) ~lffl-!ll9-185589 
2 

[0002] 
[ U<nttffi l 7"□ t •:, -tJ-Q)~jl 1tt: W -3 ilH:t~::h QJitt 

:kz-JIJ:tQt.,:8')QJ-'F~c L. '( ?o •:, ?~iY ;J..7A,'J<"b 
Q. ,:QJ? □•:, ?~11/ATAli, 7°□-e •:,-tJ-Q)i/Jfl=? 
□ •:,? m~1tt~,:~-c-~ Q LQ)c L. _ 7"□ -e •:, 
-tt#tt-.!l:.:fxTf!H:"bQll;!jli? □ •:,? mnt""f!f Q.: C ,: 
J:-:> -CY AT A~f.is;Q)iJ!i'ft::hQJi?i~t ffQ L Q)"(' 
"bQ. 

ilictt-.!l:.a~Q)7"□-e •:,-tti:m Q 'i![~ffl:jftz-~ .1.1:-t Q 
'il[~#Hftffi!Jtlll=Ffit !-~ti Q.: t z-~fllt-t Qfflfflm 10 

[ 0 0 0 3 ] ,: ,: "(', fll{Q) 7' :J..? z-~~J ( ~6'J~ 
11!) t:mfi-t Q.: c ;IJ{iiJ~~flflQJ7°□-e •:,-tJ-t~ffl 
ffl~JiYATAt~iQ.i~,MQ)ft:k~$!-~Q 
t..:~, ? A ?ffli~7"□-e •:,-tJ-t;:~~fl-C•t'PJ l'J ~'( ~ 
hQLQJc"tQ.-tL..--COO~QJ7°□-e7-tJ-QJ?o7?fcl 

Hli2~[{Wt:~--c-~ Q tQJc "9Q. 

Ji:,;:J..f-A. 
rfil'l:1<JJ121 m1tQ)? :J..? t~~H:~JiiiJ~,j,-mflQ) 

7"0-e •:, -tJ- C, 
jjij!c? :J..? z-ffl.1£-t QM1iiui:4iQJ7"o-e r'tjc~Q)~ 

31<:IJ:~-1~, tt-.!l:.aff!lQJ7"o-e •:,-tJ-iJ<M-t Q J: -3 t: 
jjij!cmflQ)7"□-e •:,-tJ-Q) -3 ~Q)~5E(1)7•O-e •:,-tti: 7•0 
-e •:,-tj"jf~Q),f~,'J>~t,,j,-~ ,ielffl-C'flltQ);:$7 :J..? Z"~ 
Q? :J..? 'iffl=Ffi t ' 
jjij!ctt-.!l:.a~Q)7"Ot •:,-tj"Q)i/JfF?o "/? mntrlf 
Q-'F~tt~fimTQ.:tz-~fllcTQfflfflMy:J..f-
A. 
[fil'l:1<JJ131 m1tQ)? :J..? t~,,u:mJiiiJ~,j,-mflQ) 
7"□-e •:, -it z-filli i t..:HM Y :J.. -r AQJfl::h:n?! t:B 
~Y(' 

jjij!c:9 :J..? tffllilt-t M&Iliiul4iJQJ7"o-e •:,fl~'7:>~ 
31<:!IU:~--:1~, tt-.!l:.a~QJ7"o-e •:,-tJ-iJ<M-t Q J: -3 t: 
jjij!cmflQ)7"□-e •:,-tJ-Q):i ~Q)~5EQ)7"□t ·;,-tti:7□ 
-e •:,-tj"jf${Q)::f~,'J{~t,,j,-~ 'ielffl-C-iiflQ);:$7 :J..? t~ 
~- WI!ctt-.I.1:.a~Q)7•O-e •;,-tti:m Q 11t~ffl:~t~i1: 
-tQ.:tt~mt-tQHmJiy:J..7AQ)fl1J:n$. 
r~:1<JJ141 m1tQ)? :J..? t~,,u:mJI"iif~,j,"mflQ) 

7"o-e •:,-tJ-tfil!iit..:fflfflmfiy :J.. 7 AQ)fl1J11$t:B 
~Y'(' 

jjij!c? :J..? tffl.1£-t QM1ii&4itQJ7"o-e ·:,fl~'7:>~ 
:1<:1J:~-1~ _ tt-i1:armQ)7"□-e •:,-tJ-iJ<M-t Q J: -3 ,: 
jjij!cflflQ)7"O-e •:, -lj"Q) 'J ~Q)~5EQ)7"ot rttt: 7"0 
-e •:,-tj"jf~Q),f ~,'J<~ t,,j,-~ 'ielffi-C'flltQJ:9 :J..? t~ 
~. WJ!ctt-i1:armQ)7"□-e •:, -tJ-Q)i/Jfl=? o •:,? m~flt 
""f!fQ.: C t~mc-tQHmfiyATAQ)fl::h:n 
$. 
[ ~;J<JJ15 l ~31<:JJl 3 i t..:li4 !~QJffMY ;J.. T 

AQJ~~::h:n$t:B~ '"l, 
jjij!c? A? QJMliiurQ)mJit:~ L..t..:lkTr.n t ~3J<mfilkT 
FaJ t :Ii> t:> WI!cmJmliifilQ)7"□ -e •:, ff${Q)~3J<:!i t:1<~ 
Q.:ttHct"QffmfiyATA'7:>fl::h:n$. 
[ ~BJIQ)~~~~BJI] 
[0001] 
[~BJIQ)litTQttffi?tlff] *~BJ!li, flltQ)7"D-e •:,-lj" 
Hffiit..:HMY :J.. 7 Ac -fQ)fl1J1tQJ:n$(:~-t 
Q. 

[0004] ,:QJJ::i~ffM:,;:J..7At:B~''C, ~ 
'(Q)7°□t •:,-tj",'J<? A?tmJIL.. '(~,Q~, ~7°□ -e 

•:,-tJ-QJ? o ·:,? fcli!tltlir,;,J-t:~5E~h, ~7°□-e •:,-tJ
QJifl'H::h t 1113:'r,;,J t. --c·~ Q. it..:, ? ;J..? QJltiJ>7"o 
-e ·:,-tJ-Q)ltt""f@l·-:d..:~, tt:.!l:.a~(1)7"D-e •:,-tj",'J>~ 

20 ~"9 Q • -f,: "(•,:Q)7"□-e •:,-lj"Q)'7 O •:,? mJiBlltz-""f!f 
Q ,: C ,: J: -:> '( , ,: Q) 7'O-e •:, iJ" Q)il1Jli11t::h ,'J{fflj~ ~ fl 
Q. 
[ o o o 5 l J;J.""ft:, 1J'1J"Qfl::hllffltfil!iit..:Hm 

J:!. y :J.. TA QJr,lJM t i1c.r<.Q • 
[ 0 0 0 6 l J:!cfflfflM:,;;J..f-Af:B~''CiilJ'H::hQJ 

i?iMffl:iJ>{fl?hQ QJli, ? ;J..? QJfliJ'7°□ -e •;,-lj"Q)fl 

t""f@l-:>t.,:~Q)J: -3 ~~5EQJ~i}?J;:!mt:,hQ. ? A? 
QJfliJ<7□ -e •:,-tJ-QJD:J..,llQJ~li, ~'C QJ7"o-e ·:,iJ" 
iJ<:9 :J..?mfit~-t Q:IJ>t:>, ~-r '1:>7"□ -e •:,-tJ-QJ? o 

30 ·:, ?fcldli~~'ll :i QJMH:~5E~tLQ. :9 :J..?QJltiJ< 
7°□-e •:,-tJ-QJltt""f@JQ.: clif;th-C·~ r.J, J:-,'(, 1J' 
1J'Q~11~t•li, il1ifl1JQ)+Jt,j,-i1id*iJ'Wl*t· 
~,j,-~,t~ il?hQ. 
[0007] 
r ~BJiiJ<M~ L. J: -3 t -t Q ~a 1 .: Q) J: -3 ,: ~ _ flit 

QJ7"o-e •:, -tJ-t::fiT QMM:,; A 7 Al:B ~ ,--c Ii, 1J' 
r.J (;:7"□t ·:,-tJ-4jJ(;:? D •:,? mJiBlltt~"(•~t.,: Cl,"( 
t , .: QJ~~::h-fflt;: J: Q ifl'H::h '7:>i?idffl:li+;N:: 
Wit:>h,j,-~,t i§ -3 r.:Jffl;IJ{~-:>t..:. 

40 [ 0 0 0 8] *~BJlli.:Q)J: :i,j,-~JlitWt"Qt.,:~Q) 
t '7:>--C', :9 A? QJ1tiJ<7•O-e •:,-tJ-Q)flt J:.@l Q ;f;QJU::B 
~,'( ttt:.!l:.a~Q)7"□ -e ·:,-tJ-tffll!~I::"?< r.)t..:t".: c 
(;: J: -, '( , :,; ;J.. TA ~f.is;Q)il1JH::h t ~ffl:~ l:t!Pll'JT Q 
.:cQ)~~Qff~Ji:,;ATAc-f'7:>fl::h:n$Q)ff 
tEl~cL..--c~,Q. " 
[0009] 
[~MtM~TQ~~QJ-'Ffil*~~Q)ffMy:J..7 

AliJ:.icL..t..:Elt'l(Jtli!£-tQt..:~I::, flltQJ? A? t~ 
~H::MiiJ~~mD:(1)7"□-e •:,-tJ- t, :9 :J..? tffl.1£-tQ 

50 Mliifil.4iJQJ7"o-e •:,ff~QJ~;J<.iU::~-1~, «-:ii:~ 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 175



3 
fi!l(?)7"ot ·:t-lJ-iPM-t Q J: -3 ,::U(?)7"ot •:,-IJ-0) -3 
°t(?)~5E(?)7"ot •:,-tJ-i::7"at ·:,flvJ(?)::fJliP1:. t'i 
~,elffl-c~lk(?)? :J..? a-~Q? :J..?'ill=!=-~t, tt-.il:. 
:!tfi!t(?) 7"o t ·:t -tt t::m Q 1iimfMft t W .il:.-t Q 1ii!J ~lft 
~m=J:~ta-~ffl-tQ.:ta-Ht-tQ. 
[0010]i~-*~~(?)t1/fflM1/:J..f-LC1)~~1J 

n~lj, :fillk(?)? :J..? a-~JIJ t::~JlnJ~'i:fillk(?)7"at 
•:,-IJ-z-ffl .l t.::H~f.11/ :J.. f-L(?)fljJ ~t:::a \.' -C , 

( 3 ) 

4 
~, -c IZifii a- ~im 1.., -cm~ Q • 

~ffiW-9-185589 

[ 0 0 1 6 ] ~ 1 lj*~Ti!l't' '!-, Q fiffll~J!l!1/ :J.. f- L 
~~ffllilt z-jf--t~-C·'b-, Q • 

? :J..? Hl.ii.tt Q ~J.11i!fil:4JfC1)7"at •:, -tr~i!JQ)!l:J<.:fi 
t::ilili--::1~, tt-il:.-ttfi!lC1)7"at ·:t-lJ-ifiM-t Q J: -3 t:::f<llk 10 

[ 0 0 1 7] lii)~t::jf--t J: -3 t::, .:(?)~J!l!1/ :J.. f-k 
lj:filft{§IJtli4-?(?)7"ot•;,-trl 1, 12, 13, 14 
t tr 7"ot •y-tJ-"-(?)~vJ~ffttffillm-t o~im~lft::i:::.,, 1-
0-7 2 t a-fiiii.l -Cffllilt~h.Q. tr7"at •:, -IJ-t 1iim~ 
fft::i::,, l- 0-7 2 t liffl1f.i::r,;1.. 3&tf1ii!J~4 a-ii t, 
-cmm~n -c~,o. @l{C1)7"at •:,-ttlitr/{ _ :f<llkO)? 
:J.. ? a-~~ < IJi!ntilfll~ 11! ) t::~J!l!-t Q .: t iPnJ~-c-'!-, 
Q. (?)7"at •:,-IJ-(?):> °tC1)~5E(?)7"at •:t-tti::7"□t •:,fl 

vJ(?)::fJliJi1:.t'i~'iElffi't~lk(?)? :J..? t~- tt-.il:.tt 
fi!l(?)7"ot ·:t-tti::m Q1ivJ~lfttW.il:.-tQ.: t z-U 
t-tQ. 
[0 0 11] .:tt.t:iO)~BJU:::a~•-Clj, ?:J..?a-ffllilt-t 

Q~Jl1j!fil:4ij(?)7"Dt •y-lj-Jf?lJCl)!l:J<.:fii::ili!i--::1~ ' :fillk 
(?)7"Dt •y-lj-(1) '? °tC1)~5E(?)7"Dt •y-lj-,::7"□t •yfl 
vJ(?)::f JliJi1:. t'i~ •iElffl't~lkCl)? :J..? a-~Q.: t 
-c· _ ~5E7"at •:,-IJ-a-71vfi!t11Jt::i!r~ ,ttfl!t::-t Q-1i, 
tf;.il:.:lxfi!l(?)7'at •:,-trz--? < tJ t!.-t • .: (?){;f-.Jl:.-ttfi!l(?)7" 
□t ·:t-tti::m Q1{li)J~lfta-Wil:.-t Q.: tt::J:-,-c, 1/ 

:J.. f-L ~«.(?)ilfilt1i1J tili~-t Q.: t iJ{-C·~ Q. 
[ 0 0 1 2 ] ~ t;, t::*~BJIC1)ffM1/ :J.. f-LljJ:~c L 

t..: El (I{] a:31.lilt-t Qt..:~,::_ :f,l~Cl)? :J.. '7 a: .ftHIH::~JlnJ 
~7i":fillk(?)7"at ·:t-tt t, ? :J..? tffllilt-t QM!i!fil:4Jf 
(?) 7" D t •y flvJ C1)!1"5J<:fi!.: t:: ili!i--:J ~ , f;f-.Jl:. :tlfilt(?) 7" O t 
•y-tJ-iJfM-t Q J: '? ,:::f,llk(?)7"Dt •y-lj-(7) '? °t(?)~5E(?) 
7"at •:,-tJ-t::7"at •yfli}J(?):;r,,ltiJi1:, t'i~ •iElffl't1i 
lk(?)? :J..?a-~Q? :J..?'ill=J:~t, tf:.Jl:.:tlfi!tC1)7'D 

[ 0 0 1 8 l .:(?)t1/fflM1/ :J.. f- Lt:::a~ ,-c Ii, ? :J..? 
ff t~5E(?) 7"o t •y -it i::-f (1)7"0 t •;, -tr(?)JtvJtFusr-te 
lffl-C~lf'~ -\tQ.: t-c· _ -c-~ ot.::it~ < (?)7"ot •:1-ttiJ{ 
tf.il:.:ittmt 'i Q J: '? ,:: _ tr 7"at •y-tJ-i::m Q? :J..? Q) 
W'J tJ ~-C iJ{fibni. 
[0019] ,f(?)~a-~2t::jf--t. fta!i!1t(?)t.::~,.: 

Cl)W!]'t'li 2 -?C1)7"Dt •:,-tr 1 1 , 1 2 rnl't'(?)? :J.. '7 O)fo/ 
i/Ja-jf--t. Iii)~ (a) Ii? :J..?fo/i/Jffli(?):tlfi!t-C•'b-, tJ, 7" 

20 □t•;,-trl Hl:OSt?:J..? (Taskl) a-lfTQ. it.:: 
7"at rtJ-21;!.:? :J..'7 (Task2) t? :J..'7 (Task3) a
flTQ. 
[0020] .:.:-c·, OS, ?:J..'7(1) "7"ot•:,fli}J 

C1)!13J<.:fi" ,::-?~\"(ftltBJITQ O "7"Ot ·:,-tJ-1fvJC1)!1"5J< 
.:fi" t I;!.:, 0 S, 7° A '7 (?)~Jla-fi-3 J:'t7°Ot •;,-lj"Cl) 

~1JQ)c(?)< e;,~ ,(?)fJ~t~t -t Qi.)•z-jf--tffi-c•'b-, 
tJ _ 7'ot ·:,-IJ-a-71vfi!t11J~-tt-c o s _ :1 :J.. '7 r-J(?)M 
!I! fil: ( lffllt!i! fil:, 7 a •:, '7 !I! fil:~(?)trff!Ifil:, 1 -?(?) ? :J.. 
?iJ{I-?(?)Mli!fil:t'io~b'b-,o. ) a-~Lt.::~ 

t •:,-IJ-(?)!ll/Jfl:'7 a•:, '7 Nil?#llktrH Q=f-~t a:Ja!:fiiii-t Q 30 
.:ta-Ht-tQ. 

*(?)M~rnla-Tltl.,,-f(?)~Jl!i!fil:(?)!1"5J<M~rnl 
a-T 2 t L 't , ( T 1 /T 2 ) x 1 0 0 (?)ttll:it't-31<"1'> 
o.: tiJ<-c·~ Q. Will Ii, ? :J..'7 r-J(?)'b-,o~l:ll!li!fil:(?)!I 
;J<~J.i~rnlT 2 a- 1 0 ms, -f(?)M!i!fil:a-7"ot •:,-tJ
a-7 Jvfi!~~-lt-C~ lt.::~(?)M~rnlT 1 a- 5 ms 
t-th.li "7'ot,;,-lj-1{i}J(?)!l;J<.:fi" Ii ( 5/10) x 
1 o o=5 o <%> t:i:to. 

[0013]i~-*~~(?)t1/fflM1/:J..f-L(?)~1g1J 
n~lj, :fillk(?)? :J.. '7 a-~JIJ t::~JlnJ~'i:fillk(?)7"at 
•y-lj-z-fflx.t.::ff~f.11/ A f-L(?)fljJ~t:::B~•-C, 
? A? a:ffl.filt-t Q ~J.11j!fil:4ijC1)7'at •y-tJ--'~vJ(?)!l:J<.:fi 
t::ili!i--:5~, f;f-il:.:lxfi!lC1)7"at ·:t-tJ-iPM-tQ J: -3 t::U 
(?)7'□t •y-lJ-(1)? °tC1)~5E(?)7°Dt •:,-lj-t::7"□t •yfl 
vJO)::f.Jli.){1:_l:,'i~•iElffl't~~(?)-y' :J..? a"~- tt:.il:.tt 
fi!lC1)7'at •:,-IJ-(?)!ll/Jfp?a ·:, '7 P-il~a--flf Q.: ta-~ 
ffit-tQ. 
[0014] .:h.t;,(?)~BJ!t:::a~•-Clj, ?:J..?a-ffl.lilt-t 

Q~J!l!!j!fil:4Jf(?)7"Dt •yfl?}JC1)!13J<:fiU::ili!i--:5~' :fillk 
(?)7"Dt •y-lj-(1)'3 °t(?)~5E(?)7"Dt •:,-tt,::7"□t •yfl 
vJC1);r-)li]i1=_ t.::>i"~ •iElffl-C~~Cl)-y' :J..? a"~Q.: t 
-c·, ~5E7"ot ·:,-IJ-a- 7 Jvfi!t11Jt::i/r~ ,ttft!lt::-t Q-1i, 
tf;.il:.:lxft!l(?)7"Ot •y-lj-z--? < t) t.::-t • .: (?)/;f-.Jl:.-ttfi!l(?)7" 
D t •y-lj-(?)l/Jfp? D •y ? ml?Bc:~ a: l'H Q .: t ,:: J: -:, -c -
1/ ;;z. f-L~«.(?)illfff1i1J a-liti~-t o .: t ifi-C• ~ o • 
[0015] 
[ ~BJl(?)~fjm(?)Wfi!l] J,:J."""f' .: (?)~BJl(?)~fim(?)Wfi!l,::-? 

[ 0 0 21] ~2t::;a~,-c. OSO)Jjl:(f(?)~J:ll!lj!fil:(1)7" 
ot ,:,-lj-1{i!J(?)!l3J<.:filj2 5, Iii) t< :1 :J..'7 (Taskl) 
I;!.: 3 0 , ? :J.. '7 ( Task 2 ) I;!.: 2 0 , ? :J.. '7 ( Task 3 ) I;!.: 

40 2 0 t -t Q • it.:: 2 -?(?)7"o t ·;, -it 1 L 1 2 0)11~1;!.: 
15)-t-tt. ~2 (a) (1)7':J..?fo/l/Jffli(?):lxfi!il:::a~, 
-C, --Jj(?)7"ot •;,-IT l 1 iJ>"WrlfTQO St? :J..'7 (Ta 
sk 1 ) C1)Jjl:(£C1)7°Dt •y-lj"Jfi}JC1)!1"5J<:fit(?)lt)l;l.: 5 5, fl!! 
1JC1)7"Ot r't 1 2 iJfrJr::t:f-t Q? :J.. '7 ( Task 2 ) t ? :J.. 
? (Task3) C1)Jjl:(£C1)7'at •:,-IJ-:ifi!J(?)!l;J<:fit(?)lt:Jli4 
o-c·'b-, Q. Lt.::iJ<-, -c _ 7°□t •:,-tt l 11;1: 1 o o - 5 5 
=4 5(?)7"□t•:,-IJ-Jfi!Jh?iL't:BtJ, ~2 ( b) l::jf
T J: -3 t::, 7"o t •;, -it 1 2 (?)Plflf-t o? :J.. '7 ( Task 2 ) 
t 7' :J..'7 ( Task 3) a-7°ot •:,-IJ-1 U::fo/lh~-lt-C t, 

50 7"ot •:,-IJ- l U:::B~•-CO St~? :J..'7 a-~~1::M-t 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 176



5 
Q.: c tFnJ~-C·.1) Q. 
[ 0 0 2 2] ~WB1iJO>fflfflmJJl!:1/;t..7Al.i. ,:?)J: 
3~1;t..7?)nJJJ-ffii'J~-CMtOS(7)'gJl?)r-C~ 
fiTQ. 0 Sl.iO S El!tt~(l.>')~1 ;t..7'1)M.!j!fil.?)7" 
D-t •:,-t}"~im(?)J!;J<:i:t:/JoiJt;:j[]i'). 7"D-t ·:,-+J"~iffi1J> 
:::f-Jl l,~~ ,g ( 7°O-t •:,-t}"~im(?)J!3.l<ffl:?)f{J1){! 0 0 
Hii~~ ,a) -c·1 ;t.. 71¥t~JE'.?)7"o-t ·:1-itt:~i:p 
~-\tQJ: -3t:~7"O-t•:1-ttl:MJ.>1 ;t..7?)3'J"J ~-Ct 
ffillfjj)TJ.>. ~1;:t..71:1.i. 7"D-t•:,fli/J?)J!3J<ffl:tjf
T-tlffli#M.!j!fil.4ifl;:ft1JD~it -CB i'J • .:itt~l:O S 

l.iJJ,l:(£?)~1 ;t..7?)7"o-t ·:1-tJ-~i/J?)~3.l<ffl:tmJ.>. -m 
~. o S e!!tl: b :ro-t •:,-+J"~$l?)~3J<ffl:tjf-Tffiffl1J> 
f-t1Ja~ it -c ~ ,,., • 
[0023]~2~~l,~J:-3~.7"D-t7-t}"l2?)~ 

"(?)1;:t..7 (Task2, Task3) t7"o-t,:,-t}"l H:nJJJ 
~-itt..:.: c t:J:-:> -C. 7°□-t •:,-IJ" 1 2 l.itf-il:-1~11Jc ~ 
7.>. OSl.i. 7"o-t•:,-+J"l 2t;{tf-.tl::f:tfl!H;:~-:,t._:.:ct 
j[]J.>c _ 'i!ti/J~~:1::,,1--o-:121:$~ttel. 7•O-t 
•:,-+J" l 2 "-?)'ii'.i/J~~tW ii:~ -it 7.>. 

( 4) ~lffllll-9-185589 
6 

~-ctJmit~T Qt..:(ll')t:1.i, ~1 ;t..?t::ro-t •:,ffi 
ilJ~3.R:i:tjf-Tffiffltft11nl -c:t3<a#.f)J.>. 1 ;t.. 
71: :ro-t ·:, ttim!v'>~3.R:i: t~Ttflff t#1JDT ¢ ~ 
t L, -C WXv'>J: -3 ~ b ?)t~lf ¢.: t #-c·~ 7.>. 
[ 0 0 2 8] ~5t:t:>~,-c, 51 lj'J-;t..7"o?':iA, 
521.i'/-;t..7"0?':1A5l~l:>;;t/Y.:r.7J--7"O?'7 
A 5 3 t1:.Ji.ltT¢:1::,,1~17, 7-t::,,/:i~v'>g~ 
*- 5 41.i;;t/Y .:r. 7 1--7"□ ?':i.A 5 3 t~~L, -C 
--:>?)7"D-t •:,-+J"~Jfnt?)7"O?'7.A ( :$' ;t..7) 5 5 

10 tUTJ.> IJ ::,,tJ-c•.f)J.>. 
[ o o 2 9 l 1 ;t..7t::7"□-t •:,-+J"~im!?)J!3J<:i:tjf-Tffi 

ffltf-t1Ja-t ¢ffi 1 v'>::n$1.i. 7"O?':1.Al!~~El!t'll-1 
;t.. 7 ?)mJJl!.!j! fil.4if?) 7" o-t rttti1Jv'>~3.R:fit t 3.1<¥.> Q .: 
t t:J:-:,-C 1/-;t..:i- ~Jilt~,tj;;t/Y .:r. 7 ::1- ~-Cici!l! 
~itt..:~ilJ~ci!l!7 r 11v6 t~li.lt l. g~JJl!ffi'fiilt~ ,1.i 
I} ::,, tJ lt!it:, ~${~2.i!fl 7 71 Iv 6 ?)~ci!J!ffq~ t :$' ;t.. 7 lfs= 
«tt;:fsf"1JUT Q ::n$"('.f) Q • it.,:, :$1 ;t.. 7 v') '/-;t.. 7°D ?' 
:i .A 1 El«tt::ro-t ::i-+J--~ilJ?)~3J<:i:v'>'/- ;t.. :1- ~ t 
--f.Mt ~ -it-C b J: ~,. ..: ?)~. 1 ;t.. 7 v'> 'I - ;t.. 7"D ?' 

[ 0 0 2 4 ] ~ 3 ttffit..:~ 1 ;t.. 7 ( Task 4 ) 1J>M l,t..: '20 
~tjf-L, "(~,¢. ,:?)1 ;t..7 (Task4) ?).:iti.Pf:>m 
JJ!!l,J: 'JC l, -c~ )¢!/J!JJl!lj!fil.?)7"D-t ·:, fli/J?)J!3J<ffl: 
l.i20-C'.f)¢. -!t. 7"□-t•:,-+J"l 1:b'FJrlfl,t~,¢OS 

:i.A 1 ?)~filifil.t:c g!~t::t3,t¢pragmav'>J: -3 ~~~ 
i!-c•:ro-t •:, -tt~im!v'>~3.R:i: t ~TH t Fil AT 7.> ~ 
i.){~ :t ':>it¢ 0 

[ 0 0 3 0] ffi2?)::n$1j, ffi 1 ?)::n$v'>~$l~ci!l!7 Y 

11v6 t:ft:t -C 1 ;t..7 ?)0.!j!fil:?)J!3J<Mlt!ilmt~ci!l! 
L,~~3.R!l.!1JJl!lt!iFe1~2.i!fl7 r 1 ,1,,t7'O?':1 Al!MEl!t 
1.1'~li.ltl. ~ti. -f?)7 r1 ,1,,1:~ci!l!~itt..:J! 
3.!<Mffi'flmt:~-::1~ ,-c ~JJl!.!j!fil:?)7"□-t "1-+t~i/J?)~ 
3.1<:fiH:-lll:f:l L, -C;;t/Y .:r. 7 1-- :1- ~1'tl, ..:tti 1 ;t..7 
:;f;;f,it?);;t/Y .:r. 7 1-- :1- ~t:f-t1JaT ¢::ni!-Z:'.f)J.> • ..:v'> 

c 3-:>?)1 ;t..7 (Task 1. Task 2, Task 3) ?)7"O-t •:, 
ffiim(?)~3J<ffl:v'>ft11j 9 5 -C' .f) ¢ f.p t:,. .: itt:ffit..: ~ 1 
;t..7 (Task4) v'>7"□-t •:,-+J"~i/J?)~3J<ffl:i1Jlli¢ c 9 

5+20=115c~-:>-C7"D-t7-IJ"ll?)7"O-t7-tj" 
~i/J it!! ;t -C L, i -3 • -t.: -c·.: v'>~. 0 S l.i~i/J ~~ 
:1::,, J-- O-7 2 t;:$~tl:f:l l, -C7"D-t ·:,-+J" 1 2"-v'>~i/J 
~~ifl~~-\t¢ c:J:!it;:, ffit..:~1 ;t..7 (Task4) i7" 
D-t7-t}"l2~~i'J~-C-C.7"D-t7-tj"l2~1;t..7 
(Task4) v'>mJJl!t~~-i!-7.>. 
[ 0 0 2 5 l it.:. ~2 t:jf-T7"□-t ·:,-+J" 1 1 #0 Sc 
3-:>?)1 ;t..7 (Task 1, Task2, Task3) i~lfTJ.>~ 
fiJt::t?~,-c. ~'i':b•v'>1 ;t..7?).:tL:b•f:>MlJ: -3 cT 
J.>mJJl!¥fil:v'>7"o-t •:i-tt-~i/J?)~3J<ffl:t;{iflt1Ja l -c:ro-t 
·:,-+J" 1 1 ,:MT¢ 7"D-t ·:,-tJ-~${~3.l<ffl:?)f{Ji.)> 1 0 0 
it!!:t ¢~. 0 Sl.i.:itt!j:IJ!ffi l,-C~'i':b•?)1 ;t.. 7 t 
fl!l::n?):r□ -t •:,-tt 1 2 ,:n111~1t i. 
[ 0 0 2 6] ff!J:tli. ~4t::~T J: -3 t:. 1 ;t..7 (Task 
2) ?).:tt:b•t:>mJJl!T ,.,mJJ1!¥fil.?)7"□ -t •:,fli/J?)~ 
3.l<ffl:#30~.f)¢cT¢ • .:?)~*-OSc3-:>v'>1;t.. 
7 (Taskl, Task2, Task3) v'>7"□-t•:,-t}"~i/Jv'>~3.R 

:i:v'>;fal.i 2 5 + 3 0 + 3 0 + 2 0 = 1 0 5 c ~ i'J , 1 0 
0 tt!!i -c li t..:(11'), ~ ,-rt;•?)1 ;t.. 7 tfl!!::n?)7"o-t •:, 
-tt12~3111~1t,., • .:v'>~~l.i.c?)1;t..7tn~~ 
-it-Cb 7"O-t •:,-+J" 1 1 j;:J!3J<~tLQ 7"D-t ,:,-+J-jfi/J:ffl:?) 
;fal.il 00*it'i'it~Qv')"(', cv'>1;t..7t:ro-t•:,-IJ"l 
2 t:fHb~-it-C b J: ~,. 
[ o o 2 7 l iiiii!l!lt..:J:-31:, J:..ll:.v'>:$7 ;t..7nJJJ · i!/IJ"J 

30 ffi 2 ?)::n?$;1j, ffi 1 v'>::n$t:!t."-7"D?'7 .Al!M?)~ 
~1tHl ift < T ¢..: c t;t-z:•~ ¢. 

[ 0 0 3 1 ] ffi 3 ?)::n$1.i. 7"□ -t •:, -ttl:t? ~ , -C 1 ;t.. 7 
?)mJJl!t~~,:~ 1.., -c h--c _ -t?)mJJl!t:::~ t.,t..:lt!trm 
t . ffi 2 ?)::n$-c·m~ ,t..:~3.RmJJl!lt!iFeJ~D!fl7 r 1 ,1,,1:~c 
i!l!~ttt..:~3.RmJJl!ffi'fFeJt 1;,t:, :r□ -t •:1ffiim!v'>~3J<:i:t 
ll+llT ¢ ::ni!'t'.f) 7.>. iiiii!l! lt..: J: -3 t:, 7°□ -t •:,-+J":\ii/J 
?)~3J<:i:l.i, ff!J :t Ii, 7"□-t •:, -it t 7 Jvfi11b ~ -it-C 1 ;t.. 
?ffq?)M.!j!fil.t~L,~~?)Mlt!iFeltTL-tv'> 
M.!j!fil.?)J!3J<Mlt!ilmtT2cl-C(Tl/T2)X 

40 1 0 O ?)llf~-C';J<¥.> 7.> .: c 'IJ>-C' ~ ¢ • 
[ 0 0 3 2 ] ..: v'>7"□ -t •:, ffi${~3J<ffl:?)ttJJ;j:, ffi 

ffimJJl!:1/ ;t.. rAt~~t:::i!lffiT¢ iiiil:7"□ 771 IJ ::,,?" 
WllmH1Ht • ..:v'>7"□ 7 r 1 IJ ::,,?"WJlmt:::~-c ?):$' ;t.. 7 
?)M.!j!fil:1:::-:>~ ,-cfi -3 J: -3 t:::T 7.>.: c 'IJ~i L, ~ '· 
[ o o 3 3 l :b• < L, -c ttnffiWfiJO>fflfflM :.,-;t.. r .At::: 

J:itli, ~JE'.?)7°□-t ·:1-+J-t;:-f?)7"□ -t ·:1-+t~i/Jv'>:::f-Jl 
1J>~ t;,~~ ,felffl-C'~ <?):$'A? ~:mi:f:ic-\t-Q.: C -C', -f 
?)$?)7"□ -t ·:, -tJ- t ffl~(tt)~;:: tf-tl: ;f:tfi!U::: I..,, .: it f:>tf-1.1: 
:f:t~?)7°D-t •:,-t}"t:~T Q ~im!~~tWll:.T Q..: C t:J: 

50 --:i -C , ;:/ ;t.. r .A ~f-itv'>illi1t'ii'.::tJ i MtttJt;::Jllffi!JT ¢ .: c 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 177



( 5 ) ~lfflJY-9-185589 
7 8 

ifi'iif~C ,j:-Q • ;f~.fj!tC1)70 t •:, -tj"a-"? < I) tf l.,, .: O)tf';ll:~filt0)7°Dt 
[ 0 0 3 4 l ,j:-i:i, ~tifilt-Cti, tt:.tl:.tt.fi!C1)7°ot •:,-tj"O)lbff:? o •:,? fflJUa-"flf ¢.: t t;:J:..., -C, :S,-A 
•:,-tj-t;::t-ft Q~iJJ1:!H~a-~.tl:.-t QJ: '3 t;: t.,t.::#, 7ot f-A~ff.C1)iilJ~1Jtio~ Q.: t#-C-~ o. 
•y-tj"~O)? D •:,? fflJUa-~-c-~ Q J: '3 t:ffl1ocl-' t,t; [OOilijO)ffi.!j!,j:'&Jtff.Jj] 
Jl:tt,fj!0)7D-t •y -tj"(;:;t-tt Q? 0 •y? fflJUt""flf Q.: [001 ] ;41:~tili!l-C'.t)Mftffl~Jl;y A f- .b.O)~#;~,j:-

t t;:J:..., 't tii1ilt~1JO)tli0:;\lldftlf::>h.Q. fflJoca-jf-"tOO 
[ 0 0 3 5] [002] l;Rl 1 O)trtffl~Jl::,,Af-At:i:iltQ? A?tHt/Ja-
[~H.JjO)~:;\ll:] J:.J.J:.IDtH.Jll,t.::J: '3t;::,fl:~H.Jlt;:J:h.l;f, ? &Jtff.Jl°tQt,::Q'.>0)00 

A? !-UlJoc"t o~Jl.!j!fil~0)7°□-t ·:1-ttifiJJO)~>.Jt:filt;: [~3] ~ 1 Q)ffiffl~JI::,, .7.. f-At;:t:5\,,"(ffit.::,j:-? .7.. 7 
~"?~, ~f{C1)7□t •y-tj-0) '3 ~O)~JE0)7□-t •:,-t}"t;: 10 tfil L,t.::~O)? A ?fl I)~"( t&JtH.Jl-t Qt,:d)O)~ 

7°□t ·,-tJ"ifiljO):;r-..@tf1:. t,,j:-\. ,iJrnD-c·~~O)? .7..? t C 004 l l;RI 1 O)trtffl~JI::,, .7.. f-At:i:i\. ,-c ~Jl.!i!fil0)7° 
~Q.:: c -c· _ ~JE7•ot •1-tJ"t 7 ,1,,~(i!Jt:i!i:\. ,:ix.rm,: ot •:,-tJ":ftiJJO)~;J<:fib'iif!l* l-t.::~O)? A ?fo/i:IJtfill 
TQ-:Jf, tf;Jl:~filt0)7°0t •:,-tJ"a-"?< l')t,:l.,, .:0)1:f; ff.Jl°tQt.::Q'.>O)~ 
.tl:.tt.f!J0)7°□t •,-itt:m Q ~ilj~~t~ .tl:.-t Q.: t ,: coo 5 l 7°□t •:,-tJ"~iljO)~;J<:i:C1)ffa-? .7..? t:ft1Jn 
J: "? "(, :S,-.7..-r A~ff.O)illJ'ft~1Ja-ili~T Q.:: };-/)>"'(:~ T Q :Jfi!;a-&Jtff.Jl"t Qt,::Q'.>0)00 

Q. [ :l1=-%0)&Jtff.Jj] 
[0036] it.::, :,f\:~H.Jlt;:J:h.t;f, ?.7..?a-fflJocTQ 2·····•~ilj~~::l1/J--O-7 

~Jl.!j!ffi~0)7°Dt •yflj)JO)~;J<.ffl:t;:~--j~, ~~O) 3 ...... J,A 

7°ot •:,-tJ"0)-31":>0)~JE0)7"ot ·1-tJ"t;:7•ot •:,-tJ"~ilj 4······~imiUl 
O),f ,@:i)<1:_ t,,j:-\, 'iiilffl-C~~O)? .7.. 7 a"~Q.:: c!:: -C', 20 1 1 , 1 2, 1 3, 1 4 · ..... 7O,e •y-tJ" 
~~7ot •,-it!- 7 ,1,,~iJJt:i!i:\. ,tt,,mt;:-tQ-:Jf _ tt:.tl:. 5 6 ··· .. ·ifiJJi~7,. 1 ,1,, 

11 12 13 14 

5 2'\r-------, 
111HIIQ 
>)110/11>11 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 178



( 6) ~!ffllf9-185589 

[~2] 

1 1 1 2 11 1 2 

I Task3 I 
I Task2 I 

I Taskl I I Task 3 I c:::::> I Taskl I 
10 s I pask2 ! 10 s I 

3 
2 

(a) (b) 

1 1 1 2 1 1 1 2 

Task3 pask3 I 
Task2 ~ 
Taskl c:::::!) I Task 1 I 
0 S 1-0 s I I Task4 I 
3 8 

2 2 

(a) (b) 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 179



.. . .. 

2 

1 1 1 2 

! Task3 I 
~ 
! Taskl I 
10 s1 

3 

tllUIU&:1:,~~-; 

(a) 

(7) 

[~4] 

11 

pask3 ! 
--------■ I ■ 
I "···---~ 

c:::::> ! Taskl ( 

jo S! 
8 

2 

(b) 

fflffllll-9-185589 

1 2 

Task2 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 180



Sent By: • 18006661233; Mar-10.17: 36; Page 100/114 

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property Organization 
International Bureau IIID~lfflll~lrnOOllffilll~IIIll■lrnmmm 

(10) International Publication Number (43) International Publication Date 
19 AprU 2001 (19.04.2001) JP>C1' W(()) «b]./2772~ A]l 

(51) International Patent Classification 7: G06F 1/32 

(21) International Application Number: PCT/US00/11062 

(22) International Filing Date: 25 April 2000 (25.04.2000) 

(25) Filing Language: English 

(26) Publication Language: English 

(US). CALDWELL, Dervinn, Deyual; 3837 Burton 
Common, Fremont, CA 94536 (US). BAUM. Gary; 189 
Ehrlich Road., Austin, TX 78746 (US). ODIORNE, Kyle; 
317 Robin Way, Richardson, TX 75080 (US). 

(74) Agent: !RILEY, Louis, A.; Advanced Micro Devices, Inc., 
5204 East Ben White Boulevard. MIS S62, Austin, TX 
78741 (US). 

(81) Designated States (national): IP, KR. 

(30) Priority Data: 
09/418,291 140ctober 1999 (14.10.1999) 

(fW) Designated States (regional): European patent (M, BE, 
US CH, CT. DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, 

NL,PT. SE). 
(71) Applicant: ADVANCED MICRO DEVICES, INC. 

(US/US); One AMD Place. Mail Stop 68, SllllDyvale, CA Published: 
94088-34S3 (US). - Wuh i111ernationaJ search report. 

(72) D"nvenlon: QURESID, Qadeer, Ahmad; 16708 Tomcat For two-letter codes and other abbreviations, refer to the ~Guid
Drive, Round Rock. TX 78681 (US). MITCHELL, ance Notes on Codes and Abbreviations~ appearing at the begin
Charles, Weldon; 6501 Skinner Cove, Austin, TX 78759 rung of each regular issue of the PCT Gazette. 

- ---------------------------------------
. (54) Title: MINIMIZING POWER CONSUMPTION DURING SLEEP MODES BY USING MINIMUM CORE VOLTAGE NEC

- ESSARY 10 MAINTAIN SYS1EM STATE = i:::=5 

~ 
§a 
= i:::=5 
5S= 

= 5=:::::= = = ~ = 
= = -

STOl' a..oos 
l!ll 

REDUCE <DRE VOLTAGE BEING SIJl'PU!:D 
10 PR0CES'5M CORE lOGIC 

.m 

OWIGE C0IIE YOI..TAGE TD A VOLTAGE LEVEL 
~ TD DES!REt)~ 

EI 

START PROCESSOR CI.OCl(S liTBI CDRE 
YQUMi£Qw«iB) 

.m 
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MINIMIZING POWER CONSUMJPTION lDUllUNG SLEIEP MODES BY USING MINIMUM 
CORE VOLTAGE NECJESSARY TO MAINTAIN SYSTEM STATE 

Technical Field 

lbis invention relates to power consumption in integrated circuits and more specifically to reducing 

5 power consumption on an integrated circuit while clocks are stopped. 

Background Art 

A conventional notebook computer has power constraints that cause it to employ techniques to reduce 

power consumption to conserve battery life. In addition, the conventional notebook computer has thermal 

constraints due to a small, densely packed system construction that limits its ability to safely dissipate the heat 

10 generated by computer operation. The power savings techniques also beneficially reduce the amount of beat 

needed to be dissipated. 

The frequency of operation ( clock frequency) of the processor and its operating voltage are primary 

determinants of power consumption. Since power consumption and dissipation are roughly proportional to the 

processor's frequency of operation, scaling down the processor's frequency has been a common method of 

15 staying within notebook computer power and thermal limitations. 

A common power management technique, called "throttling", temporarily stops processor clocks, to 

reduce power consumption and thus reduce heat generation. Throttling continuously stops and starts processor 

operation by turning its clocks off and on according to a predefined duty cycle with a period of a few 

milliseconds. The reduction in the effective speed of the processor reduces power dissipation and thus the 

20 processor's temperature. A clock control signal (e.g., STPCLK# in x86 architectures) modulates the duty 

cycle of processor operation. The clock control signal, when asserted, causes the processor to gate off the 

clocks being supplied to core logic in the processor. In some current processor designs, e.g., x86 processors, a 

Stop Grant cycle on a host or system bus is executed to indicate that the stop clock request on the asserted 

clock control signal has been completed. A temperature sensor placed on or near the processor's heat sink can 

25 initiate throttling when needed. 

In addition, when operating from its battery, most notebooks take advantage of the processor's idle 

periods by periodically stopping processor operation to reduce power consumption. Applications like word 

processors typically leave the processor idle much of the time. For example, in a word processing application, 

a processor will do a brief burst of work after each letter is typed, then its operation is stopped until the next 

30 keystroke. As a result, the typical processor power consumption when running a word processing application, 

can be as much as 30-50% below the maximum. 1bat idle time can be exploited by the computer system to 

achieve additional power savings by putting the processor to sleep temporarily. 

Current x86 based computer systems utilize an industry supported power management approach 

described in the Advanced Configuration and Power Interface Specification (ACPI), Revision l.0a, by Intel, 

35 Microsoft and Toshiba dated November 19, 1998, which is incorporated herein by reference. The ACP[ is an 
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operating system (OS) controlled power management scheme that uses features built into the Windows 95, 98 

and Windows Nf or other compatible operating systems. It defines a standard intenupt (System Control 

Intenupt or SCI) that handles all ACPI events. System control interrupts are generated by devices to inform. 

the OS about system events. 

As part of that power management approach, ACPI specifies sleep and suspend states. Sleep states 

temporarily halt processor operation and operation can be restored in a few milliseconds. A computer system 

processor enters the sleep state when internal activity monitors indicate no processing is taking place. When a 

keystroke is entered, a mouse moves or data is received via a modem, the processor wakes up in order to 

resume operation, the clocks are turned on and the CPU continues executing from where it left off. 

10 Other modes save processor context external to the processor such as to system memory or even to 

hard disk. Suspend states shut down more of the notebook's system (e.g. display or hard drive) and take a few 

seconds for operation to be restored. Suspend states copy the present context of the system (sufficient for the 

computer to reswne processing the application(s) presently opened) into memory (suspend to RAM) or to the 

hard drive (suspend to disk) and power down peripherals. Obviously in these other modes, longer latency is 

15 incurred to resume normal system operation. 

When computer systems stop the central processing unit (CPU) clocks during a sleep mode or during 

throttling, a short latency for resuming processor operation is desirable. One way to achieve that short latency 

is to ensure that CPU context is not lost. That means that the various latches and other circuit nodes in the 

CPU that hold information required (e.g., the state of processor registers) for the processor to reswne 

20 operations where it left off, are maintained in the CPU while clocks are stopped. Maintaining processor 

context requires that the CPU receive power even though the clocks are stopped. 

Note that processors typically have separate regions of the chip that receive separate power supply 

voltages. For example, such regions may include a core region, as well as a peripheral region where 

input/output (I/0) circuits are located. The peripheral region often remains powered up even if the core 

25 voltage is turned off. Therefore, core voltage which must be maintained to ensure processor context is 

maintained (assuming I/0 voltage is also on). In most current notebook designs, CPU core voltage is typically 

set during initialization, and is not changed after that 

When power is supplied during the sleep state to maintain CPU context, the CPU still conswnes 

power because of leakage current. The leakage current is generally proportional to the core voltage, and the 

30 power consumption is proportional to the square of the core voltage. The leakage current can be significant 

enough to drain the battery. For example, an AMD-K-6®-2 processor can consume several hundred 

milliwatts while in sleep mode. Additionally, some circuit designs may be more leaky than others, resulting in 

even more power being consumed in sleep mode. 

It is desirable to reduce power consumption in computers, particularly in portable computers where 

35 maximizing battezy life and reducing heat generation by reducing power consumption is particularly 
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advantageous. Therefore it would be desirable to reduce power consumption, if possible, when clocks are 

stopped and power is being consumed due to leakage current 

DISCLOSURE OF INVENTION 

Accordingly, the invention provides a way to save power while a processor (or other integrated 

5 circuit) is in a sleep mode in which context is maintained. Because the voltage required to maintain the 

integrated circuit context (e.g. processor state) intact may be significantly less than the voltage at which the 

processor can functionally operate at a particular frequency, significant power savings can be achieved by 

reducing processor voltage while the processor clocks are stopped. 

In one embodiment, the invention provides a method of supplying a first voltage to at least a first 

l 0 circuit portion of an integrated circuit during an operational mode. The method further includes stopping 

clocks which are being supplied to the first circuit portion to place the integrated circuit in a reduced power 

consumption state and then supplying a second voltage, less than the first voltage, to the first circuit portion 

while the clocks are stopped, the second voltage being at a voltage sufficient to maintain context of the first 

circuit portion in existence at a time when the clocks were stopped. 

15 In another embodiment. the invention provides an apparatus that includes an integrated circuit that 

has a plurality of circuits holding, at least in substantial part, context indicative of a cunent operational state of 

the integrated circuit. A power supply circuit supplies variable voltages to the integrated circuit. A control 

circuit is coupled to the power supply circuit, and supplies the: power supply circuit with first voltage control 

information, indicating a first voltage to be supplied. while clocks are being supplied to the plurality of 

20 circuits. The control circuit supplies the power supply circuit with second voltage control information, 

indicating a second voltage to be supplied, while the clocks are stopped, the second voltage being lower than 

the first voltage. 

BRIEF DESCRIPTION OF ][)RA WINGS 

The present invention may be bener understood, and its numerous objects, features, and advantages 

25 made apparent to those skilled in the art by referencing the accompanying drawings, wherein: 

Fig. 1 illustrates an exemplary system that can exploit the present invention; 

Fig. 2 illustrates additional details over a control circuit used in one embodiment of the present 

invention; and 

"Fig. 3 is a flow chart of an embodiment of the present invention. 

30 MODJE<S} FOR CARRYlING OUT TIIE INVENTION 

Additional power savings can be realized in computer systems by reducing the voltage supplied to the 

processor during a state in which processor clocks are stopped and processor context is maintained. With the 
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cJocks off, the voltage level required to maintain processor context can be reduced to levels below that needed 

for proper operation of the clocked circuits. Put another way, the voltage required to maintain state, is lower 

than that needed to change state reliably. 

In an exemplary embodiment illustrated in Fig. 1, voltage regulator 101 supplies core voltage 102 to 

5 processor (CPU) 103. 1n the embodiment illustrated, integrated circuit 105 controls the voltage level that is 

supplied to CPU 103 by supplying voltage control signals VID[0:4] to voltage regulator 101. VID refers to 

"voltage ID" which is commonly used in the industry to describe the voltage control signals. lntegrated circuit 

105 may be a south bridge integrated circuit, which is known in the art as one chip of a chipset pair. The south 

bridge, originally providing a bridge between the Peripheral Component Interconnect (PCI) bus and the ISA 

10 bus, also typically incorporates power management functions. The south bridge may also contain integrated 

legacy functions, as well as interfaces for newer buses such as Universal Serial Bus (USB) and other additional 

functions. The chipset pair also typically includes a north bridge integrated circuit (not shown) that provides a 

memory control function as well as a bridge function 'oetwc:c:11 the bQ$t bus connected to the processor and the 

Peripheral Component Interconnect (PCI) bus. Oock generator 107 supplies a clock signal 106 used by CPU 

15 103 to generate clocks supplied to core logic in the processor. Clock generator 107 can be controlled by clock 

stop signal 112 to selectably tum on and off clocks supplied to CPU 103 and other system components. 

The variable voltage regulator 101 may be, e.g., the National Semiconductor's LM4 l30, whose 

output voltage can be controlled by an external device such as south bridge 105. It is desirable for the voltage 

regulator to support at least four control bits and for the output voltage to be controllable in steps of 50m V ( or 

20 smaller) covering a minimum range of from 1.45 to 2.2 volts. A wider range or different granularity may be 

desirable in some applications. 

The CPU clocks can be stopped as follows. The "stop clock" signal refers to STPCLK# signal 110 

(where# indicates an active low signal), which causes CPU 103 to stop execution at the end of the current 

instruction, and tum off internal distribution of the CPU's clock, to most, if not all sections of processor core 

25 logic. The CPU executes a "Stop Grant" bus cycle to indicate that the CPU has entered the Stop Grant state. 

In addition to stopping distribution internally, clocks to the CPU and other components may be 

stopped using the "clock stop" signal 112 provided by south bridge 105 to clock generator 107. One typical 

sequence to stop the clocks is to assert the STPCLK# signal 110 to enter the Stop Grant state, wait for the Stop 

Grant bus cycle and then tum off the clock generator 107 distnbution of clocks using the clock stop signal 1 l 2 

30 to enter the Stop Clock state. 

Assume that the clocks to the processor are stopped as descnbed above. The particular mechanism to 

stop clocks may vary in different embodiments and is not critical to the present invention. The clocks may be 

stopped in association with throttling or because of the processor entering a sleep mode or any other scenario 

in which clocks are stopped arul power is left on. After the clocks are stopped, the south bridge 105 ( or any 

35 other suitable logic device) supplies new voltage control signals to the CPU core volt.age regulator 101 

instructing the voltage regulator 10 supply a reduced voltage to the CPU core. Depending on the sleep mode, it 
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may still be important that the voltages supplied to other areas of the CPU, such as the I/O circuits are 

maintained at suitable levels since such circuits may be interfacing with 1/0 devices, external circuits or buses 

that may be active when the processor has its core logic clocks stopped. 

Because sleep and throttle (and suspend) states require the processor operation to be stopped, it is 

5 impossible for system software to control all sleep, and recover operations. To overcome this problem, control 

logic is typically implemented external to the processor. For example, such control logic may be implemented 

in the input/output integrated circuit (referred to herein as south bridge 105) to control the final stages of sleep 

and suspend operations and the resume operation and other common power management features. One such 

integrated circuit is the Intel Co1p. 82371AB PCI-TO-ISA/IDE XCELERA TOR (PIIX4 ). The power 

10 management features contained therein reduce power consumption to extend battery life and control heat 

generation and dissipation to safely operate the processor. While some computer systems use a separate 

microcontroller for the task, most computer systems, including most notebook computers rely on the south 

bridge to provide the hardware needed for controlling thermal and power management. South bridge chips 

from various manufacturers have typically utilized the registers, timers and state machine definitions used in 

15 the Intel PIJX4 South Bridge. PllX4 compatibility in current south bridge chips can be extended to support· 

managing the core voltage during sleep states as descnbed herein. 

The control logic to reduce the core voltage after the clocks are turned off may be implemented as a 

state machine in south bridge 105. It may be particularly advantageous to augment or modify existing power 

management control logic in the south bridge to provide the enhanced functionality descnbed herein. Once the 

20 voltage to the core bas been reduced, the control logic waits for a system event that causes the CPU to resume 

processing. In the meantime the processor is in a quiescent state with the current consumption lower than it 

otherwise would have been. The system event causing the processor to wake-up, such as mouse movement or 

depressing a keyboard key, causes the CPU to resume nonnal operations. The control logic ensures that the 

core voltage is returned back to an operational level sufficient to support the desired clock frequency prior to 

25 the clocks being turned on. Otherwise, unpredictable results may be caused by clocking circuits when the 

power supply voltage is too low. Thus, the control logic issues new voltage control settings to voltage 

regulator IOI corresponding to a desired frequency and then the clocks are turned back on by, e.g., enabling 

clocks at clock generator 107, if necessary, and deasserting STPCLK#. 

For a particular processor, the minimum operating core voltage (V coremin), which specifies the 

30 minimum operating voltage required and the minimum static core voltage (V cmmiinJ), which specifies the 

voltage necessary to maintain context with clocks stopped, can be specified over the entire product line. In one 

embodiment, the voltage control signal (YID) settings corresponding to V cmanm and V corauim may be built into 

BIOS tables. When the system management software detennines that the system needs to be put into a mode 

where clocks are stopped (e.g., a sleep mode or a throttle clock state), the core voltage is reduced to V ;ormina 

35 after the clock has been stopped. Note that if clocks are stopped externally, it may also be possible to reduce 

the voltage being supplied to 1/0 regions of the processor under some circwnstances. When the system needs 

to be restored to operating conditions, the system automatically increases the core voltage to the setting needed 
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for the CPU operation at the desired frequency using the VID settings in the BIOS tables. The control settings 

may of course be located in any suitable location in the computer system 

Power savings will vary according to the leakage CWTent present in the particular integrated circuit. 

For example, a processor conswning hundreds milliwatts of power while clocks are stopped in the Stop Grant 

5 state (on chip clock multiplier logic is still active) might reduce leakage current by lowering ~e power supply 

voltage enough to reduce power consumption by approximately 10%. 

The voltage regulator's control pins should be configured for appropriate default operation upon 

power-up. Accordingly, as shown in Fig. l, south bridge 105 in one embodiment, has jwnper inputs IV[4:0]. 

· The s~ttings of the jumpers 111 ( open or short}, along with resistors 1 13, determine the default values for the 

10 VID signals. The IBF[2:0] inputs are for frequency control and a description of their use is not critical to 

understand the present invention. In addition to default modes, the south bridge 105 (or othei- suitable circuit) 

supplies the voltage regulator 101 with appropriate voltage control settings during operational modes and 

during sleep modes in which processor context is maintained. 

Referring to Fig. 2, a high level block diagram shows one approach an integrated circuit (such as the 

15 south bridge in current x86 based computer systems) may use to provide appropriate voltage control settings 

for voltage regulator 101 (Fig. l). In the embodiment illustrated in Fig. 2, multiplexer 201 receives three 

voltage controls settings as inputs. The first voltage control setting is from VID jumper settings 111, which as 

previously descn"bed. provide for default voltage settings on power-up. Multiplexer 201 also receives inputs 

from YID stop clock register 202, which provides the voltage control setting for the reduced processor voltage 

20 during stop clock modes (V cor=ins)- Multiplexer 201 receives inputs from VID operational register 203, which 

provides VID values for operational modes of the processor, i.e., when core clocks are running. Multiplexer 

201 selects between the various voltage control settings according to a select line 204 supplied by control logic 

210. Control logic 210 receives reset signal 207 and selects the jumper settings as the appropriate voltage 

control settings when reset (power on or other hard or soft reset) is asserted. Control logic 210 also receives a 

25 stop clock signal 208 which indicates that the processor bas or is about to enter a stop clock state with core 

power maintained. In addition, control logic 210 receives indication 209 that a wakeup event has occurred, 

i.e., that the processor is going to resume normal operation. 

The control logic also supplies load signal 211 to output register 205. During regular operational 

modes in which clocks are running, multiplexer 201 selects the operational VID register 203. Note that 

30 register 203 may be programmable to provide various VID signals during various operational modes. When 

the processor is in a sleep or throttle mode in which clocks are stopped, the control logic selects the VID stop 

clock register settings as the source for the voltage control signals VID. Thus, after the clocks are stopped ( or 

simultaneously therewith), the select line selects the YID values from the stop clock VID register 202. The 

control logic then waits for a wake-up event to occur. When the wake-up event occws as indicated by wake 

35 up signal 209 and before the clocks are started, the control logic causes the operational voltage control signals 

corresponding to the desired frequency of operation to be loaded into output register 205 from VID operational 

register 203. The clocks may then be enabled. 
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A variety of other circuit implementations would be readily apparent to one of skill in the an to 

accomplish the function of the circuit illustrated in Fig. 2. For example, the multiplexer may only select 

between jumper settings and a V1D register with the YID register being appropriately updated before values in 

the register are supplied to the voltage regulator 100. 1hat is, south bridge 105 can utilize a programmable 

5 register that can be wrinen to update the VID pins with the appropriate voltage control settings available from, 

e.g., the BIOS tables rather than have separate operational and stop clock registers. 

Referring to Fig. 3, a flow chart illustrates the operation of a system incorporating one embodiment 

for controlling core voltage to effectuate greater power savings according to the present invention. Assume 

that the clocks are stopped in 301. The clocks may be stopped using the STPCLK.# signal 110 or using clock 

10 stop signal 112 to tum offtbe clock signal 106 being supplied to the processor clock multiplier logic, or both, 

or in any other manner appropriate for the particular implementation. After the clocks are stopped, the system 

reduces the core voltage being supplied to processor core logic in 303. That is accomplished, e.g., by selecting 

the appropriate voltage control settings and supplying those settings to the CPU core voltage regulator. Once 

the processor is maintaining its context with the reduced core voltage, and thereby realizing greater power 

15 savings, the control logic waits for a wake-up event in 305. Once the wake-up event occurs, the core logic 

voltage is changed to a level corresponding to the desired frequency of operation in 307 and then, after the 

processor is receiving the higher voltage, the clocks are turned on and the processor resumes normal operation. 

The description of the invention set forth herein is illustrative, and is not intended to limit the scope of 

the invention as set forth in the following claims. For instance, while this invention bas been descnoed with 

20 relation generally to x86 based computer systems and is particularly relevant to notebook computers (which 

may also be referred to as laptops, portable or mobile computers), the teachings herein may also be utilized in 

any computing device such as personal digital assistants (PDAs), as well as systems containing any variety of 

processor in which it is desirable to save power by reducing voltage while clocks are stopped in a power 

savings mode and still maintain context Further, while the description herein has focused on reducing core 

25 voltages in processors or CPUs, the power savings is equally applicable to any integrated circuit in which 

clocks are stopped to save power while context is maintained. Other variations and modifications oftbe 

embodiments disclosed herein, may be made based on the description set forth herein, without departing from 

the scope and spirit of the invention as set forth in the following claims 
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WHAT ns CLAIMED IS: 

1. A method comprising: 

supplying a first voltage to at least a first circuit portion of an integrated circuit dwing an operational 

mode; 

stopping clocks which are being supplied to the first circuit portion to place the integrated circuit in a 

reduced power consumption state; and 

then supplying a second voltage, less than the first voltage, to the first circuit portion while the clocks 

are stopped, the second voltage being at a voltage level sufficient to maintain context of the 

first circuit portion in existence at a time when the clocks were stopped. 

2. The method es recited in claim 1 wherein the integrated circuit ~ a microprocessor including 

10 core logic, the first circuit portion being the core logic. 

15 

20 

25 

3. The method as recited in claim l further comprising: 

supplying a third voltage to the integrated circuit after supplying the integrated circuit with the second 

voltage, the third voltage being greater than the second voltage; and 

then starting the clocks being supplied to the first circuit portion to resume integrated circuit 

operations. 

4. 

5. 

up event. 

Toe method as recited in claim 3 wherein the first and third voltages are equal. 

The method as recited in claim 3 wherein the third voltage is supplied in response to a wake-

6. A computing device comprising; 

an integnted circuit including a circuit region holding, at least in substantial part, context indicative 

of a current operational state of the integrated circuit; 

a power supply circuit responsive to control inputs to supply variable voltages to the integrated 

circuit; 

a control circuit coupled to the control inputs of the power supply circuit, wherein the control circuit 

supplies the control inputs with first voltage control inf onnation, indicating an operational 

voltage, while clocks are being supplied to the circuit region and the control circuit supplies 

the control inputs with second voltage control information indicating a second voltage, while 

the clocks arc stopped, the second voltage being lower than the operational voltage. 

7. The computing device as recited in claim 6 wherein the operational voltage is at a voltage 

30 level required to clock the circuit region at a predetermined frequency and the second voltage is below the 

voltage level required to clock the circuit region at the predetermined frequency. 
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8. An integrated circuit comprising: 

a logic circuit responsive to an indication of nonnal clock operation in which internal clocks are 

running, to selectably provide first voltage control information indicative of a first voltage 

level and responsive to an indication of a stop clock state in which internal clocks are 

stopped to provide second voltage control information indicative of a second voltage level, 

the second voltage level being lower than the first voltage level; and 

an output circuit coupled to receive the sclectably provided first and second voltage control 

information, the first and second voltage control information for coupling to control inputs 

of a voltage generator. 

9. The integrated circuit as recited in claim 8 wherein the logic circuit includes a selector 

circuit coupled to selectably provide to the output circuit the first or second voltage control information as the 

control inputs of the voltage generator and further includes at least a first programmable register coupled to the 

selector circuit and holding at least one of the first voltage control information and the second voltage control 

information. 

10. The integrated circuit as recited in claim 9 further comprising control logic coupled to 

receive an indication of a wake-up event, an indication of a reset and an indication of the clock stop state, and 

generating a select signal for the selector circuit in response thereto. 
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Office Action Summary 

Application No. 

11/894,991 

Examiner 

Chun Cao 

Applicant(s) 

READ ET AL. 

Art Unit 

2115 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

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

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

Status 

1)1Zl Responsive to communication(s) filed on 05 October 2009. 

2a)D This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

4)[8J Claim(s) 1-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)[8J Claim(s) 1-10 is/are allowed. 

6)[8J Claim(s) 11-18 and 20-23 is/are rejected. 

7)[8J Claim(s) 19 and 24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

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

11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

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

a)D All b)D Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

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

Attachment(s) 

1) D Notice of References Cited (PTO-892) 
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 10/19/09.10/21/09. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100120 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

DETAILED ACTION 

1. Claims 1-24 are presented for examination. 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

Page 2 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

3. Claims 11-14 are rejected under 35 U.S.C. 112, first paragraph, as failing to 

comply with the enablement requirement. The claim(s) contains subject matter which 

was not described in the specification in such a way as to enable one skilled in the art to 

which it pertains, or with which it is most nearly connected, to make and/or use the 

invention. There is no teaching in applicant's specification which suggests that a first 

operating voltage that, based on a rate of transitioning from said sleep voltage to said 

first operating voltage, is not achievable from said sleep voltage within an allowed time 

for transitioning from a sleep state to an operating state. 

4. Claims 12-14 are rejected because they incorporate the deficiencies of claim 11. 

Claim Rejections - 35 USC§ 102 

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

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

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international application 
by another who has fulfilled the requirements of paragraphs (1 ), (2), and (4) of section 371 (c) of this 
title before the invention thereof by the applicant for patent. 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

Page 3 

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act 

of 1999 (AIPA) and the Intellectual Property and High Technology Technical 

Amendments Act of 2002 do not apply when the reference is a U.S. patent resulting 

directly or indirectly from an international application filed before November 29, 2000. 

Therefore, the prior art date of the reference is determined under 35 U.S.C. 102(e) prior 

to the amendment by the AIPA (pre-Al PA 35 U.S.C. 102(e)). 

6. Claims 11-18 and 20-23 are rejected under 35 U.S.C. 102(e) as being 

anticipated by Pole II et al. (Pole)1
, U.S. patent no. 6,675,304. 

As per claim 11, Pole discloses a computer system [Fig. 1] comprising: a 

processor; an adjustable voltage supply configured to output to said processor: a sleep 

voltage [col. 1, lines 20-40]; and a first operating voltage that, based on a rate of 

transitioning from said sleep voltage to said first operating voltage, is not achievable 

from said sleep voltage within an allowed time for transitioning from a sleep state to an 

operating state [col. 1, lines 41-64]. 

As per claim 12, Pole discloses that adjustable voltage supply is further 

configured to output to said processor a second operating voltage that, based on a rate 

of transitioning from said sleep voltage to said second operating voltage, is achievable 

from said sleep voltage within said allowed time for transitioning from said sleep state to 

said operating state [col. 1, lines 41-64; col. 3, lines 31-38]. 

As per claim 13, Pole discloses that allowed time is based on a configuration of 

said computer system [col. 3, lines 31-67]. 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

As per claim 14, Pole discloses that adjustable voltage supply comprises a 

voltage regulator [fig. 1; col. 3, lines 31-38]. 

As per claim 15, Pole discloses a computer system [fig. 1] comprising: a 

Page 4 

processing unit; circuitry coupled to the processing unit, said circuitry configured to 

provide to said processing unit [fig. 1; col. 2; lines 30-40]: a first sleep voltage and a 

second sleep voltage [col. 1, lines 20-40; "a plurality of low activity states such as C1, 

C2, C3"]; a first operating voltage when transitioning from said first sleep voltage; and a 

second operating voltage when transitioning from said second sleep voltage [col. 1, 

lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As per claim 16, Pole discloses that circuitry is further configured to provide to 

said processing unit: said first sleep voltage when transitioning from said first operating 

voltage; and said second sleep voltage when transitioning from said second operating 

voltage [col. 1, lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As per claim 17, Pole inherently discloses that a voltage difference between said 

first operating voltage and said first sleep voltage is approximately equal to a voltage 

difference between said second operating voltage and said second sleep voltage [col. 1, 

lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As per claim 18, Pole discloses that first operating voltage is greater than said 

second operating voltage and wherein said first sleep voltage is greater than said 

second sleep voltage [col. 1, lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

1 Pole is cited in prior office action. 
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Application/Control Number: 11/894,991 

Art Unit: 2115 
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As to claims 20-23 are written in mean plus function and contained the same 

limitations as claims 15-18. Therefore, same rejection is applied. 

Allowable Subject Matter 

7. Claims 19 and 24 objected to as being dependent upon a rejected base claim, 

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

the base claim and any intervening claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Chun Cao whose telephone number is 571-272-3664. 

The examiner can normally be reached on Monday-Friday from 7:30 am-4:00 pm. 

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

supervisor, Thomas C. Lee can be reached on 571-272-3667. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application should 

be directed to the Group receptionist whose telephone number is 571-272-2100. 
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Application/Control Number: 11/894,991 
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Page 6 

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). 

Jan.20,2010 

/Chun Cao/ 

Primary Examiner, Art Unit 2115 
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TRAN-P470 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Read et al. 

Serial: 

Filed: 

11/894,991 

August 21, 2007 

Group Art Unit: 2115 

Examiner: Chun Cao 

For: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC 
MODE OF A PROCESSOR (as filed) 

RESPONSE 

Honorable Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Office Action mailed January 26, 2010 in the above 

captioned Patent Application, Applicants respectfully request the Examiner to 

consider the following remarks. 
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REMARKS 

Claims 1-24 are pending in the present application. Applicants respectfully 

request reconsideration of the present application in view of the following remarks. 

Allowable Matter 

The Official Action indicates that Claims 1 - 10 are allowed. 

The Official Action indicates that Claims 19 and 24 would be allowable if 

rewritten in independent form including all of the recitations of the base claim and 

any intervening claims. 

Applicants thank the Examiner for indicating allowable material. 

35 U.S.C. § 112 

Claims 11-14 are rejected under 35 U.S.C. § 112, first paragraph, as failing to 

comply with the enablement requirement. The rejection alleges that the claimed 

limitations of "a first operating voltage that, based on a rate of transitioning from 

said sleep voltage to said first operating voltage, is not achievable from said sleep 

voltage within an allowed time for transitioning from a sleep state to an operating 

state" are not supported. Applicants respectfully traverse. 
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At page 9 line 21 et seq., the present application discloses that certain time 

intervals are "allowed for transition to and from the deep sleep mode." An 

exemplary time allowance is given for transitions "to and from deep sleep." 

At page 10, line 18 et seq., the present application discloses, "if the exemplary 

processor is operating at its lowest processing core voltage of 1.2 volts (e.g., a second 

operating voltage), its core voltage may be lowered in the time available to 0.6-0. 7 

volts." However, a similar time interval may be used for a transition from a 

voltage of 0.9-.01 volts to a first operating voltage of 1.5 volts. Accordingly, the 

present application teaches that a transition from the range of 0.6-0. 7 volts to a first 

operating voltage of 1.5 volts, e.g., a first transition time, is greater than the 

allowed time, which allows for a transition from 0.6-0. 7 to 1.2 volts but not beyond 

that voltage. If the first transition time is greater than the allowed time, as 

disclosed, then a transition within the allowed time is disclosed as not achievable. 

While the examples cited present exemplary voltages and duration, the cited 

passages, as well as the application as a whole, provide ample enabling support for 

the Claims. Accordingly, Applicants respectfully solicit withdrawal of the 35 U.S.C. 

§ 112, first paragraph, rejections. 
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35 U.S.C. § 102 

Claims 11-18 and 20-23 stand rejected under 35 USC§ 102(e) as being 

allegedly unpatentable over Pole II et al., (US 6,675,304, "Pole"). Applicants do not 

concede that the cited art is in fact prior art, and reserve the right to antedate the 

reference. Applicants respectfully assert that embodiments in accordance with the 

present invention as recited in Claims 11-18 and 20-23 are patentable over Pole for 

the following reasons. 

With respect to independent Claim 11, Applicants respectfully assert that 

Pole fails to teach or suggest the claimed recitations of "a first operating voltage 

that, based on a rate of transitioning from said sleep voltage to said first operating 

voltage, is not achievable from said sleep voltage within an allowed time for 

transitioning from a sleep state to an operating state" as recited by Claim 11. 

Applicants respectfully assert that Pole is silent as to a transition from 

"sleep" to a "first operating voltage is not achievable ... within an allowed time." 

The rejection cites to column 1 lines 41-64 as allegedly suggesting these claimed 

recitations. Applicants respectfully traverse. The cited passage teaches a 

"transition() from a higher to a lower voltage" (emphasis added). Thus, this cited 

passage deals with a transition in the opposite direction, e.g., "from a higher to a 

lower voltage" than the claimed recitations, e.g., "from said sleep voltage to said 

first operating voltage." As the cited passage is not related to the claimed 
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recitations, this cited passage, as well as the whole of the reference, fails to teach or 

suggest the instant claimed recitations. 

For this reason, Applicants respectfully assert that Claim 11 overcomes the 

rejections of record, and respectfully solicit allowance of these Claims. 

Moreover, the cited passage fails to teach that the transition is "not 

achievable," as recited. Applicants respectfully assert that Pole's teaching of a 

"need to improve the latency of voltage regulator output level transitions" fails to 

teach or suggest that the transition is "not achievable ... within an allowed time" as 

recited by Claim 11. 

For this additional reason, Applicants respectfully assert that Claim 11 

overcomes the rejections of record, and respectfully solicit allowance of these 

Claims. 

Applicants respectfully assert that Claims 12-14 overcome the rejections of 

record at least by virtue of their dependence from Claim 11, and respectfully solicit 

allowance of these Claims. 

With respect to independent Claim 15, Applicants respectfully assert that 

Pole fails to teach or suggest the claimed recitations of first and second "sleep 

voltage(s)" as recited by Claim 15. The rejection alleges that Pole's teaching of "a 
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plurality oflow activity states such as the Cl, C2 or C3 states" suggests these 

instant claimed recitations. Applicants respectfully traverse. 

Applicants respectfully assert that the taught "states" do not teach or suggest 

different "sleep voltages" as recited. Moreover, Pole only teaches than one of these 

states may be a sleep state, "[i]n the deep sleep state, which may be the C3 state." 

In state C2, "processor performs minimal activity." Accordingly, the C2 state is not 

taught to be a sleep state. Thus, even if, arguendo, such states correspond to 

different voltage levels, Pole's teaching of only one sleep state fails to teach or 

suggest the instant claimed recitations of two sleep voltages. 

For this reason, Applicants respectfully assert that Claim 15 overcomes the 

rejections of record, and respectfully solicit allowance of these Claims. 

In addition with respect to independent Claim 15, Applicants respectfully 

assert that Pole fails to teach or suggest the claimed recitations of "a first operating 

voltage when transitioning from said first sleep voltage; and a second operating 

voltage when transitioning from said second sleep voltage" as recited by Claim 15. 

As Pole is silent as to first and second sleep voltages, Pole is further silent 

about first and second operating voltages based on transitions from the untaught 

first and second sleep voltages. 
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For this additional reason, Applicants respectfully assert that Claim 15 

overcomes the rejections of record, and respectfully solicit allowance of these 

Claims. 

Moreover, Pole teaches "[a] signal VRHI/LO# is provided by the control logic 

100 to the voltage regulator 52 to adjust the voltage levels supplied by the voltage 

regulator 52" (column 3 line 42 et seq.). Elsewhere, Pole teaches, 

the voltage regulator 52 settles to an output selected by VRHI/LO# (a low 

level or high level). By way of example, a low voltage level may be 1.3 volts 

while a high voltage level may be about 1.8 volts." (column 4, lines 1-7). 

As is known by those of skill in the art such a single signal is capable of only two 

states. Accordingly, Pole teaches a system limited to two voltages, the taught "low" 

and "high" voltages. 

Pole teaches that the low voltage corresponds to deep sleep, and the high 

voltage corresponds to other operational states. Accordingly, Pole fails to teach first 

and second sleep voltages as well as failing to teach first and second operational 

voltages, as recited by Claim 15. 
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For this further reason, Applicants respectfully assert that Claim 15 

overcomes the rejections of record, and respectfully solicit allowance of these 

Claims. 

Applicants respectfully assert that Claims 16-19, including the presently 

rejected Claims 16-18 overcome the rejections of record at least by virtue of their 

dependence from Claim 15, and respectfully solicit allowance of these Claims. 

With respect to independent Claim 20, Applicants respectfully assert that 

Claim 20 overcome the rejections of record for at least the rationale previously 

presented with respect to Claim 15, and respectfully solicit allowance of this Claim. 

Applicants respectfully assert that Claims 21-24, including the presently 

rejected Claims 21-23 overcome the rejections of record at least by virtue of their 

dependence from Claim 15, and respectfully solicit allowance of these Claims. 
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CONCLUSION 

Claims 1-24 are pending in the present application. Applicants respectfully 

request reconsideration of the present application in view of the amendments and 

remarks presented herein. 

The Examiner is invited to contact Applicants' undersigned representative if 

the Examiner believes such action would expedite resolution of the present 

Application. 

Please charge any additional fees or apply any credits to our PTO deposit 

account number: 504160. 

Date: April 19, 2010 

TRAN-P4 70/ACM/NAO 
Examiner: Cao, C. 

Respectfully submitted, 

MURABITO, HAO & BARNES LLP 

/Anthony C. Murabito/ 
Anthony C. Murabito 
Reg. No. 35,295 

Two North Market Street 
Third Floor 
San Jose, California 95113 
(408) 938-9060 
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Office Action Summary 

Application No. 

11/894,991 

Examiner 

Chun Cao 

Applicant(s) 

READ ET AL. 

Art Unit 

2115 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

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

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

Status 

1 )IZI Responsive to communication(s) filed on 19 April 2010. 

2a)IZ! This action is FINAL. 2b)D This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

4)[8J Claim(s) 1-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)[8J Claim(s) 1-10 is/are allowed. 

6)[8J Claim(s) 11-18 and 20-23 is/are rejected. 

7)[8J Claim(s) 19 and 24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

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

11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

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

a)D All b)D Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

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

Attachment(s) 

1) D Notice of References Cited (PTO-892) 
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) D Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100623 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

FINAL REJECTION 

1. Claims 1-24 are presented for examination. 

Page 2 

2. The rejections are respectfully maintained and incorporated by reference as set 

forth in the last office action. 

3. Claims 11-14 are rejected under 35 U.S.C. 112, first paragraph, as failing to 

comply with the enablement requirement. The claim(s) contains subject matter which 

was not described in the specification in such a way as to enable one skilled in the art to 

which it pertains, or with which it is most nearly connected, to make and/or use the 

invention. There is no teaching in applicant's specification which suggests that a first 

operating voltage that, based on a rate of transitioning from said sleep voltage to said 

first operating voltage, is not achievable from said sleep voltage within an allowed time 

for transitioning from a sleep state to an operating state. 

4. Claims 12-14 are rejected because they incorporate the deficiencies of claim 11. 

5. Claims 15-18 and 20-23 are rejected under 35 U.S.C. 102(e) as being 

anticipated by Pole II et al. (Pole)1, U.S. patent no. 6,675,304. 

As per claim 15, Pole discloses a computer system [fig. 1] comprising: a 

processing unit; circuitry coupled to the processing unit, said circuitry configured to 

provide to said processing unit [fig. 1; col. 2; lines 30-40]: a first sleep voltage and a 

second sleep voltage [col. 1, lines 20-40; "a plurality of low activity states such as C1, 

C2, C3"]; a first operating voltage when transitioning from said first sleep voltage; and a 

1 Pole is cited in prior office action. 
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second operating voltage when transitioning from said second sleep voltage [col. 1, 

lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As per claim 16, Pole discloses that circuitry is further configured to provide to 

said processing unit: said first sleep voltage when transitioning from said first operating 

voltage; and said second sleep voltage when transitioning from said second operating 

voltage [col. 1, lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As per claim 17, Pole inherently discloses that a voltage difference between said 

first operating voltage and said first sleep voltage is approximately equal to a voltage 

difference between said second operating voltage and said second sleep voltage [col. 1, 

lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As per claim 18, Pole discloses that first operating voltage is greater than said 

second operating voltage and wherein said first sleep voltage is greater than said 

second sleep voltage [col. 1, lines 41-56; col. 3, lines 31-67; col. 4, lines 2-24]. 

As to claims 20-23 are written in mean plus function and contained the same 

limitations as claims 15-18. Therefore, same rejection is applied. 

Allowable Subject Matter 

6. Claims 19 and 24 objected to as being dependent upon a rejected base claim, 

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

the base claim and any intervening claims. 

7. Applicant's arguments filed 4/19/2010 have been fully considered but are not 

persuasive. 
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8. In the remarks, 1) applicant respectively traverses 35 U.S.C. 112 1st paragraph 

rejection in claim 11; 2) applicant argued in substance that Pole does not disclose that a 

first sleep voltage and a second sleep voltage; a first operating voltage and a second 

operating voltage. 

9. The examiner respectfully traverses. As to 1) applicant pointed out in the 

specification, page 9, line 21 et seq. ; page 10, line 18 et seq. In summary, the cited 

specification teaches of the processor operates in different core voltage values at 

different states. There is no specific language to support the limitations cited in claim 1, 

such as" ... based on a rate of transitioning from said sleep voltage to said first operating 

voltage, is not achievable from said sleep voltage within an allowed time for transitioning 

from a sleep state to an operating state". Therefore, the rejection of claim 11 is 

maintained. 

As to 2), Pole discloses a first sleep voltage and a second sleep voltage [col. 1, 

lines 20-40; "a plurality of low activity states such as C1, C2, C3"]; a first operating 

voltage when transitioning from said first sleep voltage; and a second operating voltage 

when transitioning from said second sleep voltage [col. 1, lines 41-56; col. 3, lines 31-

67; col. 4, lines 2-24]. In summary, Pole teaches a processor operates under the ACPI 

specification (C1-C5) states, therefore, the supply voltage of the processor should have 

different values under C1-C5 states respectively. 

Also see rejection above. 

10. THIS ACTION 15 MADE FINAL. See MPEP § 706.07(a). Applicant is reminded 

of the extension of time policy as set forth in 37 CFR 1.136(a). 
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Application/Control Number: 11/894,991 

Art Unit: 2115 

Page 5 

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

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

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

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

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

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

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

than SIX MONTHS from the date of this final action. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Chun Cao whose telephone number is 571-272-

3664. The examiner can normally be reached on Monday-Friday from 7:30 am-4:00 

pm. 

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

supervisor, Thomas C. Lee can be reached on 571-272-3667. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application should 

be directed to the Group receptionist whose telephone number is 571-272-2100. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

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

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

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

June 23, 2010 

/Chun Cao/ 

Primary Examiner, Art Unit 2115 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 11894991 READ ET AL. 

Examiner Art Unit 

Chun Cao 2115 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 06/30/2009 01/20/2010 06/23/2010 

1 ✓ = = 
2 ✓ = = 
3 ✓ = = 
4 ✓ = = 
5 ✓ = = 
6 ✓ = = 
7 ✓ = = 
8 ✓ = = 
9 ✓ = = 
10 ✓ = = 
11 ✓ ✓ ✓ 

12 ✓ ✓ ✓ 

13 ✓ ✓ ✓ 

14 ✓ ✓ ✓ 

15 ✓ ✓ ✓ 

16 ✓ ✓ ✓ 

17 ✓ ✓ ✓ 

18 ✓ ✓ ✓ 

19 ✓ 0 0 

20 ✓ ✓ 

21 ✓ ✓ 

22 ✓ ✓ 

23 ✓ ✓ 

24 0 0 
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TRAN-P470 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Read et al. 

Serial: 

Filed: 

11/894,991 

August 21, 2007 

Group Art Unit: 2115 

Examiner: Chun Cao 

For: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC 
MODE OF A PROCESSOR (as filed) 

AMENDMENT and RESPONSE 

Honorable Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Office Action mailed June 25, 2010 in the above captioned 

Patent Application, Applicants respectfully request the Examiner to enter the 

following amendments and to consider the following remarks. 

TRAN-P470/ACM/NAO 
Examiner: Cao, C. 1 
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REMARKS 

Claims 1-17 and 20-23 are pending in the present application. Claims 11, 15 

and 20 are amended. Claims 18, 19 and 24 are cancelled. No new matter is added. 

Applicants respectfully request reconsideration of the present application in view of 

the amendments presented herein and the following remarks. 

Allowable Matter 

The Official Action indicates that Claims 1-10 are allowed. 

The Official Action indicates that Claims 19 and 24 would be allowable if 

rewritten in independent form including all of the limitations of the base claim and 

any intervening claims. 

Applicants thank the Examiner for indicating allowable material. 

35 U.S.C. § 112 

Claims 11-14 are rejected under 35 U.S.C. § 112, first paragraph, as failing to 

comply with the enablement requirement. 
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Applicants respectfully assert that the amendments presented herein to 

independent Claim 11 overcome this 35 U.S.C. § 112, first paragraph, rejection. 

Amendments 

Independent Claim 15 is amended to incorporate the indicated allowed 

material from Claim 19 and Claim 18 (prior Claim 19 depended from Claim 18). 

Accordingly, Claim 15, and Claims 16-17, which depend therefrom, are allowable. 

Independent Claim 20 is amended to incorporate the indicated allowed 

material from Claim 24. Accordingly, Claim 20, and Claims 21-23, which depend 

therefrom, are allowable. 

Independent Claim 11 is amended to mirror Claim 20, as apparatus, and 

incorporates the indicated allowed material from Claim 24. Accordingly, Claim 11 

and Claims 12-14, which depend therefrom, are allowable. 
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CONCLUSION 

Claims 1-17 and 20-23 are pending in the present application. Applicants 

believe that all remaining Claims are in condition for allowance, and such 

allowance is earnestly solicited. 

The Examiner is invited to contact Applicants' undersigned representative if 

the Examiner believes such action would expedite resolution of the present 

Application. 

Please charge any additional fees or apply any credits to our PTO deposit 

account number: 504160. 

Date: August 25, 2010 

TRAN-P4 70/ACM/NAO 
Examiner: Cao, C. 

Respectfully submitted, 

MURABITO, HAO & BARNES LLP 

/Anthony C. Murabito/ 
Anthony C. Murabito 
Reg. No. 35,295 

Two North Market Street 
Third Floor 
San Jose, California 95113 
(408) 938-9060 
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In the Claims: 

1. (previously presented) A computer system comprising: 

a processing unit; 

circuitry coupled to the processing unit, said circuitry config~red to provide to 

said processing unit: 

a sleep voltage; 

a first operating voltage; and 

a second operating voltage that is less than the first operating voltage; 

wherein said computer system has a first transition time for transitioning 

from said sleep voltage to said first operating voltage; 

wherein said computer system has a second transition time for transitioning 

from said sleep voltage to said second operating voltage; 

wherein said second transition time is within an allowed time for 

transitioning from a sleep state to an operating state; and 

wherein said first transition time is greater than said allowed time. 

2. (original) A computer system as recited in Claim 1 wherein said allowed time is 

based on a configuration of said computer system. 

3. (original) A computer system as recited in Claim 1 wherein said allowed time is 

based on timing requirements of said computer system. 
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4. (original) A computer system as recited in Claim 3, wherein said timing 

requirements are based on interrupt response times. 

5. (original) A computer system as re~ited in Claim 1 wherein said first and second · 

transition times are based on respective first and second voltage ramp times. 

6. (original) A computer system as recited in Claim 1 wherein said sleep voltage is 

sufficient to maintain state of said processing unit but is not sufficient to maintain 

processing activity in said processing unit. 

7. (original) A method of operating a computer processor, said method comprising: 

transitioning from providing a sleep voltage to said computer processor to 

providing a first operating voltage to said computer processor within an allowed 

time for transitioning from a sleep state to an operating state; and 

transitioning from said providing said first operating voltage to said 

computer processor to providing a second operating voltage to said computer 

processor, wherein a transition time for changing from said sleep voltage directly to 

said second operating voltage is greater than said allowed time for transitioning 

from said sleep state to said operating state. 

8. (original) A method in accordance with Claim 7 wherein said second operating 

voltage is greater than said first operating voltage. 
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9. (original) A method in accordance with Claim 7 further comprising: 

enabling a system clock to said computer processor when providing said first 

operating voltage to said computer processor; and 

disabling said system clock to said computer processor when providing said 

sleep voltage to said computer processor. 

10. (original)A method in accordance with Claim 7, wherein said sleep voltage is 

sufficient to maintain state of said computer processor but is not sufficient to 

maintain processing activity in said computer processor. 

11. (currently amended) A computer system comprising: 

a processor; 

an adjustable voltage supply configured to output to said processor: 

a first and a second sleep voltage; aoo 

a first operating voltage thnt, bnsed Ofl a Fate of tmnoitioning from 

snid sleep voltage to oHid first operating voltage, is not aehievnble from snid sleep 

voltnge within Hn allowed hme fop t1·ansitioning frnm a sleep state to an operating 

&Hl-te responsive to a transition from said fi.rst sleep voJtage: and 

a second operating voltage responsive to a transition from said second 

sleep voltage. 

wherein said adjustable voltage supplv is configured to generate a 

voltage transition from said second sleep voltage to said first operating 
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voltage in a time period greater than a time period allowed for transition 

from a sleep state to an operating state of said computel' system. 

12. (original)A computer system as recited in Claim 11, wherein said adjustable 

voltage supply is further configured to output to said processor a second operating 

voltage that, based on a rate of transitioning from said sleep voltage to said second 

operating voltage, is achievable from said sleep voltage within said allowed time for 

transitioning from said sleep state to said operating state. 

13. (original)A computer system as recited in Claim 11 wherein said allowed time is 

based on a configuration of said computer system. 

14. (original)A computer system as recited in Claim 11 wherein said adjustable 

voltage supply comprises a voltage regulator. 

15. (currently amended) A computer system comprising: 

a processing unit; 

circuitry coupled to the processing unit, said circuitry configured to provide to 

said processing unit: · 

a first sleep yoltage and ·a second sleep voltage; 

a first operating voltage when transitioning from said first sleep voltage; frfl-4 

a second operating voltage when transitioning from said second sleep voltage.,_ 
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wherein said first operating voltage is greater than said second operating 

voltage and wherein said first sleep voltage is greater than said second sleep 

voltage: and 

wherein a voltage transition from said second sleep voltage to said first 

operating voltage is greater than a time allowed for transition from a sleep state to 

an operating state of said computer system. 

16. (original)A computer system as recited in Claim 15, wherein said circuitry is 

further configured to provide to said processing unit: 

said first sleep voltage when transitioning from said first operating voltage; 

and 

said second sleep voltage when transitioning from said second operating 

voltage. 

17. (original)A computer system as recited in Claim 15 wherein a voltage difference 

between said first operating voltage and said first sleep voltage is approximately 

equal to a voltage difference between said second operating voltage and said second 

sleep voltage. 

18-19 (cancelled). 

20. (currently amended) A computer system comprising: 

means for processing; 
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means for supplying a voltage coupled to said processing means for providing 

to said processing means: 

a first and a second sleep voltage; 

a first operating voltage responsive to a transition from said first sleep 

voltage; and 

a second operating voltage responsive to a transition from said second 

sleep voltage.,_ 

,vherein said means for supplving a voltage comprises means to generate a 

voltage transition from said second sleep voltage to said first operating voltage in a 

time period greater than a time period allowed for transition from a sleep state to 

an operating state of said computer svstem.:-

21. (previously presented)The computer system of Claim 20 wherein: 

said means for supplying a voltage are further for providing to said means for 

processing: 

said first sleep voltage re responsive to a transition from said first 

operating voltage; and 

said second sleep voltage responsive to a transition from said second 

operating voltage. 

22. (previously presented) The computer system of Claim 20 wherein a voltage 

difference between said first operating voltage and said first sleep voltage is 
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approximately equal to a voltage difference between said second operating voltage 

and said second sleep voltage. 

23. (previously presented) The computer system of Claim 20 wherein said first 

operating voltage is greater than said second operating voltage and wherein said 

first sleep voltage is greater than said second sleep voltage. 

24. (cancelled) 
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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. 
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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 

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

7590 09/03/2010 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA 95113 

APPLICATION NO. FILING DATE 

11/894,991 08/21/2007 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Andrew Read TRAN-P470 9781 

TITLE OF INVENTION: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A PROCESSOR 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ART UNIT 

CAO,CHUN 2115 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

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

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

713-320000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 12/03/2010 

2 _____________ _ 

3 _____________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0The 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 l?rocess) 
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, preparmg, 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 sugi;estions 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, Alexandna, 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 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

11/894,991 08/21/2007 

7590 09/03/2010 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA 95113 

FIRST NAMED INVENTOR 

Andrew Read 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

TRAN-P470 9781 

EXAMINER 

CAO.CHUN 

ART UNIT PAPER NUMBER 

2115 

DATE MAILED: 09/03/2010 

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 235 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 235 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. 
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Notice of Allowability 

Application No. 

11/894,991 
Examiner 

Chun Cao 

Applicant(s) 

READ ET AL. 
Art Unit 

2115 

-- The MAILING DA TE 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. IZI This communication is responsive to amendment filed on 8/25/10. 

2. IZI The allowed claim(s) is/are 1-17 and 20-23. 

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

a) D All b) D Some* c) D None of the: 

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

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

3. D 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. 

4. 0 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. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

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

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

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

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

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

/Chun Cao/ 
Primary Examiner, Art Unit 2115 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100831 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 11894991 READ ET AL. 

Examiner Art Unit 

Chun Cao 2115 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 06/30/2009 01/20/2010 06/23/2010 08/31/2010 

1 1 ✓ = = = 
2 2 ✓ = = = 
3 3 ✓ = = = 
4 4 ✓ = = = 
5 5 ✓ = = = 
6 6 ✓ = = = 
7 7 ✓ = = = 
8 8 ✓ = = = 
9 9 ✓ = = = 
10 10 ✓ = = = 
11 11 ✓ ✓ ✓ = 
12 12 ✓ ✓ ✓ = 
13 13 ✓ ✓ ✓ = 
14 14 ✓ ✓ ✓ = 
15 15 ✓ ✓ ✓ = 
16 16 ✓ ✓ ✓ = 
17 17 ✓ ✓ ✓ = 

18 ✓ ✓ ✓ -

19 ✓ 0 0 -
18 20 ✓ ✓ = 
19 21 ✓ ✓ = 
20 22 ✓ ✓ = 
21 23 ✓ ✓ = 

24 0 0 -

U.S. Patent and Trademark Office Part of Paper No. : 20100831 
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EAST Search History ( Prior Art) 
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Issue Classification 

ORIGINAL 

CLASS 

713 320 

Application/Control No. 

11894991 

Examiner 

Chun Cao 

SUBCLASS 

G 

CROSS REFERENCE(S) 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) 

713 323 

□ Claims renumbered in the same order as presented by applicant 

Final Original Final Original Final Original Final Original 

1 1 17 17 

2 2 18 

3 3 19 

4 4 18 20 

5 5 19 21 

6 6 20 22 

7 7 21 23 

8 8 

9 9 

10 10 

11 11 

12 12 

13 13 

14 14 

15 15 

16 16 

NONE 

(Assistant Examiner) 

/Chun Cao/ 
Primary Examiner.Art Unit 2115 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 6 F 

□ 
Final 

Applicant(s)/Patent Under Reexamination 

READ ET AL. 

Art Unit 

2115 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

1 / 32 (2006.01.01) 

CPA □ T.D. □ R.1.47 

Original Final Original Final Original Final Original 

Total Claims Allowed: 

21 
(Date) 

08/31/2010 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 5 

Part of Paper No. 20100831 
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Application/Control No. 

Search Notes 11894991 

Examiner 

Chun Cao 

SEARCHED 

Class I Subclass 
713 I 320,323 

SEARCH NOTES 

Search Notes 
Inventor name search, East search 
East updated search 

INTERFERENCE SEARCH 

Class Subclass 
713 320,323 

PGPUB text search 

U.S. Patent and Trademark Office 

I 
I 

Applicant(s)/Patent Under 
Reexamination 

READ ET AL. 

Art Unit 

2115 

Date 
8/31/10 

Date 
6/30/09 
8/31/10 

Date 
8/31/10 
8/31/10 

I Examiner 
I cc 

Examiner 
cc 
cc 

Examiner 
cc 
cc 

Part of Paper No.: 20100831 
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OK TO ENTER: ice/ 08/31/2010 

TRAN-P470 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Read et al. 

Serial: 

Filed: 

11/894,991 

August 21, 2007 

Group Art Unit: 2115 

Examiner: Chun Cao 

For: SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC 
MODE OF A PROCESSOR (as filed) 

AMENDMENT and RESPONSE 

Honorable Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Office Action mailed June 25, 2010 in the above captioned 

Patent Application, Applicants respectfully request the Examiner to enter the 

following amendments and to consider the following remarks. 

TRAN-P470/ACM/NAO 
Examiner: Cao, C. 1 

Serial No.: 11/894,991 
Group Art Unit: 2115 
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UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

Page 1 of 1 

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 

CONFIRMATION NO. 9781 

SERIAL NUMBER FILING or 371 (c) CLASS GROUP ART UNIT ATTORNEY DOCKET 
DATE NO. 

11 /894,991 08/21/2007 713 2115 TRAN-P470 

RULE 

APPLICANTS 
Andrew Read, Sunnyvale, CA; 
Sameer Halepete, San Jose, CA; 
Keith Klayman, Sunnyvale, CA; 

** CONTINUING DATA ************************* 
This application is a DIV of 09/694,433 10/23/2000 PAT 7,260,731 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
09/10/2007 

Foreign Priority claimed D Yes llNo STATE OR SHEETS TOTAL INDEPENDENT 
35 USC 119(a-d) conditions met D Yes D No O Metafter 

Allowance COUNTRY DRAWINGS CLAIMS CLAIMS 
Verified and /CHUN CAO/ 

CA 2 19 4 Acknowledged ~xam1ner's Signature 7iiitiaJs 

ADDRESS 

MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA 95113 
UNITED STATES 

TITLE 

Saving power when in or transitioning to a static mode of a processor 

0 All Fees 

FEES: Authority has been given in Paper 
□ 1.16 Fees (Filing) 

FILING FEE □ 1.17 Fees (Processing Ext. of time) 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT 

1680 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

BIB (Rev. 05/07). 
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f ) UNITED STATES PATENT AND ThADEMARK 0FF1GE 

~ .. ~ 
111111111111m 1m llrn 11m II~ 11111111111111 ~11111 I Ill 
Bib Data Sheet 

FILING OR 371{c) 

SERIAL NUMBER 
DATE CLASS 

11/894,991 08/21/2007 713 
RULE 

APPLICANTS 
Andrew Read, Sunnyvale, CA; 
Sameer Halepete, San Jose, CA; 
Keith Klayman, Sunnyvale, CA; 

~• CONTINUING DATA ***'"********************* 

Page 1 of 1 

UNITED STATES DEPARTMENT OF COMMERCE 
United State• Patent and Trademark Office 
Ad<IRn: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Al•xandria, Vuginia 22313•1450 
www.u:apto.gov 

CONFIRMATION NO. 9781 

ATTORNEY 
GROUP ART UNIT 

DOCKET NO. 
2115 

TRAN-P470 

This application is a DIV of 09/694,433 10/23/2000 PAT 7,260,731 

1tt• FOREIGN APPLICATION$ ******************** 

IF REQUIRED, FOREIGN FILING LICENSE GRANTED 
** 09/10/2007 

Foreign Priority claimed □ yes □ no 
TOTAL 35 USC 119 (a-d) conditions □ yes □ no □ Met after 

STATE OR SHEETS INDEPENDENT 
COUNTRY DRAWING CLAIMS CLAIMS met Allowance 

Verified and CA 2 19 4 
Acknowledaed Examiner's Sianature Initials 

ADDRESS 
MURABITO, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA95113 

TITLE 

TRANSITIONING TO AND FROM A SLEEP STATE OF A PROCESSOR 

I □ All Fees I 
I □ 1.16 Fees ( Filin~) I 

FILING FEE FEES: Authority has been given in Paper □ 1. 17 Fees ( Processing Ext. of 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT time) 

1680 No. for following: I □ 1.18 Fees (Issue) I 
I □ Other I 
I □ Credit I 
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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 

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

lNSTRUCfIONS: This fom, should be used for transmitting the ISSUE FEE and PUBLlCATION FEE (if required). Blocks l through 5 shouJd be completed where 
appropriate. i-\Jl further cv.rrespondence inclwJ~ng the Patern, advance orders and not~ficativn of rnairnena.nce fees \Vill be mailed to the current corre_sponde~1c~ _add.l'ess as 
indicated unless cor1ected below~ or directed otherw]se in Block j, by (a:, speci(ving ,1 nev\r correspondence address; and/or (b) indicating a separate hFEE ADDRESS1' for 
n1aintenm1ce fee notifications" 

C1JRRENT CORRESPONDENCE ADDRESS (Note: Use 81ock 1 fm ,my change of address) Note:. A certificate of _n1aihng can onJy be used for domest]c n1aibngs of the 
Fee(sJ Transn1ittal. Th1s certiilcale cannot be used for any other acco111panying 
paper:s. Each addj~ional p,1per, __ such as an assignment or formal drawing, must 
have its own cert111cale ot rnail111g or tl'ans1111ss1on_ 

MURABITO, HAO & BARNES LLP 
2 N. MARKET STREET 
3RD FLOOR 
SAN JOSE, CA 95113 

APPLICATION NO. 

11/894,991 

TlTLE OF lNVENTlON: 

HUNG DATE 

08/21/2007 

Certificate of ,'\hlling or Transmission 
I hereby certify that lhis Fee( s) T rammittal is being deposited witJ1 foe United 
States Postal Service \Vith suffici.ent postage for first class rn3il 1r1 an envelope 
addressed lo the Mail Stop ISSUE FEE address above, or being facsimile 
rn:1nsn1itted to the lJSP'TO (571) 273-2885~ on trJe date indic3ted belo;,v. 

/Donna Petford/ 

Donna Petford 

12-03-2010 

HR.ST NAJv!ED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Andrew Read TRAN-P059D2 9781 

APl'LN.TYf'E SMALL ENTITY lSSUE l'EE PlJBL!CATlON fEE TOTAL FEE(S) DUE DATE DUE 

non provisional NO $1510 

EXAMfNER ARTUNJT 

l. C})ange of correspondence addfess or indication of 1'Fee AddressH (37 
CFR l.363). 

0 C'hange of corre~pond.ence adrfress ( or Change of Correspondence 
Address fonn PTO/sB/122) attached. 

0 ''Fee _A._d1..1.Yess 1' indication ( or 11 Fee Ackfress'' Indication fonn 
PTO/S.B/47; Rev 03-02 or 111ore recent) attached. Use of a Custolncr 
Number i5 required. 

$300 

CLASS-SUBCLASS 

2. For printing on the patent front page. 1ist 

{]) foe names of up to 3 registered patent attorneys 
or agents OI(, alterriativeJy\ 

{2) the narne of a single firm (having as a :,nember a 
registered attorney or agent) and the names of up to 
2 registered patent atto1ueys or agents. If no name is 
listed, no name "vill be printed. 

3. ASSIGNEE NAJ',1E AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (prim or type) 

$1810 12/03/2010 

2 

3 

PLEA_SE NOTE: Unless 3n assignee is 1dentified bek)VV\ no assignee data wiU appear on tbe patent. lf an assig;)ee is identified belo;,\\ rl)e docurrient has been filed fcn
recordation as sel forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

{A) NAME OF ASSIGNEE {B) RESIDENCE: (ClTY 3nd STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (vvill not be printed on the patent): 0 Individual O Corporation or other private group entity O G-overnment 

4a. The following fee{ s) are enclosed: 

eJ Issue Fee 

~ Pubhc3tion Fee (No srnaH entity djscount pennitted) 

[J Advance Order - Ii of Copies _ 

5. Change in Entity Status (from stal1is indicat,xi abov,;) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): 

0 A check in the amount of the fee{s) is enclosed. 

[] Pay!T1ent by credit card< Fonn PTO-2038 is attached.. 

tJ Tbe Director is hereby authorized bv charge the requ]red fee(s), or credit any over:pay1nent. to 
Deposit Account Number 504160 . 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

:rhA f)t~~tor of ~lt',~SP~O is re~1~e_stet) to a11ply, th~JssuJ Fee tmd Pu1!lic,:i;ion Fee (if any) .?r 30_ re-apply anY, pre~io:1flY_ p~1fd, is~ue i~t'_ l_o the appli~ation iden~fit1t) abovt1. .• ·, 
NO JL Ihe Issu,, F,;,., am! Pubh,.a,1un I ee (1t requ.m,d) ~Hll not be acc,.ptui from anyone ot,1e., than the applicant, a ti;;gi,t,,ied a,tom,.y ur agent, 01 the ass1gm.e 01 other pat,y 1.1 
interest as shown by the records of the United Stales Patt,m and Tradt1mark Oflice. 

Authorized Signature /Anthony C. Murabito/ 

Typed or printed name Anthony C. Murabito 

Date 12/03/2010 

Registration No. 35295 

This collection of infi..mnation is required by 37 CFR 1.311. The information is rtxjuired to obtain or retain a benefit by the public which is to file (and by the USPTO to l?rocess) 
an application. Confidentiality is flOVt:med by 35 U.S.C. 122 and 37 CFR l.J 4. Tnis collection is estimated to take 12 minutt:s to ,~omplete, including gathering, pn,parmg, and 
sutm1tting the ~~rnpl:_l~d- applica_t1011 form to the !JSPTO. Tim:' wfll var{ d~pen0,i'.1g_ upo~. the ingi:i~tual case. Any co~1mer:ts ~;1_1 the__ a:nmm,t of tirr~e you re9t!lre to com~Jete 
thJ., fom1 and/01 .,ui;g,,s,wns for ieducmg thrn bumen, should b,, se.1! to t,1e Chief L1furma,1on Oftm.1, U.S. Patent and Irade,nati< Oft1c,,, U.S. Depa,tment ot Commerce, F.O. 
Box 1450, Alexandna, Virginia 22313-1'150. DO NOT SEND FEES OR COMPLETED FORlvlS TO THIS ADDRESS. SEND TO: Commissioner for Patt,ms, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 

Under foe Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinfom1ation 1mless it displays a valid 0MB control number. 

PTOL-85 (Rev. 08-08) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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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 oflnformation Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

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

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

4. A record in this system ofrecords 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 197 4, as amended, 
pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

9. A record from this system ofrecords may be disclosed, as a routine use, to a Federal, State, or 
local law enforcement agency, if the US PTO becomes aware of a violation or potential violation 
of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 11894991 

Filing Date: 21-Aug-2007 

Title of Invention: TRANSITIONING TO AND FROM A SLEEP STATE OF A PROCESSOR 

First Named Inventor/Applicant Name: Andrew Read 

Filer: Anthony C. Murabito/Donna Petford 

Attorney Docket Number: TRAN-P470 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1510 1510 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1810 
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Electronic Acknowledgement Receipt 

EFSID: 8963659 

Application Number: 11894991 

International Application Number: 

Confirmation Number: 9781 

Title of Invention: TRANSITIONING TO AND FROM A SLEEP STATE OF A PROCESSOR 

First Named Inventor/Applicant Name: Andrew Read 

MU RABITO, HAO & BARNES LLP 

-

Third Floor 

Correspondence Address: Two North Market Street 

San Jose CA 95113 

us 4089389060 

-

Filer: Anthony C. Murabito/Donna Petford 

Filer Authorized By: Anthony C. Murabito 

Attorney Docket Number: TRAN-P470 

Receipt Date: 03-DEC-2010 

Filing Date: 21-AUG-2007 

Time Stamp: 15:15:53 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Electronic Funds Transfer 

Payment was successfully received in RAM $1810 
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RAM confirmation Number 1508 

Deposit Account 

Authorized User 

File Listing: 

Document 
Document Description File Name 

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

TRAN- 231989 

1 Issue Fee Payment (PTO-85B) P059D2 - ISSUEFEE_ 12-03-2010. no 2 
pdf a84cd7992e2d7e60d6e3db8d30fbd5ba9e 

ab98cf 

Warnings: 

Information: 

31812 

2 Fee Worksheet (PTO-875) fee-info.pdf no 2 
31 a3 78a05403 9c2dd 5 7 4878f87 63 aecee60 

2fbf2 

Warnings: 

Information: 

Total Files Size (in bytes) 263801 

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 A~~lications 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 A~~lication 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 A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

11/894,991 01/11/2011 

7590 12/22/2010 

MURABIT0, HAO & BARNES LLP 
Third Floor 
Two North Market Street 
San Jose, CA 95113 

PATENT NO. 

7870404 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

TRAN-P470 9781 

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 378 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 http://pair.uspto.gov for additional applicants): 

Andrew Read, Sunnyvale, CA; 
Sameer Halepete, San Jose, CA; 
Keith Klayman, Sunnyvale, CA; 

IR103 (Rev. 10/09) 
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PTO/SB/44 (09-07) 
Approved for use through 08/31/2010. 0MB 0651-0033 

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

(Also Form PTO-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

: 7,870,404 B2 

APPLICATION NO.: 11/894,991 

ISSUE DATE 

INVENTOR(S) 

: January 11, 2011 

: Read et al. 

Page 1 of 1 

It is certified that an error appears or errors appear in the above-identified patent and that said 
Letters Patent is hereby corrected as shown below: 

Page 2, item (56), under "Other Publications", in Column 2, Line 3, delete "Mhz" and 
insert - - MHZ - -. 

Column 8, line 27, in Claim 11, delete "voltage:" and insert - - voltage; - -. 

Column 8, line 60, in Claim 15, delete "voltage:" and insert - - voltage; - -. 

Column 10, line 7, in Claim 19, delete "re responsive" and insert- - responsive - -. 

MAILING ADDRESS OF SENDER (Please do not use customer number below): 

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-
1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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

Application Number: 11894991 

Filing Date: 21-Aug-2007 

Title of Invention: TRANSITIONING TO AND FROM A SLEEP STATE OF A PROCESSOR 

First Named Inventor/Applicant Name: Andrew Read 

Filer: Blayne Donn is Green/Lindsey Hunt 

Attorney Docket Number: TRAN-P470 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Certificate of correction 1811 1 100 100 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 100 
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Electronic Acknowledgement Receipt 

EFSID: 9991567 

Application Number: 11894991 

International Application Number: 

Confirmation Number: 9781 

Title of Invention: TRANSITIONING TO AND FROM A SLEEP STATE OF A PROCESSOR 

First Named Inventor/Applicant Name: Andrew Read 

MU RABITO, HAO & BARNES LLP 

-

Third Floor 

Correspondence Address: Two North Market Street 

San Jose CA 95113 

us 4089389060 

-

Filer: Blayne Donn is Green/Lindsey Hunt 

Filer Authorized By: Blayne Donn is Green 

Attorney Docket Number: TRAN-P470 

Receipt Date: 29-APR-2011 

Filing Date: 21-AUG-2007 

Time Stamp: 18:05:28 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $100 
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RAM confirmation Number 4973 

Deposit Account 

Authorized User 

File Listing: 

Document 
Document Description File Name 

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

80875 

1 Request for Certificate of Correction CoC_7870404.pdf no 2 

2e6e1 638251 a69e2a71 a59a39ae94f1 cfdSf 
7744 

Warnings: 

Information: 

29705 

2 Fee Worksheet (PTO-875) fee-info.pdf no 2 
a94a1 dee4bc9dfc33b52b20a7ae0c11 d31f, 

62e9 

Warnings: 

Information: 

Total Files Size (in bytes) 110580 

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 A~~lications 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 A~~lication 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 A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 282



PATENT NO. 

APPLICATION NO. 

DATED 

INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 7,870,404 B2 

: 11/894991 

: January 11, 2011 

: Read et al. 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

Page 2, item (56), under "Other Publications", in Column 2, Line 3, delete "Mhz" and insert 
-- MHZ--. 

Column 8, line 27, in Claim 11, delete "voltage:" and insert -- voltage;--. 

Column 8, line 60, in Claim 15, delete "voltage:" and insert -- voltage; --. 

Column I 0, line 7, in Claim 19, delete "re responsive" and insert -- responsive --. 

Signed and Sealed this 
Thirty-first Day of May, 2011 

Da,.:1- s:•· t__ ~ 
David J. Kappos 

Director of the United States Patent and Trademark Office 
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Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

505980807 03/23/2020 

PATENT ASSIGNMENT COVER SHEET 

NEW ASSIGNMENT 

NATURE OF CONVEYANCE: NUNC PRO TUNC ASSIGNMENT 

EFFECTIVE DATE: 01/10/2020 

SEQUENCE: 2 

CONVEYING PARTY DATA 

Name 

INTELLECTUAL VENTURES ASSETS 156 LLC 

RECEIVING PARTY DATA 

Name: INNOVATIVE SILICON SOLUTIONS, LLC 

Street Address: 2382 ROCKFIELD BLVD. 

Internal Address: SUITE 170 

City: LAKE FOREST 

State/Country: CALIFORNIA 

Postal Code: 92630 

PROPERTY NUMBERS Total: 10 

Property Type Number 

Patent Number: 7260731 

Patent Number: 7870404 

Patent Number: 9436264 

Patent Number: 9690366 

Patent Number: 7302619 

Patent Number: 7600166 

Patent Number: 7334173 

Patent Number: 7634701 

Patent Number: 7810002 

Patent Number: 6774033 

CORRESPONDENCE DATA 
Fax Number: 

EPASID:PAT6027515 

Execution Date 

01/10/2020 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 949-791-9366 
Email: fahim@hongdungroup.com 

Correspondent Name: FAHIM AFTAB 
Address Line 1: 2382 ROCKFIELD BLVD. 
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Address Line 2: SUITE 170 
Address Line 4: LAKE FOREST, CALIFORNIA 92630 

ATTORNEY DOCKET NUMBER: JG032320-2 

NAME OF SUBMITTER: FAHIM AFTAB 

SIGNATURE: /Fahim Aftab/ 

DATE SIGNED: 03/23/2020 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 3 
source=IV Assignment A-2#page1 .tit 
source=IV Assignment A-2#page2.tif 

source=IV Assignment A-2#page3.tif 
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For gmxl and valua:bk C{)nsid~r.adon, the receipt of which is hereby m,.:kniYwledgcd, 
Intellectual Ve11u1res Assets l56LLC, a Dda¥vare Umit:ed liability company, with an address at 
251 Little FaUsDdve, \VHmington, DE 19808 (''Assignor"), does hereby seH, assign, lraosfer, 
and ctmvey µnto lnnovativc SHiconSolutiorrn, LLC, a Texas Hmited HabUity company having an 
address at 5900 Balcones Drive, STE 100, Austin, TX 78731 ("Assignee"), aU of Assignor's right, 
title, and interest in and to the foHo\\'ll)g (coUectivcly, the "Assigned Patent Rights"): 

(a) tl1e patents and patent ap_plicatkms listed in the ruNe below (the "Patenis'); 

hsm.~ Date/ Title of Patent 
"PatentlAppli,~adoh Nmnb~r __ Countrv _ F'ilin,g D..!lte -------.----•-- and first Named Inventor 
! 726073 l ! US i 2007-08<21 I Saving. Power \<.w'hen. In Or 

\ l Transitioning To A Static 
j (2000-10-23) I Mode Of A Processor 
~ i 

(09/694433} . . 

j ii' l Andre.,,,.· Read 
11 7870404 ----··------ -----------,+-. l-T-S~---+--icfff~OI .,J 1 l Tra:nsitioningTo And From A ____ , 

i . . ll Sfoep State Of A Processor 

I (11/894991) t! (2007-08~21} I' 

~436264 . --------------------------··:1: __ TJS , ·2·0·l·6:fj9 .. 06"·----t.:d.,i~g.~ .. ~:,.r.;"t-~11en Jn.·?r· 
: I J'rru)stttomng 1 o A Stam~ 

1 (.!2/987423) i (2011~01-10) , J\,fode Of A Pmcessor 

~, %00366 ___ ~ - us __ J20J 7-ll6-27 --- I :. ,t;vp!~v8! "'hen In .. or----· I T~-ransitioning To A Static 
I ( 15/Z4 l 690) ! ' (20 l 6-08~ 19) .\\ Mode Of A P .. roc.ess. or By 
·i'. , Using Feedback-Configured 

' 
1 'loltage Regulator 

lt"'-6, 9 2007-U-27 Error Correction In A Cache 
, Memory 

I (10/885356) 1 (2004-07,.0f.i) 
_...,...---",-----,----1-,-! _.,.,_ _ _,--:::~~-.-::---·--"'"' } oseph. 'I'.9!~1!~2!.~~--···~""'""'"'' 

"-7600166 · :Z009-:lo .. o6 Method And Srstetn: for 
:Pntvi~ing 'l'rust(!d Access To 

(11(169403) (2Q()S .. Q6 .. 28) AJTAG Scm'.l Inte.rfaceln.A 
:MicroptoCe'SSOt 

L73.-34_1_"'1_3 _________________ _..,.l_J_S ___ -'-t-...,...2008:0f.'i9·,,;,... --+-,-:~.'.· .. -·.a·e.·\i..,..·.;1.-~.·.P.'*.~.:-.d.···.-.s,-:--.st.·e.-m.Ifur·'·'· _,,. ........... !!. 
I · · ·•· · .·. · .. · • .·:.· · 1 · .Protecting P.rooessor:s From • 

Lo l/24!,!)~10~4~),.;.._ __ ,--_-1-_~_..J,..l ..;s;(2:.;:0...:;.;05;;...".=,,09;.,,.•=29;,;.;:.) _ ___,J.JJnauthorized Debtlg Acee.($ •a_J 
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Issue Jl2;~ef '.fitle of .Patent 
f P,at,e:nt/AppHca,,tfon Number"l £;ountry_f ____ :tlUng Date ______ 

1 
and first Nam~!'f .. Inve~j:ot.__, 

j -- l M d ! 
j.i\V.!325.534. --·--···-----------·--7-rvi________ . 20J 0-06:oi f ~~:!n. ~~1~~~;:st ---------------··1! 

I 
i ·1 Archit~ture 

(TW095136358) i l (2006-.09-29) ., _ _.___ _ ___ · 

[ .. 76ff70C-- --·--·-------···· OS ------ i 2009-12-If~------··ri·~~i~:•,~~<l~~~em-For . J 
! Protecting Pro~essors .From I (12/033864) (2008~02-19) ' Vnauthorized Debug Access 

' --- +----' ·' ! .... fi__ . J fy1~~rn~m, Andrew _______________ °ll 
i 7810002 j us 2010~10-05 ll' Pr·o.v.id. ing Truste .. d Acccs.·s To 
I. A .Hag Scan Interface In A 
j (12/544145) i (2009-08-19) l Microprocessor · 

! i j I David Dunn 
16774033 I us I 2004-0&:10 ---r Metal slackForI:;,.,,,i 

[(!0~~87258) ______Eo=:11:04) I ::::~:~~ycr 
(b) anv·future reissues, reexaminatit)tl~, cxtcnsions1 continuatiom,, continuing 
~ • J,f , ~ • • • ..... 

prosecution applic.atkm, requests fur continuing examinatiom~. divisions, and registrations of any 
of the Patents; 

(c) rights to apply in ar1y or alI countries offue \Vorld for future patents, certificates of 
inv~m.tfon, utility n1<}dels_, industrial design protection;;, design patent ptoa:+cHons., or other future 
governmental grants or issuru1ces of any type related to the Patents; and 

(d) causes of action and enfoIT:ement rights of any kind under, or on account o.t: any of 
the Patents and/or any of the items described in either ofthe foregoing categories (b) or (c), 
including, \.Yitbcmt limitation~ aH causes (>faction, enforc-emeut rights·anu aH other rights to seek 
and obtain any other remedies of any kind for past, current a.~d foture infringement. 

Assignm· hereby authorizes the respective patent oilke or govemme:ntal agency in each 
jurisdiction to hisne any and all future patents, certificat~s ofin:venifon, utility models or other 
governmental grants or issuances that may be granted 1~po~ any ofd1e ,Assig11ed ratent ltights fa 
the t1tunc of Assi~tiec, .. as the a~~igne.e tQ the entire int¢I'cstJht;rein, 1!)is Assignment.of Patent 
Rights wm inure for tbe benefit of arw permhte.d succe.sSQtii or assigps ◊fAssign~e~ 

Assi$nor ~ill, at the reasonable request of Assignee, take ~U re-a:sonabl~ step~ tie~ry 
w.1d· pnipet~. t◊ cqtrlinn th~ ~ssigmpent k1 Assigµee of the ,\ssigne4 P;ttent Rights p1ll'St1ant to this 
AMig,nment of Patent Ri$hts" including without. limitation, the execution, a~no\\rledgmi,mt~ mid 
roco:rdatkni of$_pebifiQ assignment~ o~ths, qt,1d~atipns, alld \)ther dt)Cuments on a country .. by .. 
oountcy basis, .to assist Ass1g,1ee in ohtaip:ing and pel'fectirig the Assigned Patent Right~. 
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lN WITNESS WHEREOF this Assignment of Patent Rights is executed on January 10, 2020 to 
be .effective as of January 10, 2020, 

ASSIGNOR: 

lNTELLECl'U~c~,E~TURRS Ass~1156 LLC 
i~i~;· .......... 'k~l«.,._~,4v... -i' .. 'ft ~:-.._,.....,,~,,...,,. .... "»,,,..,,,"'--... ........ ~~ 
ri_f; L~ " ........ .:..2.~tn,•n• ......... ~ .. ~-t..w, ...... _____ ............,.. ................... ............... 

Name: Dim pi[fuilil 1,,,// _______ ---------------·. 
Tide: ·Jtuihoriz~d Pe:i:@n=·· --~-·--~~-----···----- ..... V 
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Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

505989767 03/28/2020 

PATENT ASSIGNMENT COVER SHEET 

EPASID:PAT6036476 

CORRECTIVE ASSIGNMENT 

NATURE OF CONVEYANCE: Corrective Assignment to correct the RE-RECORD ASSIGNMENT 
PREVIOUSLY RECORDED UNDER 052199/0838 TO CORRECT 
ADDRESS OF RECEIVING PARTY. previously recorded on Reel 052199 
Frame 0838. Assignor(s) hereby confirms the NUNC PRO TUNC 
ASSIGNMENT. 

SEQUENCE: 2 

CONVEYING PARTY DATA 

Name Execution Date 

INTELLECTUAL VENTURES ASSETS 156 LLC 01/10/2020 

RECEIVING PARTY DATA 

Name: INNOVATIVE SILICON SOLUTIONS, LLC 

Street Address: 5900 BALCONES DRIVE 

City: AUSTIN 

State/Country: TEXAS 

Postal Code: 78731 

PROPERTY NUMBERS Total: 10 

Property Type Number 

Patent Number: 7260731 

Patent Number: 7870404 

Patent Number: 9436264 

Patent Number: 9690366 

Patent Number: 7302619 

Patent Number: 7600166 

Patent Number: 7334173 

Patent Number: 7634701 

Patent Number: 7810002 

Patent Number: 6774033 

CORRESPONDENCE DATA 

Fax Number: 
Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 

Phone: 9497919366 
Email: fahim@hongdungroup.com 
Correspondent Name: FAHIM AFTAB 
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Address Line 1: 23832 ROCKFIELD BLVD. 
Address Line 2: SUITE 170 

Address Line 4: LAKE FOREST, CALIFORNIA 92630 

ATTORNEY DOCKET NUMBER: JG032320-2 CORRECTED 

NAME OF SUBMITTER: FAHIM AFTAB 

SIGNATURE: /Fahim Aftab/ 

DATE SIGNED: 03/28/2020 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 6 
source=IV156 Assignment to ISS#page1 .tit 

source=IV156 Assignment to ISS#page2.tif 
source=IV156 Assignment to ISS#page3.tif 
source=IV156 Assignment to ISS#page4.tif 

source=IV156 Assignment to ISS#page5.tif 
source=IV156 Assignment to ISS#page6.tif 
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Confitmation :Receipt 
Yonr assJgnme.nthas been received by theUSP'TO, 
The cove-1'$hoot oftl)eassignmenns displayed below: 

PATENTA.SSIGNM.ENT COVERSHEET 

ElectronicVersion vl .1 
Stylesheet \/ersinn vl.2 

l SUBMlSSlON TYP.E:: 

NAl'URE OF CONYRYANCE: 
,.., ... , ... ,,._ ..... ,,, .................. ,._ .... ..._..._ ... 

I El<'l'~ECTtVE DATE~ 

C'ONVEYtNG PARTYDATA 

PROPERTYNUl\fB.ERS Totak IO 

11 ·NUNC PROTUNCASSiGNl\tENT 

l 
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COlU{ESl'ONDENCE DATA 

Fa:,; Numbel'; 
Plitiue: 

ATTORNEY DOCKET 
.NUMBER, 

NAME OF SUli1"UTTER: 

ll;= __ :=· i=g=u=at=u=r=e:::::: =====-:;:;:; __ :;:;:;_== __ ==. =~:: 11,l'ahim Aftah~--

!l Otlte~ ,..... ']I 03/23/2020 ... ...... .. ..... 
l 

Tot:alAtt11chments: 3 J" 
source""lV Assignment A-,2Hpage1 .tif 
soun;~,;rv AssignmentA-2#page2.Hf 

so~'.~:~:::~~:-~=~s=·ig= __ t=n=n=e1=1t'°'"'·~=--~=~=#=~~=:~=::=·~"":·~""'._l,,,,' ===···='"··--,---""'--·'"'·--~-" =====--""--·=·--=·--=--·=···"'""""'===-··"""·--"""·--""'· ====·~·-·=="'il 

~PASlO: 
l{e-iicll)l.l111te: 

f',\T(\(}l7Sl S 

03123/202(; 

&/:;1.7/.;u_,z.c . 
........... , ........... ~ .. -~ .. .,...., 

t-2/t 5_/~~·r:J.;,;, 

t9+.·1'&$/~-l 
I 

MICROCHIP TECH. INC. - EXHIBIT 1003 
MICROCHIP TECH. INC. V. HD SILICON SOLS.  -  IPR2021-01265  -  Page 292



E):hibit A-2 
ASSIGNMENT OF PAT.1:<INT RIGHTS 

For good and valuable consideration, the recd_pt of whii.}h is hereby ackr1owledged, 
Intellectual Ventures 1-\ssets 156 LLC. a Dela:ware limited Hability company. with an address at 
251 Lhtk1 Falls Drive, Wihnii1gton1 DH 19808 ('".4ssigm>r"), doe-s hereby sell, assign, tra.nsfor, 
.~nd convey unto Innovative Silicon Solutio11s1LLC,a Texas lh,1lted liabiHty conxpany.hav.ing an 
address at 59()(1 Balc-0nes Drivel STE l 0(\ Austin, 'IX 78731 ("Assignee")~ .:i.H of Assignor's right, 
title, and interest·in and to the fbllowing (i:.:oHectlv.dy,.the '\4ssignedPat.ent Rights .. ): 

bsue Date/ Title of Patent 
r P~te!~ A11elie-ation ,:i,,,.unber .. .,.. .... <~~. f~.:::.un::;t ... cy...,· __,,__...F_'il;;.,in..11;!1,,lD.a;,;.:;t;,;.·e ...... ~- · and First Named lm'ento:r -~ 
! 7 .:.60 u 1 I {.;8 ! .2007¥. 08. ~21 . l Saving. Power Wfom ln Or f 

] Transitioning To.A Static i 
(09/694433) I (2000¥10-23) .Mode Of A Processor j 

j i . . ; 
! i Andrew Read 

r 7870404 ------............. __ -4,_ -t-is ___ .··i··2011-01-1 l ! Traiisfoo_n_in_g_'l_'o-A-1tl From A 

I i Sleep State Of A Processor 
: (11/894991) , (:2007-08-21) I 

i . ➔ AndrewRcad .......... ----·•• .. --~ 
9436264 ----····t_··us .•· . 2016:£}9-06 Saving Power \Vhen In fit 

Transitioning To A Static. 
: (12/987423) i,.· (201J-01-10) Mode Of A Processor 
j 

~l'"···.··--········ ·.I. OS · ··•f 2c·n--7--0-6--2-7--~-t:.i:~~~;e~ \Vh~·-1-In-. t-'.}r-.......... ,J 
j :.-~· ,~-~.~- I , Transitioning To A Static 1 

! ([5/241690) 1 l (2016-08-19} i Mode Of A Processor By 

7302619 

Using Feed.back-C.onfiguroo 
Voltage Regulator 

i . . E. rr .... or. C.~om..·ctfon In A Cache 
: Memory 

{10i885356) I (2004--01-06) 
l-,--,,,, .. ,"_,w I . Joseph Tompk.~ . .;;.,· -------

·I

·. 7. 600·.· J6·6··· U8 · 2009-JO;.()l$ Mcthod.AndSystem:FQt 
I Providitig Trusted t\CC'1$S To 

i('.l 1 /1694(H) •.1· (2005~06.-28) A .rr An Scan .Interface In A r · . Mfotoprooessor 

L ...... ··-------------~· "t"':"""""'•J.s.·.•• .. ________ ....___ Davif!:.Qmu1 ts ., ..... ,., ...... , .. j 
j 7334173 20()8¥02¥19 &1:etl:md And ~ystem For 

l, ! Pi-otecting. Pnieess<;~rs From 
1.11!~41 i 04) .. __ _.i..

1 _____ ...... {"""'2,00...._ .. 5.;09-.~29....,.,. ) __ ~ .. U~!~!Pgtiz.~U?. ebug Acce$S .. , ___ ......., _____ .,.,... 

1 .. 
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(12/544145)" \,, ,, ', .,,..,, 

(10/287258') 

(h'J _ iuiY future:reissu~~ rcexatnination; extensio~~ continuatiorui; q~ntinuiµg 
prose-cution applicatit)fl~ requests fur continuing ex<Uninations, di visions, an4 r~gist.rations of any 
of the Patents· .· . ·.· · ... ·.•.· ... ,. 

(c) .. rights to 3pµ!y hu,u1y or affc{)tmtries of the world fot future patents, certificates hf 
.invention, utility· ro,Kfol~, jndustrlal dei;igµ prote~tj!J!J~ •. del:lign, patentpmtectlc,,ns~ or oth(}r fuhlJ(: 
goveqimental~ts ot:iS$µanc~~ uf any type related io tbe Pat~nts; and 

(d} G~uses o(i.tctkmm14 enfc.)ft}e~ent rights of any kind. mlder, orqn account of, any of 
the Patents· artdlot any of the •items deootibe(JJn-e{tJi¢r ◊f the foregoing ¢.ategqrl~(b}of(c), ·.·.·. 
inchtdfog, ,v.ithout Hrnifa.tfo.n, aU ca,use,s ofaction,.enforcement rights ~da.U other rights to seek 
and obtain any.other rettle<lies ◊(?PY kinq:fgrpa§t, current ~~d fut~J11fri:nger;tent. 

Assignor hereby attthorizcsthe respectlvtj" patent <Jl11ce or go.vemmeritaLagencfin each 
jtu-i~dictfon,tp issux guy artd .. all ruturnpatet'lt'S} c~rtifie~w~ ot'ir.i,y~ntion~ u;Hity mqdcls or (:iUivr 
g<,yemme11~l gratjfs:C,r isslfflUQeS tht!tmay be, granted upon any of the Assigned PatentRJgltts in 
the narne of Assigtiee1 as tlte assighct to the entire in~st therein. Thi~. j\ssigrufient of Pat¢nt 
Rights will inure for the benefit of arir permitted successors or assigns of Assigr~e. 

Ass'ignor willt at the re.as:onabfo request of Assignee>· take all reaso.nable steps neccs."filry 
and proper. to -C(}rtfum tht~ a$signmcnt to Assign~e of th¢. Assign«( Patc1# Rights pµtsuantttJ this 
A.s$ignmE}~ltrf PateV:f l{ights,'•focludfog withO'~t• Umitatlon, the·ex.eeutfonf.acknowledgmertt,and 
recordatio:q: of s~eHi¢ assigtlriients. oaths~ ded:aratiot!$~ ··an& otherdo'"un1~j1h Ort a country-by
co-untrf basis> to assist Assignee in obtalningtmd perfecting the Assigned Patent Rights, 

I 
l 
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lN WITNESS WH:EREOF this Assig.n.rnent of Patent Rights is executed on January l 0, 20:20 to 
be dTective as of January 10, 2020. 

ASSIGNOR: 

3 
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Exhibit JJ .. J 

ASSIGNMENT OF lUGHTS IN CERTAIN ASSETS 

For good aoo vahrnble considernfion1 the receipt of which is hereby acknowledged, 
fot~~Hectual Ventures Assets 156 LLC, a Delaware limited liability company. with an address at 
25 l. Little FaJ!s Drive, Wilmington~ DE 19808 (","b$ign.or"}, does hereh:y sen~ assig11, transfer, 
and cnnvey unto. Itln(wahve Silicon Solutions, LLC, a Tz~xas Iimit(ld liability company having an 
address at 5900 Balcones Drive, STE 1 on, Austin, TX 78731 eAssignee"), its right, tide, and 
interest in and to any a11d all of the following provisional patent applications, patent applications,, 
patents, and Mher governmental grants or issuances of any kind (the "(4.rtain A.s·sets"): 

Patentf Atmlkation !!-(sDe llahJ/ Title of Patent 
~mber: ·----·1· 1:<,.11,ntry ,.Pi\iqg_;t)ate -·--,,JM~S Firstj'jamed wventoi; 

l l 
(PCT/USZOOl/050801) \.VO ! (2(KH -10-18) j J'vietho<l And Appantfos For Reducing 

i j Static Power Loss 

; .. . ! . tj ·-~ I Andrew _Rcefil! 
, , l 
1 (PCT/tJS2006i038 l 68) I WO I (2006 .. ()9~28) j Sec.uring Scan Test .Archite{!ture 

t ~ ~ 

,. ~~~-------· __________ l_ ........... J -. --------------------···-- ,! Morgan, Andrew ···-----w ,- . 1 

Assignor assigns to Assignee all of its rights to the inventions, itwet1tion disc1 osu:res, and 
discoveries in the ruisets listed above, together, witidts rights, if any. to revive pro:s.ecutfon of 
claims under such assets and to sue or othe:rwise enforce any claims under such assets for past, 
present z)r future infringement 

Assignor hereby authorizes the respective patent office or govemmental agency in each 
.iudsdlction to make available t◊ Assignee all records tegarding the Certain Assets. 

The tem1s and conditfons of this AssigJ1n1ent of Rights in Certain Assets "-'111 inure t(l the 
benefit of Assignee, its successors, assigns, and other legal rGprescntatives andvvi.U be binding 
upon Assign.or, its SU.(!Ces.sors, assigns, and other legal representatives. 

EXECUTED this Wth day ofJam.mry 2020~ to he e:ffective:as nfJrumi.try 10, 2020, 

3 
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506351892 11/12/2020 

PATENT ASSIGNMENT COVER SHEET 

Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: NEW ASSIGNMENT 

NATURE OF CONVEYANCE: CHANGE OF NAME 

CONVEYING PARTY DATA 

Name 

INNOVATIVE SILICON SOLUTIONS LLC 

RECEIVING PARTY DATA 

Name: HD SILICON SOLUTIONS LLC 

Street Address: 5900 BALCONES DR STE 100 

City: AUSTIN 

State/Country: TEXAS 

Postal Code: 78731 

PROPERTY NUMBERS Total: 12 

Property Type Number 

Patent Number: 7302619 

Patent Number: 6774033 

Patent Number: 7154299 

Patent Number: 6748577 

Patent Number: 7260731 

Patent Number: 9436264 

Patent Number: 9690366 

Patent Number: 7870404 

Patent Number: 7600166 

Patent Number: 7810002 

Patent Number: 7634701 

Patent Number: 7334173 

CORRESPONDENCE DATA 
Fax Number: 

EPASID:PAT6398647 

Execution Date 

11/12/2020 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 9494390365 
Email: fahim@hongdungroup.com 
Correspondent Name: FAHIM AFTAB 

Address Line 1: 5900 BALCONES DR STE 100 
Address Line 4: AUSTIN, TEXAS 78731 
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NAME OF SUBMITTER: FAHIM AFTAB 

SIGNATURE: /fa/ 

DATE SIGNED: 11/12/2020 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 1 
source=Certificate of Filing of HD Silicon#page1 .tit 
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Corporations Section 
P.O.Box 13697 
Austin, Texas 78711-3697 

Office of the Secretary of State 

CERTIFICATE OF FILING 
OF 

HD Silicon Solutions LLC 
803500718 

[formerly: Innovative Silicon Solutions, LLC] 

Ruth R. Hughs 
Secretary of State 

The undersigned, as Secretary of State of Texas, hereby certifies that a Certificate of Amendment for the 
above named entity has been received in this office and has been found to conform to the applicable 
provisions oflaw. 

ACCORDINGLY, the undersigned, as Secretary of State, and by virtue of the authority vested in the 
secretary by law, hereby issues this certificate evidencing filing effective on the date shown below. 

Dated: 11/10/2020 

Effective: 11/10/2020 

Phone: (512) 463-5555 
Prepared by: Bernadette DeJoya 

Ruth R. Hughs 
Secretary of State 

Come visit us on the internet at https://www.sos.texas.gov/ 
Fax: (512) 463-5709 

TID: 10303 
Dial: 7-1-1 for Relay Services 

Document: 1007162920002 
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