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PROCESSOR PONER AND PERFORMANCE FOR SINGLE PHASE LOCK LOOP (PLL) P g&”—@
SYSTEMS 5 BACKGROUND OF THE | NVENTION Field of the Invention The present
i nventi YO PETHBES generally to the field of conputer systBEFUSOINGIG
specifically, the present invention relates to the conservation of power
10 consunpt i MMELHQAPHNIUAET A Add R TRSENTRPb RROCEISORBOXEY AND As nore
syst ens beconBERSPTMIANCEFQ B UG LB PHkTle LN La@Pd 85y PR CRESOR aced on
portabl e power supplies, particul arl ySYatEeS es. Reduci ng power 15
consunption by processors becones increasingly inportant as the industry
noves 40 maximze battery l[ife. Even in stationary systens, excessive power
consunpt i gAcr@RSIL BSOE TiHE NgkerTiener ati onal costs. Additionally,
" increasingly Stringent governnental requirenents and environnental
standards mlitate toward reducing the power consunmed in a conmputer system
wher e posEichi of th2dnAemtypi cal hi gh performance system consunes a | arge
anount of power because the system generally uses high-speed
m croprocessors and co-processors. Systemreliability and battery life are
probl emati ¢ f of NAPEFERERVEREPN EJA S meRcraly txdificld fommputarsystexanpl e, a
typical high fregue M Cr opr.ocessor .increase tenperature rapidly
when the ﬂr#’écr’ %E’)Crcgfgceagfééhec%rﬁgunrrtelgvfw‘?" ’g‘%’x Srmgﬁ?jcnné%nﬁiﬁ‘r@?%{@?eét peak
per f ofgTRNG SR u HPWRN €y & gmﬂyu@pg{,gtgﬁ;i ons, such as word processing, do not
require the mcroprocessor to operate at full power because a typical high
performance m croprocessor can support nore than a typical word processor.
~Accordingly, it 1
Description of the Related Art

As more systems become portable, increased reliance will necessarily be
placed on portable power supplies, particularly batteries. Reducing power
15 consumption by processors becomes increasingly important as the industry
moves to maximize battery life. Even in stationary systems, excessive power
consumption translates into higher operational costs. Additionally, increasingly
stringent governmental requirements and environmental standards militate

toward reducing the power consumed in a computer system where possible.

20 A typical high performance system consumes a large amount of power
because the system generally uses high-speed microprocessors and co-processors.
System reliability and battery life are problematic for a system that consumes
excessive power. For example, a typical high frequency microprocessor may
increase temperature rapidly when the microprocessor consumes full power and

25  operates at peak performance.

However, many applications, such as word processing, do not require the
mucroprocessor to operate at full power because a typical high performance

microprocessor can support more than a typical word processor. Accordingly, it

1



2 7 AUG 2004 WD 011735534 PCT/ US01/07216 is not necessary to keep a ?l;gm 00
- performance systemoperating at full power at all tinme because runnfn zgtL
full power not only reduce the battery life, but also affect overall

syst em MPOEBIBIty. Therefore, it is wasteful to keep a HFIEWMEIAI ng at
full power at all tines. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present

i nvent i on® #P ’I‘ecﬁésaﬁ\ﬁﬂ%ﬁ?tpc?dﬂﬂ FEOTPENFY S g PPt ehfulbdowdesicali pt i on

gi ven bel f h onpanyi ng . .draw ngs of various enbodi nents of
the inven |%§?&\}?ﬁ|£ g‘ﬁ}r%ﬂg\?\;eaf\clllefgaéehﬁﬂtl%lhb “5%31"6{1?&’?% Bl PR plspadedo

inventi or@,‘,gpa;tQ%tcs,petqicfbmy.enbodi ments, but are for explanation and
understanding ‘only. Figure I illustrates one enbodi nent of a single PLL
based CPU system fFi gyr. e 2ti ! state diagramillustrating one enbodi nent

of power consuRptP'ShTY HEUEH! Pdeen g gydem Thanigs &t ftlbrevageedl Piesst rat i ng
one egbodi nent of power consunption states having four states. Figure 4 is
bl ock diagramillustrating a systemthat is able to enter different power
consunpt iBRIES (GRIER PEIQNIEF PHEDranWiiQek diagramillustrati ng one enbodi nent
of a systemclock. 20 Figure 6 is a timng diagramillustrating a process
for switching between power consunption states. Figure 7 is a flowhart

il lustrating dhppocessingtntswi vittiengrdponerd moenalmpidorhetahasd 2 2 7 AUG
2004 WO 01/ 73534

description given below and from the accompanying drawings of various

embodiments of the invention, which, however, should not be taken to limit the
10 invention to the specific embodiments, but are for explanation and understand g

only.
Figure 1 illustrates one embodiment of a single PLL based CPU system.

Figure 2 is a state diagram illustrating one embodiment of power

consumption states.

15 Figure 3 is a state diagram illustrating one embodiment of power

consumption states having four states.

Figure 4 is block diagran illustrating a svstem that is able to enter diffcrent

: power consumption states.
Figure 5 is a block diagram illustrating one embodiment of a system clock.

20 Figure 6 is a timing diagram illustrating a process for switching between

power consumption states.

Figure 7 is a flowchart illustrating a process ol switching power

consumption states.



PCT/ USOL/ 07216 Figure 8 is a flowhart illustrating a process of ent qi@g il
| ow power consunption state froma high power consunption state. AFL 6
DESCRI PTI ON A net hod and an apparatus for conserving system power
consunpwoe/ase 5 described. In the foll ow ng descripti BaT/Usdhei2dbs
specific details are set forth for purposes of explanation, in order to
provi de a t hoFigugh8 sredérwthartdilveyraging elpgocess eb emteringwelotd povet t Wil | be
apparent, however, to one skilled in the art that the present invention
can be pFERTYTRPTWIRASIN T RESFOLSEEPTTERIEIESNE. in other 10 i nstances,
wel | - known structures and devices are shown in block diagramformin order

to avoidtﬂﬁgﬁﬁﬁbpggﬁggpﬁkﬁéent i nvention. Sone portions of the detailed
descripti re presented in ternms of algorithnms and synbolic
representations of operations on data bits wthin a conputer nenory. These
al gorithm c dedBetNpE Pothan ARRP TP ¥s f U<SOREAY INGriy'StETD BPY Cf KenswwapBonsed by t hose
skillgd i,n t@g data processing arts to nost effectively convey the
substancgeﬁ?'fﬂeir work to others skilled in the art. An algorithmis

here, and generally, conceived to be a self-consistent sequence of steps

| eading to alndésielogvipgdescripignausnespes mestfichisdailyargquet fondh fomysi cal

mani pul ati ons of, physical . quantities ual Iy, though not necessarily,
t hese quEHﬂ?qsiE%%f‘Jttg‘gz3 Yappr 1 B?i%ffiﬁr?ﬁ“@lae & 1”69‘“&%@&&%8 ! iegnal s capabl e

O o kS lue B ShfEhop D ARy ey, SORRALE R NG LR BE o

mani pul ate rinc y S of “common

conveni eRte@ht hi-fdnt@nbe ?&HE& Lhesse @E&@hléme%ebﬂss gﬂ\sﬂh es, elenents,

~synbol s, characters, terns, nbers, or t i ke. ould be borne in

m nd 10 howevaces, Wit krthin @fuctltessmdeddlick Bid SHovhehiBloak giag2int BrRenassoci at ed
wi th the appropriate physical quantities and are nerely convenient |abels
appl i ed polarhesenidwasturingdls: prgpare ssvespen fi cal |y stated ot herwi se 3 27 AUG
2004

Some portions of the detailed descriptions that follow are presented in
terms of algorithms and svmbolic representations of operations on data bits
within a computer memory. These algorithmic descriptions and representations

15 are the means used by those skilled in the data processing arts to most effectively
convey the substance of their work to others skilled in the art. An algorithm is
here, and generally, conceived to be a self-consistent sequence of steps leading to
a desired result. The steps are those requiring physical manipulations of phyvsical
quantitics. Usually, though not necessarily, these quantties take the form of

20  electrical or magnetic signals capable of being stored, transferred, combined,
compared, and otherwise manipulated. Principally for reasons of common usage,
it has proven convenient at times to refer to these signals as bits, values, elements,

symbols, characters, terms, numbers, or the like.

It should be borne in mind, however, that all of these and similar terms are
25  to be associated with the appropriate physical quantities and are merely

convenient labels applicd to these quantities. Uniless specifically stated otherwise

3



WO 01/73534 PCT/USO /07216 in the follow ng discussions, it is appr egzatqgg !
- that throughout the present invention, discussions utilizing terns @
"processg"” or "conputing” 01 U "calculating” or "determ ning" or

"di spl PRIt the like, refer to the action and procesREBUERORICoNpuUL er
systemor simlar electronic conputing device that 5 mani pul ates and

t r ansf or B tpfedoyEis disentsinsed Iptpriccated Blag throogha)t theameédehi s wit hin the
conput er .sys em % regi sters. and nenories into other data simlarly

r epr esent BT R p AV TN GUERREIE (o5 S HE AR RINEe SHIED ¥ Sfomystirghorenor i es or

regi ster Ss’fﬂ&l% rorsygtgninmiggn rt.icﬁ%ﬂg\t,ilgr aggﬂi%lrﬂg%n?g]ﬁs)%én or di srgl ay

devi ces. e present 1nventl al'so 're £ 389 v# per f or mi ng

the 10 opRbakicad®aeiPhiler sfBiesh 3pﬁﬂ{i%%§ec%fﬁpgor§$§&%hlc L EQAZtructed for

the required purposes, or it nmay conprise a gene ar pﬁsea onput er

sel ecthi vehanipoihtegah@draaislorfrRaiitd r@ire @chtbY a2 phOTPMLELPEQAGY AGStior ed in the
conputer. Such a conputer program may be sfo‘red i'n a conputer readabl e

st orage methiuthe gumeputas sysbern'swogistdrs and edkrhoziegifyo byREd S stk id ncl udi ng

fl oppy disks, optical disks, CD-ROVs, and 15 magnetic-optical disks,

r ead- onl JCRASHRAGRS RIRGME) quaniiitRsi Hbetdhe qoerprteesy stqpRAMR)QridSRROVS, EEPROVE,
magnet i c_or tolptoircgll1 cargls or an% type of nedia suitable for storing

el ect r oni ST REY QRYGTSHER IREMANRY S84 S reBussiQuRnticRly dyricem bus. The

al gorithns and displays presented herein are not inherently related to 20
any parti cul afh&pitpentanvorica Hee rdppatasus ppyatiois pgenanalgther pose syst ens
may q used with (Iprogr_ltalBrrs in accordance with the teachings herein, or it
may gr oPBCRBAVER eI Ty aprRiPircha ) brspeciale eprdtiuctad! fapPar uised o perform

't he require S ... The required structure for a variety of these
syst ens %“fh oieg%%ggga% %%ﬁﬁf'ﬁeea ggg%rgFBf‘f%‘?felfé’Pmml ??leéﬁ‘d%t"i%ﬁ?’at? & present
i nvent i oRedofifiPRed 2 AGkhhREE b LiEfLy o any particul ar programm ng
| anguage. |t l%i I'T be ap recﬁé%é t%at aﬁl\r}glrgicéwfué T pFJ(C)leéPrWiPH | anguages
may be U%ﬁikﬁﬂ rhiﬁ\.(pb@ﬁ@ﬁéd in a computer readable storage medium, such as, but not
limited to, any type of disk including floppy disks, optical disks, CD-ROM:s, and
15 magnetic-optical disks, read-only memories (ROMs), random access memories
(RAMs), EPROMs, EEPROMSs, magnetic or optical cards, or any type of media

suitable for storing electronic instructions, and each coupled to a computer svstem

bus.

The algorithms and displays presented herein are not inherently related to
; 20 any particular computer or other apparatus. Various general-purpose systems
may be used with programs in accordance with the teachings herein, or it may
prove convenient to construct a more specialized apparatus to perform the
required method steps. The required structure for a variety of these systems will
appear from the description below. In addition, the present invention is not
25 described with reference to any particular programuming language. It will be
appreciated that a variety of programming languages may be used to implement

the teachings of the invention as described herein.
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the teachings of the invention as described herein. 4 2 7 AUG 2004 \\Il\?%ﬂﬁ?ﬂﬂﬂ
[/ 73534 OVERVI EW PCT/ USO / 0721 6 A nechani sm for conservi ng system power '
consunption using multiple power consunption states is disclosed. In one
enbodi mMt01/783%¢ system dynamically transits between a hPghsowerzié
consunption state and a | ow power 5 consunption state, which is al so known
as CGevserWVYEREIEWansition, according to conputing power required by the
applications. For exanple, the central processing unit ("CPU') transits
froma hi gh pevercreansuptdeanshates:$a @ ggwg ﬁwmi ,State when
the CPU only needs to support a %i pl ep%app\llyiogati %O‘qggc as,lgl?lc()r exanpl e,
a word prroeessensundmionrstaes iakiseloned.i ecrentothdieiny, tBe Si-etghe phase | ock | oop
("PLL") is used to generate various clock signals, which are used by a
CPU, a griapamecadlyimapgts bstigeen > mehrpoweisansumphion ytatomia ellowuymse MCH') . I'n
this enmbodipent. the PLL = .CRU, CCH apnd ,MCl -1 are integrated in an
i nt eg‘r%at ecgmt;:ulrrr1 ?J?I}St?em’l‘tﬁ'f}.] 9 4snneps &éﬁﬁéﬂi”ﬁéw,s‘%‘ea(ﬂmydi@ onfigured to
oper at ed : , e i 15 1n a | ternative enbodi nent,
the CPU ggﬁ{pggggggg@gﬁqgl&%hk I%qufnﬂ n{e}g{%ﬁ' aga cx?'é"l?gﬁ’ g}?e BYie 1 illustrates
one enbodirs®Biin@hin@ (MO eraRkils Pas80a.; ; fer,.system 100
i ncl udesqja pI’OCge)SSOI( 112,) a cl ocﬁél3dg§0$%%§§g%]8§?015%%ﬁ)0$50%ont roll er
150, a graephi corsentptiohlsete w62y trandPERNINReddsaBduppéRUtsitpld O') 20
controller 140. G aphic controller 152 is coupled to a display 121. 1/0O
cont r ol | @PPlicadign; syick au prretampliea akeyidgaodest@2, a hard copy device 124, and a
cursor control device 123. Processor 112 includes, but is not limted to,
a ni dfopr oceskarn Aiaintias cabodioidR] a Ahgf&iﬁ}ﬁﬁ%& Wk 1L aR1O§ S8 to
manuf actured by Intel Corporation of Santa

generate various clock signals, which are used by a CPU, a graphic control hub

("GCH"), and a memory control hub ("MCH"). In this embodiment, the PLL,

CPU, GCH, and MCH are integrated in an integrated circuit (“IC”). In another

embodiment, the CPU is configured to operated more than one clock frequencies.
15 Inanaltemative embodiment, the CPU can operate at more than onc voltage

levels.

Figure 1 illustrates one embodiment of a single PLL based CPU system 100.
Computer system 100 includes a processor 112, a clock 130, a memory 104, a
memory controller 150, a graphic controller 152, and an input and output (“1/Q")
20 controlier 140. Graphic controller 152 is coupled to a display 121. 1/O controller
140 is coupled to a kevboard 122, a hard copy device 124, and a cursor control

device 123,

Processor 112 includes, but is not limited to, a microprocessor such as an
Intel Architecture Microprocessor, manufactured by Intel Corporation of Santa
25  Clara, Calif,, the corporate assignee of the present invention. Processor 112 may

also be another processor such as the PowerPC™, Alpha™, ctc.



25 d ara, Calif., the corporate assignee of the present invention. 77 AUG 2004
Processor 112 may al so be anot her processor such as the Power PCT"M
Al phaTM etc_ 5 27 AUG 2004 WO 01/ 73534 PCT/ USOL/ 07216 |In one enbodi nent,
menory YOMFHPrer 150 controls nenory 104 and nenory 104 ReYUBEO%!f andom
access nmenory, (RAM or other dynam c stqQrage device for storing

FRIOTHE TP TR 4

i nfformation a {7 Aor Sertttles ! s cenielprenead 1 §4omd st ori ng

tenporary variap|,es_or aqther intermediate i mat i.on during execution of 5
instructi){%enrg&bsmgrn&é E’ggrrarﬂ?“ %%Su?g?loﬁ/élgéﬁ{)féﬁtkﬁéﬁ-‘51”@5%&0613%i ses a
read  onldiwy RO HtofiRPMforRELOH a(?l_tdh‘?@trfﬁh?&\s(? hﬁérﬂf}ﬁ-%i%%\él ngfyaéegﬁseé%&r | ng

static information and instructions for processor phic controller

152 cont salrmgdieafloayryldriatSeCtr @Sict aitboded ibRYinkdRa oS )ing Sfeclilifilbd crystal
di splay (LCD), coupled to a bus for displaying informatioh to a 10 conputer
user . 3| n inavRicERbO 8 MEntssser 02 Srmphitarsydt 109 oougbetbrhprifes aeessor 112
via menory controller 150- 1/0 controller 140 controls input and out put
devi ces SHBhMERRRYREMPrIY®r athesyrtctRrags deyiarileestadag stand hard copy
device 124. Cursor .control 123 may be use, trackball, trackpad,

styl us, c’)'?%{:nt]?g%? andiny ﬁ%é)r?sigglgr%(g?soég}rgmoni cating direction information
and conmand sel ections 15 to processor 112, and for controlling cursor
novenent on dPsppig controlienlSd wepplsdisply 122 4susays bethadethyftabe (§RTHt | ng
instructions,. data, . qr other. _informgtion on a, nedium such as paper, film
or sinml&f ﬂﬂ’s"ﬁ‘eg}'étl‘ﬂ ﬁ'ﬁ’ﬁ? ﬁ“qi?ﬂ' FRRPIFONB 2 DysdartigplrEweidiormyatartopl ayback

devi ker ; i tionally b | ed t
6 48 ¢ HofplRerd BP RIS ARBRm T i RBRESdIT0 AR BBk biEetin T00. O ock

130 is us@dviaqnprrnex%el@mv@mér%g ¢} OL6rB8PA B drofll ih L & SRl gIPONENt S, such
as processor 112, nory controller 150, etc. In one e od nt, processor

112, grapbiecandhrasldegbodai2] 22006l e BBMityo! Ceaidel 128 £id HaP8 cHBYdReeel Nt egr at ed
onto a single chip- In another enbodi ment, processor 112, graphic
cont r ol | é24.16grsot tontcolt23ahh e be 2400 usmtrankbadl yrackgrtdr st lusror cursor

direction keys for communicating direction information and command selections

15 to processor 112, and for controlling cursor movement on display 121.

Hard copyv device 124 may be uscd for printing instructions, data, or other
information on a medium such as paper, film, or similar types of media.
Furthermore, a sound recording and playback device such as a speaker and/or
microphone may optionally be coupled to I/O controller 140 for audio interfacing

20 with computer systern 100. Clock 130 is used to provide various clock signals to

different components, such as processor 112, memory controller 150, etc.

In one embodiment, processor 112, graphic controller 152, and memory
controller 150 may be integrated onto a single chip. In another embodiment,
processor 112, graphic controller 152, I/O controller 140, and memory controller

25 150 may be integrated onto a single chip. Note that anv or all of the components

of svstem 100 and associated hardware may be used in the present invention.



25 150 may be integrated onto a single chip. Note that any or all Of2t7h;ﬁJ62{]Uh
conponents of system 100 and associ ated hardware may be used in the
present invention. 6 2 7 AUG 2004 WD 01/73534 PCT/USO | 07216 However, it
can he wppngeist ed that ot her configurations of the conpatemssystzam nmay

i nclude sonme or all of the devices. Figure 2 is a state diagram 200

i |1 ustratiowpvendt earbbepppriciaséd fuwether confsguptioom! shatoegutStatendi agr am 200
contains a high power st%te 202 and a low 5 power state 204. Hi gh power
state 20?"%’&88‘8§Fé§n}ﬁ Yreleplgbg deveghency and high operating voltage while
| ow power state 204 indicates |ow clock frequency and | ow operating

vol tage. For ExgampRes ahiaghd pgnen 200 dllest208¢ vay eopediateat atpAOQ nmegahert z
(Miz) with operating voltage at 1.8 volt (v) while | ow power state 204

oper at esCAISUMRNNEIGSt R8P Eiag rmgZ0PsPrads ahigh peoer stiie 260msdn lev power 10
cons tion, a em.or a CPU may __i.n,one enpodi nent, transit dynam cally
bet ween RPYH" 5*85%-?645{%{8@ %'éeraﬁﬁﬂ‘e?ég%/é’?d’BBW‘EEFE’FQEQM“%66‘? ity to the
conmputin L, i . i I ..Jn_anot her enbodi,ment, a
R R e L T L e

state 20fhwWobBauingUssiage NFEF ¥eihpeNhighYoueX &Rl B il c%\éhtté R ot ransi tions
bet ween hi gh power state 202 and | 0% .w power state 204 nmay take place

bet ween keygsbertk @dHDuritingpiriaghgpolterc stlaf eol2(3 wHik ioneoeabadierent the CPU
consunes full power and is able to performfull functions. However, during
| ow powefPeRisat 464 Mk wHeoreia54aE vehege #d oPUoconsuveevyower power and i s
onl ymaTgl e to performsone fu tons.. Noted that high power state 202 may 20
cons THEBP ™ AP BICE Phd BRY Brossmediment Pt soneri@lst e 204.

Pover CORSWIBKIOR, BBNeh o 2boLMA fiflod: Bl BE 0B Olo el d 2 8 T requency. _ The

mat hemat 1 ¢ equat r the power consunption is listetl as follows. PxCVv2f
Wiere P {SRPEEREHOWREWEIuiAHIb TR AREALS. @ constant. Al so, V represents

In another embodiment, a system dynamically switches between high
power stale 202 and low power state 204 without user intervention. For example,
15  multiple transitions between high power state 202 and low power state 204 may
take place between keystrokes. During high power state 202, in one embodiment
the CPU consumes full power and is able to perform full functions. However,
during low power state 204, in one embodiment the CPU consumes lower power
and is only able to perform some functions. Noted that high power state 202 may

20 consume double or triple the amount of power than low power state 204.

Power consumption can be calculated in terms of voltage and frequency.

The mathematic equation for the power consumption is listed as follows.
P o CV3f

Where P represents power and C represents a constant. Also, V represents
25  wvoltage while f represents frequency. For example, if high power state 202
operates at 700 MHz with 1.8v, the power consumption for high power state Py

would be



25 voltage while f represents frequency. For exanple, if high power a&ahﬁ 2004
- 202 operates at 700 MHz with 1.8v, the power consunption for high power
state PFi would be 7 2 7 AUG 2Q01 WD 01/73534 PFi cc CV2f = Cx (1.8)2 x
700 = 22B8C0PEIFUSO 1/ 07216 If | ow power state 204 oper at BETASOUOTIA( Hz

with 1.3v, the 80% 99?“"? ion for _ |ow power state Pi. would be PL cc
CV2f =Cx( 1. 3) 2x 4006765~ FhLS2 *PRY = B6{sunes nores than three times the
power that PL consunmes. Figure 3 is a state diagram 300 illustrating one

embodi ment ldbwpmwesr seun3Wngidrans &80 sHhavihrgs, ekl psik at &nsuniaid dhagram
300 contaips CO 302, Cl1 304, C2 306, and C3 308 states. Additional states
may be add&yy Bavet Hele areowdtbe i nportant to understandi ng the present
invention. 10 In one enbodi nent, CO 302 state is an active power

consunpti on st afiee GMiér € a(1CTUxper$ersts full range of functions and
consunes full power. During CO 302 state, power managenent for conserving

pover iss MphueMpl RImeCho3@thas Bk EtinSs 11 e di nent, an auto-halt
power consun%ti on state where the %ﬁ\;gght(}:{ée -‘%ﬁérﬁ%ﬁa%‘%ﬁ% ("APM') for

conservi ng pOV\ﬁ!'_[Ei may, b% Eﬁéf or msd,% qu A CPU running at O 304 state

corrrmlnl y g;;su %DT %3;51 ke Aiagram lt _“Efﬁﬁ‘“gr%?rﬁ"h'g?da{“le@@Bmwst atte. dFord
exanpl e, : : s.are monl. execut ed an

the i nstructdisgﬁ‘pcaghe ?ilg%gmgf%%%p%@g qla Tgﬁbg@rfﬁ’éﬂ‘ﬁéﬁﬁgoéfhé%"st ate is

a St op- gr ant 3¢8)\Wak (oIS YIRsl QMU HaCsta Wb 816 HSSSic I ~onsuned in C2
306 state than in either CO 302 stateaor Ca 9304 ngj\ﬁgtﬂéét)éérgf—%? exanpl e,

during C2 i3gfrstrateubdesehoni tsd pradm ifvehtibhe CPU may be stopped. In
anot her enbodi nent, the CPU is partially shut down. For exanple, the main

portiamp of the ;BWe E&b%H%E1QW3mitJt§istamerjcﬁo‘?ggwgp&grinsgg]pq'}contsqgtecpu 's

where a CPU performs full range of functions and consumes full power. During
C0 302 state, power management for conserving power is not employed. C1 304
state is, in one embodiment, an auto-hall power consumption state wherc the
advanced-power management (“APM") for conserving power may be performed.
15 A CPU running at C1 304 state commonly consumes less power than the CPU
running at C0 302 state. For example, during C1 304 state instructions are

commonly not executed and the instruction cache is commonly empty.

In one embodiment, C2 306 state is a stop-grant power consumption state
where less power is consumed in C2 306 state than in either CO 302 state or C1 304
20  state. For example, during C2 306 state the clock signals for the CPU may be
stopped. In another embodiment, the CPU is partially shut down. For example,
the main portion of the CPU is shut down while the snoop portion of the CPU is
still active for monitoring the front site bus. To enter C2 306 state, the CUP can
either be at C1 304 state or C0 302 state. Likewisc, C2 306 state can move directly

25 to CO0 302 state without entering C1 304 state first.



still active for nonitoring the front site bus. To enter C2 306 stat?, %@Zm“
CUP can either be at O 304 state or CO 302 state. Likew se, C2 306 gt

can nove directly 25 to CO 302 state without entering d 304 state first. a

2 7 AUGAZDO(733® 01/ 73534 PCT/ USOL /07216 I n one enbodi mefET/UCSBI/BR8 state is
known as deep sl eep state where sonme conponents of a system including the
CPU, are shut lagwmempediriens CoRBdsliatreintknownhe dePp siespaonpieicet yoshut down so

that the clock fre uenc%gc_aﬂﬁg.e %Eaaged at  C3 308 state. To enter C3 308
state, tHETENCTS O RY VB BHBOTSHEat! Yedifshgtfed v dnshsrrebodipne306 st at e
before e i g: te. ..ln ternative enbodi ment, the CPU can
switch dimr“ggpr%sﬁ%ﬁ%&%ﬁ’ﬁgf‘é‘t%ﬂ}%@‘ C]ré?ﬁgtﬁ§f1af’é€3’ B anere a4 bl ock

di agr am 49030l shatst T@EARACRIERYSHEMNE bR ik S - LEferent power
consunption states. Bl ock di f:gr am1400 iln'clnu ggri%éﬁ%tgﬁ[‘ 8&%@“3}50, a

processi noptarx306"sEE befdf bntomig@IZ)30d W€ EF A2 terAREv@PmMbARIEeidNd out put 10
control hub ("ICH') 416. PU 401 further includes a CPU 402, a PLL 404, a

graphi ¢ EdhcapswitddigecdrHom G082 satrrmbBB08ente.0l huh ("MCH') 408, a
menory interface ("I~11") 410, and an input/output ("1/0O") interface 412.

Q her bl ocks 6lguréew LRScHEYglat ABARG HR R 06K Hh A MR, RHL .t hey are not
pertinent to wunderstanding the present invention. 15 In one enbodi nent,

Cl ock deviifereappovraengasptdnotiesiBjoa diagmnvddd ot dadanvdlsasdévied udi ng PU
401. In aqother enbodi ment, clock device 420 provides nultiple clock
f r equencié® aRyoreseng it &’ PP 1 prempryviavices ey mpdi wninpuated cuFpet  exanpl e,

cl ock .devi ce 420 nhr.ovi cl ock signal to PU 401 during high power
consﬁﬂpt iCBthlﬁﬁfq’e( (Eﬁ%fﬂ(e!ﬁ@%@g“ﬁ%f*w% eﬁ@ésfldégz»foBLW4rc’| greérhsi gnal to
20 PU 40 i . r i.on.stat. [,1 t _anot her enbodi nent,

cl ock djeg\c/)ﬁtgsel lﬂgb( §§5§?¥€6§@%@fﬂ%ﬁg{’%‘%hs“b{a@g%ﬁ& 123 AYone enbodi nent ,
Menory 43geaRqt@MIS) -'lfTUHn'dBann;k\thBﬁﬂ?ﬂi f’qy@apﬁl?erface 412, Other blocks or

devices may be added in block diagram 400 but they are not pertinent to

understanding the present invention.

15 In one embodiment, Clock device 420 provides clock signals to various
devices including PU 401. In another embodiment, clock device 420 provides
multiple clock frequencies to facilitate multiple power consumption states. For
example, clock device 420 provides 700 MHz clock signal to PU 401 during high
power consumption state while clock device 420 provides 400 MHz clock signal to

20 PU 401 during losw power consumption state. In yet another embodiment, clock

device 420 supplies clock signals to memory 422.

In one embodiment, Memory 422 contains multiple high-performance
memory banks. In onc embodiment, high-performance DRAMs (Direct Random
Access Memory), such as, for example, Rambus™ DRAM ("RDRAM”) mayv be

25  used for memory 422. In an alternative embodiment, high-speed SRAM (Static

Random Access Memory) may be used for memory 422,



rrérmry banks. In one enbodi nent, high-performance DRAMs (Direct Rand:gf 200
- Access Menory), such as, for exanple, Ranbus"h" DRAM (" RDRAM ") may Aﬂﬁ

used for ry 422. In an alternative enbodi nent, high-s X (Static
Random W@c@@”%mry) may be used for nmenory 422. 9 2 7 Agggéé%%)

01! 73534 PCTf YRR QLALG LB e HFIRUNIRAL 4a (b O ALE, £ ett‘wgen @ﬂb@§%| e th

transaction b ext er na eV|ces suc

Mai N MENDEYernsYEdvadBsbslfoh a%nﬁbr\é@eﬁh%bs thd AR ndevh.cesrardd b5 ¢Thod ment,

| CH 416 does not transit between power consunpti 6n states. flO I nt erface
412 is usie@ut dedamminitbiateentoetimean ICH AGldoandt kGHsid b6uvekn paney embodi ment ,
/O interface 412 contains its own PLL device so that when PLL 404 stops
provi di ngCCc\E@@I@ﬂgngtﬁét% IV COriterfancfid e és uskR! toaenshivhicatodre habdivRU oY

nonito |ng traffic betwe n PU 401 and 1CH 416. | PLL 404 receives clock
si gnal btk IH mgnd 1/ Smderfags @ sortrgmsiits atyRblsleviee var i ous

corrponent S .\ ncl d 408. 10 rin state, in
one enbodsorrtlha‘ﬁtt“ H(H Stscipé' leglf_lrl%c Bfgbﬁﬁlswodﬁﬁr&ﬁ?'l Tr‘éﬂ}‘%@ €t opped for

conservi nzg.vmwmn\é\bﬁn tReaahRMer L aNRL &10R% 1Y #02 stops executi on,
whi ch normal |y conservgs power consunption. Once CPU 402 stops execution,

t he executi.on cgn.be re d. by new cl ock nal s

i mbodi
e orbods mant L LA R el Bei R ST brr e fah Febepsienfibrr ent |
el ock 1 eQURRG TG ARy ShAYREELBEk L RALERSY sod gh SRPRERT O pover

consunpti o I n anot I ment st at e power ed

down 11y Rblrid®d3 ande,iif ofbRERBESREhYIHRQIRIES W fh PLR 4dk td epenfpvol t age
level. In one enbodi nent, GCH 406 receives clock signals fromlI'LL 404 and

controls rgﬂ*aphstOppﬁqbmeaNMWpowhn Oireneaivbobbickeipnal dvopt, 4P #02so recei ves
20 clock signals fromPLL 404 and it controls nenory access via NI 410. In
one stops execution, which normally conserves power consumption. Once CPU 402
stops execution, in one embodiment the execution can be resumed by new clock
signals. In one embodiment, the new clock signal from PLL 404 may have
15 different clock frequency, such as a slower clock frequency, for conserving power

consumption. In another embodiment, at C3 state, CPU 402 may be powered

down by PLL 404 and is subscquently powered up with a different voltage level.

In one embodiment, GCH 406 receives clock signals from PLL 404 and
controls graphic implementations. In one embodiment, MCH 408 also reccives
20 clock signals from PLL 404 and it controls memory access via MI 410. In one
embodiment, M1 410 is tailored to specific memories used in memory 422. For
example, if RDRAM is used in memory 422, MI 410 may be a Rambus™ ASIC cell
("RAC"), which is used to communicate between PU 401 and RDRAM. PU 401 is,
in one embodiment, integrated into a single integrated circuit (“IC") for

25 conserving power consumption.

in one operation, PLL 404 15, in one embodiment, powered down during

C3 state. Once PLL 404 is powered down, PLL 404 suspends clock distribution in

10



enbodinent, M 410 is tailored to specific nenories used in nenory 422, d:ﬁ]ﬁ
exanple, if RDRAMis used in nenory 422, M 410 may be a RannbusT" As & k
cell ("RAC'), which is used to conmuni cate between PU 401 and RDRAWM PU
401 i sWOQIF38He enbodinent, integrated into a single intEBgraited2ds rcuit

In one operation, PLL 404 is,

("1ct) for 55 (_:zns_ejrvi ngép_ower consunption. _ _

in one enpdli-neher thoslered SoawA dudiltg 04@se seweedednedoPldomptddnts,s power ed
down, PLL 404 suspend Adistributi i 2 7 AUG 2004 WD 4117353.7
PCTI usmsféf?lfi'd%bﬁp%h?fe' E:pr?jé?o”r @%IJ@% I?“gir‘{é‘ﬁgl é’gfar“{‘iﬁ’l“ﬁl_‘if‘“lmﬂ‘éfﬁe suspended,
vari ous €piReNeN Snendté ] € oY 492 &CH 406, and i\. MCH
405, ar e@shut dom?e&céit%%ﬁ%gén ?éqg%seggﬁggdftbwﬁiﬁaclgﬁ *bE°Cubsequent I y

resuned fWddenay, | WiRh mhOedquife @GUSRCYs toMicedle My require | ess power to
operate. 5 Figure 5 is a block diagram 500 illustrating one enbodi mrent O a

cl oc confi qu I :00. 0 I | ock di.agram 500 cont ai ns at
S gomar ot ByRE PN TR RSO LA AL 200 G201

cl ock generato 504, ner ') 505,

RDR. A! . lcohBBuraiveh. dn@n@@nbadii Sloht, BISA! diaglnm RGPS f ULLNGh Lot @i ns a PLL
502 and a phase aligner 510. dock distributor 520 also cbntains a PLL 522

and a pl@de BliiegnBambug™ CldukiGel@ribac3ROEY) 08, ROAad1 51, bhoskodi agr am 500,
but they are not_ inportant to understanding the invention. In one
enbodi mehetribetycielgdieratodP feokesundaing ek ¥R gndlapttse MghesA2. and  PLL 522

via cloc us. 544, 54 espectively, Ln one enbodinent, PLL 502 is used
to di stry Bft}i é'sﬁ’]‘lblbtl?’ §?%?1QP§QNS’”BRCEXBG§Z hdr @horedosesd ufthesr di stri but es

clogly 15,8904 Sk Q¢ An order, to,regul ate the clock signals
bet \(ﬁéenﬁﬂf%ég%éég%m@?gyswﬂ%u%gfl%tzla?-‘ g'i‘fd?i”ﬁl’?'éﬂ‘éf% 510 and 512 are

used toLﬁwmmg.qm%Qh& Berentib@ck signals. In one operation, during C3 state,
reference clock, which is carried bN clock

In one embodiment, clock generator 504 sends clock signals to PLL 502 and

PLL 522 via clock bus 544, 546, respectively. Inone embodiment, PLL 502 is used

to distribute clock signals to DRCG 508 where DRCG 508 further distributes clock

15 signalsto RDRAM 330. In order to regulate the clock signals between DRCG 508
and clock distributor 520, phase aligners 510 and 512 arc used to svnchronize the

clock signals.

In one operation, during C3 state, reference clock, which is carried by clock
bus 5344, from clock gencrator 504 to DRCG 508 is active, in one embodiment.

20 However, phase aligner 312 is suspended so that the clock distributor 520 stops
distributing clock signals. In one embodiment, when clock generator suspends
clock distribution to RDRAM 530, RDRAM 530 still receives clock signals from
DRCG 508, which is used for memory refresh. After frequency and voltage
transition, phase aligner 510 and 512 are resumed and a new power consumption

25 state may be entered.

Figure 6 is a timing diagram 600 illustrating a process for switching

between power consumption states, such as a Geyserville transition. Timing

11



bus 544, from cl ock generator 504 to DRCG 508 is active, in one enbo?hqﬁgt%L
20 Ho% wever, phase aligner 512 is suspended so that the cl ock di st ribd F
520 sto % dlstrlbutlng clock signals. In one enbodi nent, when cl ock

gener at ghEB%hds clock distribution to RDRANI 530, RDFRAMUSIHIES] |

recei ves o) used for nenory refresh.

Aft er fregugﬁcy an tesyteY?aléﬁvﬁgH“”Hﬁﬂgé g?@ﬁéﬁ‘ST@“ﬁﬂﬂéglz are
resumed agéugopQMIQmMQJ 5qq&umgtbgal S he entered. Figure 6 is a
timng dlagran1608 |IIJ§trat|ngca pﬁﬁ%gééﬁ%%ﬁrgﬁﬁFﬁﬁlng bet ween power

consunption st ch _a | e transition. Timng 11 2 7 AU6
2004 \r/r\% 01/ 735 4§’|5éc‘1‘7 ﬁ%%f}@%?if?“ai %i‘gr(;‘?hb%w? R GTEcg e t@éb%erw Ile
Lransi ti ol £ Ut ROVRL:, GARRYARALOD ceggmﬁle% ARRL Wheh &rfly | OW power

consunption state or C3 state. In one enbodi nent t 88" a Gevserville

transidi ossuenegdertiie threte (@WSGHYD bih 8rc@TPY K@t §i189bat FVFSBV%(ﬁha initiates a
Geyserville transition. Wen CPU 5 issues CGevserville wite "CNV") 640 on

the CPU f flonk cpildé7hESBEhofisB1gcked indGW ihOGk ewatded&6Hul-BResBOOP i S
| ocked ang GW 640 is forwarded to Hub Interface 604. After MCH receives
GN 624 o %ubftffhv&*#a%weeﬂ/\’feﬁz‘lzioréwmtmﬁ@e&wrcﬁ’amOxwmw thIGIH

CGeyservi | ; tion equence i s intr.oduced a sto lock is

i ssued onhtﬁamﬁ BHE Y CPSE O%?ﬁW§m€7i”gﬁﬁ“5“§ﬁgﬁ3f36¥WU£?§P 'servill e

10 (" Co_G¢'ds RdBrPnp | d. ALLe 626 is active,
t he tran5|tﬂ%n fron1g%??fgggrgg%g?gggﬁig?%gg%gggﬂ%Fgﬁng? gﬁg At cl ock

cycl el®72¢" Go_Bi"nbehen R Hihre@ews0 i60ucds perforned. I n one enbodi nent,
.mai nt enance procedure 607 perforns tenperature and current calibration,

menory refreshﬂjﬁqup@%; @?sﬁﬁhkquﬁg%ﬂgnéLB%Q]?éeCQ%b? g:qlezégﬁgalnte_nance

procedure 607, a comma ackno vServit 628 is
I ni tiat edta®as plibei Bk ElotRERIGOR, a MalREnaPekpfAteB28 603 id SSHEF RN AW i nterface

604, AMCH sends a nessage of
embodiment, maintenance procedure 607 performs temperature and current
calibration, memory refresh, and current calibration. After execution of

maintenance procedure 607, a command of acknowledged Geyscrville

("Ack_Gy") 628 is irutiated on hub interface 604.

After Ack_Gy 628 is issued on hub interface 604, MCH sends a message of
permission for performing Geyserville transition. At clock cvcle 673, the output of
the phase detector or aligner is stopped. 1n one embodiment, the DRCG feedback
path is kept alive. Next, the frequency and voltage transitions takes place before
the end of clock cycle 673. After the voltage transition, which may take longer
than frequency transition, bus ratio will change. After the change of the bus ratio,
FSB Snoop is enabled. At clock cycle 674, the devices transit into nap state from

the power down state.

Figure 7 is a flowchart 700 illustrating a process of switching power
consumption levels. A process begins at the start block and proceeds to block 702.

At block 702, the process suspends the PLL from providing a first clock frequency.
12




perm ssion for performng Gevserville transition. At clock cycle 673 tArh@ 0l
out put of the phase detector or aligner is stopped. In one enbodine%g, #&
DRCG feedback 20 path is kept alive. Next, the frequency and voltage
transi t MA81/{BRes pl ace before the end of clock cycle 6YST/Us01/8T21¢ he

vol tage transition, which may take |onger_than frequency transition, bus
ratio will® é?{al’:{@‘g%&f%rpr?ﬂﬁés RS [Oploend b s egh W4, thegBogasop i S

enabl ed. A 4,..the.devices transit into nap stale from the
power domﬁggﬁéﬁg&hgﬁwgﬁﬁé bjf’clt?zo‘g%ﬁ BwEHaFt °<fd iqrh’lﬂ‘éji ?(get 1R§ athsr ocess of
SWi t chi ng REMRE RavIRtden. hewelSel AP L nsqal, the, spart, bl ock
and proceggs tos%sﬁgck 702 At bl ockc 7@5,’ ﬁ%ﬁgﬁ%rsg?g%csécésugsop%lﬁa}é§©§e't\l5LL from

provi di ng béodki 7081 thelpeedess reesrrestby PLLZvigh 7 sebbkel 200k WO 0dndy/ 3RRed PCTI USO
/07216 After bl ock 702, the process proceeds to bl ock 702. At bl ock 704,

t he pr8cediocksiP8pbagpsocebeprortyds Af blerk Hi0oeher B, pickesspeanass HrOrEeds t o

bl ock 706 .where the groce s, suspends the GCH. After block 706, the process
proceeds {HTHEPER¥E ¥Pdhe seapnd gloghlcqreacy 1 hdeilodedld. thesurmeesstemdsRLL with a
second cl Qgk (frequency. After 5 block 708, the process proceeds to block:
710 where the process resunes the CPU in response to the second cl ock
frequency. After blgck 710, the process ends at end block. Figure 8 is a
flowchart 800 FIEUGEE St {8 ebssanre aRresernef rterow pbvspovemnsunpt i on

| evel fro hi gh r.. consunption level.. A prqcess begins al 10 start
Cothuth %dp 'Pfawafom ‘A OVAE cB‘I""é‘@W*%ﬂ?"@h@ POSEEREHIRT Y at es a

bl ock and proceeds to ocC

transidi oBadblotOHkS posteiNOBREK st LIRSS BOPr0ll8,REGESS MOVes to

:bl ock 804 where the process starts the transition Sequence. After bl ock

804, the puosiess anprete@EdB stdcvpbl aak: BBE6: 80 tHel 6k By ek IS bRIRGRSS perforns
tenperature and current calibrations, nenory refresh, and calibration
br oadcast Whafe Bye tiibersk si806 theltinsitien sepross pitoddedsstiothd pake808 where the

process eélc&c%ecri]s?t% b%éc%ﬁ)épkt%cgg&t ?h'e process performs temperature and

current calibrations, memory refresh, and calibration broadcast. After b.locl-: 806,

15 the process proceeds to block 808 where the process exits nap state or C2 state.
After block 808, the process proceeds to block §12. At block 812, the process
suspends the output of the phase aligner. After block 812, the process proceeds to
block 814, where the process starts frequency and voltage transitions. After block
814, the process proceeds to block 816. At block 816, the process waits for the

20 tansition to complete. After block 816, the process proceeds to block 818, where
the process enables FSB snoops. After block 818, the process proceeds to block
820 where the process enters the nap state or CZ state. After block 820, the process

ends.

In the foregoing detailed description, the method and apparatus of the
25  present invention have been described with reference to specific exemplary
embodiments thercof. However, it will be evident that various modifications and

changes may be made thereto without departing from the broader spirit and

13



After block 808, the process proceeds to block 812. At bl ock 812, thf

. process suspends the output of the phase aligner. After block 812, helb 2004
process proceeds to block 814, where the process starts frequency and

vol t agewPHseti ons. After block 814, the process proceertsT/useisfnek 816.
At Dbl ock 816, the process waits for the 20 transition to conplete. After
bl ock 816°FEREt5RIRYEE 1eHEeEd T hePsFad kpedificatwitesd fihesprocess enabl es
F5B snoops. After block 818, the process proceeds to block 820 where the
process efpetisghhe baapgstiad es diusGatistabter Mdrereshi@sk 820, the process
ends. In the foregoing detail ed description, the nethod and apparatus of
the 25 present_invention have been described with reference to specific
exenpl er ~ enbodi nents thereof. However, it wTl he evident that various
nodi fications and changes nmay be nade thereto w thout departing fromthe
broader spirit and 13 27 AUG004 WO 01/73; 34 PCTI US01107216 scope of the
present i nvenfiiuvsra nittedoares e aystepefor EoesaiyioR R dodiil 8 @h&avaccor di ngly
to be regarded as illustrative rather than restrictive. Thus, a nethod and
a syst enPgedrdeesHEEr vi ng power consunption have 5 been described. 14 2 7
AUG 2001 W claim 1. An integrated circuit conprising: a central
processing unit ("CPU"); a graphic control hub ("GCH') coupled to said CPU,
a nmenory control hub ("MCH') coupled to said CPU and configured to control
menory transactions; and a phase |ock loop ("PLL") coupled to said CPU and
configured to allow said CPU to

14



operate at nore than one power consunption state. 2. The integrated 5zi7ch§i{11
of claim1, where said CPU is configured to operate at nore than on AR
frequency for conserving power consunption. 3. The integrated circuit of
claim1l1, where said PLL provides nore than one clock frequency. 4_ The

i nt egr at eWegilampuit of claim 1, further conprising: a nenory interface
coupled to said MCH and configured to conmmunicate with various external
menory devices; and an input and output ("UO') interface coupled to said
MCH and cbnf i ganadegrated antuitebmplisdyg raffic. 5. The integrated circuit of

claim1, wher eia Dess r%i clr ci:enéiﬁ" ﬂnal'tt(egPﬁ'i rcuit is further coupled to an I/0O
control |l er and® &7 CPOER“G8VE ¢E.' 6. ‘Phe integrated circuit of claiml,

wherei n sai d CPgrapsic capabhe (OGCHPsoaplediny said Jpdbr;e t han one voltage level in
response to clock signa f i.d PLL. 7.. integrated circuit of claim
1, wherein sai ﬁr"fﬂgp?c n%é‘ﬂ'ﬁ%?@%&)(?ﬁ'@&%dtt?ﬁﬂd ﬁgﬁr‘?ﬂ‘i’ 8°n9{§ﬂr§§tcb°r?§“f’lr equency

node i n raspotyImniaotiaispald signals fromsaid PLL. 8. The integrated circuit

of claim1, whergin said V LS C | e. rating .at pore. n one

vol tage | evel fﬂﬁqsgg%gkggw%] GcSJBEIQ@F’gsﬁ‘gﬁiSPL%’gﬁP%’léﬁugedﬁE].'O‘@a‘dﬁt‘lggi‘%t egr at ed
circuit obpegdi@atimate thaheiiepawes aindurfftidnistitecapabl e of operating at nore 15 2 7
AUU ?ON t han one frequency node in response to clock signals fromsaid PLL.
10. The integrated circuit of claim1, wherein said GCH is capabl e of

operating2at nDheintelghuted ciroat sfaldiagewhey edid CPU iesphfsel bopeheakmsiegnal s from
said PLL. ,11. The.int e%ra ed circuit of claiml1l, wherein said MCH control s

Rambus. TMIBRE RUTIGH R ARBES DS RBNET P/ RBFAM ) . 12. A net hod
conpri sing: suspending a phase |lock |oop ("PLL") that is enbedded in an

| nt egr at e.[{i. cir ﬂilc!, }ntegalteg'czrcuiI (gf%qgirg rl?v\{r tge!: sna d FLIi i)rroﬁi%escrl]c?rg 5131:1 rogggg&cy;

frequency.

4. The integrated circuit of claim 1, further comprising:

a memory interface coupled to said MCH and configured to communicate with
various external memory devices; and

an input and output ("I/O"} interface coupled to said MCH and configured to control
I/O traffic.

5. The integrated circuit of claim 1, wherein said integrated circuit is further coupled to

an I/O controller and a clock device.

6. The integrated circuit of claim 1, wherein said CPU is capable of operating at more

than one voltage level in response to clock signals from said PLL.

7. The integrated circuit of claim 1, wherein said MCH is capable of operating at more

than one frequency mode in response to clock signals from said PLL.

8. The integrated circuit of claim 1, wherein said MCH is capable of operating at more

than one voltage level in response to clock signals from said PLL.

9. The integrated circuit of claim 1, wherein said GCH is capable of operating at more

15




suspendi ng a central processor unit ("CPU') that is enbedded in sai dngng M
from execution in response to said suspension of PLL; suspending a th
control hub ("GCH') that is enbedded in said IC from execution in response
to said suspension of PLL; resum ng said PLL for providing a second clock

f r equency thaamnde frécﬁsnnyimgiesim'redpdﬁﬁhoicmck@igmdnﬁentsajd Bri.d second cl ock
frequency. 13. The nethod of claim 12, further conprising: suspending a
menory control hub ("MCH') that is enbedded in said IC from execution in
response tio. saimemﬁséifmﬂitofdﬂhﬂ, u&&dinrseﬁlu]rt}mg capubtt dloptrating @ gpanse to

sai d second cl oc enc 14. Th d of. im12, wherein said
suspendi na"aﬁfllw qngeetgcg)ﬁ?&g’i‘ %[“SBSE‘EJEJp nsion state in response

to results of terrperature and current calibration. 15. A method conpri sing:

suspendi ng se | oc "PLL") .t hat edd egr at ed
cirourt (e T FusBreuRaR abelam heeeore el eavi e Mg A cent r a
processor R!mjdmA CRRAEmblyatRDBARMpedded in said IC from execution in
response to said suspension of PLL; resum ng said PLL for providing a
second voltage level; and resumng said CPU in response to said second

vol tage | eyel . A;Lﬁetha'm&) ishigd of claim 15, further conprisi ng' suspendi ng a
menory control hub edded in sa id!ICfro 2 1. AUG
2001 execut i on SPREIEE RS %’lﬁ’g‘a}g&? @P]gggﬂ@ﬁ?leﬁﬁe% B '“'ﬁ%fateﬁqégiﬁﬁ‘i(n[& Laid McH
i n respong@migondinga sieg oldck rajubmge | evel . 17. The nmethod of clai m 15,
wherein said suspending PLL further co .ses. entering a spensi on state
in response tos}‘%g‘lﬂd gsa?f’f’"#é’ﬁ‘t?é?sartwté C:lﬁclj)&lm jsempeddss i%aﬁtlﬁﬁwm 18. The
net hod of egdcaiidh ik espbrise trd sepEptidBSofIFLL; suspendi ng a graphic control hub
("GCH') that Issus%grtl)de rggdae gralghqc cso%ltr hlug:('fé&—[p) that is embedded in said IC from

execution in response to said suspension of PLL,;

resuming said PLL for providing a second clock frequency; and

resuming said CPU in response to said second clock frequency.

13, The method of claim 12, further comprising:
suspending a memory control hub ("MCH"} that is embedded in said IC from
execution in response to said suspension of PLL; and

resuming said MCH in respense to said second clock frequency.

14. The method of claim 12, wherein said suspending PLL further comprises entering a

suspension state in response to results of temperature and current calibration.

15. A method comprising:

suspending a phase lock loop ("PLL") that is embedded in an integrated circuit ("1C")
from providing a first voltage level,

suspending a central processor unit ("CPU") that is embedded in said IC from
execution in response to said suspension of PLL;

resuming said PLL for providing a second voltage level, and

resuming said CPU in response to said second voliage level.

16. The method of claim 15, further comprising:

suspending a memory control hub ("MCH") that is embedded in said IC from
16




execution in response to said suspension of PLL; and resum ng said Cf?{ i B 2004
response to said second voltage level. 19. A device conprising: a ce rAyl ‘
processing unit ("CPU') deposited on an integrated circuit ("IC'); a
graphic control hub ("GCH') deposited on said I C and coupled to said CPU
for | mgexguiaelsespoisedo sadhaspensionsfBIL; ab (" MCH') deposited on said IC
and coupled to said CP@ f@g controll |gg da(ia trapsactions; and a phase
lock | oop ("PLISPTESAEMEH BfsRonseross n¢¥lBeelto said CPU, said PLL

configured to switch said CPU to operate at one of several clock
frequencies. 2 Th evi.ce laim19, wherein said PLL.is further

confi gure?t 0 g&'ﬁ%ﬁ’ogﬁ}lﬁla@gfw ere ﬁ@lglé’t"“@e‘éj(’“&)rﬂé“ g‘ﬁ""s’é@’é‘l”%ﬁesﬁ'ﬁF"dfﬁg’e_ l evel s
for consekrwpagidnGy inGEPSHES te@ilts o2 empdiRradfMicGRe talbraiom 19, wherein said
PLL is further configured to switch said GCH to operate at one of several

voltage | evels for conserving power consunption. 22. The device of claim

19, whereiln. saimemethohafﬂuih{m,afurm@rra‘ohgugigg to swtch said GCH to operate
at one of several clock frequencies for conserving power consunption. 23.
The device of EVFRFHMIRLA STapids eqnpoldup § (™) that fslfﬁltbﬁ&e"éb?‘i‘fql&ﬁ% to switch

sai d MCH etu@fcih adsporitt tOAR! AbpeRGPSAILLY ahd age | evel s for conserving power
consunption. 24. The device of claim19, wherein said PLL is further

configured to &SSP sayiGfHatespepsedpsaidiesonsvolipgs 1ol several ¢l ock
frequenci es for conserving power consunption. 17

19. A device comprising:

a central processing unit ("CPU") deposited on an integrated circuit ("1C");

a graphic control hub ("GCH") deposited on said IC and coupled to said CPU for
image processing,;

a memory control hub ("MCH") deposited on said IC and coupled to said CPU for
controlling data transactions; and

a phase lock loop ("PLL") deposited on said IC and coupled to said CPU, said PLL

configured to switch said CPU to operate at one of several clock frequencies.

20. The device of claim 19, wherein said PLL is further configured to switch said CPU to

operate at one of several voltage levels for conserving power consumption.

21. The device of claim 19, wherein said PLL is further configured to switch said GCH to

operate at one of several voltage levels for conserving power consumption.

22, The device of claim 19, wherein said PLL is further configured to switch said GCH to

operate at one of several clock frequencies for conserving power consumption.

23. The device of claim 19, wherein said PLL is further configured to switch said MCH

to operate at one of several voltage levels for conserving power consumption.

24, The device of claim 19, wherein said PLL is further configured to switch said MCH

to operate at one of several clock frequencies for conserving power consumption.
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