: U.S. PTO
18351 U.s. PTO ' 11/894991

IRy 08121/2007

082107 Attorney Docket No.: TRAN-P470

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

| 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 of deposit.

Express Mail | EM061752383US Name of Person Making | Anthony Chou

Label No.: the Deposit: yzi

Date of | 08/21/2007 Signature of the Person f&n #
Deposit: Making the Deposit: [/

Inventor(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. 09/694,433 filed on 10/23/2000

of Andrew Read, Sameer Halapete, Keith Klayman
inventor(s)

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

Title of invention
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_21 ]

[ X] Drawings (35 U.S.C. 113) [Total Sheets_2_ ]

[ X] Oath or Declaration [Total Sheets_2 ]

[ 1 Newly executed (original or copy)
[ X1 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)
[ 1 English Translation Document (if applicable)

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

[ 1 Preliminary Amendment

[ X] 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

[_] 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
[ ] Priority of Application Number filed on
in is claimed under
35U.8.C. 119.
[ ] The certified copy has been filed in prior U.S. Application No.
in

[ ] 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)
application number 09/694,433 filed on 10/23/2000
|| International Application filed on

which designated the U.S."

Inventorship 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:

the same.
|| tess 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 inventors to be deleted
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{b) The inventorship for all the claims in this application are

the same.
|| 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
|:] A petition, fee and response has been filed to extend the term pending prior application

until
[ ] A'copy of the petition for extension of time in the prior application is attached.

Conditional Petition for Extension of Time in Prior Application

A conditional petition for extension of time is being filed 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)

l:} 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 Examination Fees
- Small Entity Small Entity Small Entity
Application Fee Fees Paid
Type Fee ($) Fee ($) Fee ($) | Fee ($) ($) Fee ($) %)
Utility 300 150 500 250 200 100 | $1,000.00
Design 200 100 100 50 130 65| %
Plant 200 100 300 150 160 80|9%
Reissue 300 150 500 250 600 300 | §
Provisional 200 100 $
2. EXCESS CLAIM FEES Small Entity
.Fee Description Fee ($) Fee ($)

50
200

25
100

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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Multiple dependent claims

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

Indep. 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

thereof

Number of each additional 50 or fraction

Fee $ Fee Paid $

23 -100 | O

/50

= | $0.00

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

Cther:

5. PAYMENT OF FEES

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]

[ ]
[ X]

[ X]
[ ]

Filing fee

Recording assignment

Total Fees Due ($)
$1,200.00

The Commissioner is her'eby 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.

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.: 53-4160.

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

Inventor(s).

[X]
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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:
Anthony C. Murabito
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.O. Box 1450, Alexandria, VA 22313-1450
on the below date of deposit.

Date of | 8/21/2007 Name of Person Mina Oliveri Signature of the Person W - ﬁ/ .
Deposit: Making the Deposit: Making the Deposit: (i ane /é,._,

In re Application

Inventor(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)

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

concurrently herewith.
__Jon

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
Customer No: 45590

Respectfully submitted,

Date:__August 21, 2007 By: /

Anthony C. Murabito
Reg. No. 35,295
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Notification to Parent of Divisional Application Filing
Applicant: Read et al. S/N.: 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

& Conditional Petition for an Extension of Time

& Notification of Filing of Divisional Application

Sidenmiddzd On-, 8124 | 20072
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Attorney Docket No.: TRAN-P059

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

| 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 deposit.

Date of | 8/21/2007 Name of Person Mina Oliveri Signature of the Person /) ' -
Deposit: ! Making the Deposit: Making the Deposit: [ /7 ?VV% %

In re Application of:

Inventor(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

other than a small entity
]

a small entity
A verified statement:

is attached
is already filed
[1] 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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Piease 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
Customer No: 45590

Respectfully submitted,

Date:__August 21, 2007 By: &’—\

Anthony C. Murabito
Reg. No. 35,295

Page 2 of 2 rev. 6/97 jow
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: U.S. PTO
18351 U.s. PTO ' 11/894991

IRy 08121/2007

082107 Attorney Docket No.: TRAN-P470

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

| 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 of deposit.

Express Mail | EM061752383US Name of Person Making | Anthony Chou

Label No.: the Deposit: yzi

Date of | 08/21/2007 Signature of the Person f&n #
Deposit: Making the Deposit: [/

Inventor(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. 09/694,433 filed on 10/23/2000

of Andrew Read, Sameer Halapete, Keith Klayman
inventor(s)

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

Title of invention
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_21 ]

[ X] Drawings (35 U.S.C. 113) [Total Sheets_2_ ]

[ X] Oath or Declaration [Total Sheets_2 ]

[ 1 Newly executed (original or copy)
[ X1 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)
[ 1 English Translation Document (if applicable)

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

[ 1 Preliminary Amendment

[ X] 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

[_] 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
[ ] Priority of Application Number filed on
in is claimed under
35U.8.C. 119.
[ ] The certified copy has been filed in prior U.S. Application No.
in

[ ] 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)
application number 09/694,433 filed on 10/23/2000
|| International Application filed on

which designated the U.S."

Inventorship 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:

the same.
|| tess 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 inventors to be deleted
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{b) The inventorship for all the claims in this application are

the same.
|| 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
|:] A petition, fee and response has been filed to extend the term pending prior application

until
[ ] A'copy of the petition for extension of time in the prior application is attached.

Conditional Petition for Extension of Time in Prior Application

A conditional petition for extension of time is being filed 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)

l:} 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 Examination Fees
- Small Entity Small Entity Small Entity
Application Fee Fees Paid
Type Fee ($) Fee ($) Fee ($) | Fee ($) ($) Fee ($) %)
Utility 300 150 500 250 200 100 | $1,000.00
Design 200 100 100 50 130 65| %
Plant 200 100 300 150 160 80|9%
Reissue 300 150 500 250 600 300 | §
Provisional 200 100 $
2. EXCESS CLAIM FEES Small Entity
.Fee Description Fee ($) Fee ($)

50
200

25
100

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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Multiple dependent claims

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

Indep. 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

thereof

Number of each additional 50 or fraction

Fee $ Fee Paid $

23 -100 | O

/50

= | $0.00

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

Cther:

5. PAYMENT OF FEES

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]

[ ]
[ X]

[ X]
[ ]

Filing fee

Recording assignment

Total Fees Due ($)
$1,200.00

The Commissioner is her'eby 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.

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.: 53-4160.

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

Inventor(s).

[X]
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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:
Anthony C. Murabito
Reg. No. 35,295
page S of 5 rev. 12/04 kgr
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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.O. Box 1450, Alexandria, VA 22313-1450
on the below date of deposit.

Date of | 8/21/2007 Name of Person Mina Oliveri Signature of the Person W - ﬁ/ .
Deposit: Making the Deposit: Making the Deposit: (i ane /é,._,

In re Application

Inventor(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)

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

concurrently herewith.
__Jon

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
Customer No: 45590

Respectfully submitted,

Date:__August 21, 2007 By: /

Anthony C. Murabito
Reg. No. 35,295
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Notification to Parent of Divisional Application Filing
Applicant: Read et al. S/N.: 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

& Conditional Petition for an Extension of Time

& Notification of Filing of Divisional Application

Sidenmiddzd On-, 8124 | 20072
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Attorney Docket No.: TRAN-P059

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

| 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 deposit.

Date of | 8/21/2007 Name of Person Mina Oliveri Signature of the Person /) ' -
Deposit: ! Making the Deposit: Making the Deposit: [ /7 ?VV% %

In re Application of:

Inventor(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

other than a small entity
]

a small entity
A verified statement:

is attached
is already filed
[1] 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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Piease 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
Customer No: 45590

Respectfully submitted,

Date:__August 21, 2007 By: &’—\

Anthony C. Murabito
Reg. No. 35,295
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TRAN-P470

UNITED STATES PATENT APPLICATION

for

SAVING POWER WHEN IN OR TRANSITIONING TO A STATIC MODE OF A

PROCESSOR

Inventor(s):
Andrew Read
Sameer Halepete

Keith Klayman

Prepared by:

MURABITO HAO & BARNES, LLP
Two North Market Street, Third Floor
San Jose, California 95113
(408) 938-9060
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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.

ACM/NAO 1 TRAN-P470
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20

BACKGROUND OF THE INVENTION

Field Of The Invention

This invention relates to computer systems and, more particularly, to
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
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 life of portable
computers decreases. The loss of battery life with modern portable
computers greatly reduces the time during which the computer can
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
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 thé “Southbridge” circuitry of an X86-
processor-based computer) remains enabled to detect interrupts
requiring processor operation. T he.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
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
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
application of this voltage generates a power dissipation referred to in
this spveciﬁcation 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

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.

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
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

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

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

accordance with the present invention for reducing static power usage.

Figure S 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
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

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
with the voltage being plotted on a log scale. As may be seen, current in
fact flows below the threshold voitage. 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
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
transistors ready to immediately respond to interrupts. In general, this
has been accomplished by maintaiﬁing 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
frequency operations specified for the particular processor. For example,
many processors provide 1.8 volts as a core voltage. On the other hand,
the voitage 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
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

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
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.
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
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

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

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
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
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
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
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
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.

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
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
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

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

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
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
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
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. i

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
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
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.

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.
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
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

Kohms, resistof 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__é}"]” and 43, the increments of voltage
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
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
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
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

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
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
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
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.
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

detects changes in operation through a polling process must constantly
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bring a processor out 6f deep sleep to determine whether a change in
operating mode should be implemented. For many such systems, such 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
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
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
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 regﬁlator 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
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

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
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
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 cépac:itors should be

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
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
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:

1. 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 1n which system clock 1s disabled.
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| hereby appoint Stephen L. King, Reg. No. 19,180; with offices located at 30 Sweetktay
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.

| 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 and
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 _ /?7/454. ﬂ ,%M/ pate __2$ NAN O

Residence Sunnyvale, California Citizenship U.S.A.
(City, State) (Country)

Post Office Address: 1621 Eagle Drive
Sunnyvale, California 94087

Full Name of Second/Joint inventor Sameer Halepete
Inventor's Signature W Date 25 JAN 2001

Residence San Jose, California Citizenship India

(City, State) (Country)

Post Office Address: 373 River Oaks Circle, #1608
San Jose California 85134

Full Name of Third/Joint inventor Keith Klayman

Inventor's Signature /W/f/%v' Date _ 2SS~ Jap, 0/ _

Residence Sunnyvale, California Citizenship U.S.A.
(City, State) (Country)

Post Office Address: 613 San Conradoter #2
Sunnyvale, California 94086
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Attorney Docket No.: TRAN-P059

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent

In re Application of:

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

Serial No.: 09/694,433 Examiner:

Filed: 10/23/00 Art Unit: 2188
For.  STATIC POWER CONTROL

Patent No.: Issued Date:

Assistant Commissioner for Patents
Washington, D.C. 20231

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

As assignee of record of the entire interest of the above identified
application,
a 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 ail business in the
Patent and Trademark Office connected herewith.

James P. Hao Registration No.: 36,398
Anthony C. Murabito Registration No.: 35,295
John P. Wagner Registration No.: 35,398
Glenn D. Barnes Registration No.: 42,293
Thomas M. Catale Registration No.: 46,434
Jose S. Garcia Registration No.: 43,628
Eric J. Gash Registration No.: 46,274
Lin C. Hsu Registration No.: 46,315
Ronald M. Pomerenke Registration No.: 43,009
John F. Ryan Registration No.: 47,050
Matthew J. Blecher Registration No.: 46,558
Lawrence R. Goerke Registration No.: 45,927
Reginald A. Ratliff Registration No.: 48,098

rev. 2/98 dbp
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William A. Zarbis Registration No.: 46,120

Mehlin Dean Matthews Registration No.: 46,127

Joel D. Youngs Registration No.: P-52,383

Bryn C. Ekroot Registration No.: 38,129
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 interast)

3940 Freedom Circle

Santa Clara, CA 95054
Address

B Recorded in PTO on ___02/05/01
Reel __011536
Frame _0490

a Recorded herewith

ASSIGNEE CERTIFICATION
Attached to this power is a "CERTIFICATE UNDEH 37 CFR3.73(b)."

B rd—

Signature /7

7/7(?6b2,

Date

Brvn C. Ekroot
(type or print name of person authorized to sign on behalf
of assignee}

Directo n ec P exr
Title

rev. 2/98 dbp
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Docket No.: TRAN-P059
Patent

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

S T L

CERTIFICATE UNDER 37 CFR 3.73(b)

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

[1 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.
[1 Additional documents in the chain of title are listed on a

supplemental sheet.
[ 1Copies 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.

| 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,

< 1/1fo0z g e
/

Date Signatdre i

Bryn C. Ekroot
Typed or Printed Name

Director of Intellectual Property
Title
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' PATENT APPLICATION SERIAL NO.__
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U.S. DEPARTMENT OF COMMERCE .

PATENT AND TRADEMARK OFFICE =
FEE RECORD SHEET =

" @8/24/2807 HGEBRENI 6BGUER12 11894991 -’" L
01 FC:16i1 C Y 380.88 0P -
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B3 FC:13ts - . - . 26a.89 0p. -
o o4 FCzieal . - 2e0.e0 OF. -
PTO-1556 - . . ,

R I

. *US. Govemment Printing Office: 2002- 489-267/69033
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)7 VA
PTO/SB/OG (02-07)
Approved (or use through 02/28/2007. OMB- 0651-0032
. U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
dtos of informat ol  di AL’IV“OMBMan

Under the Paperwork Reduction Act of 1995, no p ar6 required to resp 2 oct

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Nu
Substitute for Form PTO-875 / / )% ‘7 H ‘[‘7
~APPLICATION AS FILED - PART | - . . OTHER'THAN-
: (Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
: FOR NUMBER FILED NUMBER EXTRA RATE ($) ' FEE($) RA'I;E (s) FEE (3) .
BASIC FEE - ) - 1
§ {37 CFR 1.16{s). (b} or (c)) A A NA $160 A $300
SEARCH FEE R . g
Q7 CFR 1,180, () or {my) . NA NA NA $260 - NA ) $500
EXAMINATION FEE ) y
(37 CFR 1.16(0}. (p). o ()} A A A $100 NA $200
_TOTAL CLAIMS / 1. . ) : .
(37 CFR 1.18(1)) / © minus20 = § ° x$26 = " OR | x $60 =
INDEPENDENT CLAIMS i ) . .
(37 CFR 1.16()) L/ minus 3 =] °. x$100 = x $200 = |20
. if the’specification and drawings exceed 100 - '
APPLICATION S1ZE sheets of paper, the application size fee due o
FEE Is $250 ($125 for small entity) for éach . $128 $260
Q7 CFR 1.16(sp) additional 50 sheets or fraction thereof. See ) T
35 U, S C. 41(a)(1)(G)yand 37 CFR 1.16(s).- )
MULTIPLE DEPENDENT CLAIM PRESENT o7 CFR 1.180) +80= +360= SR |
- Hf the difference in colqmn 1istess !han zero, emer,’O' incolumn 2. . TO'i';‘\L TOTAL / 26&7 .
APPLICATION AS AMENDED - PART If L
' . ) OR OTHER THAN -
{Column 1) (Column2)  (Columa 3) SMALL ENTITY SMALL ENTITY
. CLAIMS HIGHEST - : L o
P REMAINING - NUMBER PRESENT RATE ($) ADDI- RATE ($) ADDI-
’ - AFTER PREVIOUSLY EXTRA . “TIONAL . TIONAL
E - AMENDMENT PAID FOR - FEE(S) FEE(S)
‘w Total . .| Minus | - = S . j
S| oreFr s ’ Xx$286 "= OR | x$60 =
O | independant . Minus. | *** = j
5 7 CFR 1,16 x$100 = orR | x $200 =
S| Application Size Fee (37 CFR 1. 16(5)) $126 $260
< - .
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | (37 CFR 1.16(j) +180 = OR 4360 = .
' TOTAL . " TOTAL
ADOD'L FEE OR  ADD'LFEE
. (Columa 1) (Column2) * (Columd 3)
CLAIMS -HIGHEST L - S _ ;
m REMAINING NUMBER PRESENT RATE ($) ADDI- RATE ($) ADDI-
- - AFTER PREVIOUSLY EXTRA - o] TIONAL - TIONAL
z i AMENDMENT PAID FOR FEE($) |- FEE ()
W] - Total ~ . . - Minus | ** ’ = i ) . . /
S| orerrraem : A ) X$25 = OR } X$50 =
O Nadopendont 1+ v - T »
5 7 CFR 1.160)) nus N x$100 = OrR | x $200 =
= Applicatmn Size Fee {37 CFR 1. 16(5)) $126 $250
<r I i .
F!RST mesenrmon OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) +180= -or-| +360=
' TOTAL ] or TOTAL
. _ADD'LFEE ’ ADOL FEE
* Hthe enuy in cdumn 1is !ess than the entry in column 2, write “0" in ‘column 3. .
“Ifthe *Highest Number Previously Paid Fer IN THIS SPACE is less than 20, enter 20",
*** If the “Highest Numbér Previously Paid For” IN THIS SPACE is less than 3, enter *3". .
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the ampnate box in-column 1.

This collection of information s ‘required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the -
USPTO to process) an appltcahon Confidentiality is g d by 35 U.S.C. 122 and 37 CFR 1.14. This oollection is ted to take 12 mi to comp
indluding gathering, prepating, and submitting the completed appllwbon form to the USPTO Time will vary depending upon the individual case. Any commen!s

-on the amount of time you require to complete this form and/or suggest 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. Commlssuoner for Pa!ents, P.0. Box 1450, Alexandria, VA 22313-1 450.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATKNTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATIONNUMBER [ FIHNS X371 1 GRp ART UNIT | FIL FEE RECD ATTY.DOCKET.NO ToTcLaMs | IND cLaMS

11/894,991 08/21/2007 2115 1200 TRAN-P470 19 4

CONFIRMATION NO. 9781

MURABITO, HAO & BARNES LLP FILING RECEIPT
Third Floor

Two North Market Street

San Jose, CA95113

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

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-HALT (1-866-999-4158).

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

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

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

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
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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 TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATKNTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATIONNUMBER [ FIHNS X371 1 GRp ART UNIT | FIL FEE RECD ATTY.DOCKET.NO ToTcLaMs | IND cLaMS

11/894,991 08/21/2007 2115 1200 TRAN-P470 19 4

CONFIRMATION NO. 9781

MURABITO, HAO & BARNES LLP FILING RECEIPT
Third Floor

Two North Market Street

San Jose, CA95113

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

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-HALT (1-866-999-4158).

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

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

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

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
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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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Page 1 of 2

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United Statea Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.C. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(c) DATE |  FIRSTNAMEDAPPLICANT |  ATTY.DOCKETNO/TITLE |

11/894,991 08/21/2007 Andrew Read TRAN-P470

CONFIRMATION NO. 9781

MURABITO, HAO & BARNES LLP
Third Floor

Two North Market Street

San Jose, CA 95113

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:

Q

0O 0O OO O

O

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.

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.

The title appears on the filing receipt in sentence case for publication in the Annual Index of Patents.
Amendments are not accepted in proviéional applications. See 37 CFR 1.53(c).
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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O  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)

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

d 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).

O  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).

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

a 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.

O  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".

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

t

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

PART 3 - OFFICE COPY

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 058



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto gov

APPLICATION NUMBER FILING OR 371(c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

11/894,991 08/21/2007 Andrew Read TRAN-P470

CONFIRMATION NO. 9781

MURABITO, HAO & BARNES LLP
Third Floor

Two North Market Street

San Jose, CA95113

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

Publication No. US-2007-0294555-A1
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 USPTQO'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 STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP[O gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
11/894,991 08/21/2007 Andrew Read TRAN-P470 9781
7590 07/02/2009
EXAMINER
MURABITO, HAO & BARNES LLP | |
Third Floor CAO, CHUN
Two North Market Street TSI e —
San Jose, CA 95113 | | |
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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Application No. Applicant(s)
11/894,991 READ ET AL.

Office Action Summary Examiner Art Unit
Chun Cao 2115

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 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)X] Responsive to communication(s) filed on 21 August 2007.
2a)] This action is FINAL. 2b)X] This action is non-final.
3)[] 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)X] Claim(s) 1-19 is/are pending in the application.

4a) Of the above claim(s) _____ is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-19 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll b)[] Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. _____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application
Paper No(s)/Mail Date _____. 6) |:| Other: _____

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090630
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Application/Control Number: 11/894,991 Page 2
Art Unit: 2115

1.

2.

DETAILED ACTION
Claims 1-19 are presented for examination.

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.

4.

Claim Rejections - 35 USC § 112

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.

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 Page 3
Art Unit: 2115

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.

L

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 Page 4
Art Unit: 2115

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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TRAN-P470 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Read et al.

Serial: 11/894,991 Group Art Unit: 2115
Filed: August 21, 2007 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.

TRAN-P470/ACM/NAO Serial No.: 11/894,991
Examiner: Cao, C. 1 Group Art Unit: 2115
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Title:

Please amend the title of the application as follows:

SAVINGPOWER-WHEN-IN-OR TRANSITIONING TO AND FROM A STATIC

MODESLEEP STATE OF A PROCESSOR

TRAN-P470/ACM/NAO Serial No.: 11/894,991
Examiner: Cao, C. 2 Group Art Unit: 2115
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In the Claims:

1. (currently amended) A computer system comprising:

a processing unit;

circuitry coupled to the processing preeesser-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.

TRAN-P470/ACM/NAO Serial No.: 11/894,991
Examiner: Cao, C. 3 Group Art Unit: 2115
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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 1s 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 preeesser-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.
TRAN-P470/ACM/NAO Serial No.: 11/894,991
Examiner: Cao, C. 6 Group Art Unit: 2115

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - 1IPR2021-01265 - Page 077



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 1s 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
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. (new)  The computer system of Claim 20 wherein a voltage difference between
said first operating voltage and said first sleep voltage 1s approximately equal to a
voltage difference between said second operating voltage and said second sleep

voltage.

23. (mew)  The computer system of Claim 20 wherein said first operating voltage
1s 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.
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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.

35U.5.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 1s 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 1s 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 1s 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 1s 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.

Respectfully submitted,
MURABITO, HAO & BARNES LLP
Date: October 5, 2009 [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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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 be 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 dacision. 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, vanous types of chips such as
microprocessor, memory and LS! 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 -ealled lap-top computers have been
very popular in 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 interna! circuits in order to prolong
the operating time.

1t is known that power consumption of a CMOS
1s mimimized when a clock pulse is not supplied. A
power-saving implementation is proposed wherein
LSIs (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 object 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 daesignation 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
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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-
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
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 Alhe power supply and < |
supplying a clock signal to the logic circutt; latch .

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-
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
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.
According to the third aspect of the present
invention, a power saving system for a personal
computer, comprises: @ power supply for supplying
power; extended card means, optionally connec-
table to the personal computer, for executing a
predstermined 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
supply stop designation information; memory
means for storing a program serving as an ex-
tended card driver routine exscuted by the per-
sonal computer, the program including an initializa-
tion routine for setting the power supply designa-
tion 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
betwesn 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
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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-
rangem'e'nt 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 connectsd 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 DMAC (Direct
Memory Access Controiler) 7 comprises a com-
mercially available LSI for controlling DMA. A PIC
(Interrupt Controller) 9 comprises a commercially
available LS! for controlling various circuit inter-
rupts. A PIT (timer) 11 measures time. An RTC
(Real Time Clock) 13 comprises a commercially
available LS| for storing date, time, an the like.

An HDC (Hard Disk Controller) 15 comprises a
commercially available LS! for controlling an HDD
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(Hard Disk Driver) 17. The HDD (Hard Disk Drive)
17 serves as an external storage unit for storing
programs and data. An FDC (Floppy Disk Control-
ler) 19 comprises a commercially available LS| for
controlling an FDD (Floppy Disk Drive) 21. The
FDD 21 serves as an external storage unit for
storing programs and data as in the HDD 17.°A
PRTCONT (Printer Controller) 23 controls a printer.
An SIO (Serial Input and Output Control Circuit) 25
comprises a commercially available LS! for control-
ling communication. A KBC (Keyboard Controller)
27 comprises a commercially available LS! for con-
trolling a keyboard 29. The keyboard 28 comprises
various keys for inputting various data and includes
a power ON command key 28a for designating
power supply and a power OFF command key 29b
for designating power .of power supply. A PDPC
(Plasma Display Controller) 31 controls a PDP
(Plasma Display) 33. A VRAM (Video RAM) 35
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
7, the PIC 9, the PIT 11, the RTC 13, the HDC 15,
the FDC 19, the PRTC 23, the SIO 25, the KBC 27,
the PDPC 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
saving system according to the first embediment 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
register 41 comprises, ©.9., 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 0 is set at logic "1", the power is supplied to
the respective circuits. However, when bit 0 is set
at logic "0", 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., @ memory mapped /0.
Alternatively, /O device addresses may be as-
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
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 lagic "0", the power supply
is stopped. When the oscillator 45 receives the
power through the switch circuit 43, the oscillator
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 circuit 47. The logic

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 102



5 EP 0 381 021 A2 6

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

Power supply or stop of power supply can be
designated automatically or by an operator. The
tlow chart shown in Fig. 4 exemplifies an operation
for detecting depression of the power OFF or ON
command key 29a or 28b arranged on the key-
board 29 and for allowing or stopping power supply
from the power supply to the oscillator 45.

The CPU 1 determines in step 51 whether a
key input is detected. If YES in step 51. the CPU 1
determines in 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" is supplied from the
register 41 to the switch circuit 43, and then the
switch circuit 43 suppliss 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 depresssd, the
CPU 1 sets data "00" (hex) in the register 41 in
step 59.

Bit data of "0" 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 of 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 1s detected. If NO in step 61, a time-
measuring software counter is incremsnted 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
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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
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 HDD 17.
In order to perform LAN control, the LAN driver
routine stored in the HDD 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
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
CPU 1 performs completion processing in step 73.
In this completion processing. the CPU 1 sets data
"00" (hex) wn the register 41. In this case. the
switch circuit 43 stops supplying the power to the
oscillator 45. Therefore, the power consumption of
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
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
45 to a gate circuit 75. The gate circuit 75 com-
prises, e.g.. an AND 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
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.
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-
ple, 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-
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 HDD 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.

Claims

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 powsr, 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) bsing 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 sald designating means comprises
memory means for storing a program serving as an
extended card driver routine executed by said per-
sonal computer, the control program including an
initialization routine for outputting power supply
dssignation information and a completion routine

15

20

25

30

35

40

50

55

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
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
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-
cillator on the basis of the clock supply stop des-
ignation information supplied from said latch circuit.

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
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
stop designation information.

7. A system according- to any one of claims 1
to 8, characterized in that said logic circuit com-
prises CMOS (Complementary Metal Oxide Semi-
conductor) elements. '

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
printer controller, a display controller, and a mode!
control circuit.
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EP0474963

Publication Title:

Computer system having sleep mode function.

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 contro! 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

whether or not an AC adapter (105) is connected.
The computer also includes a slesp 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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1 EP 0 474 963 A2 2

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 condition
is known. When no input/output (I/O) 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 exscutes 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
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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

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
the computer is operated by a mounted battery,
and when it recsives 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
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-
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.

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
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
to the processor means; discrimination means for
discriminating whether or not the computer system
receives an external power supply; and slesp op-
eration control means for, when the discrimination
means discriminates that the computer system re-
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
externally supplied, and can automatically disable
the slesp 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
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-
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
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circuit shown in Fig. 1;

Fig. 4 is a detailed circuit diagram of a clock
contro! 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 keyboard 11, a
keyboard controiler (KBC) 12, a memory 13, a read
only memory (ROM) 14 for storing a basic input
and output system (BIOS), an VO 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 /O control operation. The I/O 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 slesp
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
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circuit 41 is constituted by a logic circuit compris--
ing AND gates 41a and 41b, an OR gate 41c, and
an inverter 41d. The second clock switching circuit
42 selects and outputs the clock pulse SCK in
accordance with the clock switch signal SS from
the sleep mode controller 16 in the slesp 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
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
20b, flip-flops 21a through 21e, NAND 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
contro! data CD stored in the control register 17,
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,
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
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 /O address outputted
from the CPU 10. The mode contro! data CD is set
in the control register 17 by the CPU 10 on the
basis of a content (whether the slesp 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 NAND gate 22a
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
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
power supply 103, or an interrupt signal from an
interrupt controller (not shown). The first input ter-
minal of the NAND gate 22b receives, e.g., a signal
BR outputted from a DMA controller (not shown) to
request release of the system bus 19, and the
second input terminal thereof receives a signal BP
outputted from the CPU 10 to enable use of the
system bus 19. The signals BR and BP which are
significant at logic level "H" are generated when a
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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 21a
through 21e receive a clock CLK from a clock
generator (not shown). The AND gate 20b outputs
the contro! 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 control 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 SR1 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 SR1 and SR0. The system resst signal SRO
is an inverted signal of SR1. More specifically, the
system reset signal SR1 goes active at logic "1"
("H"), and the system reset signal SR0O 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 MI, WR, DC, BH, BL, and AS to the
status decode circuit. The signal Ml means mem-
ory access when it is at logic level "H"; and means
I/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 leve! "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 MI, 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
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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
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 A/D converter 111. An output
voltage from a battery 113 is voltage-divided by
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
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
to the terminal A, and is converted into a digital
value by the A/D converter 111. Therefore, the sub
CPU 121 reads an output value from the A/D
converter 111 to detect connection of the AC
adapter 105. Data indicating connection of the AC
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 exscuted, and sets the "H"-level mode
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
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-
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
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
NCK (NCK1 or NCK2), the CPU 10 performs nor-
mal high-speed data processing (normal mods).

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
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"-level HALT
instruction to the controller 16. If there is no file
access for the /O 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 mods, i.e., @ high-speed mode to the
slesp mode, and the CPU 10 performs low-speed
data processing in accordance with this clock pulse
(steps S15 and S23). The sleep mods 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 prohib-
ited. Therefore, even when the above-mentioned
conditions are satisfied (YES in step S11 and NO
in step $13), 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
10 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
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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 operatlon
of the CPU can be maintained.

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
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
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
the personal computer is driven by the battery.

Claims

1. A computer system having a sleep mode func-

tion, characterized by comprising:

processor means (10) for performmg var-
ious data processing operations;

clock control means (18) for selecting one
of a first clock pulse at a predetermined high
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-
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,
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.

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
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
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.
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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-
ceives an external power supply.

A system according to claim 1, characterized
in that said sleep operation control means
comprises memory means for storing mode
control data indicating that the sleep mode
operation is prohibited.

A system according to claim 5, characterized
in that said memory means comprises a regis-
ter. .

A system according to claim 5, characterized
in that said memory means comprises a
battery-backup random access memory
(RAM).

A computer system including a main body
having a battery and an external terminal for
receiving an external power source, compris-
ing:

a central processing unit (CPU) (10) per-
forming data processing operations;

a clock contral circuit (18) selecting one of
a high clock pulse for operating said CPU at a
high speed and a low clock pulse for operating
said CPU at a low speed, the clock control
circuit supplying the selected clock puise to
said CPU;

determination means (14) for determinating
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
clock pulse to said CPU when said determina-
tion means determinates that the main body
receives the external power source through the
external terminal.
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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 apparatus 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 determines 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 information 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.

Itis 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 apparatus using a
muilti-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-

10

185

20

25

30

35

45

55

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-
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 contro!
program runs and any other tasks does not run, that
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-
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
which:-

FIG.1 is a time chart showing the operations of
the embodiment of an information processing system
constructed in accordance with the present invention.

FIG.2 is a block diagram showing the overall con-
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-
diment of an information 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
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-
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
line 22 connect to a clock signal controlier 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
from a generator 50, stopping the supply of the clock
signal to the processor 10 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
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
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interrupt signal to the processor 10 and the clock
reopening signal to the clock signal on-off switcher41.

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
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
clock signal to the processor 10 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
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-
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
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 occumr-
ence of an event such as an interruption, as in the
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
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
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-
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 contro!
program CCP requires the execute right of the pro-
cessor 10. 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
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
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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-
ruptsignal 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 appli
cation program A runs until the system timer 70 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 S11 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 retums
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 contro! 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 contro! for the clock signal is
performed for each timer interval indicated by the sys-
tem timer, the clock signal is stopped in a smali 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 processar, 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
a program which runs in the lowest priority under said
multi-tasking operating system.

2 The method for controlling a processor clock
signal according to claim 1 wherein said program is
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adapted to open orto 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
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-
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.

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
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-
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
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
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
reopening the supply of said clock signal in response
to an interrupt signal from said input/output device or
said system timer.
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@ Reducing computer power consumption by dynamic voltage and frequency variation.

@ A method for dynamically varying the power
consumption of computer circuits (20) under pro-
gram control. A power control subsystem (22) deter-
mines the minimum required level of power (62;Fig.
2) based on a number of factors (Fig. 3) including
the particular operation and the recent amount of
idle time of the circuit. Voltage (42) and clock speed
(38) are determined for the circuit (20) to provide the
minimum level of power. The system (22) for con-
trolling the power consumption of the computer cir-
cuit (20) comprises a power control subsystem (22)
for determining the power level (24), a sequencer
(26) for controlling the change in voltage and clock
speed, a variable voltage source (40), and a variable
clock source (36).
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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

P = FCVud.

where f is the clock frequency, C is the average
effective capacitance being switched at each clock
cycle, and Vg, is the supply voltage. Thus, the task
of reducing power needs becomes that of minimiz-
ing f, C, and Vg4 while retaining the required
functionality. Since the maximum frequency de-
creases in roughly linear proportion to Vgg, it can
be approximated it by the formula

1 = K"V,

where Kk is a constant factor. Thus, lowering the
voltage from 5 volts to 2 voits, by a factor of 2.5,
offers a possible fifteen fold reduction in power
(2.5'5%/2%) 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 decrsase 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-
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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,
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.
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
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
of performance.

It is a further object of the Invention to reduce
power consumption by dynamically reducing voit-
age and clock speed to a computer system or
portions of a computer system under program con-
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
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-
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 spesed needed to complete the task and the
voltage needed to support that clock speed. The
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
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
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
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.
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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
of Fig. 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-
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scribed in this figure in terms of a single signal, it
will be obvious that pwr—se/ could be a number of
lines n describing a desired power level.

Sequencer 26 selects the clock speeds and
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 voitage must be lowered later than the
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—clk signal 34. This clock
may come from the computer or a dedicated or
external source. clk—sel signal 30 provides the
desired clock speed to variable clock source 36.
Although for illustrative purposes c¢/k—sel signal 30
is shown and described in this figure in terms of a
single signal, it will be obvious that clk—sel could
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-
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
selected voltage Vyy 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
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.
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
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
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-
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.

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 145



5 EP 0 632 360 A1 6

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 tradsoff 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 SV, 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
decreass 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-
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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.

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
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
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-
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 idie time,
then perhaps the system might be run slower and
at a lower voltage, in order to optimize the power
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
step in box 80 determines if screen or keyboard
I/O operations are necessary for this task. To per-
form screen or keyboard I/O operations, the step in
box 86 may set the clock to the maximum clock
speed, and correspondingly set the voltage level to
the maximum voltage. If there are no screen or
keyboard 1/O 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-
sumption.

In most instances, the voltage and clock speed
should be lowered if there is too much idle time.
Checking for a screen or I/O operation is shown in
the method above to be an exception to lowering
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 I/O operations, rather
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.

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 jion, PLLC - http://www.sughrue.com

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 146



7 EP 0 632 360 A1 8

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 voit—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 t;. When power is reduced,
clk-sel is reduced at t; 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 t later. Note that t is
likely to be much longer than t, t3, and ;. 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—clk line 34
The dslayed output is input to a multiplexer 104.
ref-clk 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
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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
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
input (clk) 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
(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
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-clk, which runs at the maximum clock
speed of the system, is provided to a program-
mable frequency divider In this case, the frequency
divider comprises a flipflop 140, which divides the
clock source ref-clk, and a multiplexer 142 which
isolates the frequency selected by clk—sel. There
may be more than one clk—sel line 30 and a
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—
sel line 28 is input to the voltage source circuitry.
volt—sel may comprise several signals for indicat-
ing a desired voltagse level, and may be input to a
decoder. The appropriate lines of transistors in the
feedback amplifier 147 are energized by volt—sel
to produce output Vyy. 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
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
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
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-
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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.

4,

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 leve! 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.

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 dstermining a
change in voltage (58).

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.

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.

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
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immediately previous voltage, said step of set-
ting the supply voltage is done before said
step of setting the clock.

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,;

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
electrical circuit to said determined voitage.

A method for dynamically adjusting the power
consumption of an electrical circuit (20) for
performing a second task, the circuit compris-
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;

determining (52) a second power level
necessary to perform the second task;

determining a change in voitage to provide
the determined second power level;

determining a change in clock speed to
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
to said determined change in clock speed.

The method of claim 9, wherein (1) if said
determined change in voltage is negative, said
step of changing the clock source is performed
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 betore said step of chang-
ing the clock source.

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 a task to be performed by the
electrical circuit;

determining the amount of recent idle time
of said circuit;

determining a level of power for said task
based on said amount of recent idle time;

determining a change in voltage to provide
said determined leve! of power,;
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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 voitage;

changing the clock source according to
said determined change in clock speed.

The method of claim 9, wherein the step of
determining a level of power for said task is
further based upon the priority of said task,
and/or whersin 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
clock speed, changing the supply voltage, and
changing the clock source are performed re-
peatedly during operation of said task.
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Further improvement is possible by controlling the sup-
ply voltage of individual processing elements within the
multi-processor chip, as well as controlling the supply
voltage of other elements in the system within which the
multi-processor chip operates.

Printed by Jouve, 75001 PARIS (FR)

0978781A2_I_>

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 158



BNSDOCID: <EP

. !
‘ Y .

1 EP 0978 781 A2 2

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 0.35um 3.3V CMOS technology,
the "worst-case-slow" condition is specified for a tem-
perature of 125C and a chip supply voltage, V4, 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 itcan
be seen that if a chip is designed to operate at 140MHz
and at 2.1V 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 2.1V.

[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
and measure a chip's variation from nominal character-
istics, and an ability to modify the supply voltage based
on this measurement.

[0004] Toachieve variable power supply voltage scal-
ing, a programmable dc-dc 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 Iintel 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-dc 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
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in integrating much of the buck controller circuit onto the
chip. The only off-chip components are the inductor (typ-
ically about 10uH) and capacitor (typically about 30uF)
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 dc-dc Switching Regulator,” by W.
Namgoong, M. Yu, and T. Meng, Proceedings ISSCC97
pp. 380-381, February, 1997. Researchers have been
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,
CICC97 Conference Proceedings, and JSSC Issue of
CISS97, May, 1998. The Kuroda et al paper demon-
strates that the speed of the circuit can be maintained
(or at ieast 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
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. |

f0007] Thus, itis known that varying supply voltage to
a chip can improve performance by eliminating unex-
pected variability in the supply voltage, and by account-
ing for process and operating temperature variations.

Summary of the Invention

chips

[0008] Improved performance of multi-processor
is achieved by dynamically controlling the
processing load of chips and controlling, which signifi-
cantly greater than on/off granularity, the operating volit-
ages of those chips so as to minimize overall power con-
sumption. A controller in a multi-processor chip allo-
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
as possible while assuring proper operation, and finatly
reduces the supply voltage. Further improvement is
possible by controlling the supply voltage of individual
processing elements within the multi-processor chip, as
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

[0009]

FIG. 1 illustrates the maximum operating frequency
that is achievable with a 0.35um 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 voliage
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, Vg,
-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, 102, 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 HDTYV signal.
It could also be transmitting data from a computer, to the
Intemet, 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 ought to be operating at full speed when

satistying the maximum load encountered by the sys-

~’tem. 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
systemn “scales back® its performance can greatly im-
pact the realizable power savings. :
[0012] Inthe 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 (RTOS) 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 FIG.
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
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
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 1.8V. This reduction in operating voltage repre-
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.

[0014] 1t 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
140MHz. That is, the presumption is that there is a cer-
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-
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
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 B0MHz would be preferable because
it would be easier to synchronize the chip's input and
output functions to the other elements in the system.
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.

[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
frequency to insure that the most heavily loaded PE car-
ries out its assigned tasks withinthe required complstion
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
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
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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 110
which has a high resolution, e.g., can be altered in in-
crements of 5SMHz. 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 SMHz resolution, when Clk
is being increased from 75 MHz to 80MHz, the value of
Clk-L is setto 76MHz.

[0019] Clk-Lis applied to the PEs, while Clk is applied
1o calibration circuit 120, which generates a supply volt-
age command. The supply voliage command is applied
to dc-dc 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 V4, -local, which is fed
backto calibration circuit 120 via line 102. The V,-local
supply voltage is also applied to all of the 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-
pliedto 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 Cik, Clk-L and V4 -localwhen a newtask
is created and the Ioad on the multiprocessor is thus in-
creased, and the timing associated with decreasing Clk,
Clk-L and Vlocal when the load on the multiprocessor
is decreased. Specifically, it shows the system operating
at 70MHz from a 1.8V 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, atask 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 2.1V. 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
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
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
Vrlocal supply voltage of line 102, and that voltage is
adjusted within block 120 so that, while operating at fre-
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
experience the same variations in temperature as do
PEs 101-104, the V4 -local supply voltage appropriately
tracks the temperature variations as well as the different
operating frequency specifications.

f0023] The FIG. 2 system uses the operating system
to react to variations in the system load. As more tasks
are entered into the "to-do" list, the operating system of
PE 100 computes the correct way to balance the addi-
tional computational requirements and allocates the
tasks to the processors. It then computes the required
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 V4, -local supply voltage and possible circuit failure.
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 V4-local
supply voltage is increased ahead of increasing the fre-
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, V4 -local can only be reduced so-
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 V4 -local varies as a function of load
should be accounted for in the interface between the
PEs 101-104 and PE 100 (as well as in the interface
between the muitiprocessor chip and the "outside
world®. This is accomplished with level converter 150,
which is quite conventional. It basically converts be-
tween the voltage level of PEs 101-104 and the voltage
level of PE 100.

[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 itis 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
FIG. 4, all of the controllers are embodied in a single
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 voliage
converter circuit like circuits 130 and 140. It also has a
PE 200 that assigns the tasks given to the mutlti-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. Thatis, 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.
Itis 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 mutltiprocessor chip.

[0029] To effect such synchronization, each PE within
the FIG. 4 arrangement is connection to an arrangement
comprising elements 150 and 160. Leve! 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 exiendible 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 not typ-
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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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
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
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
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 controiled, supply voltage. It
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
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-
cy-volitage relationship that is not unlike the one depict-
edin 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 V4 PE 100 can
also be operated off V44 -local, in which case the level
converter is interposed between PE 100 and the input/
output port of the FIG. 2 circuits that interacts with PE
100.

[0033] itshould further be noted that the power supply
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 ancother modification may be implemented
by discarding the two-step application of voltages and
frequencies of FIG. 3 when appropriate timing condi-
tions are met.

Claims

1. 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-
signed task;

determining a lowest frequency at which or
above which the sub-circuit must operate in or-
der to complete execution of the assigned task
within the allotted time; and

based on characteristics of the sub-circuit, set-
ting a supply voltage that is applied to the sub-
circuit to a lowest level that insures proper op-
eration of the sub-circuit at the determined fre-
quency.

The method of claim 1, carried out in a multiproces-
sor sub-circuit, wherein said assigned task compris-
es a plurality of sub-tasks, the method further com-
prising the step of

apportioning said sub-tasks among processors
of said multiprocessor sub-circuit, resulting in
one of said processors carrying the largest load
of sub-tasks processing, compared to the sub-
tasks processing load of others of said proces-
sors, where

said step of apportioning is executed prior to
said step of determining, and

said step of determining ascertains the lowest
frequency at which the processor carrying the
largest load of sub-tasks processing may oper-
ate in order to complete its assigned sub-tasks
processing within the allotted time.

3. The method of claim 2 further comprising the steps

of:

determining a new lowest frequency, when a
new task is assigned, at which or above which
the sub-circuit must operate in order to com-
plete execution of the assigned task within the
allotted time;

comparing the lowest frequency to the new low-
est frequency to determine whether a new op-
erating frequency should be set for said sub-
circuit;

when said step of comparing determines that
the new lowest frequency may be lower than
said lowest frequency, reducing the frequency
at which said sub-circuit is set to operate and,
thereafter, reducing the supply voltage that is
applied to the sub-circuit; and

when said step of comparing determines that
the new lowest frequency must be higher than
said lowest frequency, increasing the supply
voltage that is applied to the sub-circuit and,
thereafter, increasing the frequency at which
said sub-circuit is set to operate to said new
lowest frequency.

4. A circuit that includes a processor, comprising:

09787681A2_|_>

10

15

20

25

30

35

40

50

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 163

a controller, responsive to an applied task and
to a specification for a time interval that may be
devoted to executing said task, for developing
afrequency of operation for said processor that
is the lowest frequency of operation that allows
completion of said applied task within said time
interval,

a calibration circuit responsive to said controller
for directing creation of a supply voltage for said
processor, and

a power supply responsive to said calibration
circuit, for developing said supply voltage for
said processor and applying said supply volt-
age to said processor;

wherein said controller directs said processor
to execute said task after said supply voltage is ap-
plied 1o said processor and the frequency of a clock
applied to said processor is set to said towest fre-
quency of operation that allows compietion of said
applied task within said time interval.

The circuit of claim 4 further comprising a level con-
verter circuit interposed between input/output ports
of said circuit and said processor, to convert voltag-
os levels passing between said input/output ports
and said processor.

The circuit of claim 4 wherein said controller in-
cludes a generator of clock signals that develops a
first clock signal having a first frequency and applied
to said calibration circuits, and a second clock sig-
nal having a second frequency applied to said proc-
essor, wherein the second frequency can be set to
said first frequency or to a lower frequency.

The circuit of claim 4 wherein said task includes a
plurality of sub-tasks, said processor comprises a
plurality of processing elements, said controller par-
titions said sub-tasks among said processing ele-
ment and develops said frequency of operation for
said processor based on said partitioning.

The circuit of claim 7 wherein said controller devel-
ops said frequency of operation for said processor
by evaluating the lowest frequency of operation for
a most-burdened processing element that would
still complete execution within said time interval,
wherein the most-burdened processing element is
a processing element to which sub-tasks are allo-
cated that require, in the aggregate, the most
processing time.

The circuit of claim 4 wherein said processor com-
prises N processing elements, said controller com-
prises N controller sub-modules, said calibration
circuit comprises N calibration circuit sub-modules,
and said power supply comprises N power supply
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modules, and wherein

the i-th calibration circuit sub-module 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-
ing element and the i-th processing element is re-
sponsive to the i-th controller sub-module.

The apparatus of claim 9 further comprising a
processing element for accepting said task and,
when Said task comprises a plurality of sub-tasks,
for partitioning said sub-ltasks among the N
processing elements.

The apparatus of claim 9 further comprising a level
converter associated with each of said processing
elements and coupled to input/output ports of said
associated processing elements.

A circuit comprising:

a controller processing element;

a plurality of task-handling processing ele-
ments;

acalibration circuit responsive to said controller
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 voitage
for said task-handling processing elements;
wherein said controller processing element di-
rects said task-handling processing elements
to execute tasks at a selected processing fre-
quency.

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
an assigned time interval.

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
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MINIMIZING POWER CONSUMPTION DURING SLEEP MODES BY USING MINIMUM
CORE VOLTAGE NECESSARY TO MAINTAIN SYSTEM STATE

Technical Fiel

This invention relates to power consumption in integrated circuits and more specifically to reducing

5  power consumption on an integrated circuit while clocks are stopped.

B rou

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 2 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 heat
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. That 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 1.0a, by Intel,
35  Microsoft and Toshiba dated November 19, 1998, which is incorporated herein by reference. The ACPI is an
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operating system (OS) controlled power management scheme that uses features built into the Windows 95, 98
and Windows NT or other compatible operating systems. It defines a standard interrupt (System Control
Interrupt or SCI) that handles all ACP] events. System contro] interrupts are generated by devices to inform .
the OS about system events.

5 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  few milliseconds. A computer system
processor enters the sleep state when internal activity monitors indicate no processing is taking place. Whena
keystroke is entered, a mouse moves or data is received via 2 modem, the processor wakes up in order to

resume operation, the clocks are turned on and the CPU continnes 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 resume 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 nomnmnal 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 resume

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 (U'O) 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 1/O 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 consumes
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 battery 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

CLO INVENTIO

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 (¢.g. processor statc) 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 clacks are stopped.

In one embodiment, the invention provides a method of supplying a first voltage to at least a first
10 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 te 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 stop]sed.

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 current 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 DRAWINGS

The present invention may be better 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 ODE(S) FOR CARRYING OUT THE IN N

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 mainwined. With the
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clocks 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. In 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. Integrated 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 between the host bus connected to the processor and the
Peripheral Component Intercormect (PCI) bus. Clock 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 LM4130, 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 50mV (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 turn 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 turn off the clock generator 107 distribution of clocks using the clock stop signal 112

30 to enter the Stop Clock state.

Assume that the clocks to the processor are stopped as described 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 and power is left on. After the clocks are stopped, the south bridge 105 (or any

35  other suitable logic device) supplies new valtage control signals to the CPU core voltage regulator 101
instructing the voltage regulator to supply 2 reduced voltage to the CPU core. Depending on the sleep mo&, it
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may still be important that the voltages supplied to other areas of the CPU, such as the /O circuits are
maintained at suitable levels since such circuits may be interfacing with /O 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 slecp, 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 Corp. 82371AB PCI-TO-ISA/IDE XCELERATOR (PITX4). 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 PITX4 South Bridge. PIIX4 compatibility in current south bridge chips can be extended to support’
managing the core voltage during sleep states as described 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 contro} logic in the south bridge to provide the enhanced functionality described herein. Once the

20  voltage to the core has 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 normal 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  theclocks 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 101 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 (Veoemin), Which specifics the

30  minimum operating voltage required and the minimum static core voltage (Veoremins), 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 (VID) settings corresponding t0 V gremin ad V oreminy may be built into
BIOS tables. When the system management software determines 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 10 V remin,

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 /O regions of the processor under some circumstances. 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 current present in the particular integrated circuit.
For example, a processor consuming hundreds milliwatts of power while clocks are stopped in the Stop Grant
5 stte (on chip clock multiplier logic is still active) might reduce leakage current by lowering tt}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. 1, south bridge 105 in one embodiment, has jumper inputs IV[4:0].
" The séttings of the jumpers 111 (open or short), along with resistors 113, 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 other 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. 1). In the embodiment illustrated in Fig. 2, multiplexer 201 receives three
voltage controls settings as inputs. The first voltage contro! setting is from VID jumper settings 111, which as
previously described, provide for default voltage settings on power-up. Multiplexer 201 also receives inputs
from VID stop clock register 202, which provides the voltage control setting for the reduced processor voltage
20  during stop clock modes (Vegremns)- 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 has 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 VID 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 occurs 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 art to
accomplish the function of the circuit illustrated in Fig. 2. For example, the multiplexer may only select
between jumper settings and a VID register with the VID register being appropriately updated before values in
the register are supplied to the voltage regulator 100. That is, south bridge 105 can utilize a programmable

5 register that can be written 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. Assumne
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 off the 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, ¢.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 has been described 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 of the
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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T IS CLAIMED IS:

1. A method comprising:

supplying a first voltage to at least a first circuit portion of an integrated circuit during 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 as recited in claim 1 wherein the integrated circuit is a microprocessor including

core logic, the first circuit portion being the core logic.

3. The method as recited in claim 1 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, The method as recited in claim 3 wherein the first and third voltages are equal.
5. The method as recited in claim 3 wherein the third voltage is supplied in response to a wake-
up event. ’
6. A computing device comprising:

an integrated 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 contro] information, 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 are 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
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 normal 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 contro! 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 selectably 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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Disposition of Claims

4)X] Claim(s) 1-24 is/are pending in the application.
4a) Of the above claim(s) _____ is/are withdrawn from consideration.
5)X Claim(s) 1-10 is/are allowed.
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)X Claim(s) 19 and 24 is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
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Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
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3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
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Application/Control Number: 11/894,991 Page 2
Art Unit: 2115

1.

3.

DETAILED ACTION

Claims 1-24 are presented for examination.

Claim Rejections - 35 USC § 112

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.

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.

5.

Claims 12-14 are rejected because they incorporate the deficiencies of claim 11.

Claim Rejections - 35 USC § 102

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

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

A person shall be entitled to a patent unless —

(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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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-AIPA 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 Il 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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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
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, C37; 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].

" Pole is cited in prior office action.
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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.

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 207



Application/Control Number: 11/894,991 Page 6
Art Unit: 2115

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: 11/894,991 Group Art Unit: 2115
Filed: August 21, 2007 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.5.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, 1s 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 1s 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 of low activity states such as the C1, 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 1s 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 1s 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.

Respectfully submitted,
MURABITO, HAO & BARNES LLP

Date: April 19, 2010 /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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Application No. Applicant(s)
11/894,991 READ ET AL.

Office Action Summary Examiner Art Unit
Chun Cao 2115

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 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)X] Responsive to communication(s) filed on 19 April 2010.
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] 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)X] Claim(s) 1-24 is/are pending in the application.
4a) Of the above claim(s) _____ is/are withdrawn from consideration.
5)X Claim(s) 1-10 is/are allowed.
6)X] Claim(s) 11-18 and 20-23 is/are rejected.
)X Claim(s) 19 and 24 is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll b)[] Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. _____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) |:| Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date _____. 6) |:| Other: ______
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100623
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FINAL REJECTION
1. Claims 1-24 are presented for examination.
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 Il et al. (PoIe)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, C37; a first operating voltage when transitioning from said first sleep voltage; and a

" 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 1°t 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, C37; 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 IS 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).

MICROCHIP TECH. INC. - EXHIBIT 1003
MICROCHIP TECH. INC. V. HD SILICON SOLS. - IPR2021-01265 - Page 240



Application/Control Number: 11/894,991 Page 5
Art Unit: 2115

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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Application/Control Number: 11/894,991 Page 6
Art Unit: 2115

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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TRAN-P470 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Read et al.

Serial: 11/894,991 Group Art Unit: 2115
Filed: August 21, 2007 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.
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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 1s 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.

35U0.5.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.

Respectfully submitted,
MURABITO, HAO & BARNES LLP

Date: August 25, 2010 /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 conﬁgﬁred 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. (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; and

a first operating voltage

state responsive to a transition from said first sleep voltage: and

a second operating voltage responsive to a transition from said second

sleep voltage,

wherein said adjustable voltage supply is configured to generate a

voltage transition from said second sleep voltage to said first operatin
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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 computer 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 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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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 f)rocessing 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,

wherein said means for supplving a voltage comprises means to generate a

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

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

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

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v: epending 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 C ief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/894,991 08/21/2007 Andrew Read TRAN-P470 9781
7590 09/03/2010 I EXAMINER |
MURABITO, HAO & BARNES LLP CAO, CHUN
Third Floor | ART UNIT PAPER NUMBER |
Two North Market Street 1S
San Jose, CA 95113 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.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

. . 11/894,991 READ ET AL.
Chun Cao 2115

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

1. X This communication is responsive to amendment filed on 8/25/10.

2. X The allowed claim(s) is/are 1-17 and 20-23.

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

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

International Bureau (PCT Rule 17.2(a)).
* Certified copies notreceived: ___
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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

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

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. [] Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [0 Examiner's Statement of Reasons for Allowance
of Biological Material
9. [[] Other .
/Chun Cao/
Primary Examiner, Art Unit 2115
U.S. Patent and Trademark Office
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.
T .
Chun Cao 2115
4 Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted I Interference o Objected
[J cClaims renumbered in the same order as presented by applicant O cpPA O T.D. O R.1.47
CLAIM DATE
Final Original  [06/30/2009 [01/20/2010 |06/23/2010 |08/31/2010
1 1 v = = =
2 2 v = = =
3 3 v = = =
4 4 v = = =
5 5 v = = =
6 6 v = = =
7 7 v = = =
8 8 v = = =
9 9 v = = =
10 10 v = = =
1 11 v v v =
12 12 v v v =
13 13 v v v =
14 14 v v v =
15 15 v v v =
16 16 v v v =
17 17 v v v =
18 v v v R
19 v o o -
18 20 v v =
19 21 v v =
20 22 v v =
21 23 v v =
24 o o -

U.S. Patent and Trademark Office

Part of Paper No. : 20100831
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref # Hits {Search Query DBs Default Plurals Time Stamp
Operator
S112 {3140 {713/320.ccls. US-PGPUB; OR OFF 2010/08/31
USPAT; USOCR 08:36
S113 11905 {713/323.ccls. US-PGPUB; OR OFF 2010/08/31
USPAT; USOCR 08:37
S114 {1432  {713/322.ccls. US-PGPUB; OR OFF 2010/08/31
USPAT; USOCR 08:37
S115 212 "core voltage" with US-PGPUB; OR OFF 2010/08/31
regulator with (cpu or USPAT; USOCR; 08:38
processor or FPRS; EPO;
microprocessor) JPO; DERWENT;
3 IBM_TDB
iS116 140718 |("central processing US-PGPUB; OR OFF 2010/08/31
: unit" or cpu or processor {USPAT; USOCR; 09:12
or microprocessor) FPRS; EPO;
near4 (stop$3 or disable {JPO; DERWENT;
: $1) IBM_TDB
4s117 39 ((deep neart sleep) or US-PGPUB; OR OFF 2010/08/31
: deep-sleep) with "core USPAT; USQCR; 09:13
voltage" FPRS; EPO;
JPO; DERWENT;
: IBM_TDB
iS118 {344 (("core voltage") same US-PGPUB; OR OFF 2010/08/31
: (cpu or processor or USPAT; USOCR; 09:16
microprocessor)) same FPRS; EPO;
(low or sleep) JPO; DERWENT;
: IBM_TDB
S119 133 (("core voltage") same US-PGPUB; OR OFF 2010/08/31
: (cpu or processor or USPAT; USOCR; 09:27
microprocessor)) same FPRS; EPO;
((low or sleep) adj JPO; DERWENT;
: voltage) IBM_TDB
S120 {10 S$119 and go6f$.ipc. US-PGPUB; OR OFF 2010/08/31
: USPAT; USOCR; 09:29
FPRS; EPC;
JPO; DERWENT;
3 IBM_TDB
is121 154 S116 same (voltage US-PGPUB; OR OFF 2010/08/31
near2 regulator$1) USPAT; USOCR,; 09:37
FPRS; EPO;
JPO; DERWENT;
IBM_TDB

file:///Cl/Documents%?20and %20Settings/ccao/My%20Docum... 499 1/EASTSearchHistory.11894991_AccessibleVersion.htm (1 of 2)8/31/10 12:42:40 PM
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EAST Search History

is123 185 1S121 and go&f$.ipc. US-PGPUB; 1OR OFF  12010/08/31
IUSPAT; USOCR; | 109:53
\FPRS; EPO;
\JPO; DERWENT; |

8/31/10 12:42:24 PM
C:\ Documents and Settings\ ccao\ My Documents\ EAST\ Workspaces\ 11894991.wsp
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

11894991 READ ET AL.
H“H“ M m Examiner Art Unit
Chun Cao 2115
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
713 320 G|lo|se|F 1/32 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
713 323
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O R1.47
Final Original Final Original Final Original Final Original 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 "

12 12

13 13

14 14

15 15

16 16
NONE

Total Claims Allowed:
21

(Assistant Examiner) (Date)
/Chun Cao/
Primary Examiner.Art Unit 2115 08/31/2010 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 5

U.S. Patent and Trademark Office

Part of Paper No. 20100831
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

11894991 READ ET AL.
Examiner Art Unit
Chun Cao 2115
SEARCHED
Class Subclass Date Examiner
713 320, 323 8/31/10 cc
SEARCH NOTES
Search Notes Date Examiner
Inventor name search, East search 6/30/09 cc
East updated search 8/31/10 cc
INTERFERENCE SEARCH
Class Subclass Date Examiner
713 320, 323 8/31/10 cc
PGPUB text search 8/31/10 cc

U.S. Patent and Trademark Office
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OK TO ENTER: /feo/ 08/31/2010

TRAN-P470 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Read et al.

Serial: 11/894,991 Group Art Unit: 2115
Filed: August 21, 2007 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 Serial No.: 11/894,991
Examiner: Cao, C. 1 Group Art Unit: 2115
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s\ UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW, \lSPfO gov

BIB DATA SHEET
CONFIRMATION NO. 9781

SERIAL NUMBER FILINgAgrliE 371(c) CLASS GROUP ART UNIT ATTORNEg.DOCKET
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

*k FOREIGN APPLICATIONS dedededededededkedeodk dedededeodk ke kkde ko kok

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
09/10/2007

Foreign Priority claimed U ves MNo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met D Yes D No D Xll%v?gr?ée COUNTRY DRAWINGS CLAIMS CLAIMS

Verified and /CHUN CAO/
Acknowledged TXaminers Signature Tals CA 2 19 4

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
[Q All Fees
|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper |
FILING FEE i :
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [0 1.17 Fees (Processing Ext. of time) I

1680 No. for following: ‘EI 1.18 Fees (Issue)
’EI Other
|Q Credit

BIB (Rev. 05/07).
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UNITED STATES PATENT aND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and T'rademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.USpto.gov

AR AU R o CONFIRMATION NO. 9781
Bib Data Sheet
FILING OR 371(c)
SERIAL NUMBER DATE CLASS GROUP ART UNIT DAOTJEQES
11/894,991 08/21/2007 713 2115 TRAN_P4T0 .
RULE )
IAPPLICANTS

Andrew Read, Sunnyvale, CA;
Sameer Halepete, San Jose, CA;
Keith Klayman, Sunnyvale, CA;

** CONTINUING DATA ****#ssssansrsnnsssnnsnas
This application is a DIV of 09/694,433 10/23/2000 PAT 7,260,731

o3 FORE'GN APPLICATIONS KRRAhkKARRAE R kdkkkhhd

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

** 09/10/2007
Foreign Priority claimed D yes D no ]
- STATE OR SHEETS TOTAL INDEPENDENT]
35 USC 119 (2-d) conditions (] yes L no L Met atter COUNTRY | DRAWING | CLAIMS CLAIMS
met Allowance CA 2 19 4
\Verified and
IAcknowledged Examiner's Signature Initials
IADDRESS )
IMURABITO, HAO & BARNES LLP
Third Floor

[Two North Market Street
San Jose, CA95113

TITLE
[TRANSITIONING TO AND FROM A SLEEP STATE OF A PROCESSOR

|0 AlFees |
U 1.16 Fees ( Filing ) I

FILING FEE |FEES: Authority has been given in Paper D 1.17 Fees ( Processing Ext. of
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT time )

1680 No.___forfollowing: O 118 Fees (Issue )

U other B
1Q credit |
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PART B - FEE(S) TRANSMITTAL

Complete and send this ferm, together with applicable fee(s), to: Ma#l Mail Stop ISSUE FEE
Cermmissioner for Patenis
P.0. Box 1458
Alexasdria, Virginia 22313-1458
or Fax (571)273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PURL 5 (f required). Blocks 1 hmug)‘ 5 should be complet
appropiiate. All further correspondence including the Patent, advance orders snd notific e fees will be mailed (o the curren wz*xsponJmcn 4
mdicated uniess cotrected below or dir otherwise in Bl i, by (a) specitying a new correspondence address; and/or {b} indicating a separate "FE

maintenance fee notifications.
URRENT CORRESPONDENCE ADD

A certiticate of mailing can only be used for domestic mailings of the
s} Transmittal. This ¢ t be used for any other ac mmpdnymg
id

(Note: Use Block 1 for any change of address)

1C3Le ¢

MURABITO, HAO & BARNES LLP {fai’)ers : tional pap such as an assignment or formal draw ying, must
2 N. MARKET STREET 1ave 1ts \)Wl" ic ng or iy mmmm-
3RD FLOOR Cey f:f’ca?e of Mailing or Transmission
SAN JOSE, CA 95113 I hereby certi ify i ( smittal is being ieposited WN‘J the United
States Post 1 postage for i ass mz:l 1 nvelope
addressed to *he Mml Stop ISSUE ir , ing facsimile
od to the USPTO (571} "’24%85 on date indicated below.
/Donna Petford/ (Depositor's naroe)
Donna Petford (Signature)
12-03-2010 (e
APPLICATION NO. FILING DATE FIRRT NAMED INVENTOR i ATTORNEY DOCKET NQ. CONFIRMATION NO.
11/894,991 08/21/2007 Andrew Read TRAN-P059D2 9781

TITLE OF INVENTION:

E APPLN. TYEE SMALL ENTITY E ISSUE FES ; PUBLICATION FEE I TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $1810 12/03/2010
E EXAMINER i ART UIIT ; CLASS-SUBCLASS ;
1. Change of cotrespondence address ov indication of "Fee Address” (37 2. For printing on the patent front
CFR 1.363). < of un fo 3 recistered patent ati i
s of up to 3 registered patent attormeys -

L Cha npe of cur\:‘x_;mndm\e address {or Change of Correspondence O‘? siternatively,

Addre: ‘m‘- PTO/SB/122) attached.
:E "Fee Address" ation {or P dication form 4
PTO/SB/47T, Rev 03-02 or more recent) a . Use of a Custoner 2 registered pa :
Number is reqmred. histed, ne name will be

W {having as a member a 2
and the names of ap o
or agents. If no pame is

2

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT ¢

PLEASE NOTE: Unless an assignes is wentified below, no assiguee
recordation as set forth in 37 CFR 3.11. Compietion of this form is NOT  substi

(93]

nee 18 identified below, the document has been filed for

ata witl appear on the §
e for {iling an assignment.

{A) NAME OF A8SIGNEE {B) RESIDENCE: (C1TY and STATE OR. COUNTRY}

riate assignes category or categories {will not be printed on the patent) :  wd Individual ' Corporation or other private group entity i Government

Please check the approp

4a. The following fee(s) are enclosed: 4b. Payment of Fee{s):
Y1 Tssue Fee [d A check in the ameunt of the fee(s) is enclosed.
Y3 publication Fee {No small entity discount peroantted) d Payvment by credit card. Form PTO-2038 is attached.
L.§ Advance Order - # of Copiss i The Director rmfe!“/ authorized by charge the required fes{s}, or cradit any overpayment, o
Dreposit Account N 504160

S. Chauge tn Entity Status {from status indicated above)

Wa Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is ne longer i

ing SMALL ENTITY status. See 37 CFR 1.27{g}2).

identified above.

The Dhrector of the USPTO 1s reque o apply the Issue Fee and Publication Fee (if any} = p,y any previcusly paid issue fee to the applicati
NOTE: The Iss 2 and Publication Fee (if requirad) will not be accep! Tom anyone other 1e applicant; a ragistered atfornev or agent; or the assignee or other party in
mierest as shown by the records of the United States nt and Trademark Office.

Authorized Signature /Anthony C. Murabito/ Date 12/03/2010

Typed or printed name Anthony C. Murabito Registration No. 35295

and by the USPTO io process)
g gathering, preparing, and
you reguire to compiete
mmerce, F.O.
s, P.O. Box 1450,

a benefit 1“/ the public
ad to takf‘ 2 minutes to
ase. Any comiments on ¢
Patem ar‘d l"adf-mzux 03§

. The mnfo o is required to

122 and 37 CFR. 114, Tais collection
O. Time will var Y dey ‘Lvnnurw upon the "
ent o [:h (,u: H‘ ‘rmaum‘ Oft

This coliection of miorm: required by 37 CFR T,

ity is governad by 35 U
il 2 ¢ pleted application form ¥ > the US
this form and/or suggestior for educxr‘g tb‘* b rcer‘ s}'o Hl &

. Alex "er Vi iy
3-1450.

- the Paperwork Reduction Act of 1995, 1o pe

r-o

ng are required to respond to a collection of mformation unless it di s a valid OMB control number.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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

Sub-Total in

Fee Code Quantity Amount USD($)

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 Suz-;l'g(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1810
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Electronic Acknowledgement Receipt

EFS ID: 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

MURABITO, 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 Slze(B)(tes)/ Multl. .Pages
Number Message Digest | Part/.zip| (ifappl.)
TRAN- 231989
1 Issue Fee Payment (PTO-85B) P059D2_ISSUEFEE_12-03-2010 no 2
pdf a84cd7992€2d7e60d6e3dbBd30MbdSbade]
ab98cf
Warnings:
Information:
31812
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
31a378a054039c2dd574878f8763aecee60
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 Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/894,991 01/11/2011 7870404 TRAN-P470 9781
7590 122212010
MURABITO, HAO & BARNES LLP
Third Floor
Two North Market Street

San Jose, CA 95113

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 hitp:/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. OMB 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 OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 1
PATENT NO. 17,870,404 B2
APPLICATION NO.: 11/894,991
ISSUE DATE :January 11, 2011

INVENTOR(S) : Read et al.

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, call 1-800-PT0O-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. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

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

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

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World

Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

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

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

8. Arecord from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the 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. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a 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 Donnis 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 Sut-:s::)l in

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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o . Sub-Total in
Description Fee Code Quantity Amount UsD($)
Miscellaneous:
Total in USD ($) 100
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Electronic Acknowledgement Receipt

EFS ID: 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

MURABITO, HAO & BARNES LLP

Third Floor
Correspondence Address: Two North Market Street
San Jose CA 95113
us 4089389060
Filer: Blayne Donnis Green/Lindsey Hunt
Filer Authorized By: Blayne Donnis 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 I . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

80875
1 Request for Certificate of Correction CoC_7870404.pdf no 2

2e6e1638251a69e2a7 1a59a39ae94f 1cfd5f|

Warnings:

Information:

29705
2 Fee Worksheet (PTO-875) fee-info.pdf no 2

a%aldeed4bc9dfc33b52b20a7ae0c 1d31fd
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 Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

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

New International Application Filed with the USPTO as a Receiving Office

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

PATENT NO. : 7,870,404 B2 Page 1 of 1
APPLICATION NO. : 11/894991

DATED : January 11,2011

INVENTORC(S) : Read et al.

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 10, line 7, in Claim 19, delete “re responsive” and insert -- responsive --.

Signed and Sealed this
Thirty-first Day of May, 2011

David J. Kappos
Director of the United States Patent and Trademark Office
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505980807 03/23/2020
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT6027515
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: NUNC PRO TUNC ASSIGNMENT

EFFECTIVE DATE: 01/10/2020

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: 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:

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:
Address Line 4:

SUITE 170
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 .tif
source=IV Assignment A-2#page2.tif
source=IV Assignment A-2#page3.tif
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Exchibit 4-2

" ASSIGNMENT OF PATENT RIGHTS

For good and valuable consideration, the receipt of which is heteby acknowledged,
Intellectoal Ventures Assels 156 LLC, a Delaware limited Hability company, with an address at
251 Little Falls Drive, Wilmington, DE 19808 ("Assignor™), does hereby sell, assign, transfer,
and convey unto Innovative Silicon Solutions, 1.LC, a Texas limited Hobility company having an
address at 3900 Balcones Drive, BTE 100, Austin, TX 78731 (“dssignee”), all of Assignor's right,
title, and interest in and o the following (collectively, the “dssigned Patent Rights™):

(a)

Active Patent{s) - {Filed: Granted)

Patent/Applivation Number

Isswe Boatef

Country FilingDate

the patents and patent applications lisied in the table below (the “Patents™);

Title of Patent

__aod First Named lnvestor

7260731 Us 2007-08.21 Saving Powsr When In Or
Transitioning To A Static

{09/694433) {2000-10-23) Muode Of A Processor
Andrew Read

7870404 us 20110111 Transitioning To And From A

_ : Sleep State Of A Provessor

{11/894991} {2007-0821)
Andrew Read

9436264 Us 2016-09-06 Saving Power When In Or
Transitioning To A Static

{12/987423} {2011:01-10) Mode OfF A Processor
Andrew Read

9690366 Us 2017-D6-27 Suving Power When In Or
Transifioning To A Statie

(157241690} {2016-08-19) Mode Of A Processor By
Using Feedback-Configured
Voltage Regulator

Andrew Read ,

7302619 US| 20071127 Error Correction In A Cache.
Memory

(10/885356) (2004-07-06) '

' Joseph Tompking

7600166 Us 2606-10-06 Method And System For

Providing Trusted Access To

{11/165403) {2005-06-28} A JTAG Scan Interface In &
Migroprocessor

, David Dunn
7334173 Us 2008-02-19 Method And System For
' Protecting Processors From
(117241104 (2005-09-29) Unauthorized Debug Access
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» Issue Datef Title of Patent
_Fatent/Application Number Country  FilingDate  and First Named Inventor

Morgan, Andrew

TWIR2SS34 TW 20310-06-01 Securing Scan Test
Architechie
{(TWO08S136358) (20060929
; Morgan, Andrew
| 7634701 Us 2009-12-15 Method And System For
Protecting Processors From
£12/033864) {2008-02-1) Unauthorized Debug Access
- : Morgan, Andrew
7810002 R 2010-10-05 Providing Trusted Avcess To
» A Hag Scan Interface In A
{12/544143) {2009-08-19) Microprocessor

i David Dunn

6774033 Us 2004-08-10 | Metal Stack For Loeal
Intercongrect Laver

{107287258) {2002-11-04)
. Ben-Tzur, Mirg

{b} any futare reissues, eexaminations, sxtensions, continuations, continuing
prosecution applivation, requests for continuing examinations, divisions, and registrations of any
of the Patents:

(¢} vights toapply in any or all countries of the world for future patents, certificates of
invention, wility models, indusirial design protections, design patent protections, or other future
governmental grants or issuances of any type related to the Patents; and

{d}  canses of getion and enforcement rights of any kind under, or on account of, any of
the Patents and/or any of the items described in cither of the foregoing categories {(b) or (¢,
including, without Iim:mtzon, all causes of action, enforcement rights and all other rights fo seek
and obtain any other remedies of any kind for past, current and future infringement.

Assignot hereby anthorizes the respective patent office or governmental agency in each
Jurisdiction 1o issue any and olf fiture patents, cortificates of invention, witlity raodels or other
g,ovemmental grants ot issuances that may be granted upon any of the Assigned Patent Rights in
the name of Assignes, as the assignee to ihe entire interest therein, This Assignment of Patent
Righis will inure for the henefit of any permitted successors or assigns of Assignies,

Assignor will, at the reasonable request of Assignes, take all reasonable steps necessary
and proper, fo confirm the assignment to Assignee of the Assigned Patent Rights pursuant to this
Assignment of Patent Rights, including withount imitation, the execution, acknowledgment, and
recordation of specific assignments; osths, declarations, and other documents on g country-by-
couniry basis, {o assist Assignee in obtaining snd perfecting the Assigned Patent Rights,

X
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N WITNESS WHEREOF this Assignmient of Patent Rights is sxecuted on January 10, 2020 to
be sffective as of Januwary 10, 2020,

ASSIGNOR:

INTELLECT ;«xz’i} ENTURES s Agseit 156 LLC
By: ot VP

Name s§xm i’fem‘ng, f P
Title: Xuthorized ?q@d’n
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505989767 03/28/2020
PATENT ASSIGNMENT COVER SHEET

Electronic Version vi.1 EPAS ID: PAT6036476
Stylesheet Version v1.2

SUBMISSION TYPE: 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=1V156 Assignment to ISS#page1 .tif
source=1V156 Assignment to ISS#page2.tif
source=1V156 Assignment to ISS#page3.tif
source=1V156 Assignment to ISS#page4.tif
source=1V156 Assignment to ISS#page5.tif
source=1V156 Assignment to ISS#page6.tif
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Electronic Patent Assignment System

Confirmation Receipt

Your assignment has been received by the USPTO.

The coversheet of the assignment is displayad below;

PA

Electronic Version vi.1
Stylesheet Version vi.2

'ENT ASSIGNMENT COVER SHEET

Sttt atat Staticitecencaatas

SUBMISSION TY PE:

=

NEW ASSIGNMENT

NATURE OF CONVEYANCE:

NUNC PRO TUNC ASSIGNMENT

RECEIVING PARTY DATA

{ ERFECTIVE DATE: 01/16:2020

|| SEQUENCE: 2

| CONVEVING PARTY DATA ‘g
} Name wa Exveution Date §

1 INTELLECTUAL VENTURES ASSETS 156 LLC li0110:2020 ]

i - —
|

!

E

IName: INNOVATIVE SILICON SOLUTIONS, LLC

[Street Address; 12382 ROCKFIELD BLVD.

Tnternal Addvess: ISUHTE 170

City: L AKE FORBSY

State’Country:  NCALIFORNIA

Postal Code: 192630 B

|| PROPERTY NUMBERS Totak 10

i el

i Property Type { TS e T Number
‘ ma B SR NP e
H Patent Number: § 7260731 &l 20y ,s‘is &
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| || Patent Number: 7870404
| || Patent Number: 9436264 ¢if Wf Aot 4 Ghof 23
Qf‘i‘? refo

S D S
Patent Numben: 7302619 i:};@“?f Rl WESS A5k &L t %F“}}W)f{ {

e

Patent Number: 60166 soiwtefaed L, 4o R § —r::éa clome. il
Patent Namber: ] Tfﬁd!?’«’ C‘jﬂgj’g‘t‘;}fmag “iz}mfs’ | ouf = 1 Ca;‘»d
Patent Number: 7634701 f&f’{;‘a‘f“&,;;: v mmi?%/@ a3 Su o s T =
Pateat Namber: TBID002 A G frmie (RS IS o R
Patent Numbers STHOIOY o 2o ¥ o/ 297, A5 Fels (Bid

=

1
} Patent Nuwber: 9690366 Qﬁ&‘?f;&m”? g'cafmfgwg {,g‘"gg.i; Fre s Tosaee 4

CORRESPONDENCE DATA

|
| Fax Number: g
Phene: Q9701388
L Email 2 { singErdug oo
| Carrespondence will beyess so the gl addiress first: i thar s sinsuccessiil, B will be xent using w fox sumber,if
1 provided: ikt i umsucvesyfist, i will L ba seitt e §18 Mall,
Corvespundent Numet fﬂ»ﬁf?’vt AFTAR
Address Linge s § 2082 RGURFIBLD BLVD
Adgress Lige 2 \ SLILR
Address Uins # SERREFOREST, CALIPORMIA w2630 ¢
ATTORNEY DOCKET p is
+ i JGO32326-2
NUMBER: 032330
t RAME OF SUBMITTER: FAHIM AFTAB
Signature: Fahim Aftab/ EE
| - . {
% Dats: §3/2312020
This document servesag an Oath/Declargtion (37 CFR 1.63).

Total Attachmente' 3

sourse=iV Asaigament A-Qfpagel uf
sourge=lV Assiznment A-28pagel Hif

souree=TV Assignment A-2ipage3.uf g
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EPAR 11N FATOOITSES %
Recvipt Binte: 6333060
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Exchibit 4-2

ASSIGNMENT OF PATENT RIGHTS

For good and valuable consideration, the receipt of which is hersby acknowledged,
Totellectual Ventures Assets 156 LLC, a Delaware limited Hability company, with an address af
231 Liwle Falls Drive, Wilmington, DE 19808 (“dssignor™, does herehy sell, assign, transfer,
and convey unte Inovative Silicon Sohdions, LLC, a Texas limited lability sompany having an
address at 3900 Baleones Drive, STE 100, Austin, TX 78731 (“Assignee’), all of Assignor's right,
title, and tnterest in and 1o the following {collectively, the “designed Patens Right™):

(@)

Active Patent(s) - {Filed; Granted)

the patents and patent applications Hsted in the tabls below (the “Patents™);

Issue Date/ Title of Patent
Patent/Application Mumber Country  Kiling Date ___and First Named loventer
7260731 Us 2007-08-21 Kaving Power When In Or
Transitioning To A Statie
- (00/694433) {2000-10-23) Mode Of A Processor
j Andrew Read
TEH404 us 2011-01-11 Trausitioning To And From A
Slegp State OF A Progessor
{11/854991) {2007-08-21)
Andrew Read
9436264 U8 2016-09-06 Savizng Power When In Or
1 Transitioning To A Static
i (12/987423) (20110119 Maode QF A Processor
Andrew Read
9690366 Us 2017-06-27 Saving Power When In Or
: Transitioning To A Static
(157241690} {2016-08-19} Muode Of A Processor By
Using Feedback-Configured
Voltage Regulator
- Andrew Read
7302619 Us 2007-11-27 Error Correction In A Cache
Memory
{10/885356) {2004-07-06) .
' | Joseph Tompking
7600166 U8 2008-16-06 Method And System For
Providing Trusted Acvess To
{11/169403) {2005-06-28) A JTAG Scan Interface In A
Microprocessor
David D
7334173 s 20080215 Method And Systemn For
' Frotecting Processors From
{11/241104) {2005-09-2%) | Unauthorized Debug Accsss |
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Issue Date/ Title of Patent

lication Number Comntry  FilingDate and First Named lnventor
, . Morgan, Andrew
TWI325534 TW 3010-06-01 Securing Scan Test
Architecture
(TW0O5136358) (2006-09-2%) .
. Morgan, Andrew
7634701 Us 2009-12-15 Method And System For
Protecting Processors From
{12/033864) {2008-02-19) Unauthorized Debug Access
7 Morgan, Andrew
7810002 Us 2010-10-05 Providing Trusted Access To
' : A Rag Scan Interface In A
(12/344143) {2009-08-19) Microprocessor
_ » David Duan
6774033 Us 2004-08-10 Metal Stack For Local
_ ' Interconnect Layer
(1072872583 P {2002-11-04)
{ Ben-Tzur, Mira

{hy  any future reissues, reexaminations, extensions, continuations, continuing
prosecution application, requests for continuing examinations, divisions, and registrations of any
of the Fatents;

{e}  rights toapply in any or all couniries of the world for future patents, certificates of
invention, utility models, industrial design protections, design patent protections, or other futgre
governmental grants or issuances of any type refated to the Patents; and

{d) causes of action and enforcement rights of any kind under, or on account of, any of
the Paients and/or any of the items described in either of the foregoing categories {b) or {¢)}
including, without limitation, all causes of action, enforcement rights and afl other rights to seck
and obtain any other remedies of any kind for past, cutrent and fture infringement.

Assignor hereby authorizes the respective patent office or governmental agency in each
jurisdiction 1o {ssue any and all future patents, certiticates of invention, wiility models or other
governmental grants or issuances that may be granted upon any of the Assigned Patent Rights in
the name of Assignee, as the assignee to the entire interest therein. This Assignment of Patent
Rights will inure for the benefit of any permitted successors or assigns of Assignee,

Assignor will, at the reasonable request of Assignee, take all reasonable steps necessary
and proper, to confirm the assignment to Assipnee of the Assigned Patent Rights pursuant to this
Assignment of Patent Rights, including without limitation, the execution, acknowledgment, and
recordation of specific ussignnents, oaths, declarations, and other documents ona country-by~
country basis, to assist Assignee in obtaining and perfecting the Assigned Patent Righis.

N
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IN WITNESS WHEREOF this Assignment of Patent Rights is executed on Janusry 10, 2020 10
be effective ag of January 10, 2020,

ARSIGNOR:
INTELL pmm&%wrwss A;;sef;s? IS6LLC
B‘; e <«~«}\{§ ‘\;‘v o @ . w&m R e it

‘{amﬁ *533‘1 Weistiel id .
Title: Xuﬁﬂm&ﬁ Pegssh

§or 3
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Fxhibis 8-2

ASSIGNMENT OF RIGHTS IN CERTAIN ASSEYS

For good and valuable consideration, the recelpt of which is hereby acknowledged,
Intellectual Venturss Assets 156 LLC, a Delaware limited Hability sompany, with an addms at
251 Little Falls Drive, Wilnungton, DE 19808 (“dssigner”), does hershy sell. assign, transfer,
and convey anto Innovative Silicon Solutions, LLC, a Texas Hmited Hability company having an
address at 5900 Raleones Drive, STE 100, Austin, TX 78731 (“Asvipmee”), its right, title, and
interest in and fo any and all of the following provisional patent applications, patent applications,
patents, and other governmental grants or issuances of any kind (the *Certain Assess™).

Inactive Patent(z) - {Abasndoned; Lapsed: Expired)

Patent/Application Tasme Baty/ Title of Patent
Number Couptry  Filing Date and First N -
(PCTAURZO01/G30801) | WO {2001-10-18) Method And Appwratus For Redusing
Static Power Loss
Andrew Read
(PCT/US2006/038168) | WO {2006-09-28) Securing Scan Test Architecturs
Morgan, Andrew

Assignor assigns to Assignes all of its rights to the inventions, fnvention disclosures, and
discoveries in the assets Hated above, together, with its rights, if any, to revive prosecution of
claims under such assets and (o sue or otherwise enforos any claims under such assels for pad,
present or future infringement.

Assignor hereby authorizes the respective pa:mt office or governmental ageney in sach
Jurisdiction to maks available to Assignes all records reparding the Certain Assets.

The terms and conditions o this Assignment of Rights in Certain Assets will inure to the
benefit of Assignes, its suceessors, assigns, and other legal represcatatives and will be binding
upon Assignor, its sucressors, assigns, sud other legal represontatives.

EXBCUTED this 10th day of Jannary 2020, to be effective as of January 10, 2020

ASSIGROR:

M‘rsz,am:@mzu R’fhg&:&gg&swﬁﬁ 56 LLO
By S

Namg gﬁ A Weisfield 0«
Titke: Authorized ?trzicm’
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506351892 11/12/2020
PATENT ASSIGNMENT COVER SHEET

Electronic Version vi.1 EPAS ID: PAT6398647
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: CHANGE OF NAME

CONVEYING PARTY DATA

Name Execution Date

INNOVATIVE SILICON SOLUTIONS LLC 11/12/2020
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:

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:

ffa/

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.tif
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Ruth R. Hughs
Secretary of State

Corporations Section
P.O.Box 13697
Austin, Texas 78711-3697

Office of the S;;;etary of State

CERTIFICATE OF FILING
OF

HD Silicon Solutions LLC
803500718

[formerly: Innovative Silicon Solutions, LLC]
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 of law.
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

el

Ruth R. Hughs
Secretary of State

Come visit us on the internet at https://www.sos.texas.gov/
Phone: (512) 463-5555 Fax: (512) 463-5709 Dial: 7-1-1 for Relay Services
Prepared by: Bernadette DeJoya TID: 10303 Document: 1007162920002
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