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if probability—changing great success of a predetermined time occurs or non—probability—
changing great success of a predetermined time occurs, you may make it switch a great success
decision value. Moreover, if specific reaches, such as super reach, carry out predetermined time
generating, you may make it switch a great success decision value. Moreover, you may make it
switch a great success decision value by condition formation of eye a predetermined individual
combined various conditions, such as ball detection by two or more kinds of ball detection
equipments.

[0097] With the gestalt of thls operation, although a great success decision value is made into
one piece at the time of a low probability, a great success decision value is made [ two or more ]
at the time of a high probability. Then, it is necessary to switch two or more great success
decision values in the change—over opportunity of a great success decision value. In that case,
-although the random number for great success decision value decision according to two or more
great success decision values of each may be used, you may make it determine each great
success decision value by using one random number for great success decision value decision,
and adding a predetermined value to the extracted random—number value for great success
decision value decision. ,
[0098] In addition, in each example, although it was in agreement, the range of the value which
the random number for a great success judging (random 1) takes, and the range of the value
which the random number for great success decision value decision (random 6) takes do not
necessarily need to be in agreement, and may be made smaller than the range of a value where
the random number for a great success judging takes the range of the value which the random
number for great success decision value decision takes. +n (n> 1) Moreover, it may be made to
carry out by not taking +one at the time of renewal of the random number for great success

. decision value decision.

[0099] Moreover, one random number for great success decision value decision is used, a table
is searched based on the extracted random—number value for great success decision value
decision, and you may make it determine each great success decision value. Drawing 25 is the
explanatory view showing an example of such a table. In this example, the random number for
great success decision value decision shall take the value of the range of 0—4. And the great
success decision value at the time of usual [ according to each value of 0-4 ] (at the time of a
low probability) and the great success decision value (this example five kinds) at the time of
probability changing (at the time of a high probability) are set to the table. And CPU56 makes the
great success decision value at the time of the low probability according to the random—number
value for great success decision value decision extracted in the change—over opportunity, and
the great success decision value at the time of a high probab:hty a new great success dec;smn
value from such a table.

[0100] Even if there are two or more kinds of great success decision values at the tlme of a low
probability even if there is how many kinds of great success decision value at the time of a high
probability and if such a table is used, a great success decision value can be easily switched by
one random numbers for great success decision value decision.

[0101] In addition, all the decision values shown in drawing 25 are the prime factors, and do not
serve as a multiple of other values. Therefore, the relevance with other values of each great
-success decision value is lost, and it becomes difficulty more to predict a great success decision
value in the exterior of the main substrate 31. Moreover, although the random number for great
success decision value decision shall take the value of the range of 0—4 in this example, that
range may be arbitrary and there may be. [ still more ]

[0102] Moreover, although the random—number value for great success decision value decxslon is
used in the example shown in drawing 25 as a numeric value for determining a great success
decision value as it is, it is good also as a numeric value for adding the extracted random—
number value for great success decision value decision to the present random—number value for
great success decision value decision, and determining a new great success decision value for an
aggregate value. And the decision of the great success decision value based on a table may be
used at the time of modification of the great success decision value on condition of ON of the
count switch 23, and may be used at the time of modification of the great success decision
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value on condition of ON of the first starting opening switch 17 after powering on, or ON of the

~ gate switch 12. Furthermore, you may use at the time of modification of these both sides.

[0103]-Although the gestalt of each above—mentioned operation explained the case where the

- image display section 9 by CRT for indicating two or more kinds of patterns by adjustable was

used, you may be the case where the adjustable indicating equipment by LCD is used, and may

. be the case where an adjustable drum type and belt—type indicating equipment is used.
Furthermore, all the face of a board can also apply to the xmage—type pachinko game machine
which consists of images.

[0104] moreover, the game machine of the gestalt of each above—mentioned operation, i.e., the
pachinko game machine shown in the front view of drawing 1 Although it was the 1st sort .
pachinko game machine with which the grant of predetermined game value to a game person is
attained when the halt pattern of the special pattern by which it is indicated by adjustable at the
image display section 9 based on starting winning a prize became the combination of a
predetermined pattern The 2nd sort pachinko game machine with which the grant of
predetermined game value to a game person will be attained if winning a prize to the
predetermined field of the electric accessory opened based on starting winning a prize is, This

“invention is applicable even if a predetermined right is the 3rd sort pachinko game machine
generated or continued, when winning a prize to the predetermined electric accessory which will
be opened if the halt pattern of the pattern by which it is indicated by adjustable based on

. starting winning a prize becomes the combination of a predetermined pattern is.

[0105] In addition, although interrupt processing was interrupt processing started by the internal
timer interrupt of CPUS6 with the gestalt of each above—mentioned operation The main routine
which repeats and performs processing which updates a numeric value even when it is
constituted so that a game machine may interrupt for every predetermined time from the
exterior of CPU56 and may supply the signal for generating, The configuration of a game mean
for controlling progress including interrupt processing which performs the routine which is
started for every predetermined time under main routine activation, and includes game control is
applicable.

[0106]

[Effect of the Invention] As mentioned above the main routine to which the game mean for
controlling progress which controls game advance for a game machine repeats and performs
processing which updates a numeric value according to this invention, Since it constituted so
that interrupt processing which performs the routine which is started for every predetermined
time under main routine activation, and includes game control might be included The time
amount which the continuity of the numeric value used for extracting a random number etc. is
not disrupted, and are spent on a numerical update process can increase, and the numerical
random nature for extracting a random number etc. used can be raised more.

[0107] When the numeric value updated by the main routine is a numeric value for deciding the
display result of the adjustable display specially used by the game at least, the display result of
an adjustable display can be made more into random.

[0108] Moreover, when the main routine is constituted so that initialization processing may be
included, it can constitute so that mxtta!lzatlon processing may be performed only to the power
up of a game machine.

[0109] When interrupt procdessing is the internal timer mterrupt of a microprocessor, the
hardware circuitry for generating an interrupt becomes unnecessary, and can simplify circuitry.
[0110] To the numeric value updated by the main routine, including the processing which updates
a numeric value for interrupt processing to generate the random—number value for a specific
game judging by predetermined numeric—value within the limits The numeric value used in order
to generate the specific game decision value which is a decision value for judging whether it is
compared with the random—number value for a specific game judging, and shifts to a specific
game condition is included. When it has a decision value extract means for specific games to
extract the numeric value for generating a specific game decision value a condition [ the input of
the detecting signal from predetermined game ball detection equipment ], and to determine the

" decision value for specific games in a predetermined game condition It is effective in being hard
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coming to win popularity the malfeasance which used the inaccurate substrate etc.

[Translation done.]
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alcxandria, Virginia 22313-1450

Www.usplo.gov

UNITED STATES PATENT AND TRADEMARK OFFICE

NOTICE OF ALLOWANCE AND FEE(S) DUE

20987 7590 09/14/2004 r EXAMINER |
VOLENTINE FRANCOS, & WHITT PLLC KIM, HAROLD J
ONE FREEDOM SQUARE
11951 FREEDOM DRIVE SUITE 1260 [ ArTuNT | paPERNUMBER |
RESTON, VA 20190 2182

DATE MAILED: 09/14/2004

r APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO. J

10/251,755 09/23/2002 Hitoshi Endo OKI.396 4191
TITLE OF INVENTION: SYSTEM LSI

[ APPLN. TYPE [ SMALL ENTITY | ISSUE FEE J PUBLICATION FEE I TOTAL FEE(S) DUE l DATE DUE J
nonprovisional NO $1330 $300 $1630 12/14/2004

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

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

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

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

IL. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

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

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

"t BEST AVAILABLE COPY

PTOL-85 (Rev. 09/04) Approved for use through 04/30/2007.




PART B - FEE(S) TRANSMITTAL

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

or Fax  (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if rcquiljcd?i Blocks 1 through 5 should be completed where
appropriate, All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unllqss cogrt(_:ctcd below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fec notifications. )

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
gaper& Each additional paper, such as an assignment or formal drawing, must

20987 7590 09/14/2004 ave its own certificate of mailing or transmission.
VOLENTINE FRANCOS, & WHITT PLL.C Certificate of Mailing or Transmission
’ by certify that this Fee(s) T
I hereby certify that this Fee(s) Transmittal is being deposited with the United
ONE FREEDOM SQUARE States Postal Service with sugl)lcwnt postage for ﬁr%t class mail in an envelope
11951 FREEDOM DRIVE SUITE 1260 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
RESTON. VA 20190 transmitted to the USPTO (703) 746-4000, on the date indicated below.
3
(Depositor's name)
(Signature)
(Date)
[ APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO. J
10/251,755 09/23/2002 Hitoshi Endo 0KI1.396 4191
TITLE OF INVENTION: SYSTEM LSI
| APPLN. TYPE SMALL ENTITY I ISSUE FEE | PUBLICATION FEE l TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1330 . $300 $1630 12/14/2004
( EXAMINER | ART UNIT | cLasssuBcLAss |
KIM, HAROLD J 2182 713-322000
1. Chan3gc of corrcspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1
[d Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.. (2) the name of a single firm (having as a membera 2
(1 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) aitached. Use of a Customer 2 registered patent attorneys or agents. [f no name is 3
Number is required. listed, no name will be printed.

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

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

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

Pleasc check the appropriate assignee category or categories (will not be printed on the patent) : (A Individual 1 Corporation or other private group entity ) Government

4a. The following fece(s) are enclosed: 4b. Payment of Fee(s):
a Issue Fee (23 A check in the amount of the fee(s) is enclosed.
[ publication Fec (No small entity discount permitted) W Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copics [ The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an cxtra copy of this form).

5. Change in Entity Status (from status indicated above)
a Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
"{Ihc Dircetor of the USPTO is requested to agply the Issue Fee and Publication Fee (if any) or to re-a%ply any previously paid issuc fee to the application identified above,

NOTE: The Issue Fec 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
intcrest 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 bg the public which is to file (and by the USPTO to process)

an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.14, Tﬁ\is collection is estimated to take 12 minutcs to complete, including gathering, preparing, and

submutting 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 comlgcte

this form and/or 51:jggcst19ns for reducing this burden, should be sent to {g'c Chicf Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

R(I)x ]4gQ, A\l]qxap 'H%Z\_';'Iir iln‘ig (.)22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
cxandtia, Virginia # .

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

PTOL-85 (Rev. 09/04) Approved for use through 04/30/2007. OMB 0651-0033  U.S. PatenBEsTmﬁAerAIﬁ[\:EEﬁmeCE
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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 DOCKET NO. | CONFIRMATION NO. |
10/251,755 09/23/2002 Hitoshi Endo OKI1.396 4191
20987 7590 09/14/2004 [ EXAMINER |
VOLENTINE FRANCOS, & WHITT PLLC KIM, HAROLD J
ONE FREEDOM SQUARE
11951 FREEDOM DRIVE SUITE 1260 [ Arrunir | raeenumbeR |
RESTON, VA 20190 : 2182

DATE MAILED: 09/14/2004

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

ressote BEST AVAILABLE COPY

PTOL-85 (Rev. 09/04) Approved for usc through 04/30/2007.




UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 145¢

Alexandria, Virginia 22313-1450
www.usplu.ggv

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
10/251,755 09/23/2002 Hitoshi Endo OK1.396 4191
20987 7590 09/14/2004 |— EXAMINER |
VOLENTINE FRANCOS, & WHITT PLLC KIM, HAROLD J
ONE FREEDOM SQUARE
11951 FREEDOM DRIVE SUITE 1260 [ ARTUNIT PAPERNUMBER |
RESTON, VA 20190 2182

DATE MAILED: 09/14/2004

Notice of Fee Increase on October 1, 2004

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2004, then the
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" because some fees will
increase effective October 1, 2004. See Revision of Patent Fees for Fiscal Year 2005; Final Rule, 69 Fed. Reg. 52604,
52606 (May 10, 2004).

The current fee schedule is accessible from WEB site (http://www.uspto.gov/main/howtofees.htm).

If the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due" but not the correct amount in view
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processing
delays associated with mailing of a "Notice of Pay Balance of Issue Fee," if the response to the Notice of Allowance
is to be filed on or after October 1, 2004 (or mailed with a certificate of mailing on or after October 1, 2004), the
1ssue fee paid should be the fee that is required at the time the fee i1s paid. See Manual of Patent Examining Procedure
(MPEP), Section 1306 (Eighth Edition, Rev. 2, May 2004). If the issue fee was previously paid, and the response to
the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the issue fee
now due, then the difference between the issue fee amount at the time the response is filed and the previously-paid
issue fee should be paid. See MPEP Section 1308.01.

Effective October 1, 2004, 37 CFR 1.18 is amended by revising paragraphs (a) through (c) to read as set forth below.
Section 1.18 Patent post allowance (including issue) fees.

(a) Issue fee for issuing each original or reissue patent,
except a design or plant patent:

By a small entity (Sec. 1.27(a))....c.ccceeveuee.. $685.00

By other than a small entity......................... $1,370.00
(b) Issue fee for issuing a design patent:

By a small entity (Sec. 1.27(a))......ccccevvennenee. $245.00

By other than a small entity.................c.......... $490.00
(c) Issue fee for issuing a plant patent:

By a small entity (Sec. 1.27(a)).....c.cccvcuuu...... $330.00

By other than a small entity............................ $660.00

Questions relating to issue and publication fee payments should be directed to the Customer Service Center of the
Office of Patent Publication at (703) 305-8283.

Page dof 4 BEST AVAILABLE COPY
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Application No. Applicant(s)
. re 10/251,755 ENDO, HITOSHI
Notice of Allowability Examiner Art Unit
Harold Kim 2182

-- 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 RCE filed on 6/18/2004; and Interview on 9/3/2004.

2. [X] The allowed claim(s) is/are 1-6 and 8-12. fnow 1-11].

3. [X] The drawings filed on 23 September 2002 are accepted by the Examiner.

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

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

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

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

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

6. [ ] 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) [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 humber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [] 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. [J Notice of Informal Patent Application (PTO-152)
2. [] Notice of Draftperson's Patent Drawing Review (PT0-948) 6. [ Interview Summary (PTO-413),
‘ Paper No./Mail Date 09032004 .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [J Examiner's Amendment/Comment

Paper No./Mail Date

4. [J Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowange
of Biological Material 9. Other : %

"REY/ GAFFIN
CHRCIANQ LN, DATTNST Pyranronsem,
U-S. Patent and Trademark Office Rt N 7 ’ '[/”‘°’J' LAFGRIINCTL
PTOL-37 (Rev. 1-04) Notlceg E SwabK TECHNGLOGY CERartof Paper No./Mail Date 09072004
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Application No. Applicant(s)
. 10/251,755 ENDO, HITOSHI
Interview Summary Examiner Art Unit
Harold Kim 2182

l‘ﬂv'# - /ﬁ

All participants (applicant, applicant’s representative, PTO personnel):
(1) Harold _Kim. (3) .

(2) Andrew J. Telesz, Jr. [Reg. No. 33,581]. 4)___.

Déte of Interview: 03 September 2004.

Type: a)] Telephonic b)[] Video Conference
¢)X Personal [copy given to: 1)[] applicant  2)[X] applicant’s representative)

Exhibit shown or demonstration conducted: d)[_] Yes e)X] No.
If Yes, brief description:

Claim(s) discussed: 17 and 8.

Identification of prior art discussed: Norris, USPAT No. 5,630,148.

Agreement with respect to the claims f)[_] was reached. g)[X] was not reached. h)[_] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Mr. Telesz stated that Norris does not show clock frequency transition. Examiner

y disagreed, Mr.Telesz also requested prior art references for Official Notice that Examiner previously used in claim 1.
Tb0t adter TorFher feviecm rowd ag Fees w/appd oonr,
(A fuller description, if necessary, and a copy of the amendments which the examiner agréed would render the claims

allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN ONE MONTH FROM THIS INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY
FORM, WHICHEVER IS LATER, TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See
Summary of Record of Interview requirements on reverse side or on attached sheet.

BEST AVAIL ABLE COPV

Examiner Note: You must sign this form unless it is an

Attachment to a signed Office action. Examiner’s signature, if required
U.S. Patent and Trademark Office
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 09032004
0318 E— |




Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)
In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

Itis the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. if additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

— Name of applicant

- Name of examiner

- Date of interview

— Type of interview (telephonic, video-conference, or personal)

—~ Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

- An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

Itis desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicabie items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the
Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,
(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)
6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless aiready described in the Interview Summary Form completed by
the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. 1f the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner's initials.
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U.S. Patent and Tradémark Office: U.S. DEPARTMENT OF COMMERCE

Application Number 10/251,755 N

Filing Date September 23, 2002

CONTINUED EXAMINATION (RCE)

First Named Inventor Hitoshi Endo

TRANSMITTAL
Address to: Art Unit 2182
Mail Stop RCE
Commissioner for Patents Examiner Name H. Kim
P.0O. Box 1450

kAlexandria, VA 22313-1450 Attomey Docket Number} OKI.396 )

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June
8, 1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO ) on page 2.

1. r Submission required under 37 CFR 1.114 ] Note: If the RCE is proper, any previously filed unentered

and amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such

a. Previously submitted. If a final Office action is outstanding, any amendments filed after the final
Office action may be considered as a submission even if this box is not checked.

U Consider the arguments in the Appeal Brief or Reply Brief previously filed on
i. O Other

b.X® Enclosed
i. O Amendment/Reply ii. O  Information Disclosure Statement (IDS)
i. O  Affidavit(s)/Declaration(s) N iv. @ Other  Supplemental Request for Reconsideration
2. | Miscellaneous |
a. [ Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for
a period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)
b. O Other

3. The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
a. The Director is hereby authorized to charge the following fees, or credit any overpayments, to
Deposit Account No. 50-0238 :
.. & . RCE feg required under 37 CER 1.47(e) .} -

. SN s e NSRSt b o v 06/

i. *>Ektension of time fe€ (37 CFR 1.136and 1.17) ~ - 21/2004 HTECKLUI 00000101 500238 10251

i. O oOther - . SR T o Featan 720.00 b |
b. O Check in the amount of $ - enclosed

¢. J Payment by credit card (Form PTO-2038 enclosed)

WARNING: Information on this form may become plublic. Credit card information should not
be included on this form. Provide credit card information and authorization on PT0O-2038.

; SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED I'

Name (Print/ Type) fx.drew J. Telesz, J \ Registration No. (Attorey/Agent) | 33,581
\_Signature : k L&_‘ DL"\ [} /7 Date | June18,2004 /
( CERTIFICATE OF MAILING OR TRANSMISSION )

| hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class mait in
an envelope addressed to: Mail Stop RCE, Commissioner For Patents, P.EO. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to
the U.S. Patent andTrademark Office on the date shown below. |

Name (Print/ Type)

Gignature . ) Date J

This collection of information is required by 37 CFR 1.114. 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. Conﬁdentialitn is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing the burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Deﬁanment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Mail Stop RCE,Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Serial No. 10/251,755
: OKI1.396
Supplemental Request for Reconsideration dated June 18, 2004

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of

Hitoshi Endo Group Art Unit: 2182
Serial No.: 10/251,755 Examiner: H. Kim
Filed: September 23, 2002 Confirm. No.: 4191

For: SYSTEM LSI

SUPPLEMENTAL REQUEST FOR RECONSIDERATION

U. S. Patent and Trademark Office
2011 South Clark Place
Customer Window, Mail Stop RCE
Crystal Plaza Two, Lobby, Room 1B03
Arlington, VA 22202 Date: June 18, 2004
Sir:

Further to the Final Office Action dated December 19, 2003, the period for
response having been extended an additional two (2) months to June 19, 2004, the
following comments are submitted supplemental to the Amendment Under 37 C.F.R.

1.116 filed April 19, 2004, and the concurrently filed Request for Continued

Examination (RCE), in connection with the above-identified application.

Remarks/Arguments begin on page 2 of this paper.

Page 1 of 5
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Serial No. 10/251,755
OKI.396
Supplemental Request for Reconsideration dated June 18, 2004

REMARKS

Claims 1-6 and 8-12 are pending in the present application.

Applicant acknowledges receipt of the courtesy copy of the Advisory Action, as
sent to the undersigned by Examiner Kim via facsimile on June 14, 2004. As indicated
in the Advisory Action, the Amendment Under 37 C.F.R. 1.116 filed on April 19, 2004,
has not been entered because it has not been deemed to place the application in better
form for Appeal by materially reducing or simplifying the issues.

The following remarks are submitted supplemental to the above noted
Amendment Under 37 C.F.R. 1.116 filed on April 19, 2004, which Amendment should
now be entered of record as requested in the concurrently filed Request for Continued

Examination (RCE).

Claim Rejections-35 U.S.C. 103
Claims 1-12 have been rejected under 35 U.S.C. 103(a) as being unpatentable

over the Norris reference (U.S. Patent No. 5,630,148), in view of the Ashmore, Jr. et al.
reference (U.S. Patent No. 5,811,987). This rejection is respectfully traversed for the
following reasons, in addition to the reasons as set forth in the above noted
Amendment Under 37 C.F.R. 1.116 filed on April 19, 2004.

On page 2 of the above noted Advisory Action, the Examiner provides comments
regarding clock speed register 34 and clock generator circuit 14. The Examiner has

apparently taken the position that the Norris reference carries out clock frequency

Page 2 of 5
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Serial No. 10/2561,755
OKI.396
Supplemental Request for Reconsideration dated June 18, 2004

transitions among first, second and third special modes, as specifically featured in claim
1.

However, as particularly detailc;d on pages 9-11 of the Amendment dated April
19, 2004, Applicant respectfully submits that the Examiner’s use of Official Notice with
respect to a first special mode “in which clock supply to principal constituents of said
central processing unit is halted”, a second special mode “in which clock supply to an
entirety of said central processing unit is halted”, and a third special mode “in which
supply of power to the entirety of said central processing unit is halted”, as featured in
claim 1, is clearly improper.

The Advisory Action does not address the above noted traversal regarding the
Examiner’s reliance on Official Notice. If this rejection is to be maintained, the

Examiner is respectfully requested to support the assertion of Official Notice by

way of a prior art teaching that shows the first, second and third special modes of

operation for a central processing unit as in combination with a system control

unit, as specifically featured in claim 1.

Request For Personal Interview

Applicant respectfully requests the Examiner to contact the undersigned prior to
preparation of an Office Action responsive to the Amendment Under 37 C.F.R. 1.116
filed on April 19, 2004, and this Supplemental Request for Reconsideration as filed
concurrently along with the RCE. Applicant’s representative wishes to discuss the

Page 3 of 5
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Serial No. 10/251,755
OKI.396
Supplemental Request for Reconsideration dated June 18, 2004

Examiner’s reliance on Official Notice and the Norris reference.
With regard to this request for a personal interview, the Examiner is respectfully
directed to Manual of Patent Examining Procedure Section 706.07(b), which sets forth:
“A request for an interview prior to first action on a continuing or substitute

application should ordinarily be granted.”

Conclusion

The Examiner is respectfully requested to reconsider and withdraw the
corresponding rejections, and to pass all the claims of the present application to issue,
for at least the above reasons.

In the event that there are any outstanding matters remaining in the present
application, please contact Andrew J. Telesz, Jr. (Reg. No. 33,581) at (703) 715-0870
in the Washington, D.C. area, to discuss these matters.

Pursuant to the provisions of 37 C.F.R. 1.17 and 1.136(a), the Applicant hereby
petitions for an extension of two (2) months to June 19, 2004, for the period in which to
file a response to the outstanding Office Action. The required fee of $840.00 should be

charged to Deposit Account No. 50-0238.

Page 4 of 5
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Serial No. 10/251,755
OKI.396

Supplemental Request for Reconsideration dated June 18, 2004

If necessary, the Commissioner is hereby authorized in this, concurrent, and

future replies, to charge payment for any additional fees that may be required, or credit

any overpayment, to Deposit Account No. 50-0238.

12200 Sunrise Valley Drive, Suite 150
Reston, Virginia 20191

Telephone No.: (703) 715-0870
Facsimile No.: (703) 715-0877

Respectfully submitted,
VOLENTINE FRANCOS, P.L.L.C.

AN T A
Andrew J. Telesz, Jr.

Registration No. 33,581

Page 5 of 5
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MAIL STOP RCE

PETITION FOR EX1TENSION 0) E UNDER 37 CFR 1.136(a) Docket No.
(Large ﬂth;m OKI1.396
In Re Application Of: Hitoshi Ende U 7 4
£l %

Application No. Filing Date CEmARSZE xaminer Customer No.| Group Art Unit | Confirmation No.
10/251,755 September 23, 2002 H. Kim 2182 4191

Invention: SYSTEM LSI

COMMISSIONER FOR PATENTS:;

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the Office Action

of December 19, 2003 _above-identified application.
Date

The requested extension is as follows (check time period desired):

0 One month Two months O Three months [ Four months O Five months
from; April 19, 2004 until; June 19, 2004
Date Date

Please note that a Petition to extend the period for responding to the Final Office Action dated December
19, 2003 (first month) and a corresponding fee of $110, were previously submitted on April 19, 2004.

The fee for the extension of time is $840 and is to be paid as follows:

O A check in the amount of the fee is enclosed.
X The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account No.  50-0238

X If an additional extension of time is required, please consider this a petition therefor and charge
any additional fees which may be required to Deposit Account No. 50-0238

()/um—qﬁ V Dated:  June 18, 2004
\

M Signature \

ANDREW J. TELESZ, JR.
REG. NO. 33,581

| certify that this document and fee is being deposited
VOLENTINE FRANCOS, P.L.L.C. on with the U.S. Postal Service as
12200 SUNRISE VALLEY DRIVE, SUITE 150 first class mail under 37 C.F.R. 1.8 and is addressed to the
RESTON, VA 20191 Commissioner for Patents, P.O. Box 1450, Alexandria, VA

22313-1450.
TEL. NO. (703) 715-0870

Signature of Person Mailing Correspondence

3 06/31/R004 HTECKLUZ 00000101 500238 10851755
y 02 qCﬂéSI 110.00 DA . Typed or Printed Name of Person Mailing Correspondence

P12LARGE/REVO7
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.usplo.gov

[ appuicaTionno. ] FILING DATE | FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. | conFiRMATION NO. |
10/251,755 09/23/2002 Hitoshi Endo OKI1.396 4191
7590 06/10/2004 | EXAMINER j
VOLENTINE FRANCOS, PLLC KIM, HAROLD J
Suite 150
12200 Sunrise Vally Drive [ ART UNIT | paernumBER ]
Reston, VA 20191 2182

DATE MAILED: 06/10/2004

Please find below and/or attached an Office communication concerning this application or proceeding.
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g
- Application No. Apphcant(s)
] ] 1,7 HITOSHI
Advisory Action 10/251,755 ENDO,
Examiner Art Unit
Harold Kim 2182

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

THE REPLY FILED 19 April 2004 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a
final rejection under 37 CFR 1.113 may only be either: (1) a timely filed amendment which places the application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued
Examination (RCE) in compliance with 37 CFR 1.114.

PERIOD FOR REPLY [check either a) or b)]

a) The period for reply expires q months from the mailing date of the final rejection.
f /b) The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In

no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f).

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension
fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension
fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or
(2) as set forth in {(b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if
timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b). .

1.J A Notice of Appeal was filed on . Appellant’s Brief must be filed within the period set forth in
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.4 The proposed amendment(s) will not be entered because:

(@) ] they raise new issues that would require further consideration and/or search (see NOTE below);
(b) [] they raise the issue of new matter (see Note below);

(c) X they are not deemed to place the application in better form for appeal by materially reducing or simplifying the
issues for appeal; and/or

(d)[J they present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet. ‘
3.[] Applicant’s reply has overcome the following rejection(s):

4.[] Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment
canceling the non-allowable claim(s).

5.1 The a)[] affidavit, b)[_] exhibit, or c)[_] request for reconsideration has been considered but does NOT place the
application in condition for allowance because:

6. ] The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly
raised by the Examiner in the final rejection.

7.4 For purposes of Appeal, the proposed amendment(s) a)[X] will not be entered or b)[_] will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:
Claim(s) allowed: __
Claim(s) objected to: _____
Claim(s) rejected: 1-12.
Claim(s) withdrawn from consideration: ______
8.[] The drawing correction filedon _____is a)[] approved or b)[] disapproved by the Examiner.
9.[] Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s).
10.[X] Other: See Continuation Sheet

OMISORY PATENT EXAMINER

U.S. Patent and Trademark Office i . H', A. " 1;.',.)(;;?’ i EH Z mﬁ
PTOL-303 (Rev. 11-%3) A g-\ \ Ob\e COPV Advisory Action Part of Paper No. 06042004
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antinya}ion Sheet (PTOL-303) Application No. 110/251,755

Continuation of 2. NOTE: The limitations that the applicant argued are shown by Norris. Norris shows a system control circuit [14 in fig 2]
which has a register [34 in fig 2], wherein said system control circuit carries out the clock frequency transition between said ordinary
operation modes and said special modes in response to a change of a value in said register, and also carries out the clock frequency
transition among said ordinary operation modes in response to said clock control library [col 6, lines 5-21; fig 2].

Continuation of 10. Other: Note the attached Notice of References Cited form PTO-892 which also mailed on 7/2/2003..
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Serial No. 10/251,755
OK1.396
Amendment dated April 19, 2004

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of

Hitoshi Endo : Group Art Unit: 2182
Serial No.: 10/251,755 Examiner: H. Kim
Filed: September 23, 2002 Confirm. No.: 4191

For. SYSTEM LSI

| RECEIVED
AMENDMENT UNDER 37 C.F.R. 1.116
APR 2 2 2004
U.S. Patent and Trademark Office
J/q/of 2011 South Clark Place Technology Center 2100
Customer Window, Mail Stop AF
n k Crystal Plaza Two, Lobby, Room 1B03
" Arlington, VA 22202 Date: April 19, 2004
: 0
DO /J T Sir:
e 7R

In response to the Office Action dated December 19, 2003, the period for
response having been extended one (1) month to April 19, 2004, the following
amendments and remarks are respectfully submitted in connection with the above-

identified application.
An_lendments to the Specification begin on page 3 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins

on page 4 of this paper.
Page 1 of 14
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Serial No. 10/251,755
OKl.396
Amendment dated April 19, 2004

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of

Hitoshi Endo ' Group Art Unit: 2182
Serial No.: 10/251,755 Examiner: H. Kim
Filed: September 23, 2002 Confirm. No.: 4191

For: SYSTEMLSI

RECEIVED
AMENDMENT UNDER 37 C.F.R. 1.116
APR 2 2 2004
U.S. Patent and Trademark Office
2011 South Clark Place Technology Center 2100
Customer Window, Mail Stop AF
Crystal Plaza Two, Lobby, Room 1B03
Arlington, VA 22202 Date: April 19, 2004

Sir:

In response to the Office Action dated December 19, 2003, the period for
response having been extended one (1) month to April 19, 2004, the following
amendments and remarks are respectfully submitted in connection with the above-

identified application.

Amendments to the Specification begin on page 3 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins

on page 4 of this paper.
Page 1 of 14
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Serial No. 10/251,755
0OKI1.396
Amendment dated April 19, 2004

Remarks/Arguments begin on page 8 of this paper.

Page 2 of 14
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Serial No. 10/251,755
OKI.396
Amendment dated April 19, 2004

Amendments to the Sp _cification

Please replace the abstract with the following amended abstract:

TFhere-is-disclosed-a A system LS| eapable-of dynamically and épeedily controls
controlling clocks of various frequencies as used in [[the]] a wide range of operation
modes [[mode,]] from [[the]] high-speed operation-mode to [[the]] low-speed operation
modes ene-and—-in-additien, enabling [[the]] user selection of to-select a system of the
lew power consumptioh type[[,]] which-is most suitable for-his-ewn-system. The system
LSl includes a ROM that stores 561-stering a clock control library for carrying out [[the]]
clock state transition transitions between [[the]] ordinary operation modes][,]]; and a
system control circuit [[534]] having a register [[and]] for carrying out [[the]] clock state
transitions transition between [[the]] ordinary operation [[mode]] modes and [[the]]

special modes responsive mede-in+espense to_changes in the-change-of-the value of

the register, and also carrying out [[the]] clock state transition transitions among [[the]]

ordinary operation modes responsive in-respense to the clock control library. The-call
Calling of the clock control library and changing ehange of the register value are

controlled by [[the]] an application program. The main library of the clock control library

is described and called wthe@angaag&an&&eaﬂe@by—alse using [[the]] C language.

Page 3 of 14
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Serial No. 10/251,755
OKI.396
Amendment dated April 19, 2004

Amendments to the Claims
This listing of claims will replace all prior versions, and listings of claims in the

application:

Listing of Claims:

Claim 1 (Currently Amended): A system LSI having a plurality of ordinary operation
modes and a plurality of special modes in response to clock frequencies supplied to a
central processing unit, comprising:

a first memory that stores a clock control library for controlling a clock frequency
transition between said ordinary operation modes;

a system control circuit which has a register, wherein said system control circuit
carries out the clock frequency transition between said ordinary operation modes and
said special modes in response to a change of a value in said register, and also carries
out the clock frequency transition among said ordinary operation modes in response to
said clock control library;

a clock generation circuit that receives a plurality of standard clocks, wherein
said clock generation circuit generates a clock supplied to said central processing unit
according to control by said system control circuit; and

a second memory that stores an application program, wherein calling of said
clock control library and changing of said register value are programmably controlled by

said application program to enable user selectable clock frequency transitions,

Page 4 of 14
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0OKI.396
Amendment dated April 19, 2004

wherein said special modes comprise a first special mode in which clock supply

to principal constituents of said central processing unit is halted, a second special mode -

in which clock supply to an entirety of said central processing unit is halted, and

a third special mode in which supply of power to the entirety of said central processing

unit is halted.

Claim 2 (Previously Presented): A system LSI as claimed in claim 1, wherein said clock
control library comprises:

a plurality of libraries that control said system control circuit and said clock
generation circuit to transition the clock frequencies supplied to said central processing
unit; and

a main library which is called by said application program and selects any one of
said libraries in correspondence with the clock frequency supplied to said central

processing unit.

Claim 3 (Previously Presented): A system LSI as claimed in claim 2, wherein said main

library is described using a same program language as said application program.

Claim 4 (Previously Presented): A system LS| as claimed in claim 3, wherein said

application program and said main library are described using C language.

Page 5 of 14
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Serial No. 10/251,755
OKI1.396
Amendment dated April 19, 2004

Claim 5 (Previously Presented): A system LSl as claimed in claim 2, wherein each of
said libraries is described using a program language capable of directly controlling said

clock generation circuit and said system control circuit.

Claim 6 (Previously Presented): A system LS| as claimed in claim 5, wherein each of

said libraries is described using an assembler language.
Claim 7 (Canceled)

Claim 8 (Currently Amended): A system LSI as claimed in claim 1 [[7]], wherein said
system control circuit comprises:

a frequency division ratio setting register that sets a frequency division ratio of
the clock generated by said clock generation circuit;

a clock halting register that receives the clock from said clock generation circuit
and individually sets the clock to be halted or supplied; and

a status register that judges a étate of said central processing unit immediately

after being released from said third special mode.

Claim 9 (Previously Presented): A system LSI as claimed in claim 1, wherein said clock
generation circuit comprises:

a PLL that receives a plurality of standard clocks and generates the clock if

Page 6 of 14
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Amendment dated April 19, 2004

needed by multiplying said standard clocks; and
a frequency division/selection portion that carries out frequency division or

selection of said standard clocks or said multiplied standard clock.

Claim 10 (Currently Amended): A system LSI as claimed in claim 9, wherein one of said

stahdard clocks uses a frequency of 32.768 kHz as a base oscillation.

Claim 11 (Previously Presented): A system LSI as claimed in claim 1, wherein said first
memory and said second memory are two independent memories which are separated
from each other.

Claim 12 (Previously Presented): A system LS| as claimed in claim 1, wherein said first

memory and said second memory are formed to coexist in one memory, sharing

memory area of said one memory.

Page 7 of 14
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Serial No. 10/251,755
OKI.396
Amendment dated April 19, 2004

REMARKS
Claims 1-6 and 8-12 are pending in the present application. Claims 1, 8 and 10

have been amend‘ed. Claim 7 has been canceled.

Information Disclosure Citation Form

Applicant respectfully notes receipt of the Information Disclosure Citation form
PTO-A820 along with the current Final Office Action dated December 19, 2003.
However, a Notice of References Cited form PTO-892 has not been received along with

the initial Office Action dated July 2, 2003. The Examiner is respectfully requested

to provide a Notice of References Cited form PTO-892 listing the prior art

references as relied upon by the I_Examiner in the Office Action dated July 2, 2003,

to ensure that these corresponding references will be cited of record in the

present application.

Abstract
The Examiner has requested a new abstract presented on a separate sheet, in
accordance with 37 C.F.R. 1.52(b)(1). Accordingly, an amended abstract is provided as
presented on a separate sheet. The Examiner is therefore respectfully requested to

enter the amended abstract.

Page 8 of 14
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Claim Rejections-35 U.S.C. 103

Claims 1-12 have been rejected under 35 U.S.C. 103(a) as being unpatentable
over the Norris reference (U.S. Patent No. 5,630,148), in view of the Ashmore, Jr. et al.
reference (U.S. Patent No. 5,811,987). This rejection is respectfully traversed for the
following reasons.

Claim 1 has been amended to include the features of dependent claim 7,
wherein the special modes comprise a first special mode, a second special mode and a
third special mode, as set forth. With regard to claim 7, the Examiner has
acknowledged in the paragraph bridging pages 4 and 5 of the Final Office Action that
the Norris reference fails to teach first, second and third special modes. The Examiner
has however taken Official Notice that the concept of first, second and third speciall
modes are old and well known in the art, and the'refore obvious. Applicant respectfully
disagrees for the following reasons.

Claim 1 includes in combination a system control circuit “which has a register,
wherein said system control circuit carries out the clock frequency transition between
said ordinary operation modes and said special modes in response to a change of a
value in said register, and also carries out the clock frequency transition among said
ordinary bperation modes in response to said clock control library”. Applicant
respectfully submits that the prior art as relied upon by the Examiner does not make

obvious a system LS| having a system control circuit as featured in claim 1, which

Page 9 of 14
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controls clock frequency transitions between ordinary operation modes and special
modes. The Examiner’s mere reliance upon Official Notice does not overcome these
deficiencies of the relied upon prior art.

Manual of Patent Examining Procedure section 2144.03 sets forth guidelines
regarding the use of Official Notice. As set forth, the Examiner may take Official Notice
of facts outside of the record which are capable of instant and unquestionable
demonstration as being well known. As a given example, Official Notice could be taken
that polyethylene terephthalate films are commonly known to be shrinkable. In other
words, if a characteristic or an aspect of a teaching is not explicitly set forth or
described, but if knowledge thereof is of such notorious character, Official Notice can
be taken. In general, the Examiner should not be obliged to spend time to produce
documentary proof.

The Examiner has apparently taken the position that the use of a first special
mode “in which clock supply to principal constituents of said central processing unit is
halted”, a second special mode “in which clock supply to an entirety of said central
processing unit is halted”, and a third special mode “in which supply of power to the
entirety of said central processing unit is halted”, as with a system control circuit that
carries out clock frequency transitions as featured in claim 1, is “of such notorious
character that Official Notice can be taken”. However, this is improper use of Official
Notice, because the Examiner has relied upon “Official Notice” to extensively modify the

Norris reference without the benefit of clear and established motivation.

Page 10 of 14
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In absence of identified prior art that at least shows some type of central
processing unit special modes in general, the Examiner's reliance on Official Notice to
meet the special modes of claim 1 is clearly improper and based on impermissible
hindsight. These features are not capable of instant and unquestionable demonstration
as being “well known” in the art, and cannot be established as obvious merely by
“Official Notice”. As noted by the Court in In re Ahlert, 424 F.2d 1088, 1091, 165 USPQ
418, 420-421 (CCPA 1970), “[A]ssertions of technical facts in areas of esoteric
technology must always be supported by citation of some reference work” and
“allegations of specific ‘knowledge’ of the prior art, which might be peculiar to the prior
art should also be supported”. The noted assertions of technical fact are not supported
by the relied upon prior art.

Accordingly, Applicant respectfully submits that the system LSI of claim 1 would
not have been obvious in view of the prior art as relied upon by the Examiner taken
singularly or together, and that this rejection, insofar as it may pertain to claims 1-6 and
8-12, is improper for at least these reasons. |If this rejection is to be maintained, the
Examiner is respectfully requested to provide a prior art teaching that specifically shows
the special modes of operation for a central processing unit in combination with a
system control unit, as featured in claim 1.

With further regard to this rejection, the Examiner has interpreted performance
state table 56 in Fig. 2 of the Norris reference as a clock control library. However, as

specifically described in column 6, lines 7-9 of the Norris reference, performance

Page 11 of 14

0347



Serial No. 10/251,755
OKI.396
Amendment dated April 19, 2004

manager 44 stores the selected clock frequencies for the high, medium and low

performance states in performance state table 56. Thus, the content of performance
state table 56 in the Norris reference merely includes clock frequencies, not a clock
control library for controlling a clock frequency transition between ordinary
operation modes, as featureq in claim 1. Applicant therefore respectfully submits that
the system LS| of claim 1 would not have been obvious in view of the prior art as relied
upon by the Examiner taken singularly or together, and that this rejection, insofar as it
may pertain to claims 1-6 and 8-12, is improper for at least these additional reasons.

With further regard to this rejection, the Examiner has interpreted clock speed
register 34 in Fig. 2 of the Norris reference as the register of the system control circuit
of dlaim 1. However, as very generally described in column 6, lines 13-16 of the Norris
reference, an appropriate value of clock speed is apparently written into clock speed
register 34 to set the frequency of processor clock 32. Accordingly, clock speed
register 34 merely stores a clock frequency. Clock frequency transitions between
ordinary operation and special modes are not carried out in the Norris reference by a
system control circuit responsive to a change in a value stored in clock speed register
34. Applicant therefore respectfully submits that the system LS| of claim 1 would not
have been obvious in view of the prior art as relied upon by the Examiner taken
singularly or together, and that this rejection, insofar as it may pertain to claims 1-6 and
8-12, is improper for at least these reasons.

Regarding claim 5, performance state table 56 in Fig. 2 of the Norris reference

Page 12 of 14
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does not store a clock control library for controlling clock frequency transitions between
ordinary modes. Since performance state table 56 of the Norris reference merely
stores clock frequencies therein, the Norris reference clearly fails to disclose or suggest
libraries using a program language capable of directly controlling a clock generation
circuit and a system control circuit, as featured in claim 5. Applicant therefore
respectfully submits that the system LSI of claim 5 would not have been obvious in view
of the prior art as relied upon by the Examiner taken singularly or together, for at least
these additional reasons.

Regarding the remaining claims, Applicant respectfully submits that the
Examiner’s reliance upon Official Notice is improper. The Examiner's assertion that the
use of a clock halting register, a status register, a phase locked loop, a frequency of
32.768 kHz as a base oscillation, and the use of first through third special modes as
noted previodsly, are “of such notorious character that Official Notice can be taken” is
clearly improper. In absence of specific teachings disclosing these particular features,
or supporting the Examiner’s assertions of technical fact, this rejection is clearly based

on impermissible hindsight.

Conclusion
The Examiner is respectfully requested to enter the above noted Amendment,
which has been made merely to amend claim 1 to include the features of dependent

claim 7 to improve antecedent in view of claim 1, and to improve punctuation. Also,
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since claim 7 has already been examined, entry and consideration of this Amendment
should not be an undue burden.

The Examiner is respectfully requested to reconsider and withdraw the
corresponding rejection, and to pass the claims of the present application to issue, for
at least the above reasons.

In the event that there are any outstanding matters remaining in the present
application, please contact Andrew J. Telesz, Jr. (Reg. No. 33,581) at (703) 715-0870
in the Washington, D.C. area, to discuss these matters.

Pursuant to the provisions of 37 C.F.R. 1.17 and 1.136(a), the Applicant hereby
petitions for an extension of one (1) month to April 19, 2004, for the period in which to
file a response to the outstanding Office Action. The required fee of $110.00 is attached
hereto.

If necessary, the Commissioner is hereby authorized in this, concurrent, and
future replies, to charge payment for any additional fees that may be required, or credit
any overpayment, to Deposit Account No. 50-0238.

Respectfully submitted,

VOLENTINE FRANCOS, P.L.L.C.

% Y%
Andrew J. Telesz, Jr.

Registration No. 33,581

12200 Sunrise Valley Drive, Suite 150
Reston, Virginia 20191

Page 14 of 14

0350

T TTRONY MisiiaslITW



MAIL sToP AFf 792

COMBINED AMENDMENT & PETITION FOR EXTENSION OF Docket No. f
. ; 1
- TIME UNDER 37 CFR 1.136(a) (Large Entity) OKI.396 =) 2] OO
In‘Re Application Of: Hitoshi Endo &
Serial No. Filing Date Examiner : Group Art Unit
10/251,755 September 23, 2002 H. Kim 2182

SYSTEM LSI RECEIVED

APR 2 2 2004

Technology-Canier 2106—

TO THE COMMISSIONER FOR PATENTS:

This is a combined amendment and petition under the provisions of 37 CFR 1.136(a) to extend the period for filing a

response to the Office Action of _December 19,2003 in the above-identified application.
Date

The requested extension is as follows (check time period desired):

& One month O Two months O Three months O Four months O Five months
from: March 19, 2004 until: April 19, 2004
Date Date

The fee for the amendment and extension of time has been calculated as shown below:

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA RATE ADDITIONAL
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT FEE

TOTAL CLAIMS 11 . 20 = 0 X $18.00 $0.00
INDEP. CLAIMS 1 . 3 = 0 X $86.00 $0.00
FEE FOR AMENDMENT $0.00
FEE FOR EXTENSION OF TIME $110.00
TOTAL FEE FOR AMENDMENT AND EXTENSION OF TIME $110.00

04/40/2004 TLUULL 00000048 10251755
01 HC:1251 110,00 0P

P28LARGE/REV03
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COMBINED AMENDMENT & PETITION FOR EXTENSION OF
TIME UNDER 37 CFR 1.136(a) (Large Entity)

Docket No.
0OKI.396

The fee for the amendment and extension of time is to be paid as follows:

X A check in the amount of $116.00

[J Please charge Deposit Account No.

for the amendment and extension of time is enclosed.

in the amount of $0.00

™ The Director is hereby authorized to charge payment of the following fees associated with this

communication or credit any overpayment to Deposit Account No.

X Any additional filing fees required under 37 C.F.R. 1.16.
Any patent application processing fees under 37 CFR 1.17.

50-0238

If an additional extension of time is required, please consider this a petition therefor and charge any additional
fees which may be required to Deposit Account No. 50-0238

0] Th, )

Sign‘;ture \ Y

ANDREW J. TELESZ, JR.
REG. NO. 33,581

VOLENTINE FRANCOS, P.L.L.C.
12200 SUNRISE VALLEY DRIVE, SUITE 150
RESTON, VA 20191

TEL. NO. (703) 715-0870

CC:

Dated:

RECEIVED

APR 2 2 2004
T:wiwlogy Center 2100

April 19, 2004

| certify that this document and fee is being deposited
on with the U.S. Postal Service as
first class mail under 37 C.F.R. 1.8 and is addressed to the
Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.,

Signature of Person Mailing Correspondence

Typed or Printed Name of Person Mailing Correspondence
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United States Patent and Trademark Office
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Alexandria, Virginia 22313-1450

Www,uspto.gov

[ APPLICATION NO. [ FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ] CONFIRMATION NO.-_]
10/251,755 09/23/2002 Hitoshi Endo OKI1.396 4191
7590 12/19/2003 | EXAMINER |
VOLENTINE FRANCOS, PLLC KIM, HAROLD J '
Suite 150
[ ART UNIT | PAPER NUMBER ]

12200 Sunrise Vally Drive
Reston, VA 20191

2182 /é

DATE MAILED: 12/19/2003

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

PTO-90C (Rev. 10/03)

0353



) Application No. Applicant(s)
10/251,755 ENDOQ, HITOSHI!
Office Action Summary Examin ¢ At Unit
Harold Kim 2182

-- The MAILING DATE f this communication app ars n the cover sheetwith th ¢ rresp ndence address -
Peri d for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) 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 the period for reply specified above is less than thirty (30) days, a reply within the statutory minimurn of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximurmn 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
eamed patent term adjustment. See 37 CFR 1.704(b).

Status
1)X Responsive to communication(s) filed on 22 September 2003.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[J 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) 1-12 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) 1-12 is/are rejected.
7)[] Claim(s) ____is/are objected to.

8)[] Claim(s)
Application Papers

are subject to restriction and/or election requirement.

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 23 September 2002 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
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 and 120

12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-~(d) or (f).
a)XJ Al b)[] Some * ¢)[] None of:
1.IX 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.
13)[C] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification or in an Application Data Sheet.
37 CFR 1.78.
a) [] The translation of the foreign language provisional application has been received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

Attachment(s)

1) X Notice of References Cited (PTO-892) 4) [[] interview Summary (PTO-413) Paper No(s).

2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) [:] Notice of Informal Patent Application (PT0-152)
3) Information Disclosure Statement(s) (PTO-1449) Paper No(s) 2. 6) D Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 6
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Application/Control Number: 10/251,755 Page 2
Art Unit: 2182

DETAILED ACTION
1. This Office Action is in response to the filing of the Amendment A, Paper # 5, on
9/22/03. Arguments have been considered but they are moot in view of the new
ground(s) of rejection. Applicant's amendment necessitated the new ground(s) of

rejection presented in this Office action. Accordingly, this action is made FINAL.
2. Claims 1-12 are presented for examination.

3. The abstract of the disclosure did not commence on a separate sheet in
accordance with 37 CFR 1.52(b)(1). A new abstract of the disclosure is required and

must be presented on a separate sheet, apart from any other text.
Claim Rejections - 35 USC § 103

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are such
that the subject matter as a whole would have been obvious at the time the invention was made to a person having
ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in
which the invention was made.

5. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(f) or (g) prior
art under 35 U.S.C. 103(a).

6. Claims 1-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Norris, US Patent no. 5,630,148, in view of Ashmore, Jr. et al., US Patent no.

5,811,987.
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7. In re claim 1, Norris shows a system LS| [fig 1] having a plurality of ordinary
operation modes [col 4, lines 57-64; fig 3b] and a plurality of special modes [col 4, lines
57-64; fig 3b] in response to clock frequencies supplied to a central processing unit [12,
32 in fig 1], comprising:

a first memory [18 in fig 1] that stores a clock control library [56 in fig 2; col 6,

lines 5-16] for controlling a clock frequency transition between said ordinary modes;

a system control circuit [14 in fig 2] which has a register [34 in fig 2], wherein said
system control circuit carries out the clock frequency transition between said ordinary
operation modes and said special modes in response to a change of a value in said
register, and also carries out the clock frequency transition among said ordinary

operation modes in response to said clock control library [col 6, lines 5-21; fig 2];

a clock generation circuit [14 in fig 1], wherein said clock generation circuit
generates a clock [32 in fig 1] supplied to said central processing unit according to

control by said system control circuit; and
a second memory [20] that stores an application program [col 4, lines 29-34],
wherein calling of said clock control library and changing of said register value

are programmably controlled by said application program to ensure user selectable

clock frequency transitions [col 5, lines 28-38].

Norris shows a clock generation circuit. However, Norris does not show a clock
generation circuit that receives a plurality of standard clocks. Ashmore, Jr. et al. shows
a clock generation circuit that receives a plurality of standard clocks [fig 5A]. Therefore,

it would have been obvious to one of ordinary skill in the art at the time the invention
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was made to include a clock generation circuit that receives a plurality of standard
clocks as shown in Ashmore, Jr. et.al. for a clock generation circuit that provides
flexibility with a minimal number of components is needed [Ashmore, Jr. et al., col 3,

lines 54-560].

8. In re claim 2, Norris shows a plurality of libraries [col 5, lines 5-14; figs 3b and 4]
that control said system control circuit and said clock generation circuits to transition the

clock frequencies supplied to said central processing unit [col 6, lines 5-21]; and

a main library [fig 3b] which is called by said application program and selects
any one of said libraries in correspondence with the clock frequency supplied to said

central processing unit.

9. In re claim 5, Norris shows each of said libraries is described using a program
language capable of directly controlling said clock generation circuit and said system

control circuit [col 4, lines 48-53].

10. Inre claim 11, Norris shows first memory and said second memory are two

independent memories which are separated from each other [fig 1].

11. Inre claims 3, 4, 6-10, and 12, Norris shows a frequency division ratio setting
register [34 in fig 2; col 5, lines 48-56] and a frequency division/selection portion that
carries out frequency division [34 in fig 2; col 5, lines 48-56]. Norris fails to teach said
application program and said main library are described using a same program, C and
assembler languages, first, second and third special modes, clock halting register,
status register, PLL, frequency of 32.768 kHz as a base oscillation, said two memory

means are formed to coexist in one memory means. Official Notice is taken that both
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the concept and the advantages of providing for writing application program and data
set (main library) using same program, C and assembler languages, first, second and
third special modes, clock halting register, status register, PLL, frequency of 32.768 kHz
as a base oscillation, and said two memory means are formed to coexist in-one memory
means are old and well known in the art. Therefore, it would have been obvious to the
ordinary skilled person in the art at the time the invention was made to include writing
application program and data set (main library) using same program, C and assembler
languages, first, second and third special modes, clock halting register, status register,
PLL, frequency of 32.768 kHz as a base oscillation, and said two memory means are
formed to coexist in one memory means are very well known to provide necessary
functions that user want (user friendly) and more flexible device by allowing it to operate

in multiple configurations.
Conclusion

Applicant's arguments with respect to claims 1-12 have been considered but they
are moot in view of the new ground(s) of rejection. Applicant's amendment necessitated
the new ground(s) of rejection presented in this Office action. Accordingly, THIS
ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as set

forth in 37 CFR 1.136(a).

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
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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.

Any response to this action should be mailed to:

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

Alexandria, VA 22313-1450

Effective December 1, 2003, hand-carried and facsimile-transmitted patent
application related incoming correspondences will be to a centralized location.

The centralized fax number is 703 872-9306.

The centralized hand carry paper drop off location is:

U.S. Patent and Trademark Office
2011 South Clark Place

Customer Window

Crystal Plaza Two, Lobby, Room 1B03

Any inquiry of a general nature or relating to the status of this application should
be directed to the technology center receptionist whose telephone number is (703) 306-
5631.

Direct any inquiries concerning drawing review to the Drawing Review Branch
(703) 305-8404.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Harold Kim whose telephone number is (703) 305-1948.

The examiner can normally be reached on Monday-Thursday 6 AM - 4:30 PM.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Jeffrey Gaffin can be reached on (703) 308-3301.

Harold J. Kim
Patent Examiner
December 14, 2003/HK
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

€5 /ﬂ(wuﬂ

In re PATENT APPLICATION of

Hitoshi End Group Art Unit: 2182 o
itoshi Endo p 1019[05/

Serial No.: 10/251,755 Examiner: H. Kim Rl:CElVED

Filed: September 23, 2002 : SEP 2 4 2003

For: SYSTEMLSI Technology Center 2100

AMENDMENT

U.S. Patent and Trademark Office

2011 South Clark Place

Customer Window, Mail Stop Non-Fee Amendment

Crystal Plaza Two, Lobby, Room 1B03

Arlington, VA 22202 Date: September 22, 2003

Sir:
In response to the Office Action dated July 2, 2003, the following amendments
and remarks are respectfully submitted in connection with the above-identified

application.

Amendments to the Specification begin on page 3 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins

on page 8 of this paper.

Page 1 of 18
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Remarks/Arguments begin on page 13 of this paper.

Page 2 of 18
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Amendments to the Specification
Please replace the paragraph beginning on page 1, line 9 with the following

amended paragraph:

In case of battery-powered devices, for instance a mobile telephone, which
belong to the application field of a microcontroller constituted by [[mean]] means of a
system LS, it is-seemed seems that many of them are still requested to improve
themselves such that their consumption of electric power (referred to simply as “power”
hereinafter) is reduced as [[lower]] low as possible for the sake of their users’
convenience and benefit, and there have been developed various techniques for
responding to such request. Owing to these techniques, it has become possible to
reduce the power consumption of the entire system, though gradually, by properly
changing the clock speed corresponding to the need, for instance by supplying the
high-speed clock when the high speed processing is necessary and supplying the low-
speed clock when the wait state is needed. In the recent years, in [[the]] almost all
application fields [[field]], an application specific integrated circuit (ASIC) is provided for

the microcontroller constituted by [[mean]] means of the system LSI. In the case of the

system into which the ASIC is built, in order to extend the battery life, the power
reduction as well as the matters related thereto [[is]] are requested to be described in
the specification of the system, and it becomes not rare that such low power

consumption technique is incorporated into the core CPU of the system.

Page 3 of 18
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Pleas _ replace the paragraph beginning on pag 10, line 16 with the

following amended paragraph:

The quartz oscillator for use in a wristwatch may be used for obtaining the
frequency of 32.768 kHz. With use of the clock of which the frequency is very low
comparing compared to the ordinary operation mode which is operated at the frequency
of several tens of MHz through several hundreds, it becomes possible to realize the

substantial wait mode.

Please replace the paragraph beginning on page 13, line 2 with the

following amended paragraph:

\Vg

The external clock terminal 546 is connected with a clock generation circuit
placed on the system LS| [[560]] 550 and supplies the external clock to a system
control circuit 534. In addition, an external interruption control circuit 559 is provided to
be connected with the interruption signal terminal 545. The embodiment of the
invention as mentioned above is characteﬁzed by a system control circuit 534 and a
clock generation circuit 558. These two circuits 534 and 558 will be explained in the

following, with reference to Figs. 3 and 4, respectively.

Please replace the paragraph beginning on page 16, line 15 with the

following amended paragraph:

i

The processor 511 as used in the current embodiment has two operation modes,

Page 4 of 18
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one being a fast bus mode and the other being a synchronous mode. The fast bus
mode is an operation mode wherein the clock BCLK as used for access from the
dedicated peripheral bus 521 is used by both of the processor 511 and the dedicated
peripheral bus 521. The synchronous mode is an operation mode wherein the
operation clock FCLK of the core CPU [[510]] 512 is used in the processor 511 while

the clock BCLK for access use is used in the dedicated peripheral bus 521.

Please replace the paragraph beginning on page 19, line 9 with the

following amended paragraph:

The clock speed in high-speed operation mode is slower than that in the highest-
speed operation mode (STN1), but the aéplication can be operated at a sufficient
speed in this operation mode. The reason why the mode like this is separately provided
is for smoothly executing the clock gear, thereby optimizing reduction of the power

consumption by the [[enter]] entire system.

Please replace the paragraph beginning on page 20, line 9 with the

following amended paragraph:

The halt mode is the mode for halting the clock supply to principal constituents of
the CPU 510 as shown in Fig. 1, that is, the processor 511, the CPU bridge 520, the
peripheral bridge 530, the bus arbitration arbitrary device 524, and so forth. Transition
to the halt mode is executed, from the application side, by setting HALT of the clock halt

Page 5 of 18
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register 564 in the system control circuit 534 as shown in Fig. 3. With this, the
operation of almost all devices operated with high-speed clocks is halted, so that the
power consumption by the entire system can be reduced to a great extent. However,
peripheral devices are still in operation even under this condition. For instance, as the
interruption control circuit 525 is still in operation, it can accept the external interruption,

thus being able to reopen the clock supply by a means other than resetting it.

Please replace the paragraph beginning on page 22, line 29 with the

following amended paragraph:

Further, in order to reduce the power consumption of the entire system without
losing the versatility of the core CPU 512 [[621]], there are provided in the CPU 510 the
system control circuit 534 and the clock generation circuit 558 according to the
invention. In this way, in the dynamic clock control according to the invention, the clock
of the core CPU 512 in the system LSI 550 as well as the CPU 510 can be controlled

simultaneously.

Please replace the abstract with the following amended abstract:

o

Thereisdisclosed-a A system LS| eapable-of dynamically and speedily controls

eontrotting clocks of various frequencies as used in [[the]] a wide range of operation

modes [[mode,]] from [[the]] high-speed operation-mode to [[the]] low-speed operation
modes ene-and;in-addition, enabling [[the]] user selection of to-sefect a system of the
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tew power consumption typel[,]] whichis most suitable for-his-own-system. The system
LSl includes a ROM that stores 551-storing a clock control library for carrying out [[the]]
clock state transition transitions between [[the]] ordinary operation modes|[[,]]; and a
system control circuit [[5634]] having a register [[and]] for carrying out [[the]] clock state
transitions transttion between [[the]] ordinary operation [[mode]] modes and [[the]]

special modes responsive mode-in-response to_changes in the-change-of-the value of

the register, and also carrying out [[the]] clock state transition transitions among [[the]]

ordinary operation modes responsive inresponse to the clock control library. Fhe-eatt
Calling of the clock control library and changing ehange of the register value are

controlled by [[the]] an application program. The main library of the clock control library

is described and called in-the-Etanguage-and-is-cafted-by-atse using [[the]] C language.

Page 7 of 18

0370



Serial No. 10/251,755
OKI.396
Amendment dated September 22, 2003

Amendments to the Claims
This listing of claims will replace all prior versions, and listings of claims in the

application:

Listing of Claims:

Claim 1 (Currently amended): A system LSI having a plurality of ordinary operation
modes and a plurality of special modes in response to [[the]] clock [[state]] frequencies
supplied to a central processing unit, comprising:

[[the]] a first memory means-storing that stores a clock control library for
controlling [[the]] a clock [[state]] frequency transition between said ordinary operation

modes;

a system control circuit which has having a register, wherein said system control
circuit carries and-earrying out the clock frequency [[state]] transition between said

ordinary operation [[mode]] modes and said special modes [[mode]] in response to

[[the]] a change of [[the]] a value [[of]] in said register, and also carries earrying out the
clock frequency [[state]] transition among said ordinary operation modes in response to
said clock control library;

a clock generation circuit that receives receiving a plurality of standard clocks

and-generating-the, wherein said clock generation circuit generates a clock supplied to

said central processing unit according to [[the]] control [[of]] by said system control

circuit; and

Page 8 of 18
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[[the]] a second memory that stores means-storing an application program([;]].
wherein calling [[call]] of said clock control library and changing ehange of said register

value are programmably controlled by said application program to enable user

selectable clock frequency transitions.

Claim 2 (Currently amended): A system LS| as claimed in claim 1, wherein said clock
control library comprises:

a plurality of libraries that [[which]] control said system control circuit and said
clock generation circuit as-welt to transit transition the clock [[state]] frequencies
supplied to said central processing unit; and

a main library which is called by said application program and selects any one of
said libraries in correspondence with the clock [[state]] frequency supplied to said

central processing unit.
Claim 3 (Currently amended): A system LS| as claimed in claim 2, wherein said main
library is described [[in the]] using a same program language as said application

program.’

Claim 4 (Currently amended): A system LSl as claimed in claim 3, wherein said

application program and said main library are described [fin the]} using C language.

Page 9 of 18
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Claim 5 (Currently amended): A system LS| as claimed in claim 2, wherein each of said
libraries is described [[in]] using a program language capable of directly controlling said

clock generation circuit and said system control circuit as-wett.

Claim 6 (Currently amended): A system LSI as claimed in claim 5, wherein each of said

libraries is described [[in]] using an assembler language.

Claim 7 (Currently amended): A system LSI as claimed in claim 1, wherein said special

modes comprise mede-comprises:
a [[the]] first special mode in which [[the]] clock supply to [[the]] principal

constituents of said central processing unit is halted;
a [[the]] second special mode in which [[the]] clock supply to an entirety of said of
the-entire central processing unit is halted; and

a [[the]] third special mode in which supply of [[the]] power setrce-of to the entire

entirety of said central processing unit is halted.

Claim 8 (Currently amended): A system LSI as claimed in claim 7, wherein said system
control circuit comprises:

a frequency division ratio setting register that [[which]] sets a [[the]] frequency
division ratio of thé clock [[in]] generated by said clock generation circuit;

a clock halting register that [[which]] receives the clock signat from said clock
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generation circuit and individually sets the clock sigrat to be halted or supplied; and
a status register that [[which]] judges [[the]] a state of said central processing unit

immediately after being released from said third special mode.

Claim 9 (Currently amended): A system LS| as claimed in claim 1, wherein said clock
generation circuit comprises:

a PLL that receives-receiving a plurality of standard clocks and generates the
clock generating][,]] if needed need-be-the-clock-obtained by multiplying said standard
clocks; and

a frequency division/selection portion that carries earrying out [[the]] frequency

division or selection of said standard [[clock]] clocks or said multiplied standard clock.

Claim 10 (Original): A system LSI as claimed in claim 9 wherein one of said standard

clocks uses a frequency of 32.768 kHz as a base oscillation.

Claim 11 (Currently amended): A system LS| as claimed in claim 1, wherein said first
memory [[means]] and said second memory [[means]] are constituted-as two

independent memory-means memories which are separated from each other.

Claim 12 (Currently amended): A system LS| as claimed in claim 1, wherein said first
memory [[means]] and said second memory [[means]] are formed to coexist in one
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memory [[means]], sharing [[the]] memory area of said one memory [[means]].
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Remarks/Arguments

Claims 1-12 are pending in the present application. Claims 1-9, 11 and 12 have

been amended.

Priority Under 35 U.S.C. 119

Applicant notes the Examiner’s acknowledgment of the Claim for Priority under

35 U.S.C. 119, and receipt of the certified copy of the priority document.

Drawings
Applicant notes the Examiner’'s acceptance of the drawings as filed along with

the present application on September 23, 2002.

Information Disclosure Citation Forms
The Office Action Summary Form PTO-326 as provided along with the Office
Action dated July 2, 2003, indicates that a Notice of References Cited Form PTO-892
and an Information Disclosure Citation Form PTO-1449 are attached to the Office
Action. However, copies of the corresponding PTO-892 form and PT0O-1449 form have
not been received along with the current Office Action. The Examiner is respectfully

requested to provide a copy of the Notice of References Cited Form PT0-892, and

a signed and dated copy of the PTO-1449 form that was submitted along with the

Information Disclosure Statement filed on September 23, 2002, so as to confirm
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that all the references as relied upon in the pres_nt application will b cited of

record.

Specification

The abstract has been amended to be limited to a single paragraph within the
range of 50-150 words. The Examiner is respectfully requested to acknowledge receipt

and acceptance of the amended abstract.

Claim Rejections-35 U.S.C. 102

Claims 1-3, 7 and 8 have been rejected under 35 U.S.C. 102(e) as being
anticipated by the Kung et al. reference (U.S. Patent No. 6,574,739). This rejection,
insofar as it may pertain to the presently pending claims, is traversed for the following
reasons.

The system LS| of claim 1 includes in combination a first memory “that stores a
clock control library for controlling a clock frequency transition between said ordinary
operation modes”, a system control circuit “which has a register, wherein said system
control circuit carries out the clock frequency transition between said ordinary operation
modes and said special modes in response to a change of a value in said register, and
also carries out the clock frequency transition among said ordinary operation modes in
response to said clock control library”, and a second memory “that stores an application
program, wherein calling of said clock control library and changing of said register value

Page 14 of 18
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are programmably controlled by said application program to enable user selectable
clock frequency transitions”. Applicant respectfully submits that the prior art as relied
upon by the Examiner does not disclose these features.

Applicant emphasizes that adjustment or changing of the internal clock
frequencies of the CPU in the Kung et al. reference is based upon perceived CPU
processing load as determined by the computer system. That is, the system of the
Kung et al. reference does not store an application program wherein calling of a clock
control library and changing of a register value of a system control circuit are
programmably controlled by the application program, to enable user selectable clock
frequency transitions as featured in claim 1. Clock frequency transitions are not
programmably controlled to be user selectable in the Kung et al. reference, but are
merely controlled directly based on processing load of the CPU.

Particularly, as described beginning in column 2, line 16 of the Kung et al.
reference, the CPU of the preferred embodiment has a status signal line M/IO, wherein
the state of the M/IO line indicates whether the CPU is performing a read/write
operation to memory or to an I/O port. As further described beginning in column 2, line
47 of the Kung et al. reference, CPU activity monitoring circuit 50 is used for monitoring
processing loads of CPU 10, and generates a load parameter that corresponds to a
perceived processing load of CPU 10. Thereafter, CPU activity adjusting program 40
adjusts the internal clock frequency and operating voltage of CPU 10 according to the

load parameter. Accordingly, adjustment or changing of internal clock frequencies of
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the CPU in the Kung et al. reference is directly based on a determined load parameter
that corresponds to the perceived processing load of CPU 10.

Moreover, the Examiner has in.terpreted memory 36 as the first memory of claim
1, and CPU activity adjusting program 40 as stored in memory 36 as the application
program of claim 1. However, memory 36 of the Kung et al. reference as specifically
relied upon by the Examiner is not described as including clock control libraries. Also,
CPU activity adjusting program 40 of the Kung et al. reference as specifically relied
upon by the Examiner is not described as programmably controlling calling of a clock
control library and changing of a register value to enable user selectable clock
frequency transitions, because the system of the Kung et al. reference is not described
as including clock control libraries and is further characterized as adjusting internal
frequencies of the CPU based on determined load parameters corresponding to
perceived processing load of the CPU. Accordingly, Applicant respectfully submits that
the system LSI of claim 1 distinguishes over the Kung et al. reference as relied upon by
the Examiner, and that this rejection, insofar as it may pertain to claims 1-3, 7 and 8, is
improper for at least these reasons.

Also, the system LS| of claim 1 is further featured as including in combination a
clock generation circuit “that receives a plurality of standard clocks, wherein said clock
generation circuit generates a clock supplied to said central processing unit according
to control by said system control circuit”. Clock 16 of the Kung et al. reference is

described in column 2, lines 42-44 as providing a fixed frequency. Clock 16 is further
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described in the alternative in column 5, lines 57-61 of the Kung et al. reference as one

that has a variable, selectable frequency. The selected frequency is delivered from

clock 16 to CPU 10, not a plurality of standard clocks, as featured in claim 1.

Applicant therefore respectfully submits that the system LS| of claim 1 distinguishes
over the Kung et al. reference as relied upon by the Examiner, and that this rejection,
insofar as it may pertain to claims 1-3, 7 and 8, is improper for at least these additional

reasons.

Claim Rejections 35 U.S.C. 103

Claims 4-6 and 9-12 have been rejected under 35 U.S.C. 103(a) as being
unpatentable over the Kung et al. reference. Applicant respectfully submits that claims
4-6 and 9-12 distinguish over and would not have been obvious in view of the Kung et
al. reference as relied upon by the Examiner for at least the same reasons as set forth

above with respect to claim 1.

Conclusion
Except as otherwise stated in the above Remarks, the claim amendments have
been made merely to place the application in better form, not to otherwise narrow
scope. Accordingly, such amendments should not be construed as narrowing scope

within the meaning of Festo.

Page 17 of 18
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The Examiner is respectfully requested to reconsider and withdraw the
corresponding rejections, and to pass the claims of the present application to issue, for
at least the above reasons.

In the event that there are any outstanding matters remaining in the present
application, please contact Andrew J. Telesz, Jr. (Reg. No. 33,581) at (703) 715-0870
in the Washington, D.C. area, to discuss these matters.

If necessary, the Commissioner is hereby authorized in this, concurrent, and
future replies, to charge payment for any additional fees that may be required, or credit
any overpayment, to Deposit Account No. 50-0238.

Respectfully submitted,
VOLENTINE FRANCOS, P.L.L.C.

(B TR

Andrew J. Telesz, Jr.
Registration No. 33,581

VOLENTINE FRANCOS, P.L.L.C.
12200 Sunrise Valley Drive, Suite 150
Reston, Virginia 20191

Telephone No.: (703) 715-0870
Facsimile No.: (703) 715-0877

Page 18 of 18

0381



UNITED STATES PATENT AND TRADEMARK OFFIGE

.&

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450

WWW.DSPIO.GOV

[ apeLicamionno. ] FILING DATE [ FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |~ CONFIRMATION NO. ]
10/251,755 09/23/2002 Hitoshi Endo OKI.396 4191
: 7590 07/02/2003
VOLENTINE FRANCOS, PLLC I EXAMINER |
Suite 150 o
12200 Sunrise Vally Drive KIM, HAROLD J
Reston, VA 20191 -
| ART UNIT | PAPER NUMBER |

2182
DATE MAILED: 07/02/2003

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

PTO-90C (Rev. 07-01)

0382



f Applicati n N . ' Applicant(s) v

10/251,755 ENDO, HITOSHI
Office Action Summary Examiner Art Unit
Harold Kim 2182

-- The MAILING DATE of this c mmunicati n app ars on the cover sheet with the corresp ndence address --
Period for R ply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) 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 the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- |f 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
eamed patent term adjustment. See 37 CFR 1.704(b).

Status
1NIXI Responsive to communication(s) filed on 23 September 2002 .
2a)[_] This action is FINAL. 2b)X This action is non-final.

3)[J 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.
Disp sition of Claims

4)X Claim(s) 1-12is/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) 1-12 is/are rejected.
7)[J Claim(s) _____ is/are objected to.

8)[] Claim(s)
Application Papers

are subject to restriction and/or election requirement.

9)[] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 23 September 2002 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)[] The proposed drawing correction filed on _____is: a)[_] approved b)[_] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a) (d) or (f).
a)lX] All b)[_] Some * ¢)[_] None of:
1.4 Certified copies of the priority documents have been received.
2.[] certified copies of the priority documents have been received in Application No. ___

3.[C] 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.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [_] The translation of the foreign language provisional application has been received.
15)[_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) [X] Notice of References Cited (PTO-892) 4)[] interview Summary (PTO-413) Paper No(s).
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5)[] Notice of Informal Patent Application (PTO-152)
3) X Information Disclosure Statement(s) (PTO-1449) Paper No(s) 2. 6)[] other:

U.S. Patent and Trademark Office
PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 4

0383



* Application/Control Number: 10/251,755 Page 2
Art Unit: 2182

DETAILED ACTION
1. Claims 1-12 are presented for examination.
2. Applicant is reminded of the proper language and format for an abstract of the

disclosure.

The abstract should be in narrative form and generally limited to a single
paragraph on a separate sheet within the range of 50 to 150 words. It is important that
the abstract not exceed 150 words in length since the space provided for the abstract
on the computer tape used by the prinfer is limited. The form and legal phraseology
often used in patent claims, such as "means" and "said," should be avoided. The
abstract should describe the disclosure sufficiently to assist readers in deciding whether
there is a need for consulting the full patent text for details.

Claim Rejections - 35 USC § 102

3. 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 (1) an application for patent, published under section 122(b), by another
filed in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application designated the United States
and was published under Article 21(2) of such treaty in the English language.

4, Claims 1-3, 7 and 8 are rejected under 35 U.S.C. 102(e) as being anticipated
by Kung et al., US Patent no. 6,574,739.

5. In re claim 1, Kung et al. shows a system LSI [fig 1] having a plurality of ordinary
operation modes [col 5, lines 38-50] and a plurality of special modes [col 5, lines 38-50]

in response to the clock state supplied to a central processing unit [10, fig 1],

comprising:
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the first memory means [36] storing a clock control library [col 4, line 16; col 5,
lines 1-4; col 5, lines 38-50; fig 2] for controlling the clock state transition between said

ordinary modes;

a system control circuit [14] having a register [14] and carrying out the clock state
transition between said ordinary operation mode and said special mode in response to
the change of the value of said register, and also carrying out the clock state transition
among said ordinary operation modes in response to said clock control library [col 4,
line 16; col 5, lines 1-4; col 5, lines 38-50; fig 2];

a clock generation circuit [16] receiving a plurality of standard clocks [col 5, lines

57-59] and generating the clock supplied to said central processing unit according to the

control of said system control circuit; and

the second memory means [40] storing an application program;

wherein call of said clock control library and change of said register value are
controlled by said application program.
6. In re claims 2-3, 7, Kung et al. shows the claimed limitations [col 4, line 16; col 5,
lines 1-4; col 5, lines 38-50; fig 2].
7. In re claim 8, Kung et al. shows a frequency division ratio setting register [col 5,
lines 50-55], a clock halting register [14, fig 1 when value is zero], a status register [29].

Claim Rejections - 35 USC § 103

8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are such
that the subject matter as a whole would have been obvious at the time the invention was made to a person having
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ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in
which the invention was made.

9. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(f) or (g) prior
art under 35 U.S.C. 103(a).

10. Claims 4-6, and 9-12 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Kung et al., US Patent no. 6,574,739, as applied to claims 1-3, 7

and 8 above.

11.  Inre claims 4-6, and 9-12, Kung et al. fails to teach said application program and
said main library are described in the C and assembler languages that capable of
directly controlling clock generation circuit and system control circuit, PLL, frequency of
32.768 kHz as a base oscillation, two memory means are constituted as two
independent memory means, and said two memory means are formed to coexist in one
memory means. Official Notice is taken that both the concept and the advantages of
providing for writing application program and data set (main library) in the C and
assembler languages that capable of directly controlling clock generation circuit and
system control circuit, PLL,frequency of 32.768 kHz as a base oscillation, two memory
means are constituted as two independent memory means, and said two memory
means are formed to coexist in one memory means are old and well known in the art.
Therefore, it would have been obvious to the ordinary skilled person in the art at the

time the invention was made to include writing application program and data set (main
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library) in the C and assembler languages that capable of directly controlling clock
generation circuit and system control circuit, PLL, frequency of 32.768 kHz as a base
oscillation, two memory means are .constituted as two independent memory means, and
said two memory means are formed to coexist in one memory means are very well
known to provide necessary functions that user want (user friendly) and more flexible

device by allowing it to operate in multiple configurations.
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Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. Further references of interest are cited on Form PLO-892, which

is attachment to this office action.

Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to:
(703) 746-7239 for regular communications (for informal or draft
communications, please label “PROPOSED” or “DRAFT"), and
(703) 746-7238 for After Final communications.
Hand-delivered responses should be brought to Crystal Park Il, 2121 Crystal
Drive, Arlington, VA, Fourth Floor (Receptionist).
Any inquiry of a general nature or relating to the status of this application should
be directed to the technology center receptionist whose telephone number is (703) 306-
5631.
Direct any inquiries concerning drawing review to the Drawing Review Branch
(703) 305-8404.
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Harold Kim whose telephone number is (703) 305-1948.

The examiner can normally be reached on Monday-Thursday 6 AM - 4:30 PM.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Jeffrey Gaffin can be reached on (703) 308-3301.

rﬁrold J. Kim

Patent Examiner
June 29, 2003/HK

0389



" Application/Control Number: 10/251,755 Page 8
Art Unit: 2182

Recent Statutory Changes to 35 U.S.C. § 102(e)

On November 2, 2002, President Bush signed the 21st Century Department of
Justice Appropriations Authorization Act (H.R. 2215) (Pub. L. 107-273, 116
Stat. 1758 (2002)), which further amended 35 U.S.C. § 102(e), as revised by the
American Inventors Protection Act of 1999 (AIPA) (Pub. L. 106-113, 113 Stat.
1501 (1999)). The revised provisions in 35 U.S.C. § 102(e) are completely
retroactive and effective immediately for all applications being examined or
patents being reexamined. Until all of the Office’s automated systems are
updated to reflect the revised statute, citation to the revised statute in Office
actions is provided by this attachment. This attachment also substitutes for
any citation of the text of 35 U.S.C. § 102(e), if made, in the attached Office
action.

The following is a quotation of the appropriate paragraph of 35 U.S.C. § 102 in view of
the AIPA and H.R. 2215 that forms the basis for the rejections under this section made
in the attached Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under
section 122(b), by another filed in the United States before the invention by the
applicant for patent or (2) a patent granted on an application for patent by another
filed in the United States before the invention by the applicant for patent, except that
an international application filed under the treaty defined in section 351(a) shall have
the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published
under Article 21(2) of such treaty in the English language.

35 U.S.C. § 102(e), as revised by the AIPA and H.R. 2215, applies to all qualifying
references, except when the reference is a U.S. patent resulting directly or indirectly
from an international application filed before November 29, 2000. For such patents, the
prior art date is determined under 35 U.S.C. § 102(e) as it existed prior to the
amendment by the AIPA (pre-AIPA 35 U.S.C. § 102(e)).

The following is a quotation of the appropriate paragraph of 35 U.S.C. § 102 prior to the
amendment by the AIPA that forms the basis for the rejections under this section made
in the attached Office action:

A person shall be entitled to a patent unless —

( ) the invention was d scrib d in a patent granted on an application for

patent by an ther filed in th United States before the inv ntion th r of by
th applicant for patent, or on an international applicati n by anoth r who
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has fulfilled th requirements of paragraphs (1), (2), and (4) of section
371(c) of this title b for the invention th r of by th applicant for patent.

For more information on revised 35 U.S.C. § 102(e) visit the USPTO website at
www.uspto.gov or call the Office of Patent Legal Administration at (703) 305-1622.
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System LSI

Background of the Invention
1. Field of the Invention

The present invention relates to a system LSI having a core
CPU and, more particularly, to a system LSI capable of executing
the dynamic clock control from the side of an application

program.

2. Description of the Related Art

In case of battery-powered devices, for instance a mobile
telephone, which Dbelong to the application field of a
microcontroller constituted by mean of a system LSI, it is seemed
that many of them are still requested to improve themselves such
that their consumption of electric power (referred to simply as
“power” hereinafter) is reduced as lower as possible for the sake
of their users’ convenience and benefit, and there have been
developed various techniques for responding to such request.
Owing to these techniques, it has become possible to reduce the
power consumption of the entire system, though gradually, by
properly changing the clock speed corresponding to the need, for
instance by supplying the high-speed clock when the high speed
processing is necessary and supplying the low-speed clock when
the wait state is needed. In the recent years, in the almost all
application field, an application specific integrated circuit (ASIC)
is provided for the microcontroller constituted by mean of the
system LSI. In case of the system into which ASIC is built, in
order to extend the battery life, the power reduction as well as
the matters related thereto is requested to be described in the

specification of the system, and it becomes not rare that such low
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power consumption technique is incorporated into the core CPU
of the system.

To begin with, a core CPU ST7 (referred to as “ST7 core”
hereinafter), a product of a US firm “ST Microelectronics” will be
explained as an example of a conventional core CPU with
reference to Figs. 9 and 10 of the accompanying drawings. Fig. 9
is a block diagram for explaining a clock control circuit 40 of the
ST7 core while Fig. 10 is an illustration for explaining the clock
operation mode of the ST7 core.

As shown in Fig. 9, an oscillation portion 41 includes two
oscillation terminals OSC1 and OSC2 and is connected with an
oscillator such as a quartz oscillator through these oscillation
terminals, thereby generating clock signals. A clock correction
portion 42 is made up of a clock filter 43 and a clock
rearrangement portion 44. The clock filters 43 removes the clock
in which a spike noise or the like is mixed, and rearranges the
clock in a predetermined wave forms. If the clocks are sparsely
lined as a result of the above rearrangement of wave form thereof,
the rearrangement portion 44 operates to narrow the frequency
bandwidth of the clock.

A main clock control circuit 45 is made up of a setting
register 46 and a clock frequency dividing portion 47. The
setting register 46 sets the frequency division ratio of the clock to
be 1/4, 1/8, 1/16, and 1/32. The frequency divided clocks fcpu
are supplied to the ST7 core and peripheral devices, and are
outputted from the I/0O terminal CLKOUT to the external portion
through an I/O switching portion 48.

The ST7 core is operable in four kinds of clock operation
modes as shown in Fig. 10, under the control of the above clock

control circuit 40. ~ To put it more concretely, the ST7 core

0403

b

ey,



FOKI02009/US 3/31

operates at the frequency of 1/2 of the oscillation frequency in
the high-speed operation mode. In the low-speed operation mode,
it operates at the frequency of 1/4, 1/8, 1/16, and 1/32 of the
oscillation frequency, respectively. In the wait mode, the clock
of the CPU is halted while peripheral devices are in operation. In
the halt mode, the oscillation per se halts so that the power
consumption of the ST7 core is then minimized. Like this, if
each operation mode is selectively used in correspondence with
the processing by the CPU, a considerable amount of the power
consumption can be saved in total.

On one hand, in case of constituting a microcontroller by
means of the system LSI, there are some cases where the low
power consumption technique is incorporated in the core CPU.
An ARMO920T (referred to as ARM core hereinafter), a product of a
British firm “ARM”, may be a good example of such core CPU. In
case of the ARM core, it is premised that a power management
portion is formed on the side of the system LSI.

There are two reasons why the ARM core adopts the
constitution like the above. The first reason is that if the clock
control mechanism is built in the core CPU side, a certain
restriction is given to the design of the system LSI, as a result of
which the core CPU would come to lose versatility thereof. On
the side of the system LSI using the core CPU, there might take
place a case where the clock drops its speed down and halts,
eventually. In such case, it would becorn; necessary to detect
and examine such state and to adjust the timing of the internal
memory, the internal timer, and so forth.

The second reason is as follows. The ARM core is provided
with a joint test action group (JTAG) interface test terminal, and

transmits the internal state of the core CPU to the external-
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portion through an in-circuit emulator (ICE), and operates the
debugger, thereby giving convenience to the development of the
application program. Consequently, the clock change on the
core CPU side results in restriction of such use of the test
terminal. Therefore, in order to effectively carry out the power
mana;gement free from such restriction as mentioned above, it is
preferable for them to provide the power management portion not
on the side of the core CPU but on the side of the system LSI,
thereby achieving the total power management.

In recent years, the system LSI has been sophisticated more
and more and it becomes so difficult for the core CPU to directly
and quickly respond to various demands coming from ASIC only
by the core CPU itself. Then, in order to comply with the above
problem, it would be considered to provide a versatile
" microcontroller mounting the same core CPU thereon. In other
words, it is the thought of collecting common elements which are
usually used by the system LSI, for instance, peripheral devices
of the CPU, memory architectures and so forth, and have the
basic function of executing an operating system (OS) at real time,
and of presenting a versatile microcontroller provided with the
elements and function as described above.

In order to achieve a total power management by mean of a
versatile microcontroller like this, it is necessary for the versatile
- power management to be carried out taking account of not only
the core CPU but also the inherent function of the application.

In the power management by the prior art microcontroller,
however, the clock is just simply changed similar to the case of
the ST7 core as mentioned above. In case of the ST7 core, as
shown i1n Fig. 10, there are just simply changed the four

operation modes which are the high-speed operation mode, the
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low-speed operation mode, the wait mode and the halt mode.
However, when the power management portion is provided not on
the side of the core CPU but on the side of the system LSI, it is
demanded that the clock of the core CPU and that of the system
LSI have to be separately controlled. Consequently, it is not
possible to carry out a fine control by means of the simple model
like this.

Furthermore, it has been tried to dynamically control the
clock from the application program side. For instance, in case of
the ST7 core, the circuit related to the clock control is controlled
by means of an assembler language which can be directly
controlled. However, the clock control by using the assembler
language is apt to receive many restrictions from the point of view
of the application program development. Accordingly, it is
preferable, if possible, to provide a flexible interface constituted
by using the high-level program language like the C language that
is usually adopted in the current software development.
Unfortunately, however, there has been no support allowing a
real power management by using the programming language like

this.

Summary of the Invention

The present invention has been made in consideration of
various problems the prior art system LSI has encountered so far,
and an object of the invention is to provide a novel and improved
system LSI wherein the power consumption of it can be suitably
reduced by dynamically and speedily controlling the clock having
various frequencies as used in a wide mode range from the
high-speed operation mode to the low-speed operation mode and,

in addition, a real power management is executed from the side of
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an application program by using such a programming language
as usually and widely adopted in the software development,
thereby enabling the user to select the low power consumption
system most suitable for his own system.

In order to solve the problems as mentioned above, according
to the first aspect of the invention, there is provided a system LSI
having a plurality of ordinary of)eration modes and a plurality of
special modes in response to the clock state supplied to a central
processing unit. The system LSI includes: the first memory
means (551) storing a clock control library for controlling the
clock state transition between the ordinary operation modes; a
system control circuit (534) having a register and carrying out the
clock state transition between the ordinary operation mode and
the special mode in response to the change of the value of the
register, and also carrying out the clock state transition among
the ordinary operation modes in response to the clock control
library; a clock generation circuit (558) receiving a plurality of
standard clocks and generating the clock supplied to the central
processing unit according to the control of the system control
circuit; and the second memory means (551) storing an
application program (31); wherein call of the clock control library
and change of the register value are controlled by the application
program.

The first memory means storing the clock control library and
the second memory means storing the application program may
be constituted as two independent memory means which are
separated from each other. The first memory means and the
second memory means may be formed to coexist in a single
memory means, sharing the memory area of the above single

memory means.
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The prior art system has used a single standard clock system
and realized only the high-speed operation mode and the
low-speed operation mode by executing the frequency division of
the above standard clock. On this point, different from the
above prior art system LSI, the present invention adopts a
plurality of standard clock systems. Accordingly, the clock
generation circuit (558) is made up of a PLL (573) which receives
a plurality of standard clocks (MCLKO, MCLK1l, MCLK2) and
generates, if need be, the clock obtained by multiplying the
standard clocks, and a frequency division/selection portion (574)
which divides the frequency of the standard clock or the
multiplied standard clock, or selects the same. With this, it
becomes possible to construct.the system LSI having a variety of
ordinary operation modes (highest-speed operation mode,
- high-speed operation mode, low-speed operation mode,
lowest-speed operation mode, and so on).

Furthermore, when expressing the relation between the
current clock state and the clock state after transition by using a
function (clkgear) in the form of the clock control library, it
becomes possible to dynamically and speedily control a plurality
of clocks in the ordinary operation mode, as if it were a
gear-change operation. In this way, the clock state can be
controlled more finely.

Still further, according to the invention, the system control
circuit includes a register, and the control making the ordinary
operation mode transit to the special mode is carried out by
changing the value of this register. At this time, as the register
setting is kept unchanged after completion of transition to the
special mode, the reverse transition from the special mode to the

ordinary operation mode can be carried out by just releasing the
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special mode with the help of the external interruption, thus, the
transition control being made much easier.

It is preferable that the clock control library is made up of a
plurality of libraries and a main library, the former controlling
the system control circuit and the clock generation circuit as well
to transit the clock state supplied to the central processing unit
and the latter being called by the application program and
selecting any one of the libraries in correspondence with the
clock state supplied to the central processing unit.

As described above, the clock control library is made up of the
main library and a plurality of libraries. With execution of the
function (clkgear) correspondiﬁg to the library as selected by the
main library, it becomes possible to dynamically control the
circuits associated with the clock control, that is, the clock
generation circuit and the system control circuit.

It is preferable for the main library to be described in the
same programming language as the application program.

The main library and the application program are described in
the same programming language and the application calls the
main library by using the above same language. With this, it
becomes possible to realize a flexible interface enabling the user
to handle it with ease and also enabling the user to select the
power management system which is the most suitable to his
system. At present, with regard to the above-mentioned
language, the invention assumes the C language, which is a
high-level language and, now a day, is widely adopted in the
development of the software. Even though a certain higher-level
language would come out in future, it is needless to say that the
descriptive language of the library could be suitably altered

without causing any change in the essential constitution of the
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invention.

Furthermore, it is preferable for each library to be described
in a programming language which is able to directly control the
clock generation circuit and the system control circuit as well.

With use of such language, the hardware in association with
the clock control, that is, the clock generation circuit and the
system control circuit can be directly controlled by the library.
As an example of such language, the invention supposes the
assembler language for the time being.

The special mode includes the first special mode (Halt Mode)
which halts the clock supply to the principal constituents of the
central processing unit, the second special mode (Stop Mode)
which stops the clock of the entire central processing unit, and
the third special mode (Sleep Mode) which puts the power source
of the entire central processing unit into the sleeping state.

With provision of the above-mentioned three modes, it
becomes possible to establish the constitution which can freely
manages the reduction of the power consumption

It is preferable for the system control circuit to be provided
with the frequency division ratio setting register {(563) for setting
the frequency division ratio of the clock in the clock generation
circuit, the clock halt registers (564, 565) which receive the clock
signal from the clock generation circuit to carry out the setting
for stopping or supplying the individual clock signal, and the
status register (567) f{or judging the status of the central
processing unit immediately after being released from the third
special mode. The above three registers, that is, the frequency
setting register, the clock halt register, and the status register
may be constituted by separately using a single register or by

complexly using two or more registers. The design of the bit
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length and the meaning of each bit may be suitably changed to
meet the specification of the system.

With provision of the clock halt register as the register of the
system control circuit, it becomes possible to control the
transition of the clock state to the first special mode (Halt Mode)
which halts the clock supply to the principal constituents of the
central processing unit, and also the transition to the second
special mode (Stop Mode) which stops the clock of the entire
central processing unit. Furthermore, with the provision of the
status register, it becomes possible to control the transition of
the clock state to the third special mode (Sleep Mode} which puts
the power source of the entire central processing unit into the
sleeping state.

It is preferable for one of the standard clocks to use the
frequency of 32.768 kHz.

The quartz oscillator for use in a wristwatch may be used for
obtaining the frequency of 32.768 kHz. With use of the clock of
which the frequency is very low comparing the ordinary operation
mode which is operated at the frequency of several tens MHz-
through several hundreds, it becomes possible to realize the

substantial wait mode.

Brief Description of the Drawings

Certain embodiments of the system LSI according to the
invention will now be described in detail by way of examples and
with reference to the accompanying drawings, wherein parts
having substantially like function and constitution in each of
several figures are identified by the like reference numeral or
character, and wherein:

Fig. 1 is a block diagram for explaining the constitution of a
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CPU,

Fig. 2 is a block diagram fcir explaining the constitution of a

system LSI using the CPU as shown in Fig. 1,

Fig. 3 is a block diagram for explaining a system control
circuit,

Fig. 4 is a block diagram for explaining a clock generation
circuit.

Fig. 5 1s a block diagram showing an example of clock
operation mode and the state transition thereof,

Fig. 6 is a block diagram for explaining the constitution of a
clock control library,

Fig. 7 is a table for explaining call of the clock control library,

Fig. 8 is a table for explaining parameters possessed by the
library, wherein (a) indicates input parameters to the library and
(b) indicates the contents of the input parameters,

Fig. 9 is a block diagram for explaining a prior art clock
control circuit, and

Fig. 10 is an illustration for explaining conventional clock

operation modes.

Detailed Description of the Preferred Embodiments
(CPU 510)

- Referring to Fig. 1, a CPU 510 includes a processor 511 in its
inside. A CPU bridge 520 is between the processor 511 and a
dedicated high-speed bus 521 and connected with both of them,
respectively. On one hand, a peripheral bridge 530 is between
the dedicated high-speed bus 521 and a dedicated peripheral bus
531 and connected with both of them, respectively. The
processor 511 includes a core CPU 512 as a main constituent

thereof and further includes an internal data cache RAM 513 and
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an interna!l instruction cache RAM 514 as well.

A system contl;ol circuit 534 is connected with the peripheral
bridge 530 and is able to receive an external clock from an
external circuit through an external clock terminal 546. This
system control circuit 534 has the function of supplying the clock
to the processor 511 and the other constituents of the CPU 510
and also has the function of controlling them.

All of a test interface 522 connected to the dedicated
high-speed bus 521, a memory control circuit 523, a bus
arbitration device 524 and an interruption control circuit 525
belongs to the other constituents of the CPU 510. The test
interface 522 is connected with an external test bus 542, the
memory control circuit 523 is connected with an external memory
bus 543, and the interruption control circuit 525 i1s connected
with an interruption signal terminal 545. The dedicated
high-speed bus 521 is provided with an external terminal 544,
and the system LSI can be constituted by connecting a user
device with this external terminal 544.

In addition to the system control circuit 534, a timer 532 and a
serial interface 533 having a communication port 547 are also
connected with a dedicated peripheral bus 531.

A JTAG terminal 541 is used as a test interface of the processor
511 itself.

(System LSI 550)

Referring to Fig. 2, a system LSI 550 includes the CPU 510
shown in Fig. 1 as a principal constituent thereof and a dedicated
high-speed bus 521 extended from the external terminal 544.
The extended dedicated high-speed bus 521 is connected with a
read only memory (ROM) 551 storing a clock control library and

an application program which will be described later, a random
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access memory (RAM) 552, and a user original circuit group 553.

Furthermore, a peripheral bridge 554 connected with the
dedicated high-speed bus 521 is connected with a power down
control circuit 556 and a user original clock generation circuit
557, both of which are on a dedicated peripheral bus 555. The
power down control circuit 556 realizes the power down by
controlling the clock distribution over the entire system LSI.

The external clock terminal 546 is connected with a clock
generation circuit placed on the system LSI 560 and supplies the
external clock to a system control circuit 534. In addition, an
external interruption control circuit 559 is provided to be
connected with the interruption signal terminal 545. The
embodiment of the invention as mentioned above is characterized
by a system control circuit 534 and a clock generation circuit 558.
These two circuits 534 and 558 will be explained in the following,
with reference to Figs. 3 and 4, respectively.

(System Control Circuit 534)

Referring to Fig. 3, the system control circuit 534 has the
function of supplying the clock to the processor 511 and other
constituents of the CPU 510 and controlling those. A dedicated
peripheral bus 561 is connected with a various sorts of registers,
by which the clock supplied to the CPU 510 is controlled. Each
of these registers will be explained in the following.

A clock supply wait register 562 gs a register having the
function of setting up the start time of the oscillation of a
reference clock and ensuring a stabilized period of time during
which a phase-locked loop (PLL) 573 reaches its locked state.
This register 562 outputs a control signal CKWT.

A frequency-division ratio setting register 563 is a register for

controlling the clock generation circuit 558. This register 563
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determines a clock frequency-division ratio and outputs the
control signal CGC.

A clock halt register 564 1is the register that desigﬁates two
clock operation modes of the CPUS510, that is, a halt mode (the
first special mode) halting the clock supply to the principal
constituents of the CPU 510, and a stop mode (the second special
mode) stopping the clock all over the entirety of the CPU 510.
This register 564 outputs a control signal PMP. Designation of
the operation mode and which constituent of the CPU 510 is to be
given a halt command on the clock supply, are decided by setting
a specific bit of the register.

A clock halt control register 565 is a register which outputs a
clock signal HCLK according to the instruction from the clock
halt register 564. A clock signal BCLK (IN) causing the above
instruction is supplied from a clock generation circuit 558 which
will be described later.

An ID register 566 is a register for reading out a system ID
which identifies a sort of the CPU 510 and so on.

A status register 567 is a register for indicating the status of
respective peripheral devices. This status register 567 notifies
the handshaking state in the inside peripheral devices of the CPU
510, immediately after being released from the Sleeping mode
(the third special mode), which is one of the clock operation
modes of the CPU 510 and halts the entire power source of the
CPU 510. The notice of the handshaking state is executed by
setting a specific bit of the register.

Each value of registers 562 through 567 is directly designated
by the processor 511 through the dedicated peripheral bus 561.

Having explained in detail the constitution and function of the

system control circuit 534 in the above, we now move to the clock
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generation circuit 558.

(Clock Generation Circuit 558)

Referring to Fig. 4, the clock generation circuit 558 supplies
the external clock to the system control circuit 534. The output
of each quartz oscillator is inputted to each of terminals MCLKO
(62.5 MHz), MCLK1 (50 MHz), and MCLK2 (32.768 KHz), of which
each constitutes a base oscillation of various clocks supplied to
the system.

A clock control portion 571 controls various sorts of clocks. A
control signal CKWT inputted to the clock control portion 571 is
an input signal from the clock supply wait register 562 of the
system control circuit 534 and is used for ensuring the stabilized
period of time of the PLL 573.

A control portion 572 controls the entirety of the clock
generation circuit 558. The control signal CGBSTP inputted to
the control portion 572 is a signal which halts the clock of the
clock generation circuit 558 itself. In the sleep mode which will
be described later, halt of oscillation is instructed by an output
signal OSCEN. Moreover, the control portion 572 outputs a
signal CLKEN controlling the supply/halt of the clock to a
frequency-division/selection portion 574.

The PLL 573 generates the stabilized high frequency clock (48
through 240 MHz) in synchronization with the clock MCLKO as
supplied. Thus, it is possible to select four clock systems in
total if combined with the above various sorts of clocks. The PLL
573 can be halted with a control signal PLLEN.

All the clocks are divided into frequencies and selected in the
frequency division/selection portion 574, of which the principal
output signals are a clock FCLK of the core CPU 512, a clock
BCLK (OUT) as used for access from the dedicated peripheral bus
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521, and a timer clock TMCLK. Control signals used in the
frequency division/selection portion are the operation clock FCLK,
a control signal CSEL over the clock BCLK (OUT) as used for
access from the dedicated peripheral bus 521, and a control
signal TMSEL over the timer clock TMCLK.

As described before, the further object of the invention is to
most suitably reduce the power consumption of the system LSI by
dynamically and speedily control a lot of various frequencies as
used in various modes from the high-speed operation mode to the
low-speed operation mode. As shown in Fig. 2, the system LSI
550 is made up of the CPU 510 using the processor 511 and the
user original circuit group 553. Therefore, the clock supplied to
the processor 511 has to be able to respond to the request of the
processor 511.

The processor 511 as used in the current embodiment has two
operation modes, one being a fast bus mode and the other being a
synchronous mode. The fast bus mode is an operation mode
wherein the clock BCLK as used for access from the dedicated
peripheral bus 521-1is used by both of the processor 511 and the
dedicated peripheral bus 521. The synchronous mode is an
operation mode wherein the operation clock FCLK of the core CPU
510 is used in the processor 511 while the clock BCLK for access
use is used in the dedicated peripheral bus 521.

The clock BCLK for access use of the dedicated peripheral bus
521 is processed by means of the frequency division/selection
portion 574 as shown in Fig. 4 to have a frequency equal to or
1/2 of the clock FCLK for use in the core CPU. The switchover of
these modes is carried out by setting the register of the core CPU
S12.

In case of the CPU 510, the clock FCLK for use in the core CPU
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and others could be set in detail in the register group inside the
system control circuit 534 as shown in Fig. 3. The function
capable of dynamically and speedily controlling the clock group
like this will be called “Clock Gear” hereinafter in the present
specification. In the following description on the current
embodiment, however, it is assumed that the clock gear control is
possible only in the fast bus mode.

Fig. 5 shows, by way of an example, some clock operation
modes which can be taken according to the current embodiment,
more particularly, those which can be taken by such a circuit
constitution having a dynamic random access memory (DRAM)
inside the system LSI and allowing the lowest-speed operation
mode to exist. Transition between these modes is carried out by
means of the above-mentioned clock gear, which is described in
detail in the following.

As shown in Fig. 5, the embodiment provides eight operation
modes STNn (n: integer of O through 7). Five operation modes
STNO through STN4 belong to an ordinary operation mode 11
while remaining three operation modes STNS5 through STN7
belong to a special mode 12.

In the ordinary operation mode 11, there are an initial
operation mode STNO, a highest-speed operation mode STNI1, a
high-speed operation mode STN2, a low-speed operation mode
STN3, and a lowest-speed operation mode STN4, of which the last
four (i.e. STN1 to STN4) are responsive to the operation speed of
the CPU 510.

Furthermore, in the special mode 12, there are included a halt
mode STNS halting the clock supply to the principal constituents
of the CPU 510, a stop mode STN6 stopping all the clocks of the
CPUS10, and a sleep mode STN7 halting all the power sources of

0418

ers ot e o e s gy s o 1y o
b S LR SV I R e B



b T L W T TR s e

FOKI02009/US 18/31

the CPU 510. In Fig. 5, several frequencies as written in the
ordinary operation mode 11 indicate those of the clock BCLK as
used for access from the dedicated peripheral bus 521.

The base oscillation of the clock (including an overtone) has
three frequencies of 62.5 MHz, 50 MHz, and 32.768 KHz, which
correspond to terminals MCLKO, MCLK1, and MCLK2 as shown in
Fig. 4, respectively. The frequency of 32.768 KHz is generated by
using the quartz oscillator for use in a wristwatch. The output
of the PLL 573 is synchronized with the base oscillation MCLKO
and is multiplied up to the maximum of 240 MHz. Therefore, in
the system LSI 550, it becomes possible to select the clock
including those which are multiplied by the PLL 573 fr.om the
four clock systems in total.

In Fig. 5, the above-mentioned frequencies 62.5 MHz, 50 MHz,
and 32.768 KHz, or a half of the first two i.e. 31.25 MHz and 25
MHz is shown as the clock BCLK for access use. In this case,
however, an upper limit 1s determined with regard to the
operation clock FCLK of the core CPU 12 depending on a
specification. Also, there is limited the maximum frequency at
which the clock BCLK for access use is allowed to be used.

In the following, five ordinary operation modes and three
special modes will be explained with reference to Fig. 5. The
ordinary operation mode will be first explained.

(STNO: Initial Operation Mode, 25 MHz)

The initial operation mode is used for setting initial values and
so on immediately after being reset. As it is difficult for some of
1/O devices connected with the dedicated high-speed bus 521,
the dedicated peripheral bus 531 and so forth to make a
high-speed response, the initial setting is carried out in the

initial operation mode by means of the low-speed clock.
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Immediately after being reset, the core CPU 512 is in the fast
mode.

(STN1: Highest-Speed Operation Mode, 62.5 MHz)

The highest-speed mode is the mode for operating the dedicated
high-speed bus 521 and the dedicated peripheral bus 531 at
high-speed. Consequently, the power consumption by the entire
system becomes large.

(STN2: High-Speed Operation Mode, 50 MHz)

The clock speed in high-speed operation mode is slower than
that in the highest-speed operation mode (STN1), but the
application can be operated at a sufficient speed in this operation
mode. The reason why the mode like this is separately provided
is for smoothly executing the clock gear, thereby optimizing
reduction of the power consumption by the enter system.

(STN3: Low-speed Operation Mode, 31.25 MHz)

The low-speed operation mode is the mode which substantially
reduces the power consumption by the entire system. If
operating a low-speed device like a key. board, this mode
functions sufficiently.

(STN4: Lowest-Speed Operation Mode, 32.768 KHz)

The lowest-speed operation mode substantially realizes the wait
mode of the system and reduces the power consumption of the
entire system to a great extent. In this case, however, as the
clock supply to the system is not completely halted, this
operation mode can quickly transit to the above-mentioned
low-speed operation mode and others.

The memory control circuit 523 as shown in Fig. 1 controls the
external DRAM and others by means of an external memory bus
543. At this time, the above-mentioned base frequency 32.768
KHz is used as a clock for refreshing the DRAM. As this is
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depending on the standard of the DRAM, if taking a frequency
lower than the above frequency in the lowest-speed operation
mode (STN4), the memory control circuit 523 controlling the
DRAM has to be operated in the self-refresh mode.

Five ordinary operation modes according to the invention have
been explained in the above. Now, we move to the explanation of
special modes.

(STNS: Halt Mode (First Special Mode))

The halt mode is the mode for halting the clock supply to
principal constituents of the CPU 510 as shown in Fig. 1, that is,
the processor 511, the CPU bridge 520, the peripheral bridge 530,
the bus arbitrary device, and so forth. Transition to the halt
mode is executed, from the application side, by setting HALT of
the clock halt register 564 in the system control circuit 534 as
shown in Fig. 3. With this, the operation of almost devices
operated with high-speed clocks is halted, so that the power
consumption by the entire system can be reduced to a great
extent. However, peripheral devices are still in operation even
under this condition. For instance, as the interruption control
circuit 525 is still in operation, it can accept the external
interruption, thus being able to reopen the clock supply by a
means other than resetting it.

(STN6: Stop Mode (Second Special Mode))

The stop mode is the mode for stopping the clocks of the entire
CPU 510. Transition to the stop mode is executed, from the
application side, by setting STOP of the clock halt register 564 in
the system control circuit 534 as shown in Fig. 3. The control
signal CGBSTP as shown in Fig. 4 instructs the stop of the clock
generation circuit 558 according to the embodiment of the

invention. As a result, the power consumption of the entire
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system comes to mainly depend on the leakage current.
Accordingly, this very effectively works in a battery-powered
portable device. If the internal RAM 552 is constituted with a
DRAM, the memory control circuit 523 has to be kept in the
self-refresh mode.

(STN7: Sleep Mode (Third Special Mode))

The sleep mode is the mode for stopping all the power sources
of the CPU 510. The control of this mode is executed by a power
MOS (not shown)} connected in series with the power source.
Transition to the sleep mode is executed, from the application
side, by setting the internal register of the power down control
circuit 556. Release from the sleep mode is carried out by using
a hardwear signal to the power-down control circuit 556 which is
the peripheral device not stopped yet. At that time, as the data
stored in the internal DRAM and so on is era zed upon the stop of
clocks, it would take a considerably long time for completely
recovery the application.

It is possible to make transition from any one of ordinary
operation modes to any one of special mode. The application
program 1is able to make the ordinary operation mode transit to
“the special mode by calling the call function of an objective
special mode as designated. Inversely, in order to return from
the special mode to the ordinary operation mode, it is needed
only to release the special mode because the setting of the
register in the system control circuit 534 is kept unchanged.
Release of the special mode is carried out usually by the external
interruption which is controlled by means of the interruption
control circuit 525 as shown in Fig. 1 or, if need be, by means of
the external interruption control circuit 595 as shown in Fig. 2.

In Fig. 5, a plurality of parenthesized numerals appended to
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each of arrows transiting among various states (modes} indicate
libraries corresponding to those state transitions. The above
parenthesized mnumeral is referred to as “state transition
number.” The library will be explained later.

Comparing the clock operation mode of the invention with the
case of the ST7 core as shown in Fig. 9, it will be understood that
the ST7 core divides the frequency of the clock from a single
clock system and assigns the divided one to the low-speed
operation mode while in the embodiment of the invention, the
clock from the four clock systems can be put in a proper use.
Especially, the output from the PLL 573 is added to one of
choices as a new clock system. Furthermore, a substantial wait
mode has been realized by using the frequency of 32.768 KHz
generated by the quartz oscillator for use in the wristwatch as a
base oscillation. This has been done for the purpose of the
invention, which is to dynamically and quickly control the clock
with a lot of frequencies covering the wide range of the operation
modes from the high-speed operation mode to the low-speed
operation mode based on the concept we call the clock gear.

The special mode of the clock operation is full of varieties. The
invention further includes the sleep mode in addition to two
modes, that is, the halt mode and the stop mode which are
usually equipped, thereby freely control the reduction of the
power consumption. Especially, it belongs to the characteristics
of the invention that the transition from the ordinary operation
mode to the special mode can be freely set from the side of the
application program and also that the reverse transition can be
executed with ease by means of the external interruption.

Further, in order to reduce the power consumption of the entire

system without losing the versatility of the core CPU 521, there
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are provided in the CPU 510 the system control circuit 534 and
the clock generation circuit 558 according to the invention. In
this way, in the dynamic clock control according to the invention,
the clock of the core CPU 512 in the system LSI 550 as well as
the CPU 510 can be controlled simultaneously.

The control program group (referred to as a clock control
library hereinafter) for embodying the concept of the above clock
gear will be explained in the following.

The clock control library makes it possible to realize a real
power management from the side of the application program by
using the C language. Fig. 6 shows the structure of the clock
control library 32 according to the embodiment of the invention.

When calling libraries 34 from an application program 31, the
first thing to be done is to call a main library 33. This call is
done by using the C language. The main library 33 is compiled
also with the C language. The main library 33 selects either one
of the libraries 34 in correspondence with the state of the
application program 31 and achieves the transition between
operation modes of the clock.

All the libraries 34 are compiled with the assembler language.
This 1s because the clock control associated hardware has to be
controlled directly. To put it concretely, the system control
circuit 534 as shown in Fig. 3 and the clock generation circuit
558 as shown in Fig. 4 belong to the clock control associated
hardware.

The operation of calling and selecting the library 34 by the
main library 33 is carried out by involving the input parameter
and others related thereto as shown in a table of Fig. 7.
Furthermore, this figure shows a library function which is called

in correspondence with the state transition of the clock, the input

0424

7

Jou——"

coongy g
i e



BT B B T R S TR e B e =Y
mtbclbd BEL S L W B B TR R

e

FOKIO2009/US 24/31

parameter and the jump table number. Still further, the jump
table number indicates the relative address where the library 34
is located. The table also shows that a different library function
is used depending on whether or not the DRAM is included in the
system LSI and whether or not the lowest-speed operation mode
is included as the clock mode.

A table as shown in Fig. 8 indicates what parameters each
library has. With these parameters, the library executes the
processing of setting the memory parameter, switching of the
clock, switching the clock mode, and so forth. Fig. 8 (a)
indicates the library and the input parameter group as
designated thereby. In each column ([1)) to ([8]) of the table,
there are listed up the value of the input parameter.

In the next, the contents of each input parameter will be
explained with reference to Fig. 8 (b).

A memory parameter changing pattern [1] executes the change
of the parameter setting in the memories (RAM, ROM, I/O, DRAM
existing in the s:ystem LSI, and so forth) for operating them to
meet the clock speed. For instance, when changing (gear up)
from the lower-speed operation mode to the high-speed operation
mode, the value Ox00 1is designated, thereby the memory
parameter being changed to the memory parameter for high-speed
use. Inversely, when changing (gear down) from the high-speed
operation mode to the low-speed operation mode, the value 0x01
is designated, thereby the memory parameter being changed to
the memory parameter for low-speed use.

A CPU clock mode [2] designates the changeover between two
operation modes, that is, the synchronous mode and the fast bus
mode. The value 0x00 is desigﬁated in the fast bus mode while

the value OxO1 is designated in the synchronous mode.
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Continuing to explain other input parameters, an external ROM
memory parameter [3] designates a ROM type. An external
SRAM memory parameter [4] designates a SRAM type. An
external 1/O memory parameter [5] designates an 1/0O type. The
value of SDRAM/EDO - RAM parameter [6] is made available in
the range of O0x00 through 0x09 if the DRAM is SDRAM, and also
made available in the range values of 0x00 through 0xOa if the
DRAM is EDO-RAM. PCGBCNTO SET VALUE ([7] or PCGBCNTI1
SET VALUE '[8] determines a value to be set to the frequency
division ratio setting register 563 as shown in Fig. 3, and
designates the base oscillation, the clock frequency division ratio,
and so forth. In all the parameters as mentioned above, there is
no need for any input parameter to be set if its value is Ox{f.

In Fig. 5, a plurality of parenthesized numerals appended to
each of arrows transiting among various states (state transition
number) indicate libraries corresponding to those state
transitions. If the clock state transition is desired on the side of
the application program s, just call the library corresponding to
the state transition number by designating it, and the state
transition will take place as desired.

The library function and the state transition number not always
have a relation of one to one correspondence. One library
function may realize a plurality of state transitions in response to
the above-mentioned memory parameter change pattern. For
instance, assuming that the application program 31 has carried
out the control for switching the clock from the low-speed
operation mode to the high-speed operation mode at the first line
of the table as show in Fig. 8 (b), the main library 33 calls the
library O, to put it concretely, calls the library function clkgear 9

to the relative address Ox00 by means of the input parameter
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0x00.

At this time, if the current clock mode is the low-speed mode
(STN3), the state transition number becomes (5) as shown in Fig.
5, and if the current clock mode is the high-speed mode (STN2),
" the state transition number becomes (3). Besides the clock
control like the above, the library 33 is able to cope with various
jobs such as halting PLL, setting the time, setting the frequency
division ratio of an external circuit, and so forth.

As explained in the above, in the system LSI according to the
invention, the main library 33 is prepared as an interface using
the C language, so that the application program 31 is able to call,
with ease, an individual library 34 necessary for the clock
transition under the control of the main library 33. Furthermore,
all the libraries 34 are compiled in the assembler language, which
is very suitable and helpful for the control of the system control
circuit 534 as described above. The structure of the clock control
library 32 as mentioned above makes it possible to realize the
system LSI of the Low power consumption type with ease, which
has been earnestly desired by a lot of users.

The system LSI according to the invention has been discussed
so far by way of an exemplary example and with reference to the
accompanying drawings, but the invention should not be limited
to this example. It is apparent that one who is skilled in the art
may make various variation or modification of the invention
within the category of the technical thoughts as recited in the
scope of claims for patent attached hereto. It is understood that
such variation or modification naturally belongs to the technical
scope of the invention.

The following are principal effects brought by the invention.

With a plurality of standard clock systems, it becomes possible
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to construct a system LSI having a variety of ordinary operation
modes (highest-speed operation mode, high-speed operation mode,
low-speed operation mode, lowest-speed operation mode, and so
on).

Furthermore, when expressing the relation between the current
clock state and the clock state after transition by using a
function (clkgear) in the form of the clock control library, it
becomes possible to dynamically and speedily control a plurality
of clocks in the ordinary operation mode, as if it were
gear-change /operation. In this way, the clock state can be
controlled more finely.

Still further, according to the invention, the system control
circuit is provided with the register, and the control making the
ordinary operation mode transit to the special mode is carried out
by changing the value of this register. At this time, as the
register setting is kept unchanged after completion of transition
to the special mode, the transition from the specialx mode to the
ordinary operation mode is carried out just releasing the special
mode by means of the external interruption. Consequently, the
transition control is made much easier.

Still further, according to the invention, the main library of the
clock control library and the application program are described
by using the same program language, and call of the main library
from the side of the application program is carried out also by
using the same program language. This makes it possible to
realize such a flexible interface as handled by the user with ease,
thus enabling the user to select the power management system

which is the most suitable to his system.
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What is claimed is:

1. A system LSI having a plurality of ordinary operation modes
and a plurality of special modes in response to the clock state
supplied to a central processing unit, comprising:

the first memory means storing a clock control library for
controlling the clock state transition between said ordinary
operation modes;

a system control circuit having a register and carrying out the
clock state transition between said ordinary operation mode and
said special mode in response to the change of the value of said
register, and also carrying out the clock state transition among
said ordinary operation modes in response to said clock control
library;

a clock generation circuit receiving a plurality of standard
clocks and generating the clock supplied to said central
processing unit according to the control of said system control
circuit; and

the second memory means storing an application program;

wherein call of said clock control library and change of said

register value are controlled by said application program.

2. A system LSI as claimed in claim 1 wherein said clock control
library comprises:

a plurality of libraries which control said system control
circuit and said clock generation circuit as well to transit the
clock state supplied to said central processing unit; and

a main library which is called by said application program

and selects any one of said libraries in correspondence with the
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clock state supplied to said central processing unit.

3. A system LSI as claimed in claim 2 wherein said main library
is described in the same program language as said application

program.

4. A system LSI as claimed in claim 3 wherein said application

program and said main library are described in the C language.

5. A system LSI as claimed in claim 2 wherein each of said
libraries is described in a program language capable of directly
controlling said clock generation circuit and said system control

circuit as well.

6. A system LSI as claimed in claim 5 wherein each of said
libraries is described in an assembler language.
7. A system LSI as claimed in claim 1 wherein said special mode
comprises:

the first special mode in which the clock supply to the
principal constituents of said central processing unit is halted;

the second special mode in which the clock of the entire
central processing unit is halted; and

the third special mode in which the power source of the entire

central processing unit is halted.

8. A system LSI as claimed in claim 7 wherein said system
control circuit comprises:
a frequency division ratio setting register which sets the

frequency division ratio of the clock in said clock generation
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circuit;

a clock halting register which receives the clock signal from
said clock generation circuit and individually sets the clock
signal to be halted or supplied; and

a status register which judges the state of said central
processing unit immediately after being released from said third

special mode.

9. A system LSI as claimed in claim 1 wherein said clock
generation circuit comprises:

a PLL receiving a plurality of standard clocks and generating, if
need be, the clock obtained by multiplying said standard clocks;
and \

a frequency division/selection portion carrying out the
frequency division or selection of said standard clock or said

multiplied standard clock.

10. A system LSI as claimed in claim 9 wherein one of said
standard clocks uses a frequency of 32.768 kHz as a base

oscillation.

11. A system LSI as claimed in claim 1 wherein said first
memory means and said second memory means are constituted
as two independent memory means which are separated from

each other.

12. A system LSI as claimed in claim 1 wherein said first
memory means and said second memory means are formed to
coexist in one memory means, sharing the memory area of said

one memory means.
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Abstract of the Disclosure

There is disclosed a system LSI capable of dynamically and
speedily controlling clocks of various frequencies as used in the
wide range of operation mode, from the high-speed operation
mode to the low-speed one and, in addition, enabling the user to
select a system of the low power consumption type, which is most
suitable for his own system. The system LSI includes a ROM
551 storing a clock control library for carrying out the clock state
transition between the ordinary operation modes, and a system
control circuit 534 having a register and carrying out the clock
state transition between the ordinary operation mode and the
special mode in response to the change of the value of the
register, and also carrying out the clock state transition among
the ordinary operation modes in response to the clock control
library.

The call of the clock control library and change of the register
value are controlled by the application program.

The main library of the clock control library is described in

the C language and is called by also using the C language.

0432



FIG.1

110

yae
B

LI

BT T ) e, gy mo
SO R i

541 510
Y —
513 511
N
=
INTERNAL INTERNAL | | 514 .
DATA CACHE | | INSTRUCTION |
RAM CACHE RAM }
512
N
CORE CPU - — 543
520 ~)
~ MEMORY
CPU BRIDGE iNTE%SFTACE CONTROL
CIRCUIT
4
| 11 as
(—3 530 524 -
501 aUS INTERNAL | |
PR infhinon| MERETON [
DEVICE CIRCUIT i
i}) L | 525
531 SERIAL SYSTEM
TIMER CONTROL 546
INTERFACE Nt
A
Y 533 A
532 534

0433

\_ 547



2/10
FIG.2
A 550
JTAG TERMINAL >
! 510
| EXTERNAL TEST BUS
542
EXTERNAL MEMORY BUS
- 551 552 553 -}
543 USER
ORIGINAL
ROM RAM CIRCUIT
544 GROUP
i
525 J
545 T 921 554
(’l _______ 559
I TINTERNAL i EXTERNAL
INTERRUPTION, INTERRUPTION PERIPHERAL
. CONTROL CONTROL BRIDGE
't _CIRCUIT _ | CIRCUIT 555
=
534 [ ]
R - ~ POWER | | ORIGINAL
! SYSTEM CLOCK DOWN CLOCK
{__ CIRCUIT | Lt CIRCUIT CIRCUIT CIRCUIT
547 /\_/ /\/
L 556 557
A

y COMMUNICATION PORT

0434



3/10

FIG.3
534 561
— /\/ 1 T
566 562
= CLOCK SUPPLYrJ oA
. SIGNAL
ID REGISTER WAIT REGISTER **’U CKWT
567 563
~ ~ CONTROL
STATUS | FREQUENCY-DIVISION SIGNAL
REGISTER RATIO SETTING REGISTER CGC
564
: ~ CONTROL
n CLOCK HALT SIGNAL
REGISTER PMP
565
CLOCK
- CLOCK HALT SIGNAL
CONTROL REGISTER BCLK(IN)
_J_""t_‘l

| ORI

HCLK CLOCK SIGNAL

0435



,,,,,

Hiny, i K
B IR R S

i ady W

o

i
Wl i

4/10
FIG.4
558
572
f-\/
CONTROL
SIGNAL |
y
‘ - CONTROL
/\/ SIGNAL
CONTROL _ CLKEN
SIGNAL 574
CKWT vy ~
CLOCK L
-e——| CONTROL
MCLK O PORTION
L 1
MCLK 1 T .
L s > IFREQUENCY T
MCLK 2 > DIVISION/
L SELECTION
573 PORTION
. —~
LI —
PLLEN H_, |
A e I S —

0436

CSEL TMSEL

OSCEN

FCLK

BCLK(OUT)

TMCLK



FIG.5

TRANSITION NUMBER

5/10

RESET
(n):STATE 11

\ (©)

STN 0
INITIAL OPERATION
MODE
(25MHz)

M (1)

STN 1
HIGHEST-SPEED
OPERATION MODE

(62.5MHz)

(3)

S T T
o M e L BT T e et

(5) A
Y (4)

STN 3
LOW-SPEED

OPERATION MODE
(31.25MHz)

@)

ST
HIGH-SPEED
OPERATION MODE
(50MHz)

N 2

(10) |

(7) A

\ (6)
SIN 4

LOWEST-SPEED
OPERATION MODE
(32.768KHz)

Y

(9)

STN 5

STN 6
STOP MODE

|
H
]
|
{
STN 7 l
|
i
i
|
i

0437



e o e e e e e e e e - — ] —

6/10
FI1G.6
31
APPLICATION PROGRAM
32
P CLOCK CONTROL LIBRARY
_________________________________________ !
33
MAIN LIBRARY ~/
LIBRARY 0
34

LIBRARY 1

LIBRARY 8

e e . e e e e - - e . —— - e o . — —— —— — —— — —

35
CLOCK CONTROLLING HARD ~/

0438



FIG.7

7110

CLOCK STATE
TRANSITION

INPUT
PARAMETER

LIBRARY
FUNCTION
NAME

SYSTEM
w/o
DRAM

LOW-SPEED >
HIGH-SPEED OR
HIGHEST-SPEED

e o o — —— o — — -

HIGH-SPEED OR
HIGHEST-SPEED
>LOW-SPEED

e - e - — —— o — — -

NO CHANGE
IN MEMORY
PARAMETER

—_—— e o — o —

clkgear?2

SYSTEM w.

DRAM w/o
LOWEST
SPEED

LOW-SPEED >
HIGH-SPEED OR
HIGHEST-SPEED

HIGH-SPEED OR
HIGHEST-SPEED
>LOW-SPEED

NO CHANGE
IN MEMORY
PARAMETER

clkgear3

SYSTEM w.
DRAM w.
LOWEST

SPEED

LOWEST-SPEED >
LOW-SPEED,
HIGH-SPEED OR
| HIGHEST-SPEED
LOW-SPEED,
HIGH-SPEED OR
HIGHEST-SPEED

>LOWEST-SPEED

CLOCK CHANGE
IN

T S —

LOWEST-SPEED

clkgear8

0439



8/10

FIG.8(a)

OxfF_
SO

@
1

_Oxff
Oxff_
b Oxff
Oxff

i
J_
'

I

—

_7_
_Oxff
i
1

L
b0

|
|
L
I
1
|

—8._ .
_5_
6

Oxff

|
|
|
!
i

3
Al
1
Oxff

| SRS I

I
L
[
I

1

3
3

Oxff !
1

|
i
i
|
{

I -

L Oxff |
Lo d_
3
3
0440

t
|
|
l

0

J_
L
1

0

4
|
d_
!
|

0
0

1

Ox13 !

INPUT
PARAMETER

TRANSITION NO:
0

STATE

| EXTERNAL ROM MEMORY PARAVETER _

| EXTERNAL RAMMEMORY PARAMETER ___ .

| EXTERNAL VO PARAMETER

PCGBCNT1 SET VALUE

| SDRAMEDO-RAM

b7
(1) | MEMORY PARAMETER CHANGE PATTERN

(2| CPUCLOCKMODE

C) PCGBCNTO SET VALUE

©)
@
®
®

3
10

4
g

e e et i e T e e e P
mhatuahaisuieiededeiets Shadaghls Sl s St et Rl wieniais St

R e R e e e e B e e

FIG.8(b)




P TR Ty e g e e el
e T S [ R

9/10
FIG.9
40

o |
| al 42
‘ /\/ 43 44 ‘

i
osct CLOCK fosc |

_ OSCILLATING CLOCK | =

, ettt ~ Flgr [—|NTERPOLATION |
B PORTION |
0SC2 .
{
T |
E 45 i

i
: 48 ~ :
’ 46 47 !
| o SETTING CLOCK |
CLKOUT ’ l ] SWITCHING = REGISTER 1 SIDHE |
PORTION PORTION §

{
§ X §
i
T DA

Y
PERIPHERAL
DEVICE

49

0441



NN T R T SN T I

10/10

FIG.10

HIGH-SPEED
OPERATION MODE

WAIT
MODE

LOW-SPEED
OPERATION MODE

0442



4

—Fe

5T
A e
LR I o

PTO/SB/106(8-96)
Approved for use through 9/30/98. OMB 0651-0032
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

Declaration and Power of Attorney For Patent Application

HIFHBEESERUCEER

Japanese Language Declaration

AAEESE

TRORLOFEREFL LT, MBUTORYVYESLET,

FLOEF., AE2F. BERTRORORL ORI EN
- TT,

TROAHOFEMCE U CHERBEICER S 1, FartieE
LTW B RPRAFIC>WT, BARP»OH—0RAE (F
FEORAB—20HT) bLIBREM»>EREHAECHD
¢ (FROLHEREEOES) ELT0ET,

LFEZEAOFHMAE (TROMTXEAB SO TWARWVWEER,
AFITHAD 3.

O A BIRHS K. KBS S R AR
R 5 b,
[CEE RS ETE&ANE L,

FX, A RmEP S LT ERORMELZRE L.
HNEFBELTWLZ LRI ZRBLET,

L, ERRAERE3 THRE 1 56 BUIEREEND &
BY . BHEEOTERIIOWTEEREEAERTIELER
BHHZEEBDET,

As a below named mventor, I hereby declare that:

My residence, post office address and citizenship are as stated

next to my name

1 believe ] am the onginal. first and sole mnventor (if only one name
is listed below) or an ongmal, first and joint mventor (f plural
names are listed below) of the subject matter which is claimed and
for which a patent 1s sought on the mnvention entitled

System LSI

the specification of which is attached hereto unless the following
box is checked:

[0 was filed on
as United States Applicaion Number or
PCT International Application Number
and was amended on
(if applicable).

I hereby state that I have reviewed and understand the contents of
the above 1identified specification. including the claims, as
amended by any amendment referred to above

T acknowledge the duty to disclose information which 1s matenal to
patentability as defined in Title 37, Code of Federal Regulations,
Section 1.56

Page 1 of 3

Burden Hour Statement” This form 1s estimated to take 0.4 hours to copulate, Time will vary depending upon the needs of the individual case. Any comments on the
amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington,DC 20231. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO Commussioner of Patents and Trademarks, Washington, DC 20231.
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“Under the Paperwork Reduction Act of 1995, no persons are required io respond to a coliection of information unless it displays a valid OMB contro} number.

Japanese Language Declaration

- FLT. KXEERE35E119% (@) - (d) BXXIXI36 5%
(b) WICEETRED. RKEUSOBEODRS & b— v EEH
ELTWAEFB 5365 (a) HICE S EHEHRE., X
BAETOSFHED L BERHEETLOHEBIZ VW TOHNEH
EHEMER T I EETHE L LI, BAEXTIRL TS,
AHEOBNIHE I N T S 3FEEEEONEHHEY UL
Fiz, AR —2T52LT, RLTWVET,

Prior Foreign Application(s)

- (BA

SEEHEE)

1 hereby claim foreign prionty under Title 35, United States Code.
Section 119 (a)-(d) or 365 (b) of any foreign application(s} for patent
or 1mventor's certificate, or 365 (a) of any PCT Intemational
application which designated at least one country other than the
United States, hsted below and have also idenufied below, by
checking the box, any foreign application for patent of inventor's
certificate, or PCT International apphication having a filing date
before that of the apphcation on which prionty 1s clamed.
Priority Not Claimed

SLE O EITHE ERETERL L
JP2002-047696 JAPAN Februaryv 25, 2002

(Number) (Country) (Day/Month/Ycar Filed) O

(€32} (B4) (HEEER B)

(Number) (Country) (Day/Month/Year Filed) O

(FE) (BE4) (HFEEA R)

FAX, B3 SHEKEERI 1 9% (o) BIZEWTTROK
ERFHER IRl SRS I ZICERWELET,

(Fihing Date)
(HEER)

(Apphcation No.)
(HEES)

FX, TROKEEMRE ISR 2 0FICENTTIROXK
EfFFHECRR IR HERN, IKEEZEEL TO D8
BHE&H36 5% () WESSKHERNAZZZIZFELET, &
7o, ABEOEHEREBEONEP KEEAEISHEL 1 2%
IR BARN THEIN L FETETT 2 XEKS
FRHEBRICBIREN TW2RRWIRY . TOETRERBERIER
LA TAMBEEO B RENT ST HOSHERIEEB
TOMBRICAF IR, EHBRAENEI 7T#H 155 618
CTERINFIFFEROFECIEYI 2EERHERICTOVLTH
RBERHDEEFTERLTOET,

(Apphcauon No.) (Filing Date)

I hereby claim the benefit under Title 35, United States Code,
Section 119(e) of any Umited States provisional apphcation(s) histed
below.

(Application No.)
(HEEE )

(Filing Date)
(HiEER)

I hereby clamm benefit under Title 35, United States Code,
Section 120 of any Umted States application(s), or 365(c) of any
PCT Interational application designating the United States, listed
below and, insofar as the subject matter of each of the claims of
this application is not disclosed n the prior United States of PCT
Intemational application in the manner provided by the first
paragraph of Title 35, United States Code Section 112, I
acknowledge the duty to disclose mmformation which is matenal to
patentability as defined in Title 37, Code of Federal Regulations,
Section 1.56 which became available between the filing date of the
prior apphication and the national or PCT International filing date of
apphcation.

(Status. Patented, Pending, Abandoned)

(HERE ) (HiBER) (Rt WrEEAE. GREP, HIER)
(Application No.) (Fihng Date) (Status: Patented, Pending, Abandoned)
(HERES) (HFER) GRE FEFEE. R, BER)

Fit, AEBHOMBIIE SV TEREEEP THEBITRIE
FABREETHY, »OROAFLEFREROE LD LIS
WESSKEKBEPETHETHDLBELTND I, ILITHK
Bl INAEBORFARVGEN L REOTAIIKEENE
18fEE10014ICETE, MidFEdmEE bLLIRE
DOEFIZL VAT ENDZE, TLTEOXS>HEEIZXLD
BBOFB TR S, HELL, I 2 h o &%
OFEIHEBRDONDZLER/BEL. Lo TIZICETOITE
SEERELET,

I hereby declare that all statements made herein of my own

knowledge are true and that all statements made on informauon
and behef are beheved to be true; and further that these
statements were made with the knowledge that wiliful faise
statements and the like so made are pumishable by fine or
impnsonment, or both, under Sectnon 1001 of Title 18 of the

United States Code and the such willfui false statements may
jeopardize the vahdity of the apphcation or any patent rssued

thereon.
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_ Japanese Language Declaration
- (AXFEEEEH)

TOFEER . RIITRORMAFTELC, AHBEICET Yo POWER OF ATTORNEY: As a named nventor, I hereby appoint
FEEXERGFTBERIIH L TETT AT I NEA the following attorney(s) and/or agent(s) lo prosecute this
LT, TROZFXEAWVWELEYT, GP#EL. TRARE application and transact all business i the Patent and Trademark
ADKEZRVOBREGEZYHIIOZ L) Office connected therewith (Iist name and registration number)

Raymond C. Jones (Reg.N0.34,631) and Adam C. Volentine (Reg.No0.33,289)

R Send Correspondence to:

VOLENTINE FRANCOS, PLLC
12200 Sunrise Vally Drive Suite 150, Reston, Virginia 20191

EEEIEER L (BRIBRUEFEES) Direct Telephone Calls to:  (name and telephone number)
Adam C. Volentine
VOLENTINE FRANCOS,PLLC

Telephone: (703) 715-0870, Fax: (703) 7150877

ME—FE B —HHEL Full name of sole or first inventor
Hitoshi ENDO

REAFOEL A £F Inventor's signature Date

MNtihe — Znde September 9. 2002
e Residence !

Tokyo , Japan
H§E éxﬁzenshxp

Japanese

FLES Post Office Address

c/o Oki Electric Industry Co., Ltd.

7-12, Toranomon l-chome, Minato—ku, Tokve, Japan

B HREIRAEA4A Full name of second jomnt nventor, if any
ZHEBEHEOEL Bt Second inventor's signature Date
£ Residence
HFE Cizzenship
FLEF Post Office Address
(B=LIBOXRIRFAFICHOVTHREERICER L. B4%T (Supply similar infonmation and stgnature for third and subsequent
5 &) jomnt inventors.)
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System LSI

Background of the Invention
1. Field of the Invention

The present invention relates to a system LSI having a core
CPU and, more particularly, to a system LSI capable of executing
the dynamic clock control from the side of an application

program.

2. Description of the Related Art

for instance a mobile

In case of battery-powered devices,
telephone, which belong to the pplication field of a
microcontroller constituted by mean of/a system LSI, it is seemed
that many of them are still requested to improve themselves such
that their consumption of electric power (referred to simply as
“power” hereinafter) is reduced lower as possible for the sake
of their users’ convenience and benefit, and there have been
develop,ed various techniquey’ for responding to such request.
Owing to these techniques, #t has become possible to reduce the
power consumption of the/ entire system, though gradually, by
properly changing the clock speed corresponding_ to the need, for
instance by supplying the high-speed clock when the high speed
processing is necessayy and supplying the low-speed clock when
the wait state is negded. In the recent years, in the almost all
application field, a application specific integrated circuit (ASIC)
is provided for tliie microcontroller constituted by mean of the
system LSI. In/case of the system into which ASIC is built, in
order to extendl the battery life, the power reduction as well as
the matters yelated thereto is requested to be described in the

specificatiory of the system, and it becomes not rare that such low
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power consumption technique is incorporated into the core CPU
of the system.

To begin with, a core CPU ST7 (referred to as “ST7 core”
hereinafter), a product of a US firm “ST Microelectronics” will be
explained as an - example of a conventional core CPU with
reference to Figs. 9 and 10 of the accompanying drawings. Fig. 9
is a block diagram for explaining a clock control circuit 40 of the
ST7 core while Fig. 10 is an illustration for explaining the clock
operation mode of the ST7 core.

As shown in Fig. 9, an oscillation portion 41 includes two
oscillation terminals OSC1 and OSC2 and is connected with an
oscillator such as a quartz oscillator through these oscillation
terminals, thereby generating clock signals. A clock correction
portion 42 is made up of a clock filter 43 and a clock
rearrangement portiori 44. The clock filters 43 removes the clock
in which a spike noise or the like is mixed, and rearranges the
clock in a predetermined wave forms. If the clocks are sparsely
lined as a result of the above rearrangement of wave form thereof,
the rearrangement portion 44 operétes to narrow the frequency
bandwidth of the clock.

A main clock control circuit 45 is made up. of a setting
register 46 and a clock frequency dividing portion 47. The
setting register 46 sets the frequency division ratio of the clock to
be 1/4,1/8, 1/16, and 1/32. The frequency divided clocks fcpu
are supplied to the ST7 core and peripheral devices, and are
outputted from the I/0 terminal CLKOUT to the external portion
through an I/0 switching portion 48.

The ST7 core is operable in four kinds of clock operation
modes as shown in Fig. 10, under the control of the above clock

control circuit 40. To put it more concretely, the ST7 core
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operates at the frequency of 1/2 of the oscillation frequency in

the high-speed operation mode. In the low-speed operation mode,

it operates at the frequency of 1/4, 1/8, 1/16, and 1/32 of the

oscillation frequency, respectively. In the wait mode, the clock

of the CPU is halted while peripheral devices are in operation. In

the halt mode, the oscillation per se halts so that the power

consumption of the ST7 core is then minimized. Like this, if

each operation mode is selectively used in correspondence with

the processing by the CPU, a considerable amount of the power
consumption can be saved in total.

On one hand, in case of constituting a microcontroller by
means of the system LSI, there are some cases where the low
power consumption technique is incorporated in the core CPU.
An ARMO920T (referred to as ARM core hereinafter), a product of a
British firm “ARM”, may be a good example of such core CPU. In
case of the ARM core, it is premised that a power management
portion is formed on the side of the system LSI.

There are two reasons why the ARM core adopts the
constitution like the above. The f{irst reason is that if the clock
control mechanism is built in the core CPU side, a certain
restriction is given to the design of the system LSI, as a result of
which the core CPU would come to lose versatility thereof. On
the side of the system LSI using the core CPU, there might take
place a case where the clock drops its speed down and halts,
eventually. In such case, it would become necessary to detect
and examine such state and to adjust the timing of the internal
memory, the internal timer, and so forth.

The second reason is as follows. The ARM core is provided
with a joint test action group (JTAG) interface test terminal, and

transmits the internal state of the core CPU to the external:
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portion through an in-circuit emulator (ICE), and operates the
debugger, thereby giving convenience to the development of the
application program. Consequently, the clock change on the
core CPU side results in restriction of such use of the test
terminal. Therefore, in order to effectively carry out the power
manégement free from such restriction as mentioned above, it is
preferable for them to provide the power management portion not
on the side of the core CPU but on the side of the system LSI,
thereby achieving the total power management.

In recent years, the system LSI has been sophisticated more
and more and it becomes so difficult for the core CPU to directly
and quickly respond to various demands coming from ASIC only
by the core CPU itself. Then, in order to comply with the above
problem, it would be considered to provide a versatile
microcontroller mounting the same core CPU thereon. In other
words, it is the thought of collecting common elements which are
usually used by the system LSI, for instance, peripheral devices
of the CPU, memory architectures and so forth, and have the
basic function of executing an operating system (OS) at real time,
and of presenting a versatile microcontroller provided with the
elements and function as described above.

In order to achieve a total power management by mean of a
versatile microcontroller like this, it is necessary for the versatile
- power management to be carried out taking account of not only
the core CPU but also the inherent function of the application.

In the power management by the prior art microcontroller,
however, the clock is just simply changed similar to the case of
the ST7 core as mentioned above. In case of the ST7 core, as
shown in Fig. 10, there are just simply changed the four

operation modes which are the high-speed operation mode, the
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low-speed operation mode, the wait mode and the halt mode.
However, when the power management portion is provided not on
the side of the core CPU but on the side of the system LSI, it is
demanded that the clock of the core CPU and that of the system
LSI have to be separately controlled. Consequently, it is not
possible to carry out a fine control by means of the simple model
like this.

Furthermore, it has been tried to dynamically control the
clock from the application program side. For instance, in case of
the ST7 core, the circuit related to the clock control is controlled
by means of an assembler language which can be directly
controlled. However, the clock control by using the assembler
language is apt to receive many restrictions from the point of view
of the application program development. Accordingly, it is
preferable, if possible, to provide a flexible interface constituted
by using the high-level program language like the C language that
is usually adopted in the current software development.
Unfortunately, however, there has been no support allowing a

real power management by using the programming language like

this.

Summary of the Invention

The present invention has been made in consideration of
various problems the prior art system LSI has encountered so far,
and an object of the invention is to provide a novel and improved
system LSI wherein the power consumption of it can be suitably
reduced by dynamically and speedily controlling the clock having
various frequencies as used in a wide mode range from the
hi'ghespeed operation mode to the low-speed operation mode and,

in addition, a real power management is executed from the side of
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an application program by using such a programming language
as usually and widely adopted in the software development,
thereby enabling the user to select the low power consumption
system most suitable for his own system.

In order to solve the problems as mentioned above, according
to the first aspect of the invention, there is provided a system LSI
having a plurality of ordinary o;laeration modes and a plurality of
special modes in response to the clock state supplied to a central
processing unit. The system LSI includes: the first memory
means (551) storing a clock control library for controlling the
clock state transition between the ordinary operation modes; a
system control circuit (534) having a register and carrying out the
clock state transition between the ordinary operation mode and
the special mode in response to the change of the value of the
register, and also carrying out the clock state transition among
the ordinary operation modes in response to the clock control
library; a clock generation circuit (558) receiving a plurality of
standard clocks and generating the clock supplied to the central
processing unit according to the control of the system control
circuit; and the second memory means (551) storing an
application program (31}); wherein call of the clock control library
and change of the register value are controlled by the application
program.

The first memory means storing the clock control library and
the second memory means storing the application program may
be constituted as two independent memory means which are
separated from each other. The first memory means and the
second memory means may be formed to coekist in a single
memory means, sharing the memory area of the above single

memory means.

0468



3

i

AOeres i

.
3

1]
i

L

FOKI02009/US ' 7/31

The prior art system has used a single standard clock system
and realized only the high-speed operation mode and the
low-speed operation mode by executing the frequency division of
the above standard clock. On this point, different from the
above prior art system LSI, the present invention adopts a
plurality of standard clock systems. Accordingly, the clock
generation circuit (558) is made up of a PLL (573) which receives
a plurality of standard clocks (MCLKO, MCLKI1, MCLKQ) and
generates, if need be, the clock obtained by multiplying the
standard clocks, and a frequency division/selection portion (574)
which divides the frequency of the standard cllock or the
multiplied standard clock, or selects the same. With this, it
becomes possible to construct.the system LSI having a variety of
ordinary operation modes (highest-speed operation mode,
high-speed operation mode, low-speed operation mode,
lowest-speed operation mode, and so onj.

Furthermore, when expressing the relation between the
current clock state and the clock state after transition by using a
function (clkgear) in the form of the clock control library, it
becomes possible to dynamically and speedily control a plurality
of clocks in the ordinary operation mode, as if it were a
gear-change operation. In this way, the clock state can be
controlled more finely.

Still further, according to the invention, the system control
circuit includes a register, and the control making the ordinary
operation mode transit to the special mode is carried out by
changing the value of this register. At this time, as the register
setting is kept unchanged after completion of transition to the
special mode, the reverse transition from the special mode to the

ordinary operation mode can be carried out by just releasing the
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special mode with the help of the external interruption, thus, the
transition control being made much easier.

It is preferable that the clock control library is made up of a
plurality of libraries and a main library, the former controlling
the system control circuit and the clock generation circuit as well
to transit the clock state supplied to the central processing unit
and the latter being called» by the application program and
selecting any one of the libraries in correspondence with the
clock state supplied to the central processing unit.

As described above, the clock control library is made up of the
main library and a plurality of libraries. With execution of the
function (clkgear) corresponding to the library as selected by the
main library, it becomes possible to dynamically control the
circuits associated with the clock control, that is, the clock
generation circuit and the system control circuit.

It is preferable for the main library to be described in the
same programming language as the application program.

The main library and the application program are described in
the same programming language and the application calls the
main library by using the above same language. With this, it
becomes possible to realize a flexible interface enabling the .user
to handle it with ease and also enabling the user to select the
power management system which i1s the most suitable to his
system. At present, with regard to the above-mentioned
language, the invention assumes the C language, which is a
high-level language and, now a day, is widely adopted in the
development of the software. Even though a certain higher-level
language would come out in future, it is needless to say that the
descriptive language of the library could be suitably altered

without causing any change in the essential constitution of the
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invention.

Furthermore, it is preferable for each library to be described
in a programming language which is able to directly control the
clock generation circuit and the system control circuit as well.

With use of such language, the hardware in association with
the clock control, that is, the clock generation circuit and the
system control circuit can be directly controlled by the library.
As an example of such language, the invention supposes the
assembler language for the time being.

The special mode includes the first special mode (Halt Mode)
which halts the clock supply to the principal constituents of the
central processing unit, the second special mode (Stop Mode)
which stops the clock of the entire central processing unit, and
the third special mode (Sleep Mode) which puts the power source
of the entire central processing unit into the sleeping state.

With provision of the above-mentioned three modes, it
becomes possible to establish the constitution which can freely
manages the reduction of the power consumption

It is preferable for the system control circuit to be provided
with the frequency division ratio setting register (563) for setting
the frequency division ratio of the clock in the clock generation
circuit, the clock halt registers (564, 565) which receive the clock
signal from the clock generation circuit to carry out the setting
for stopping or supplying the individual clock signal, and the
status register (567) for judging the status of the central
proéessing unit immediately after being released from the third
special mode. The above three registers, that is, the frequency
Setting register, the clock halt register, and the status register
may bé constituted by separately using a single register or by

complexly using two or more registers. The design of the bit

0471



e 17

AR FSES L OB E

FOKIO2009/US 10/31

length and the meaning of each bit may be suitably changed to
meet the specification of the system.

With provision of the clock halt register as the register of the
system control circuit, it becomes possible to control the
transition of the clock state to the first special mode (Halt Mode)
which halts the clock supply to-the principal constituents of the
central processing unit, and also the transition to the second
special mode (Stop Mode) which stops the clock of the entire
central processing unit. Furthermore, with the provision of the
status register, it becomes possible to control the transition of
the clock state to the third special mode (Sleep Mode) which puts
the power source of the entire central processing unit into the
sleeping state.

It is preferable for one of the standard clocks to use the
frequency of 32.768 kHz. '

The quartz oscillator for use in a wristwatch may be used for
obtaining the frequency of 32.768 kHz. With use of the clock of
which the frequency is very low comparing the ordinary operation
mode which is operated at the frequency of several tens MHz
through several hundreds, it becomes possible to realize the

substantial wait mode.

Brief Description of the Drawings

Certain embodiments of the system LSI according to the
invention will now be described in detail by way of examples and
with reference to the accompanying drawings, wherein parts
having substantially like function and constitution in each of
several figures are identified by the like reference numeral or
character, and wherein:

Fig. 1 is a block diagram for explaining the constitution of a
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CPU,

Fig. 2 is a block diagram fqr explaining the constitution of a

system LSI using the CPU as shown in Fig. 1,

Fig. 3 is a block diagram for explaining a system control
circuit,

Fig. 4 is a block diagram for explaining a clock generation
circuit.

Fig. 5 is a block diagram showing an example of clock
operation mode and the state transition thereof,

Fig. 6 is a block diagram for explaining the constitution 6f a
clock control library,

Fig. 7 is a table for explaining call of the clock control library,

Fig. 8 is a table for explaining parameters possessed by the
library, wherein (a) indicates input parameters to the library and
(b) indicates the contents of the input parameters,

Fig. 9 is a block diagram for explaining a prior art clock
control circuit, and

Fig. 10 is an illustration for explaining conventional clock

operation modes.

Detailed Description of the Preferred Embodiments

(CPU 510)

Referring to Fig. 1, a CPU 510 includes a processor 511 in its
‘inside. A CPU bridge 520 is between the processor 511 and a
dedicated high-speed bus 521 and connected with both of them,
respectively. On one hand, a peripheral bridge 530 is between
the dedicated high-speed bus 521 and a dedicated peripheral bus
531 and connected with both -of them, respectively. The
processor 511 includes a core CPU 512 as a main constituent

thereof and further includes an internal data cache RAM 513 and
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an internal instruction cache RAM 514 as well.

A system control circuit 534 is connected with the peripher,al
bridge 530 and is able to receive an external clock from an
external circuit through an external clock terminal 546. This
system control circuit 534 has the function of supplying the clock
to the processor 511 and the other constituents of the CPU 510
and also has the function of controlling them.

All of a test interface 522 connected to the dedicated
high-speed bus 521, a memory control circuit 523, a bus
arbitration device 524 and an interruption control circuit 525
belongs to the other constituents of the CPU 510. The test
interface 522 is connected with an external test bus 542, the
memory control circuit 523 is connected with an external memory
bus 543, and the interruption control circuit 525 is connected
with an interruption signal terminal 545. The dedicated
high-speed bus 521 is provided with an external terminal 544,
and the system LSI can be constituted by connecting a user
device with this external terminal 544.

In addition to the system control circuit 534, a timer 532 and a
serial interface 533 having a communication port 547 are élso
connected with a dedicated peripheral bus 531.

A JTAG terminal 541 is used as a test interface of the processor
511 itself.

(System LSI 550) ,

Referring to Fig. 2, a system LSI 550 includes the CPU 510
shown in Fig. 1 as a principal constituent thereof and a dedicated
high-speed bus 521 extended from the external terminal 544.
The extended dedicated high-speed bus 521 is connected with a
read only memory (ROM) 551 storing a clock control library and

an application program which will be described later, a random
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- access memory (RAM) 552, and a user original circuit group 553.
@\_ \D\’D> Furthermore, a peripheral bridge 554 connected with the
124

dedicated high-speed bus ©21 is connected with a power down

control circuit 556 and a

557, both of which are on a

er original clock generation circuit
edicated peripheral bus 555. The
power down control circuit 6 realizes the power down by
controlling the clock distribution oyer the entire system LSI.

The external clock terminal 54@ is connected with a clock
generation circuit placed on the system LSI 560 and supplies the
external clock to a system control circuit 534. In addition, an
external interruption control circuit 559 1is provided to be
connected with the interruption signal terminal 545. The
embodiment of the invention as mentioned above is characterized
by a system control circuit 534 and a clock generation circuit 558.
These two cirlcuits 534 and 558 will be explained in the following,
with reference to Figs. 3 and 4, respectively.

(System Control Circuit 534)

Referring to Fig. 3, the system control circuit 534 has the
function of supplying the clock to the processor 511 and other
constituents of the CPU 510 and controlling those. A dedicated
peripheral bus 561 is connected with a various sorts of registers,
by which the clock supplied to the CPU 510 is controlled. Each
of these registers will be explained in the following.

A clock supply wait register 562 is a register having the
function of setting up the start time of the oscillation of a
reference clock and ensuring a stabilized period of time during
which a phase-locked loop (PLL) 573 reaches its locked state.
This register 562 outputs a control signal CKWT.

A frequency-division ratio setting register 563 is a register for

controlling the clock generation circuit 558. This register 563
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determines a clock frequency-division ratio and outputs the
control signal CGC.

A clock halt register 564 is the register that designates two
clock operation modes of the CPU510, that is, a halt mode (the
first special mode} halting the clock supply to the principal
constituents of the CPU 510, and a stop mode (the second special
mode) stopping the clock all over the entirety of the CPU 510.
This register 564 outputs a control signal PMP. Designation of
the operation mode and which constituent of the CPU 510 is to be
given a halt command on the clock supply, are decided by setting
a specific bit of the register.

A clock halt control register 565 is a register which outputs a
clock signal HCLK according to the instruction from the clock
halt register 564. A clock signal BCLK (IN) causing the above
instruction is supplied from a clock generation circuit 558 which
will be described later.

An ID register 566 is a register for reading out a system ID .
which identifies a sort of the CPU 510 and so on.

A status register 567 is a register for indicéting the status of
respective peripheral devices. This status register 567 notifies
the handshaking state in the inside peripheral devices of the CPU
510, immediately after being released from the Sleeping mode
(the third special mode)}, which is one of the clock operation
modes of the CPU 510 and halts the entire power source of the
CPU 510. The notice of the handshaking state is executed by
setting a specific bit of the register.

Each value of registers 562 through 567 iis directly designated
by the processor 511 through the dedicated peri.pheral bus 561.

Having explained in detail the constitution and function of the

system control circuit 534 in the above, we now move to the clock
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generation circuit 558.

(Clock Generation Circuit 558)

Referring to Fig. 4, the clock generation circuit 558 supplies
the external clock to the system control circuit 534. The output
of each quartz oscillator is inputted to each of terminals MCLKO
(62.5 MHz), MCLK1 (50 MHz), and MCLK?2 (32.768 KHz), of which
each constitutes a base oscillation of various clocks supplied to
the system.

A clock control portion 571 controls various sorts of clocks. A
control signal CKWT inputted .to the clock control portion 571 is
an input signal from the clock supply wait register 562 of the
system control circuit 534 and 1s used for ensuring the stabilized
period of time of the PLL 573.

A control portion 572 controls the entirety of the clock
generation circuit 558. The control signal CGBSTP inputted to
the control portion 572 is a signal which halts the clock of the
clock generation circuit 558 itself. In the sleep mode which will
be described later, halt of oscillation is instructed by an output
signal OSCEN. Moreover, the control portion 572 outputs a
signal CLKEN controlling the supply/halt of the clock to a
frequency—division/seléction portion 574.

The PLL 573 generates the stabilized high frequency clock (48
through 240 MHz) in synchronizétion with the clock MCLKO as
supplied. Thus, it is possible to select four clock systems in
total if combined with the above various sorts of clocks. The PLL
573 can be halted with a control signal PLLEN.

All the clocks are divided into frequencies ahd selected in the
frequency division/selection portion 574, of which the principal
output signals are a clock FCLK of the core CPU 512, a clock
BCLK (OUT) as used for access from the dedicated peripheral bus
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521, and a timer clock TMCLK. Control signals used in the
frequency division/selection portion are the operation clock FCLK,
a control signal CSEL over the clock BCLK (OUT) as used for
access from the dedicated peripheral bus 521, and a control
signal TMSEL over the timer clock TMCLK.

As described before, the further object of the invention is to
most suitably reduce the power consumption of the system LSI by
dynamically and speedily control a lot of various frequencies as
used in various modes from the high-speed operation mode to the
low-speed operation mode. As shown in Fig. 2, the system LSI
550 is made up of the CPU 510 using the processor 511 and the
user original circuit group 553. Therefore, the clock supplied to
the processor 511 has to be able to respond to the request of the

processor S511.

@1/0/9 The processor 511 as used in the currgnt embodiment has two

operation modes, one being a fast bus mfode and the other being a
synchronous mode. The fast bus mfode is an operation mode
wherein the clock BCLK as used fof access from the dedicated
peripheral bus 521 is used by botly of the processor 511 and the
dedicated peripheral bus 521. /The synchronous mode is an
operation mode wherein the operation clock FCLK of the core- CPU
510 is used in the processor 511 while the clock BCLK for access
use is used in the dedicated pgripheral bus 521.

The clock BCLK for access use of the dedicated peripheral bus

521 is processed by means of the frequency division/selection
portion 574 as shown ir/ Fig. 4 to have a frequency equal to or
1/2 of the clock FCLK fgr use in the core CPU. The switchover of
these modes is carrie

S12.

out by setting the register of the core CPU

In case of the CPU 510, the clock FCLK for use in the core CPU

0478



A0Sl FSS . 092 R0

FOKIO2009/US 17/31

and others could be set in detail in the register group inside the
system control circuit 534 as shown in Fig. 3. The function
capable of dynamically and speedily controlling the clock group
like this will be called “Clock Gear” hereinafter in the present
specification. In the following description on the current
embodiment, however, it is assumed that the clock gear control is
possible only in the fast bus mode.

Fig. 5 shows, by way of an example, some clock operation
modes which can be taken according to the current embodiment,
more particularly, those which can be taken by such a circuit
constitution having a dynamic random access memory (DRAM)
inside the system LSI and allowing the lowest-speed operation
mode to exist. Transition between these modes is carried out by
means of the above-mentioned clock gear, which is described in
detail in the following.

As shown in Fig. 5, the embodiment provides eight operation
modes STNn (n: integer of O through 7). Five operation modes
STNO through STN4 belong to an ordinary operation mode 11
while remaining three operation modes STNS5 through STN7
belong to a special mode 12.

In the ordinary operation mode 11, there are an initial
operation mode STNO, a highest-speed operation mode STNI1, a
high-speed operation mode STN2, a low-speed operation mode
STN3, and a lowest-speed operation mode STN4, of which the last
fouf (i.e. STN1 to STN4) are responsive to the operation speed of
the CPU 510.

Furthermore, in the special mode 12, there are included a halt
mode STNS halting the clock supply to the principal constituents
of the CPU 510, a stop mode STN6 stopping all the clocks of the
CPUS10, and a sleep mode STN7 halting all the power sources of
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the CPU 510. In Fig. 5, several frequencies as written in the
ordinary operation mode 11 indicate those of the clock BCLK as
used for access from the dedicated peripheral bus 521.

The base oscillation of the clock (including an overtone) has
three frequencies of 62.5 MHz, 50 MHz, and 32.768 KHz, which
correspond to terminals MCLKO, MCLK1, and MCLK2 as shown in
Fig. 4, respectively. The frequency of 32.768 KHz is generated by
using the gquartz oscillator for use in a wristwatch. The output
of the PLL 573 is synchronized with the base oscillation MCLKO
and is multiplied up to the maximum of 240 MHz. Therefore, in
the system LSI 550, it becomes possible to select the clock
including those which are multiplied by the PLL 573 fr.om the
four clock systems in total.

In Fig. 5, the above-mentioned frequencies 62.5 MHz, 50 MHz,
and 32.768 KHz, or a half of the first two i.e. 31.25 MHz and 25
MHz is shown as the clock BCLK for access use. In this case,
however, an upper limit is determined with regard to the
operation clock FCLK of the core CPU 12 depending on a
specification. Also, there is limited the maximum frequency at
which the clock BCLK for access use is allowed to be used:

In the following, five ordinafy dperation modes and three
special modes will be explained with reference to Fig. 5. The
ordinary operation mode will be first explained.

(STNO: Initial Operation Mode, 25 MHz)

The initial operation mode is used for setting initial values and
so on immediately after being reset. As it is difficult for some of
1/0 devices connected with the dedicated high-speed bus 521,
the dedicated peripheral bus 531 and. so forth to make a
high-speed response, the initial setting is carried out in the

initial operation mode by means of the low-speed clock.
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Immediately after being reset, the core CPU 512 is in the fast
mode.

(STN1: Highest-Speed Operation Mode, 62.5 MHz)

The highest-speed mode is the mode for operating the dedicated
high-speed bus 521 and the dedicated peripheral bus 531 at
high-speed. Consequently, the power consumption by the entire
system becomes large.

(STN2: High-Speed Operation Mode, SO MHz)

The clock speed in Righ-speed operation mode is slower than
that in the highest-speed operation mode {STN1), but the
application can be operatad at a sufficient speed in this operation
mode. The reason why th& mode like this is separately provided
is for smoothly executing Yhe clock gear, thereby optimizing
reduction of the power consumption by the enter system.

(STN3: Low-speed Operation Mode, 31.25 MHz)

The low-speed operation mode is the mode which substantially
reduces the power consumption by the entire system. If
operating a low-speed device like a key board, this mode
functions sufficiently. ‘

(STN4: Lowest-Speed Operation Mode, 32.768 KHz)

The lowest-speed operation mode substantially realizes the wait
mode of the system and reduces the power consumption of the
entire system to a great extent. In this case, however, as the
clock supply to the system 1is not completely halted, this
operation mode can quickly transit to the above-mentioned
low-speed operation mode and others.

The memory control circuit 523 as shown in Fig. 1 controls the
external DRAM and others by means of an external merﬁory bus
543. At this time, the above-mentioned base frequency 32.768
KHz is used as a clock for refreshing the DRAM. As this is
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depending on the standard of the DRAM, if taking a frequency
lower than the above frequency in the lowest-speed operation
mode (STN4), the memory control circuit 523 controlling the
DRAM has to be operated in the self-refresh mode.

Five ordinary operation modes according to the invention have
been explained in the above. Now, we move to the explanation of
special modes.

(STNS: Halt Mode (First Special Mode))

The halt mode is\the mode for halting the clock supply to
principal constituents of the CPU 510 as shown in Fig. 1, that is,
the processor 511, the\CPU bridge 520, the peripheral bridge 530,
the bus arbitrary devite, and so forth. Transition to the halt

mode is executed, from\the application side, by setting HALT of

the clock halt register 4 in the system control circuit 534 as
shown in Fig. 3. With) this, the operation of almost devices
operated with high-speed\ clocks is halted, so that the power
consumption by the entirg system can be reduced to a great
extent. .However, periphergl devices are still in operation even
under this condition. For stance, as the interruption control
circuit 525 is still in openation, it can accept the external
interruption, thus being ablg to reopen the clock supply by a
means other than resetting it.

(STN6: Stop Mode (Second Special Mode})

The stop mode is the mode for stopping the clocks of the entire
CPU 510. Transition to the stop mode is executed, from the
application side, by setting STOP of the clock halt register 564 in
the system control circuit 534 as shown in Fig. 3. The control
signal CGBSTP as shown in Fig. 4 instructs the stop of the clock
generation circuit 558 according to the embodiment of the

invention. As a result, the power consumptibn of the entire
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system comes to mainly depend on the leakage current.
Accordingly, this very effectively works in a battery-powered
portable device. If the internal RAM 552 is constituted with a
DRAM, the memory control circuit 523 has to be kept in the
self-refresh mode.

(STN7: Sleep Mode (Third Special Mode})

The sleep mode is the mode for stopping all the power sources
of the CPU 510. The control of this mode is executed by a power
MOS (not shown) connected in series with the power source.
Transition to the sleep mode is executed, from the application
side, by setting the internal register of the power down control
circuit 556. Release from the sleep mode is carried out by using
a hardwear signal to the power-down control circuit 556 which is
the peripheral device not stopped yet. At that time, as the data
stored in the internal DRAM and so on is era zed upon the stop of
clocks, it would take a considerably long time for completely
recovery the application.

It is possible to make transition from any one of ordinary
operation modes to any one of special mode. The application
program is able to make the ordinary operation mode transit to
the special mode by calling the call function of an objective
special mode as designated. Inversely, in order to return from
the special mode to the ordinary operation mode, it is needed
only to release the special mode because the setting of the
register .in the system control circuit 534 is kept unchanged.
Release of the special mode is carried out usually by the external
interruption which is controlled by means of the interruption
control circuit 525 as shown in Fig. 1 or, if need be, by means of
the external interruption control circuit 595 as shown in Fig. 2.

In Fig. 5, a plurality of parenthesized numerals appended to
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each of arrows transiting among various states (modes) indicate
libraries corresponding to those state transitions. The above
parenthesized numeral 1is referred to as “state transition
number.” The library will be explained later.

Comparing the clock operation mode of the invention with the
case of the ST7 core as shown in Fig. 9, it will be understood that
the ST7 core divides the frequency of the clock from a single
clock system and assigns the divided one to the low-speed
operation mode while in the embodiment of the invention, the
clock from the four clock systems can be put in a proper use.
Especially, the output from the PLL 573 is added to one of
choices as a new clock system. . Furthermore, a substantial wait
mode has been realized by using the frequency of 32.768 KHz
generated by the quarti oscillator for use in the wristwatch as a
base oscillation. This has been done for the purpose of the
invention, which is to dynamically and quickly control the clock
with a lot of frequencies covering the wide range of the operation
modes from the high-speed operation mode to the low-speed
operation mode based on the concept we call the clock gear.

The special mode of the clock operation is full of varieties. The
invention further .includes the sleep mode in addition to two
modes, that is, the halt mode and the stop mode which are
usualbflequipped, thereby freely control the reduction of the
power consumption. Especially, it belongs to the characteristics
of the invention that the transition from the ordinary operation
mode to the special mode can be freely set from the side of the
application program and also that the reverse transition can be
executed with ease by means of the external interruption.

Further, in order to reduced the power consumption of the entire

system without losing the vexsatility of the core CPU 521, there
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are provided in the CPU 510 the systém control circuit 534 and
the clock generation circuit 558 #According to the invention. In
this way, in the dynamic clock gontrol according to the invention,
the clock of the core CPU 5)Y2 in the system LSI 550 as well as
the CPU 510 can be controfled simultaneously.

‘The control program group (referred to as a clock control
library hereinafter) for embodying the concept of the above clock
gear will be explained in the following.

The clock control library makes it possible to realize a real
power management from the side of the application program by
using the C language. Fig. 6 shows the structure of the clock
control library 32 according to the embodiment of the invention.

When calling libraries 34 from an application program 31, the
first thing to be done is to call a main library 33. This call is
done by using the C 1aﬁguage. The main library 33 is compiled
also with the C language. ‘The main library 33 selects either one
of the libraries 34 in correspondence with the state of the
application program 31 and achieves the transition between
operation modes of the clock.

All the libraries 34 are compiled with the assembler language.
This is because the clock control associated hardware has to be
controlled directly. To put it concretely, the system control
circuit 534 as shown in Fig. 3 and the clock generation circuit
558 as shown in Fig. 4 belong to the clock control associated
hardware.

The operation of calling and selecting the library 34 by the
main library 33 is carried out by involving the input parameter
and others related thereto as shown in a table of Fig. 7.
Furthermore, this figure shows a library function which is called

in correspondence with the state transition of the clock, the input
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parameter and the jump table number. Still further, the jump
table number indicates the relative address where the library 34
is located. The table also shows that a different library function
is used depending on whether or not the DRAM is included in the
system LSI and whether or not the lowest-speed operation mode
is included as the clock mode.

A table as shown in Fig. 8 indicates what parameters each
library has. With these parameters, the library executes the
processing of setting the memory parameter, switching of the
clock, switching the clock mode, and so f{orth. Fig. 8 (a)
indicates the library and the input parameter group as
designated thereby. In each column -([1)) to ([8]) of the table,
there are listed up the value of the input parameter.

In the next, the contents of each input parameter will be
explained with reference to Fig. 8 (b).

A memory parameter changing pattern [1] executes the change
of the parameter setting in the memories (RAM, ROM, I/0O, DRAM
existing in the system LSI, and so forth) for operating them to
meet the clock speed. For instance, when changing (gear up)
from the lower-speed operation mode to the high-speed operation.
mode, the value O0x00 1is designated, thereby the memory
parameter being changed to the memory parameter for high-speed
use. Inversely, when changing (gear down) from the high-speed
operation mode to the low-speed operation mode, the value 0x01
is designated, thereby the memory parameter being changed to
the memory parameter for low-speed use.

A CPU clock mode [2] designates the changeover between two
operation modes, that is, the synchronous mode and the fast bus
mode. The value Ox00 is designated in the fast bus mode while

the value 0x01 is designated in the synchronous mode.
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Continuing to explain other input parameters, an external ROM
memory parameter [3] designates a ROM type. An external
SRAM memory parameter [4] désignates a SRAM type. An
external I/0O memory parameter [5] designates an I/O type. The
value of SDRAM/EDO - RAM parameter [6] is made available in
the range of Ox00 through 0x09 if the DRAM is SDRAM, and also
made available in the range values of 0x00 through 0Ox0Oa if the
DRAM is EDO-RAM. PCGBCNTO SET VALUE [7] or PCGBCNT1
SET VALUE '[8] determines a value to be set to the frequency
division ratio settiﬁg register 563 as shown in Fig. 3, and
designates the base oscillation, the clock frequency division ratio,
and so forth. In all the parameters as mentioned above, there is
no need for any input parameter to be set if its value is Oxff.

In Fig. 5, a plurality of parenthesized numerals appended to
each of arrows transiting among various states (state transition
number) indicate libraries corresponding to those state
transitions. If the clock state transition is desired on the side of
the application program s, just call the library corresponding to
the state transition number by designating it, and the state
transition will take place as desired.

The library function and the state transition number not always
have a relation of one to one correspondence. One library
function may realize a plurality of state transitions in response to
the above-mentioned memory parameter change pattern. For
instance, asSuming that the application program 31 has carried
out the control for switching the clock from the low-speed
operation mode to the high-speed operation mode at the first line
of the table as show in Fig. 8 (b), the main library 33 calls the
library O, to put it concretely, calls the library function clkgear 9

to ‘the relative address 0x00 by means of the input parameter
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0x00.

At this time, if the current clock mode is the low-speed mode
(STN3), the state transition number becomes (5) as shown in Fig.
5, and if the current clock mode is the high-speed mode (STN2),
the state transition number becomes (3). Besides the clock
control like the above, the library 33 is able to cbpe with various
jobs such as halting PLL, setting the time, settingvthe frequency
division ratio of an external circuit, and so forth.

As explained in the above, in the system LSI according to the
invention, the main library 33 is prepared as an interface using
the C language, so that the application program 31 is able to call,
with ease, an individual library 34 necessary for the clock
transition under the control of the main library 33. Furthermore,
all the libraries 34 are compiled in the assembler language, which
is very suitable and helpful for the control of the'system control
circuit 534 as described above. The structure of the clock control
library 32 as mentioned above makes it possible to realize the
system LSI of the Low power consumption type with ease, which
has been earnestly desired by a lot of users.

The system LSI according to the invention has been discussed
so far by way of an exefnplary example and with reference to the
accompanying drawings, but the invention should not be limited
to this example. It is apparent that one who is skilled in the art
may make various variation or modification of the invention
within the category of the technical thoughts as recited in the
scope of claims for patent attached hereto. It is understood that
such variation or modification naturally belongs to the technical
scope of the invention.

The following are principal effects brought by the invention.

With a plurality of standard clock systems, it becomes possible
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to construct a system LSI having a variety of ordinary operation
modes (highest-speed operation mode, high-speed operation mode,
low-speed operation mode, lowest-speed operation mode, and so
on).

Furthermore, when expressing the relation between the current
clock state and the clock state after transition by using a
function (clkgear) in the form of the clock control library, it -
becomes possible to dynamically and speedily control a plurality
of clocks in the ordinary operation mode, as if it were
gear-change operation. In this way, the clock state can be
controlled more finely. |

Still further, according to the invention, the system control
circuit is provided with the register, and the control making the
ordinary operation mode transit to the special mode is carried out
by changing the value of this register. At this time, as the
register setting is kept unchanged after completion of transition
to the special mode, the transition from the special mode to the
ordinary operation mode is carried out just releasing the special
mode by means of the external interruption. Consequently, the
transition control is made much easier.

Still further, according- to the invention, the main library of the
clock control library and the application program are described
by using the same program language, and call of the main library
from the side of the application program is carried out also by
using the same program language. This makes it possible to
realize such a flexible interface as handled by the user with ease,
thus enabling the user to select the power management system

which is the most suitable to his system.
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What is claimed is:

1. A system LSI having a plurality of ordinAry operation modes
and a plurality of special modes in resporse to the clock state
supplied to a central processing unit, com

the first memory means storing a d¢lock controlv library for
controlling the clock state transitiory between said ordinary
operation modes;

a system control circuit having a yegister and carrying out the
clock state transition between said /ordinary operation mode and
said special mode in response to the change of the value of said
register, and also carrying out the clock state transition among
said ordinary operation modes in response to said clock control
library;

a clock generation circuif receiving a plurality of standard
clocks and generating th clock supplied to said central
processing unit according ¥o the control of said system control
circuit; and

the second memory m¢ans storing an application program;

wherein call of said fclock control library and change of said
register value are contrglled by said application program.
2. A system LSI as ¢laimed in claim 1 wherein said clock control
library comprises:

a plurality of /libraries which control said system control
circuit and said ftlock generation circuit as well to transit the
clock state supplied to said central processing unit; and

a main library which is called by said application program

and selects any one of said libraries in correspondence with the
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clock state supplied to said central proceSssing unit.
3. A system LSI as claimed in claim /2 wherein said main library
is described in the same program language as said application

program.

4. A system LSI as claimed in tlaim 3 wherein said application

program and said main library gre described in the C language.
5. A system LSI as claimed in claim 2 wherein each of said
libraries is described in a program language capable of directly
controlling said clock genefation circuit and said system control

circuit as well.

6. A system LSI as cfaimed in claim 5 wherein each of said

libraries is described infan assembler language.

7. A system LSI as ¢laimed in claim 1 wherein said special mode

comprises:
the first special mode in which the clock supply to the

principal constitugnts of said central processing unit is halted;
the second ecial mode in which the clock of the entire

central processing unit is halted; and

the third special mode in which the power source of the entire

central procesging unit is halted.

8. A sygtem LSI as claimed in claim 7 wherein said system
control circhit comprises:
a frequency division ratio setting register which sets the

frequency/ division ratio of the clock in said clock generation
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circuit;
a clock halting register which receives the clock signal from
said clock generation circuit and individudlly sets the clock
signal to be halted or supplied; and
a status register which judges the /state of said central
processing unit immediately after being feleased from said third

special mode.

9. A system LSI as claimed in glaim 1 wherein said clock
generation circuit comprises: |

a PLL receiving a plurality of standard clocks and generating, if
need be, the clock obtained by multiplying said standard clocks;
and

a frequency division/sel¢ction portion carrying out the
frequency division or selecfion of said standard clock or said

multiplied standard clock.
10. A system LSI as dlaimed in claim 9 wherein one of said
standard clocks uses /a frequency of 32.768 kHz as a base

oscillation.

11. A system LSI/as claimed in claim 1 wherein said first
memory means and said second memory means are constituted
as two independent memory means which are separated from
each other.

12. A syste LSI as claimed in claim 1 wherein said first
memory meang and said second memory means are formed to
coexist in on¢ memory means, -sharing the memory area of said

one memory
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Abstract of the Disclosure

There is disclosed a system LSI capgble of dynamically and
speedily controlling clocks of various frgquencies as used in the
wide range of operation mode, from fhe high-speed operation
mode to the low-speed one and, in addition, enabling the user to
select a system of the low power congumption type, which is most -
suitable for his own system. T system LSI includes a ROM
551 storing a clock control librag¥ for carrying out the clock state
transition between the ordinayy operation modes, and a system
control circuit 534 having a/register and carrying out the clock
state transition between the ordinary operation mode and the
special mode in responge to the change of the value of the
register, and also carrying out the clock state transition among
the ordinary operatiofi modes in response to the clock control
library.

The call of the £lock control library and change of the register
value are controlliéd by the application program.

The main liprary of the clock control library is described in

the C languag¢ and is calléd by also using the C language.
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738 Y T

TROLHOFEFIZEAL CHEREMEEICER I N, FFFHE
LTV EEBAAFICTOWVWT, ABREINILOH—OFERAE (T
HORLEDB—DDHEER) b L REO» >ERXEAETHD
L (TROLHXEEORE) BLTHET, )

EREFEFOBME (FREOBMTXEINR DN TNRWESIX.
REIICHRAMA) 12,

O A__ B, REHEES I REFRESRD

ERHEE S L.
GEETBBA) CETEShE L,

i, BHEREEZ SO LRTER#OFEELREL,
NEZEELTWDHIEXFIIIREHLEYT,

L, EABRNERE S THE 1R 6HIIERTAD L
BY, BHEBOFEIISWTEEREREBRTIEES
HDLEBOLET.

Declaration and Power of Attorney For Patent Application

T FIFHEEESERVCEERK
Japanese Language Declaration

e
FEE S

As a below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated

next to my name.

Ibelieve 1 am the original, first and sole inventor (if only one name
is listed below) or an original, first and joint inventor (if plural
names are listed below) of the subject matter which is claimed and
for which a patent is sought on the invention entitled

System LSI

the specification of which is attached hereto unless the following
box is checked:

[ was filed on
as United States Application Number or

PCT Intemational Application Number
and was amended on
(if applicable).

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

I acknowledge the duty to disclose information which is material to
patentability as defined in Title 37, Code of Federal Regulations,
Section 1.56.

Page 1 of 3
Burden Hour Statement: This form is estimated to take 0.4 hours to copulate, Time will vary depending upon the needs of the individual case. Any comments on the
amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington,DC 20231. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks, Washingion, DC 20231.
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Japanese Language Declaration

- FT KEEHE358119% (@ - () BXIE365%
(b) JHIZEZ TRO. XEUSNOBEO 2L L b— v EEE
FLTWAESFBRALMA3365 (2) HicES< EBRHE. X
RAETCORHFHEDL LS ZIRPETEOHLBIZ >V TONRE
BREXZIICERTDHLE LI, EAEEZIEHRLTV S,
AHEOIHCHE SN - SF T IR HETONEHEEZ L
T, BN%E~<=—2F3522 T, RLTWET,

Prior Foreign Application(s)

AETOETHER
JP2002-047696 JAPAN
(Number) {Country)
(&S) (B4£)
(Number) (Country)
(ES) (B4)

FZ, BISEKEEML 195 () HITEWTTFROR
ESFHERECRRINENE I ZICERVWZLET,

(Application No.) (Filing Date)
(HEES) (HEER)

Fhiz, TREOXREEMFEISE] 205ICEBVTTROXK
ERFHEICRER INHER, UTKEREEL TV D55
BAH%EM3 655 () IWESKHEMEZIZIIZEERLET, £
o, KHEOAFREBONESLXEERBEISHEL 125
F1EXRSTBASH TREBEIN - FETET T 2 XER
FFHBRIIB RSN TV ARWRY | ZoETREHESRNA
PR CAHEEOREENE - RETEHILHNEREBHB S
TOMBPICAFENR, EHBMEREITHR1IF56E
CEBEEIN-HFHEROFE BT EERZERICOVWTEH
REEEDLDIIEEFBERLTVIET,

(Application No.) (Filing Date)
(HEES) (HiEER)

(Application No.) (Filing Date)
(HEES) (HEER)

i, BESOMBIIESWITRKESEP CRNTR IR
HAHEEETHY, POROAFLIERERMUDELDZ LIS
ICESKEANLTHETHDILELTWVD I L, &bl
B2 SN BEBORARVEN L RAEOITAIKEERSE
18MEL1 00 1KRILESE, FI@FTIIME. bLIEE
OF|FIZLVABENDZI L, ZLTEOLIREEIZLS
BRABOFE2TRLE, HEBRLUL, XIZEICHTIN&EH
DEDER KPR 3 LE2BM|ML, LoTZ ZitkBDOTE
<EREHELET,

- (BXFEEES)

1 hereby claim foreign priority under Title 35, United States Code.
Section 119 (a)-(d) or 365 (b) of any foreign application(s) for patent
or inventor's certificate, or 365 (a) of any PCT Intemational
application which designated at least one country other than the
United States, listed below and have also identified below, by
checking the box, any foreign application for patent of inventor's
centificate, or PCT Intemational application having a filing date
before that of the application on which priority is clamed.

Priority Not Claimed
BREEEHRLL
February 25, 2002
(Day/Month/Year Filed) |
(HEE® A B)
(Day/Month/Year Filed) ]
(HBFEEER B)

I hereby claim the benefit under Title 35; United States Code,
Section 119(e) of any United States provisional application(s) listed
beiow.

(Application No.) (Filing Date)
(HERES) (HEER)

1 hereby claim benefit under Title 35, United States Code,
Section 120 of any United States application(s), or 365(c) of any
PCT International application designating the United States, listed
below and, insofar as the subject matter of each of the claims of
this application is not disclosed in the prior United States of PCT
International application in the manner provided by the first
paragraph of Title 35. United States Code Section 112, 1
acknowledge the duty to disclose information which is matenal to
patentability as defined in Title 37, Code of Federal Regulations,
Section 1.56 which became available between the filing date of the
prior application and the national or PCT International filing date of
application.

(Status: Patented,” Pending, Abandoned)
GRI . SBralsE. REP. RES)

(Status: Patented, Pending, Abandoned)
(B . FHHTE. BERP. BFES)

1 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 faise
statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the

United States Code and the such willful false statements may
jeopardize the validity of the application or any patent issued

thereon.

Page 2 of 3
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Japanese Language Declaration

ZER . HMRITEORFEL LT, XHBICBETI—I0
FRE ERBHFAERICH L TEIT T2 HFBLEEIREA
ELT, TROFLREAV-LEY, GPEL. TlRRE
ADRAZRUESESLATLOIL)

(BATFEES

)

POWER OF ATTORNEY: As a named inventor, | hereby appoint
the following attorney(s) and/or agent(s) to prosecute this
application and transact all business in the Patent and Trademark
Office connected therewith (list name and registration number)

Raymond C. Jones (Reg.No0.34,631) and Adam C. Volentine (Reg.No.33,289)

EBREATE

VOLENTINE FRANCOS, PLLC
12200 Sunrise Vally Drive Suite 150, Reston, Virginia 20191

Send Cormrespondence to:

EEEIREEE -
Adam C. Volentine
VOLENTINE FRANCOS,PLLC

(REIRUVEEES)

Telephone: (703) 715-0870, Fax: (703) 7150877

Direct Telephone Callsto:  (name and telephone number)

ME—F o XE —HBEES Full name of sole or first inventor
Hitoshi ENDO
ZAFBDOEL A1+ Inventor's signature Date
Mitiiihe  Gnde Sestember 1, 2002
T Residence '
Tokveo , Japan
EfE Citizenship
Japanese
FES Post Office Address
c/o Oki Electric Industry Co., Ltd.
7-12, Toranomon l—-chome, Minato—ku, Tokvo, Japan
B _HRHAEL Full name of second joint inventor, if any
B_HFARAEDESL B4+ Second inventor's signature Date
1EfT Residence
[ESE 3 Citizenship
HEH Post Office Address
(FEZUBOHREEHEFIZ>WWTHLERICER L., BL4%T (Supply similar information and signature for third and subsequent
I k) joint inventors.)
Page 3 of 3
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FEE RECORD SHEET

09/24/2002 HMARZI1 00000080 10251755
01 FC:101 740,00 0P

PTO-1556
(5/87)

*U.S. Govemment Printing Office: 2002 — 489-267/69033
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re PATENT APPLICATION of
Hitoshi ENDO
Serial No.: [NEW] . Attn: Applications Branch
Filed: September 23, 2002 Attorney Docket No.: OKI.396
For: SYSTEM LSI

CLAIM OF PRIORITY

Honorable Assistant Commissioner for Patents and Trademarks,
Washington, D.C. 20231

Sir:
Applicant, in the above-identified application, hereby claims the priority date
under the International Convention of the following Japanese application:
AppIn. No. 2002-047696 filed February 25, 2002
as acknowledged in the Declaration of the subject application.
A certified copy of said application is being submitted herewith.
Respectfully submitted,
VOLENTINE FRANCOS, PLLC

v

Adam C. Volentine
Registration No. 33,289

12200 Sunrise Valley Drive, Suite 150
Reston, Virginia 20191

Tel. (703) 715-0870

Fax. (703) 715-0877

Date: September 23, 2002
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JAPAN PATENT OFFICE
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BERMOFRCERSI N TV IFHIITROHBEERICERSINT
WHHEIRLFE-THDII L EHEHAT D, ,

This is to certify that the annexed is a true copy of the following apphcanon as filed

with this Office
H B4 A B ,
Date of Application: 20024 2H25H
W OB B B
Application Number: KEH2002—-047696
[ ST.10/C1: [JP2002—-047696]
WOB A |
Applicant(s): MBI LEARNSHT
. N
: B
'f . R
H ((\} . !
S
n/‘\ ‘-'\\\' ))
/.J
200 2133 5HI1 7 H

¥ TR E ‘ 4 % +m
N B =l

Japan Patent Office

HitEE HEH2002—-3036263
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MPOHESZEERHET S, FRELICEROVAFALLSI,

(BRE3] BIRXAVSATSVE, gE7 7V —Yaryarsh
LE—-DOTO VS LEETCERAINTVWSZ L 2 BB TS, BRE2CERD
AFLLSI, '

[BREL] WERESATSVI, WEI Oy 7 ERE®SETHEY 2

1 Hit¥2002—-3036263

0504



2002—047696

S AHEES Y EENETE AT OS5 AEETRAINTNS 2 & R REE ¥
B, BHRE2FAFIICHEFEOVATALLSI,

(#RES) #EEHT— NI, |
MERRAEEROEEABRERICH LI/ Oy 7 O/BEBEETEE 1 O
HE—- K&, |
HRARERESKDO I Oy 7 2 8IET 552 DEHE— R,
HRAEERSKOBREEELET 553 OREE— R,
DORBZLEREELTSD, HREL, 2, 3F2FL4OVThAMCHEDOY R
FALLSI, ,

(BRE6)] WEYXTFLHBERL,

MR/ Oy 7 ERERICBITZ 70y 7ONBHERET OO BLRE
LURRE,

SRRy Z7AEREREMNMS 7Oy Z7ESMMEEENT, BiloZoy /EEE
BEEEEIERTEEDOREEITOEDO/ OV I EBERALVIRE L,
MBS OREE— RASBRLUEBESRORREPRABEERDRE* T 5
AF—HAVIRAL, o |
EWAEZLERME TS, BRESICEROVAFALS I,

(BRE7) ®EZOv 7 ERERI, |
FEEBORR Y Oy I BAHEINT, BECHECTHERY Ov & 2EHL
ErOvyEERTASPLLE, |
WHEEREI Oy VIR BBENERBI Oy Y 25 AR BIRT 59
/R,

EHALZ L REEE TS, HREL, 2, 3, 4, 5EEZE6DNTAMCE
H,OVATFLLS I,

(#HRE8] —opiBEIyOv VL, HELLT32. 768kHz %
FAWsZre eRMrys, BRETICHEBEOYAFLLS I,
(3855 0D B0 72 549 )

[O0O0 1)
(R DB T 5 B 5F)

2 HiEEE2002—-3036263

0505



4%2002—047696.

AHHEIE, I7CPUEEFETEHVATLLSTICHMY, BiS, 77Ur—v
27Ol LR[UISDO Oy 7 DEHFEICHESEE ISV XATALLSIK
M35,

(000 2]
[HER DH ]

YAFLLS ITRRENSTA 70 MI—FDBASHFEDND S, HIAE
BEETFTOIDICEREES BB X, HEESHEBHUATREE OFE
ERYEZNVEONREN, EOHEICVATLAOZ OV I EEWFIT T AT LS
BOWEBEBHEERSIEEEMAD S, $bb, BROALAHEIERZINIBE
KX EoHEDO 70y 7 24 L, FEBRICIEERO 7Oy Z7ICLT, HHEMHEW
BTN Y AT LLEDOHEBEHEEBREIEEZLATAEBTH S, HE
, VAFLLS ITHRENBTA /703y hO—51Ci, 5505 EHIFIC
ASIC (Application Specifiec Integrated-
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DEDSLRBHMAETIVTIZEDMAOLRHFHEEZK T Z LT TERN,
(001 3] ‘

FE, PIUE—vaYIATSAOMND Y Oy I OBHRHEEIFORES
C REATWVWS, ZO&D2%BE, IARXST7a77Ti, 7oy 74#@EicEES
DEEFEEHNETELAT R Y TSEBTHELTVS. LALAKRD, #E%
TEYITSEETITOE, 77V —var7ufS0BBOEMNEZH. &
RERTOTSLEETH>TSHOY 7 NERICEEAVWONE R/ SLE
E, PIAIZCERBICLY, RERA VAT —AERBEERZLAREET LW, L
DUARHES, ZOEdRTOYS LEEICEBREHRNT — V*/X b &4T
D2UR—- PIEEL Mo E.

" [0014)

ARPE, ROVATFLLSIAETS LEMESICEATREZHAELEDT
HY, ARHFOE L OEWIL, BRBET— KHSERHEE— FICEL3HD
BBEBICBEWT 70y 7 281, D, BFICHEIZZLICKY, YXF AL
SIOMBEH:BHHFCBEEEEZLOTER, FHEIOBRSAEY AT A
LSI*E#IT2ZLTHS. '

[0015)

EBIC, ARFDHE2OHME, 7SV r—vayIusSLofrd, V7
FNERICEEAVWONE IOV SLATEICEZREHARNT - R YUY NETF
SZLiCkY, a—FHRESOVAFLICEBRENBEAVATLERATS
B2EDICTBHILOTER, FHBANODHREINEVATLLS T ERET LI
THd,

[0016)
[(REEZ2BRITZE2HDFE]
_ LEBEE2BEIT 220, ARHEOE 1 0B AICENIE, FRAMEEICHER
S5 70y 7RBICBCT, BEOBEHET—FE, BEE—-Fe&eE7353
YAFLLS IABHENG, RREOYAFLLS T, SiREEHEE— K
MO70v 7REBOBBE2TO2007 0y 7HESA TS UNEHEIHEZE]L
DRBFBHR (551) & VLYREEEFL, ZVYRALXEOERICKY, BifidE
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,ﬁ2002+047696.

BHAEET— REBFREBHE— FLoMOr Oy 7IREBOBBRITO L L EIC, B
"WI/DYI7HES A TSVICRLT, WRBEEEHET— FHOs Oy 7 REOE
BEAD VAT LHMER (534) & HBOBEIOY I RAHIINT, B
RYRTLHEEBOHBICSCT, WREPRAEEBICHEIhE IOV Y &
TS50y VERER (5568) ;7S Ur—Yaryrsus/sL (31)
BRMENEE20RBFER (55 1) Liiz, MiR7 Uy —vayrsay
SHLickVY, BIZ7 0y 7HESATSVDRUHL, BLU, BiEELVY XX {H
DERIRFHBZHZZ L2/ T S,
[001 7] .

BB, YOy IHESATSUNRMENEE 1 ORBERET S U —va
YOV S LNRMENEE 2 DEBFBIL, BMEMIILE 2 DOERBFRLEL
THRLTLEL, 1OORRFRORLSEREREUT, WEE 1 OEBF
BBk URES 2 ORBERLEHFLTD I,

(0018])

R 1L BBOER IOV ERAY, BB/ Oy I/ 2B THZLICEY, &
REIEE— FLBERHET - FOBERBR L TWE, ZORKRHATE, BMEHR
ORI DY 7 EAVWTWS, BUT, 7oy 7EKER (55 8) OfF
BELT, B, WEHEROE#E DYy (MCLKO, MCLK1, MCL
K2) BARSINT, BECHCCHBER/ Oy 7 2BBLEY QY 7 2 ERT
BPLL (573) &, Bi&#/ 0y 7 L EMRBMFINEREEI Oy J %
SETEGBRT 5/ BRE (574) LEBABRETBZEICEY,
HEBEI7Oy ZICMAT, ZEEIJ Oy 72BELE7O0Yy 728 AT LATHY
BZZEATED, ZOEDICLT, SRLEREDEE— K (BEREET - K,
WEBEE — K, ERBEE— K, BERBET— F2Y) 2HTEVRFAE
BT LN TES,

(0019] |
¥, HEO/Oy VRELEBIRESO/ Oy VIRBEOBEGE, 70V
JHIBSA TSV EWSETEHBIET A Z &Il&kY, BEEEE— NICBITH
WOV Oy 7REE, SEPEETF O UEIES LD ICHND D RBICHET
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BIENTES (MhBESEAEMET 0y s ¥7) LHT5. ). 20
ESICUT, 70y 7 REOE UMD REEATEE 2o %,
[0020]

Eoic, ARHTR, /0y 7 HEEBACLVYRZEHEL, EEHEE— K
P LRBHEE-RIC/ Oy VRBEEBIESROMEE, ZOLYRRXEOEE
KEYFoT VB, ZOB, BHE— NICEBLEABDL YR XDOREIMT DS
FXNRVDT, BEET— FASBEBHET - FALBOEBT3BICIE, A3
HARLICEYREE— RERBTZETTEL, HEANESICITRS,

(0021] o |

WEI/ Oy VHES A TSV, WREYATFANEESS X UMEY O 4
FRER 2 HE L CHEPRAEERICRRINSZ /Oy VRBEBBIEEIED
DEBDOSA TS UL, BEF TV r—vayIOrSLCEYRTHEEAT,
MBS EICERENG /Oy VRBIS LT, BESATSU0OWTH
PEBRTBALYSA TS EDDRSDZ ENEE L,

[002 2]

IOy IHESATSUN, ALVILTSUEBHBDOSA TSI EIBRY
, AL VTIALTIVICEYBRENES A TS VCHET A (clkgea
r) REFEINBZEIEST, 7Oy 7 HEICEET 3EETHSHEI/ Oy
VERERBIUOMEY A FLHBEREHNICEHETSZ LA TETHS.

[00 23] ‘

HEAAYSATSUE, HEF U r—vay FATSAEA—0TOYS

SETHEREZATWEZLERHFE LW,

10024] |

ALYSATSURT IV r—va vy IOTSHLA—DTOY S LEBTE
BEN, PAUF—2arhdbRALYS4TSVORTHLEA—0F O S A
BETHDABZLICEY, 2 —FARMYBNRTOED PR AA VX Tz —
AE2EHL, I—FHRESOVATALAILEREBRNT IR —IAV NV ATLE
BIRT 5 LA HETH S, ARETIE, ZOE>RTOYSLEEO—HLL
T, ARBR T O VSLEEZETHoTCSHOY 7 MERBIASHAOWLATWS,
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CEBEHRELTWS, EEL, BRIIBITZ2 075 LAFEDEHREDELL
WKL T, 2AYSATSYDEREFLHELETEZEILIED>ETHRN

[0025]

¥, BIRRESA TSV, 70y 7AEARKERB X URE Y AT LHEE

By EBEHETERTOVS LEECRREIN TS ZENEE LW,
[0026]

£S5V k, y0y 7 ERERBS LTS 2T LHEER & EEHE TR
TUYSLEETERTBZLICEY, Juy Z7oHBICEETAN—FKyy
THHE3 70y 7EKBEIRBEUVATFLAFEAER:2, SA4A 75 JICEKYEERE
THEZLATETHS., ARHATE, 20> VSLEEOD—HIELT,
7EVITUSEEIERLTWS,

[002 7]

BIERASHRE— Rid, SRR RAEEEOEEABRERICIH L7 0 v 7 O
EEILT A8 L ORKE— FE, PRABEBESAKDO I/ Oy 7 2SETHE2D
KHE— Fe, PRABEEESCHEOBELELTIESORKE— FEADKES
ZEMNFE LV,

[00 28]

HRAEEBOEELBRERICHL Y Oy 7 ORBEEET 38 1 OREE
— K (HALTE—K) %, fRABEESEDY Ov 7 2B1IET 55 2 DR
E— K (STOPE—R) 0ftic, HRABMERSEDBIREEILT 53 O
%E—K (SLEEPE—FK) AL, HEEBHOBIBEEEICERTESHREL
b‘twé;

[0029]

B Y AT L@ EEE, R 0y 7 ERERICSITS 70y 705 Al
RETIEDOHAUBELVIRAZ (563) &, BiRI/Oy 7 ERERI S Y
Oy 7EEMERENT, B0/ Oy 7 EE2EEEEIMRTIEDORE
27029070y /EBIEALVY XX (564, 565) &, BiftEE 3 DRKET
— KO OBRULEBRORETRABEEBEDRBEHETERAT—XAVIRAK
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(567) LEMAAZLAHEL Y, 2B, TALHEHBELIYRLK, s

VIEBLFHAUVIAZHBEZVWEAT—RZAAVIRARIZ, 1OV RARXTH->THE

X, 2B EDUVIRAZEEEMICHWTHEW, £E&, VIYREZDOEY PEDE

Ey NOBKRRER, YAXAFLOLERICIK U TEERHIEETAZLENTE S,
[OOSQ]

VATFLHBEEOVIRAZELT, Juv/ELEHAVIXREHABZLIC
FY, HRABEBEOIEABBERICH LI Oy 7 OERBEELETHE 1 O
HE— K (HALTE—FK) ®, FRABEBERXMEDO I/ Oy 7 2EETEE20
BHE—F (STOPE—FK) AD/ Oy 7 REOEB:HETHTHSB. 1
, AF—HAUURAEMABZLICEY, FRABEESKOBREELET 5
BIOKHE—K (SLEEPE—F) A0/ Oy 7 REOEBB X HBETETH
5, ' '

[0031]

—OERRERE I/ OV ZIT, RIRELT32, 768kHzE2HWAZ LN EFE
L,

[003 2]

B LT32. 76 8KHz %85Ik, BEIRZICAVWDS KSR
F (A —=Y) EAVWLZENTES, BTMHz~HEMHzOZ7 0y 7 TH
T 2 BEBHEET — RICHART, BHTEVWARKO /Oy 7 2HWsZLICE
Y, EEMRBETE - REEHTAZEATES,

[003 3]

(RO EROBE]

UFCEAEEEBRUANDS, KREICHNSYRAFALLS [ OFERER
DRSO W THMICHIET 5. R 1LECPUOHRERTBHERTS 5, M2
i, H1DOCPUEZHAWAVATALALS IDOEKERIFHEAETCH S, b, X
HHMEBLUOREICEWT, EENICA—OBEBHEKREE TOIHRERICONVT
i3, A—OFEEMTEZLICk Y BWBH*EHT 5, |

[0034] ‘

(CPU510)
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%2002—d47694‘ :

CPUS 101, H1ICRLEESIC, TONBICTOEyH51 1 EHLT
BY, BAEFENAS 21 HEAXRVIZSINAS3 IR ERFACPUTY
YyU520LRYTSNTUYTYE30ICEYREELTVS, FOokv P51
1iZ, a7CPUS 1 22DEELNBRERLL, ZOMIIABT—FF vy ¥
ARAMS 1 3BIUAHRETF vy Y2 RAMS 14ICKYRREHATWVS,

(003 5]

VAFLEEEBES 34RRY TS NTYy IS 3 0ICKEALTHY, 4
POy IET54 61k YABEBASABY Oy ¥ ERTAND ZENTES
c ZOVATFLHEERS 341F, oy YS511BITZEOMOCPUS 1
ODBRERICZ7Oy 7 2#iGL, »OoHEIIEREE TS,

(0036] .

ZOMOCPUS 1 0 DHMERERL LT, SHBENRS 2 1 ICRaNS
FAMAYRTz—2A522, AEUHBEES 23, NREEEBES 24 BE
CEAFEERES 2 524H5, FARAYX Tz —R5 2 2T R MNRR5
42LHEATH, XEVHAERS 2 3IIABAEYINRS4 3 LESSH,
AFEERS 2 5 I3FAEEHFS45LWASIh TS, BEABENXLS 21
BAREF S 44 2HATHY, ZOABHEFS44IC2-—TFOREERSTD
ZEILESTYVRFLLS I 2RI HIENTE S,

[0037)

T, BEAXRXUTZZSIHIUNAS3 LI, YATLHBEEEDS 3 4 0, XA
5328, EER—F54 TEROVUTF LAY ETz—R533AWEAELT
w3,

(0038]

JTAGHEZ54 113, YOy ¥ 51 1 HEDFRARA YR T = — REBICHE

bhs., |
[00o39]

(VAFAHLLSIB550)

YAFLLSIS5504E, M2ICRLAELEDIK, BLIGRLECPUS10%
FTOEELERERY L, NEHEFS 4400 FHEHE/NRS 2 1 BRI NT
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W3, TUTC, BAE#ENRS 2 1K, #RF2370v 78BS AT5U%7
TVl —varv/uolsSL % M IA2ROM (Read Only Memo
ry)551k,RAM(Rand6m Access Memory) 552
E, A—FFUYIFIVDOEBEFEDS 5 3 LAFEEFLTWVS,
{004 0)
¥, BAEENAS 2 1ICEET IRV 7SV T I554iCkY, B
ARV 7S WUNAE55 EONTD—-H Dy HIERRES S 6B LA —-FA YUY
FAOrOY Y EREBS S TERELTNWS, NT—FIVHIEERS 5 613
, YAFLLSISS 02D/ ny I/ pREERFHETILIZLTCNNU—F V%R
EHLTW5, '
(004 1)
%anvb%%546mmyx%ALSIssoim%#ntﬁmvﬁéﬁ
HEg S5 5 8AKE SN, YATALFPFERERS S4ICAH I/ oy I EHEBLTVS
. B0, HRET 54 5 ICHBHAMEEES S 9 ERI TS, AEEDE
Bk, YATLHEERES34BLC 70y JAERKBIES 5 8ICKEEET 5.
BTFIC, YATLHBEERES 34IC>WTH3 %, 7Oy ZAEKEIES 5 8ICD
WTE4 %, TAENBELANSBHET 5. |
(004 2]
(AT LHEERES 3 4)
H3ix, YXFLHHEERES 34 D0HEHTH 5.
VAFLHIEERS5341k, YOREYY5 1 1BITEOMACPUS1IOD
BERERIC/oy 7 E2H#BL, o, HETHEEETS. H3ITRLEED
I, BARYTZZSNUNRALS6 LICRBEUIREDNHEEL, ZhSVIRZRIC
&Y, CPUS 1Ot ZNh2 70y 7 26T S5, UAFIC, HELVIRRICD
WTHEHAT 5, ' :
(004 3]
suy 7HB/FEBELIYRZ56 21, ER#/7O0v 7 ORIROBEBEESPPLLS
T30V VICEDIETOEEREEHRTIEDOREETIVIRETHY
, HIEESCRKWTR2H AT 5,
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(004 4)
SEBBELVYRAA563(, YOy 7AERERS S5 8 2HETLEHDOLY
ARTHY, yOvIHELERD, HEEBECGCEEIT S,
(0045]
rov 71V AE56401F, CPUSIORNDZay Z78fEE—FRD>H
> CPUS 1 0DEELBRERICHLI/I Oy 7O EFIEITSHALTE-
F(EL1ORKE—F) &, CPUS 10024070y 7 2EIETS5STOP
T—F B20ORKE—F) OBEEZTFTIEHOVIRZTHY, HEESPM
PEHATH. E— FOEEPCPUS L 00WFhOBRERICHLIOY &
DEMEFIET ZNCONTOHER, VIRZOREDL Y NERETHZ L
ICEkUToTWS, '
[004 6] |
yay VELEHBLIYRAZ565F, YOy ZEIELYRE5 64 DBEICHE
52/ y 7EEHCLKEHMATEZEDDOLUIRRTHS, ZDRICARD 7O
y7fEHBCLK (IN) @#d3$27 0y £REKS 5 8ASHBEND,
(004 7] ' |
IDUURA5661, CPUS1O0DENAYEEASYRTALDEHES
HEEDDUYRETHS.
(004 8)
AF—HAUYRES 67T, AUBEOATF—AAERTLIRKTH S,
AF—RAVYRAS567IF, CPUS1ONDIOY VEBEE—KDD>SH, C
PUS 1 0DLHDEBREEILTSSLEEPE—F (B3 0REE—F) b
ﬁ%btﬁ%,CPUBiOW%®%E%§E866AyF&:%ﬁ@ﬁ%%ﬁ
HTB, N Rz 7DRBOBANL, VIXEZORFEDEY M ERETZZ
CICEYITFoTWS,
(004 9)
ThbHEUVIAXE562~5671F, BEAXRUIZSUNA56 1%BLT,
TotvH 51 1I1AFOMEX*ERBEITDIZENTXS,
[0050]
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PAE, YXAFLHEEEDS 3S4ICDODWTHEAL =,

WWT, 70y Z7HEREBEIES S 8ICDODWTHHET S,

 {0051)

(Zow 74EKEES 5 8)

R4k, 7Oy 7 EREKS 5 8OHHERTH 5.

sy 7ERERES 5 8EYATLHEERS 3 4ICABI/I Oy 7 2HHBHLT
W5, MCLKO (62. 5MHz) , MCLK1 (50MHz) ", #XUMC
LK2 (32. 76 8KHz) DEBFICREKEREESHLOHANENE
RAHEN, YAFAICEBESNEEES Oy 7 OREL 25,

(005 2] |

say 7HEEHS 71, B0y 70RO, oy @S 7 1
CAHENBHEERCKWTIE, YAFAGEEES 34RNOY Oy 7 HEE
BUUREE62HBDANTHY, PLLS57TABORERMEEMET S =D
CHWSND,

(005 3]

IS 7 21F, yOov 7 AEREIRS S 8ME0HEEITD. HEES 7 212
ANENBHEFEFCGBSTPIR/7 Oy Y EREKS 5 8 HABD I Oy 7 &
¥ 5E8THE, BBTHSLEEPE— KTk, BAEBOSCENILY
HiIROEFIEE2BRT 3. ZofM, HIEHS 721X, 7oy 7 oG/ EIEEHE
TOHBEEFEEFCLKENE2SA RIS 74 ICHITT 5.

(0054] |

PLL5731, ##@2hs/0yZ/MCLKOKRABELT, K LEGEE
/8y ”7 (48~240MHz) 2585, LEEEI Oy 7 ebEdE, £

HWTA4RBDI/ Oy I EBIRTZZLATES, &8, PLLS57 3%, ##EHE
BPLLENIKKYEETEZENTES,
| (0055] |

FRCDIOY VB E . BIRES TAICBWTHEE, hOBRINS,
SR/ BREWS 740 REAEEE, 27CPUS L 20870y FCL
K, BERXUT7xSUNR52 LOP72XErO0vy»BCLK (OUT) , &
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U, 2470y TMCLKTH3. S/ BRICHWSHhSHEREEE,
%W&mvﬁFCLK,%m&0715wﬂz521@77t2%7nv950

LK (OUT) iCoWTEHBEFEECSELMHWShHh, 240w 7 TMC

LEKKOWTHEEESTMSELAEVWDAS,
[00586]

AEREOHRE T, BHREEET— FAHASERYGEET— NKESZHOABEBIC
BWT, 7oy 7288, »>, BFRICHEIZZLICKY, YXFLLSI®D
BEEHEERBICERZIEIZLEE—DOEHLELTWS, YXFALLSISS
0k, RI2ICRLEEDIC, oy P51 1EHAWECPUS10E, 2—¥%
Y OFLOEBRS 53 THRENTVS, foT, YOty H5 1 1ICHR
Eh3/0v 7370y 851 1 OEHFIHASZDOTRITINIEZRD R,

[0057) |

AEBOBBO SOy Y51 1iE, Z7RAMSRX (FAST BUS) £—
REAME-RD2O00EHEE—FEE TS, 77AMRE—F&IFK, HEHN
Y725V NARS521 D778 XH 70y 7BCLK%, oy H¥#511LHE
ARXVZzSIURRAS 21 DORSETEATIEEE-RFEED. HHE—-R&Z
, 7Oy H¥511TRa7CPUS1O0DEEYOY 7 FCLKEERL,
BRYUTZSNWNRR521CR778AA 70y 7BCLKAEERT28HEET—
KeE>.

(005 8)

BRARVZzS)UNAR5210778XRAr70ny7BCLKE, H4IIRLE
SRE/BEREBS 741C&Y, I7CPUAZOBYyZFCLKERA—, HLLIEZE
@1/2@%&@%%90&8,:ﬁ%@%—ﬁ@@§m:7cpuslzwu
VAABEICEKYVITFToTWVWS,

[(0059]

CPUS10DHBE, BHISISRUAEAYATLHHERES 34HNDO VIR
BT, a7CPUAHZOYJFCLKEICOEHFEMRBEETDHIZILENTEE
w TOEIRX IOy IEEGH, o, REICHETSHEE, APMES 7
Oy 7¥7) &H92. 28, AEEOBETE, Oy IF¥7ICLa7097
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HIEHE TP ARMNRAE-RICBWTORXARTHEZ2IDE LUTHHAT 5.
[0060]

AEBOERBO /Oy VEEE—~ RO—FEFSIRLE. 5V AFALL
SIAICDRAM (Dynamic Random Access Memor
v) BEL, D2, BEFRHET - FAFEITIERERERALESED I O
VIEEE—-RTHD. ZAODEE— FETOBBRER /Dy /7 ¥7iIC&ko
THEDbNB, ZAICOVWTRFKEMICHET 5,

[(0061] *

AREBEDOERBOZ/ Oy JEMEE— RKiZ, HSIRLULELDIC, 8DDEEE—
FSTNn (n=0~7) 84¥%5, Z0>%5, STNO~STN4D5DHE
HEEE—FR1 1LICBL, STNS~STNT7D3IOWRHHKE—RK12ICETS

[0062]

Vﬁﬁ%@%—ﬁlltﬁ,(STNO:@%QW%—F)mﬁ,CPUSIO
OEEEREICIHCT, (STNI1 : BEEHEE—F), (STN2 : GHHHE
£—F), (STN3 :{ERBEE—FK), (STN4 : BERBEET— ) A
55, |

(006 3]

$, BHE—K12iCid, CPUS510DEEAMRERCHLI Oy 70
i EIE325E— K (STNS5: HALTE—K), CPUS10£#4nrno
vy EEEFETEZE—-RK (STN6: STOPE—FK), CPUS102K0EE
#EF3T2E—-FK (STN7: SLEEPE—FK) 2% 3., H5iICBWT, BE
BEE—-F1 1RICEBLZABRBIX, EAXYIZSIWNRAS521D77EX
H7o0yZ7BCLKOAKKTSHS.

(0064] |

Oy IDRE (A—NF—YRFEESY) 62, 5MHz, 50MHz,
BLU32. 7T68KHzD3DTHY, Zhdlk, M4IiICRKLEMCLKO,
MCLK1, B&XUMCLK2DE&HFICHHIET S, Z2T32. 768KHz
&, BEERRtHEKERE T (74 —Y) EHWTWS, PLL 57 30HAIKRE
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MCLKOKHEBL, BAKT240MHz FCEM{BEND, 22T, YAFALL
81550fm,PLL573?ﬁ%bt&®7Dva%€w,é$?4%%®
yayyEBRTZZENTES,

(0065] '

LEEEE (62, 5MHz, 50MHz, 32. 76 8KHz) L%
DELSOEWE (31. 25MHz, 25MHz) X, H5ICBWT, 77EX
H7owZBCLKEULTERERENTWS, 223, I7CPUS 1 208/ O
vy 7 FCLKIEZOMERICI Y ERAEDONEHDOLEL, Py ERA OV Y
BCLK%, HHATEZ2RRARBKIFEREINDIDIDLE TS,

[0066] 

BT, H52BRLAEND, 5O00BEBEE— RBLU3 DORBEKEE— K

KOWTBHT 5. £F, BRBET— RICOWTHET 5.
[006 7]

(STNO : fEEE— K, 25MHz)

DEBEE— KL, Uty NEROWHERESOEDICHEDNS, BHHE
NA521, EBEARY TS )IUNALS 3 LICERENS AHEAEBEORICITEERE
DIEENELVOD LB Y, EEDY Oy 7 TH2UHHIET— K CHMEREN
Thhad, 2B, VEy hNE#%, 3P7CPUS1 2@ 77ARNRE—-RERD

[0068].

(STN1 : &&#EHEE—F, 62. 5MHz)

BEEHEE— Nk, FABENZ521, BARXU 7S UNRX53 1%k
BRCHESEEE— FTHo. #oTURTLLEDOBEEBHDBAE,

[0069] |

(STN2 : BREHEE—FK, 50MHz)

BREET— FX, BREFEHBET—-FK (STN1) Kyrzav IR EnDH, +
BREETTY I —v 3V RS REE— RTHB, ZDEdRE— REH
FEICRIT =D, Z7Oov I/ XF75HBICETL, YATLALEDOHEEBEEHDER
PREICTEEDTH B,
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[0070]
(STN3 : E#EEE—F, 31. 25MHz) | ,
EREMET— FiX, 7uv 7 2ERICLTYRTLLEDOBEEB S 2 EZEWIC
EHEE5E— FTHB, ¥—K— FOL> REET S DB EBESET
2HEICE, ZOE— FTHLICHEET S,

(007 1)

(STN4 : BEFBET—F, 32. 76 8KHz)
BIEREEE— Fid, EENICVRATFLOMBRE (WAITE-FR) 2EH
U, YRATLEHOBEBREHERBICERSIES. EEL, Y2AFLA0ZOY

O DOHEBAEEINTWAEDITTIERVWDT, EOXM EEREEEIEE — R&IiC

EBBTE5,
[007 2]
B, HMLICGRUERXEYSHIMEEES 2 3 4EAEU /NSRS 4 31CE YH4E
DODRAMEZ . 5T M, 20K, DRAMOUZUyYalravyr2eLlT
FHREEKES 2. 76 8KHzFHVWOATWS, ZAIEZDRAMOEKD» SRS
PHDOTHBDT, BERFEE—FK (STN4) KBVWTZNUFTOEEE %R
32543, DRAM:RHIETZAEVHMBAERS 232807 YTy Y
E— FRTEESERITLIE RS 2w,
(007 3]
Bk, 50o0BEHET— FICoWTHRELE.
RNT, BEE— RICOWTHET 5.
[0074]
(STNS5 : HALTE~FK (1 0RHKE—FK) )
HALT%—FE,@lK%LECPU510@i%&%ﬁ%%?&éiﬂt
v#511, CPUTYwIY520, RUZ7zFVWTYwT530, NAFHEE
BS524%) I L70y /0B EFEETEIE—RTHSD, HALTE— RN
X, 77U —aryofirn, HSICRULEVATLARBEEEES 34D O
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TRANSMITTAL OF INFORMATION DISCLOSURE STATEMEN Docket No.
(Under 37 CFR 1.97(b) or 1.97(c)) OK1.396

In Re Application Of:  Hitoshi ENDO

Serial No. Filing Date Examiner Group Art Unit
NEW September 23, 2002 TO BE ASSIGNED TO BE ASSIGNED
Title: SYSTEM LSI e
gy
A N

LA L

Address to:
Assistant Commissioner for Patents
Washington, D.C. 20231

il

37 CFR 1.97(b)

1. ® The Information Disclosure Statement submitted herewith is being filed within three months of the filing
of a national application other than a continued prosecution application under 37 CFR 1.53(d); within
three months of the date of entry of the national stage as set forth in 37 CFR 1.491 in an international
application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office
Action after the filing of a request for continued examination under 37 CFR 1.114.

37 CFR 1.97(c)

2. O The Information Disclosure Statement submitted herewith is being filed after the period specified in 37
CFR 1.97(b), provided that the Information Disclosure Statement is filed before the mailing date of a
Final Action under 37 CFR 1.113, a Notice of Allowance under 37 CFR 1.311, or an Action that
otherwise closes prosecution in the application, and is accompanied by one of:

(] the statement specified in 37 CFR 1.97(e);

OR
] the fee set forth in 37 CFR 1.17(p).

P10A/REV02
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TRANSMITTAL OF INFORMATION DISCLOSURE STATEME Docket No.
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(54) PORTABLE INFORMATION PROCESSOR

(57)Abstract:

PURPOSE: To provide a portable
information processor capable of operating
in a long time and preventing malfunction
caused by static electricity.
CONSTITUTION: Whether inputted picture
data is binary data or multilevel data is
investigated so as to output a mode
selection signal to a clock switching part
110 based on the result. Receiving it,
when input picture data is binary data, the
clock switching part 110 switches a clock
so that a bus control/ memory
management part 101 operates in a
relatively low frequency (CLK 1). On the : -
other hand, when picture data is mulitilevel data, the clock switching
part 110 switches the clock so that the bus control/memory
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circuits in the semiconductor and a clock generation means 6 for
supplying clocks to respective circuits in the semiconductor. Since the
means for controlling power consumption based on a program is
included, accurate control for power consumption can be executed.
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