WO 01/ 73534 PCTI USO /07216 METHOD AND APPARATUS TO CONTROL PROCESSCOR POVNER
AND PERFORMANCE FOR SI NGLE PHASE LOCK LOOP (PLL) PROCESSOR SYSTEMS 5
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel ates yamewvzabdsy to the field of conputer systens. MorePEpEBIG7EIRI |y, the
present invention relates to the conservation of power 10 consunption in a
conput er syst METHESANIDATEARATYRI (REIQIN EROARRQASERSOR BOYWWERANRCcone
portabl e, i ncriEERARMANGRIORSINGREIIEIAGEILQCKE-OQP 481 RIROEELEEMR e power
supplies, particularly batteries. Re&¥SiIE}Ipower 15 consunpti on by
processors becones increasingly inportant as the industry noves to
maxi m z&2 battery life. Even in stationary systens, excessive power

consunpt i opatKaRSBNESOE MHE IN@iQTI(OREr at i onal costs. Additionally,
increasingly stringent governnental requirenents and environnental
standards mlitate toward reducing the power consunmed in a conmputer system
wher e posslibldeof thoInXeniieri cal hi gh perf or mance system consumes a | arge
anount of power because the system generally uses high-speed

m croprocessors..and CO- Processors. stemreliabil ity and battery life are
probl emat i c foﬁ%§F§?§FE fFﬂ%%ng%%g%@%%ﬂﬂgg@gﬁghégwgg 9“?8V38§ﬁnple, a
typi cal highd SRR 1l G0 FCRFBOR BBKs th RS LASEVEESPE AW e rapi dly
when the m croprocessor consumes full power and 25 operates at peak

per f orttanc@nsidapEvein a t@Apuppyst@at i ons, such as word processing, do not

require the mcroprocessor to operate at full power because a typical high
per f or mance

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
microprocessor to operate at full power because a typical high performance

microprocessor can support more than a typical word processor. Accordingly, it
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m croprocessor can support nore than a typical word processor. Accordingly,
it 1 WD 01/73534 PCT/USO /07216 is not necessary to keep a high
performance system operating at full power at all tine because running at
full povwoomois3énly reduce the battery life, but al so af fREGYUSOHYEAGQI |
systemreliability. Therefore, it is wasteful to keep a systemrunning at
ful | powep ngtnegessary ipdeep adigRpEfoIDESCREPT AN PERHNgRt DRAWNSSatHile pr esent
invention. will be understoog more full é _é@;méhg detailed description

gi ven bel ‘HH° BRGUFS BT HEE SMER PP hLH et ghe Brttenidife byt alsapBeitnent s of
the invendJ.pm hehiiapgyever, should not be taken to limt the 10

i nvention to the specitic enbodi nents, but are for explanation and

under st andi ng | onlfg/. Fi qgrsg f1 EI | ustrat es one. enbodjment of a single PLL
based CPU syst' @i i aastefiltokesp asxstamyanaing iind pexer abrbieeenbodi nent
of power consunption states. 15 Figure 3 is a state diagramillustrating
one enbodi nent of power consunption states having four states. Figure 4 is
bl ock di BRIEMDAIORIPTEIN IF PHEYSAWINGE is able to enter different power
consunption states. Figure 5 is a block diagramillustrating one enbodi nent
of a systemclock. 20 Figure 6 is a timng diagramillustrating a process
for swit chi ngThepirsent ingentEm wdheamptargaod mare sulyHregurtbe defagled f | owchart

T ustrat 0, B 858SRaSl, S SRS, ROy SOTRUIRLL O SHALES

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

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 diagram illustrating a system that is able to enter different

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 of switching power

consumption states.



2 WD 01/73534 PCT/USO /07216 Figure 8 is a flowhart illustrating a
process of entering a | ow power consunption state froma high power
consunption state. DETAILED DESCRI PTI ON A net hod and an apparatus for
conservi n@ @yssxam power consunption are 5 described. |n REEUSQIND® ng
description, nunerous specific details are set forth for purposes of

expl anati on, i higord@is a thowpelowi idlestaatitga pughssurd detesingrrdongp@fert he  present
invention. It will be apparent, however, to one skilled in the art that the
present i AYRTORRIPTLHRCHODD A A6 RVELGOPAHBIP PR ESE: speci fic details. In ot her
10 instances, well-known structures and devices are shown in bl ock diagram
formin ?ﬁﬁ@ﬁLE@lﬁMﬁh@T@ﬂ§§”ring the present invention. Some portions of

t he det ai F'ed descriptions at follow are presented in terns of algorithns
and synbolic rgprqﬁenta i ons_of ofe(ations on data bits wthin a conputer
menory. These aIGoPPYA 8“&888’13%{)%?1%“5%"(3“% P E8 SRS FONYMPHy et he neans
used by theseskilled in the data processing arts to nost effectively
convey the substance of their work to others skilled in the art. An

algorithmis ere, .and generally, conceived.to,be a self-consistent
sequence of st i‘e |f%1§>6w " %te%mpéiloﬁ‘e’%‘i‘?‘@‘iﬂmf égfﬁ"{’c. defgils wpspidfo BBO’E hose
requiring I j i : . L . Lies. ly, though
ot necosBartry: O REemea i i o O prRHE R rou I BRb Sl Rng B4R

magneti c prge@ inveapabliewdl bdghMgest Rewever] torels@Nle@dn tiEO{PNGthe CONpar ed,
and ot herw se mani pul ated. Principally for reasons of conmon usage, it has

proven copveantanterdtontdamds practiced evithont thees epesifgnidtsilsadn bittes, val ues,
el enents, synbols, characters, ternms, nunbers, or the like. It should be

bor ne 9 n’ Hiskdcen svpliviaown siEgctates apg devisesarg s§Hownin blgck diagiemdpan in

order to avoid obscuring the present invention.

Some portions of the detailed descriptions that follow are presented in
terms of algorithms and symbolic 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 physical
quantities. Usually, though not necessarily, these quantities 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 applied to these quantities. Unless specifically stated otherwise
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25 to be associated with the appropriate physical quantities and are nerely
conveni ent | abels applied to these quantities. Unless specifically stated
ot herwise 3 WD 01/ 73534 PCT/USOL/ 07216 in the follow ng discussions, it is
appr eci awedit7asst t hr oughout the present invention, di scudsSI/BSH/07216]i zi ng
terms such as "processing"” or "conputing” or "calculating"” or

" det er m ni ighe &nllowing gisayssingts, ibs arpaedipted thatehmughout the paetenbn and
processes of a.computer sxﬁﬁen1or simlar electronic conputing device that
5 mani pul afSEM Y UGS 20 TP DN PERFCSNG 1 STRBPUIERE &€t r oni ¢)
quanti ti ess .y L.kl P H%HP r..si S i egi. st n .les into other
data sim| 5?%%%%8&!2?5%? e ag ‘E}hﬁ%}’gﬂ‘ﬁ%uﬁg‘%‘ﬁlgéze@mr E%%E%F%%n %%#rput er

Syst em Menpiok@seddf a dodghabedySted! o0diftglar SKERoMiR tOMpRLihgNesikOHRge,

transm ssion or display devices. The present invention also relates to an
appar atus tenippéatéormu mgnsférensldto pgredenonisashpdryeical (elEhireniappadaraities may be
special ly constructed for the required purposes, or it may conprise a
gener al - puyBBdethe soapptts sedrastpgisicys At memoess arto ofhes datd iledy by a

conput er program stor e Such ut er ram may be

d.i the.co ter co ro
stored in sPesanicd af pRgsicd] gl DR ho somiputts St mimofossdt * M ted to,

any type oJefggtéKoi Sk Hli RGNk QRAYN SloskR, b RRIhGabn Bt gl;sgh GRS, and 15

magneti c-opti cal disks, read-only nenories (ROVs), dom access nenori es

(RAM5), EPROMs,. EEP netic gor, optical cards, or any type of nedia
SUi tabie for stdETRGol mernan dof e ERI e e Meathiolttn ¥ o
conput €y  Sysbk&BnsMdFein THRis abpRLLINARy 8O, QiR A¥SwRieS IR DRLELN are not
inherently related to 20 any particul ar’ conputer or other apparatus.

Vari ous genapatespollipasg coiprBas gen@l-parpisedompliter peleg@hanBadtivagacRr dance
with the teachings herein, or it may prove convenient to construct a nore
speci al i zelﬁccg]jggmrgi b}gap@mpgtefr@r(pgrahestored in the computer. Such a computer

program may be stored in a computer readable storage medium, such as, but not
limited to, any type of disk including floppy disks, optical disks, CD-ROMs, 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 system

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 programming 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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requi red nethod steps. The required structure for a variety of these
systens will appear fromthe description below In addition, the present
invention is not 25 described with reference to any particul ar programm ng
| anguagewolou/7383k| be appreciated that a variety of progP&afisey012déguages
may be used to igﬁl enment the teachings of the invention as described
herein. 4 534 PCT/US01/ 07216 OVERVI EW A nechani sm for conservi ng
syst em power consunption using multiple power consunption states is

di scl osed. |In anaecenrbdi foeabdnsettifg systPovely Ramumdbtioh Lﬁé’iﬁ@ﬁ{lﬂﬁ ket ween a
hi gh power consunption state and a | ow power 5 consunption state, which is
al so knowpoaer Cayssiapptian statey gsldicldsed, raerromdpavljmieot, thosystanh ng power
required t he ﬁ?pl i cations. For exanple, the central _processing unit

("CPU') trERETY FERTE BREYReh D RS RUKL GAPEHBALSY strks and BloroRpviower
consungt grrléagx%ﬁop e§t’8, J\zﬂ{%hgﬂfs@%éfwﬂ 53 @‘%8&‘[?\/1%' %%%Fi%o% ésc'cg}%fig%l;ggppl | cation,

such as, , a word processor. n an a ternfatlve odi _rrent, a
singl e phasepask pbaeprdquitel by, theapsiedtibs. GRRRAADR, MAldeARs Cl ock signals,
whi ch are used by a CPU, a graphic control hub ("GCH'), and a nmenory

control hyboqesduipit (1CPY hitsanenbiydimneehigh polner Bbhsum R, st&lehh adaswl MCH ar e
integrated in an integrated circuit g‘l C'). In another enbodinent, the CPU
i s confi gliPEEr G sepBrBnstpphentharTbrale perds to seppahesiensple15 I n an
alternative ﬁn‘?odi msﬁt the CPU can operate at nore than one voltage

wHPN; Y 8p G

| evel s. FIGOFYE" t SETYNE FRBE IR WERT f a single PLL based CPU
system 100. Conputer system 100 includes a processor 112, a clock 130, a

nmemor Y0104, a Inerdteynatbisemtadapentsg singlegphaspiaskdeon ¢ GLLEYis 15 tcand an

i nput  and ggrlilé[rgt%tvagiohé gogk 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.
18 Inanalternative embodiment, the CPU can operate at more than one 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/O”)
20  controller 140. Graphic controller 152 is coupled to a display 121. I/O controller
140 is coupled to a keyboard 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™, etc.



20 controller 140. G aphic controller 152 is coupled to a display 121. 1/0O
controller 140 is coupled to a keyboard 122, a hard copy device 124, and a
cursor control device 123. Processor 112 includes, but is not limted to,
a mcropmax@sssy such as an Intel Architecture M croprocksEbE$01/07216

manuf actured by Intel Corporation of Santa 25 Clara, Calif., the corporate
assi gnee of t hénpnesmhodinmremmemary Rnbedlss b0 conprotsayemats tDdrmdanot her
processor such as the Power PCT T, Al phaTM etc. 5 01/ 73534

PCTI USOI / 07908y 14 BRePeabatiomeatcesiBRpryy Cumy o P\é\‘g JERAREHIBES menory
104 and nejme : . RO Y r her nam c

st or age ewc)c,éejE ng? s%/b‘??rﬁgat?n o?fn%?ﬁqg?%ﬁd ms%?’&??%%’ﬁ%ay err'tg)sref}q%b4 al so
may be usefodi® ten§loRiryNGrlaBIEPOF afhyr UaEinddifs ior@hHek dhAhgexRdtiah 6f

i nformation during execution of 5 instructions by processor 112. Conputer
syst em3l00nstayctmins by poresics d$2.aComadter spdtymni®fimnay {IRCOMmpwichs arreat her stati c
storage device for storing static information and instructions for
processor P meoipRREMIGREY o1 pEer atsbe dgregeslericgiamtegng static such as cat hode
ray tube (CRT).0F o G, R NS Rr SRy 3> (LCD), coupled to a bus for

di splaying information to a 1 gorrpu er ‘user. In one enbodinent, 1/0
controller 140 is coupled tao ﬁ)rocessor 12 via nenory controller 150. I1/0O

control l er 140 QFBW_PF 6PRireliss o2 sopir A tiisatey lddaugkas sbpdaryiehpdait 122,
cursor contno luicf’%\’z'st%ﬁ%ié 2%37 (?ﬂ?%&,r}%gl’eﬁgg ¥ e (I)rc(ﬁs%lé' ziglg }%&ﬁgéﬁc Font rol 123

may be a nouse,” track _ kpa yl'us,; “or _ oh keys for
comumc atdoﬁﬂnﬁ'élf 86} 1 18 re L RLERNT AN o G AR ALY é%bﬁ?ifze'ii% %g%t%ssto? processor

112, and for ‘controlling cursor novenment on display copy device
124 may be1ose0mbebrpedrtidliag 15019y Oueihtolis; 14abatroBlinptheid odtphor mati on on a
medi um such as paper, film or simlar types of nedia.

devices such as keyboard 122, cursor control device 123, and hard copy device

124. Cursor control 123 may be a mouse, trackball, trackpad, stylus, or cursor

direction keys for communicating direction information and command selections

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

Hard copy device 124 may be used 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 system 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 any or all of the components

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



Furthernore, a sound recording and pl ayback device such as a speaker and/or
m cr ophone may optionally be coupled to I/O controller 140 for audio
interfacing 20 with conputer system 100. C ock 130 is used to provide

vari ous wloaakssiugnals to different conponents, such as pr@esd0721412,
menory controller 150, etc. In one enbodi nent, processor 112, graphic

cont r ol | eHok&er, ananrtermppyeciateshthad bther cals@uraljortseofithe egmputetisysttro a si ngl e
chi p. In another enbodi nent processor 112, graphic controller 152, 1/0O
cont r ol | efmay4pcludpsomerbey OLBRECEIFer 25 150 may be integrated onto a
single chip. Note that any or all of the conponents of system 100 and
associ at ed har Eigare2 isenystate dipgeami2A0 illistipting ene einkpdiedrdef pewwD 01/ 73534

PCT/ US01/ 07216 However, it can b ppreci ated that other configurations of
the compuF@rUSRIENA Ry St A e aSE RS A Migh PPRET dath 28ands Bl e 2 19 a
state di agram. ol | ' ' ion states.
State i agr A S A ap BB R Sl e R B s st at o
204. Hi ghopomeihg $bRAE wAZe indpertegatdizghitliatks lbiveqoaneyuwndy Bhgh operating
vol tage while | ow power state 204 indicates |ow clock frequency and | ow
oper at i nglovobpagéng Foltagex divp keampliegigh paerer stadt 202202y apgratspar’88 e at 700
megahertz (MHz) wi.th operati

ng voltage at 1.8 volt (v) while | ow power
stat e 204megpheriz @4Hz} W@@ng’%vpﬁa%%%tr]ﬁ Yol (Warkilgfewaroviersfate %%fcons erve

power 10 consunpti system or U may,., | jent, transit
dynami cal P eéta\t?\é@r:h/{hlzg‘ﬁ’}/t%g\%rra?%tggp feEaP{(QQO%Bl:fﬁId jlnooﬁolgl(rgelgg 8?\}%;3 ate 204

accor dp ngcmu&xgﬁion(;s)w&mw aROYE fnak StUireaeh i bR, &RRLIE @pbd@fany | N anot her
enbodi ment, a systemdynanically swtches between high Ppower state 202 and

| ow power betwaie h2gpoiveinaate 203 end lavwepoertristite 2Earccendamgptosthe 15 nmul tipl e

transitions between high power state 202 and | ow power state 204 nmay
computing power required by the applications.

In another embodiment, a system dynamically switches between high
power state 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« CV2f

Where P represents power and C represents a constant. Also, V represents
25  voltage 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 P

would be



t ake pl ace between keystrokes. During high power state 202, in one

enbodi nent the CPU consunes full power and is able to performfull
functions. However, during |ow power state 204, in one enbodi nent the CPU
consunesWomweBsgower and is only able to perform sone fUubRCEFE8HE 7210t ed

that high power_state 202 maz% 20 consune double or triple the amount of
power than | ow owérVEE4t ¥ (D3 x 70bgwp8€onsunpt i on can be cal cul ated in

terms of voltage and frequency. The mathematic equation for the power
consunpt i oHf 1o pomstr stht@)4f aergnsat 40POCIAYRAfithhev, eahPpoepr @seainptoawer and C
represents _a constant. Also, V represents 25 voltage while represents
frequency. lopopPoBgLtipied Wauldbgh power state 202 operates at 700 MHz with
1.8v, the power consunption for high power state Pr-i would be 7 WO

01/ 73534 PCT/ USOKt %2116 C >AH.30C @2f 6Z26C x (1.8)2 x 700 = 2268C | f | ow power
state 204 operates at 400 MHz with 1.3v, the power consunption for |ow

power s at Bhid, Pu)itbE@mbemBkesafdh HreX (ihed HRXAROHEREP R ohbisies PH,  consunes
nores than three times the power that PL consunes. Figure 3 is a state

di agram 300 i | 'Ff%‘gre?_tiis a0 ey %g%gbmgn%ég¥g%gg§%}%%%gn states having

four states. Sta i agram cont ai ns 86, and C3 308

states. Adgirki@pgionstadsatvirayfone saadedtdbdliaghey 360 &ths CHBREI¢@dYy to
under st andi ng the present invention. 10 In 6ne enbodi ment, CO 302 State is

an active Qi andRSBIPsiates. Stdatigonalhiete mayORUadrdf lartnbeyf atelnok ange  of
functions and consunes full power. During CO 302 state, power nanagenent
for conseri¥RAStAmSIRINGstABding the Biesent inyerdima.

10 In one embodiment, C0 302 state is an active power consumption state
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-halt power consumption state where 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 C0 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. Likewise, C2 306 state can move directly

25  to C0 302 state without entering C1 304 state first.



state is, in one enbodi nent, an auto-halt power consunption state where the
advanced- power nmanagenent ("APM') for conserving power nay be perforned. 15
A CPU running at Cl 304 state conmonly consunes | ess power than the CPU
runni ng wo @@3B02 state. For exanple, during Cl 304 stat ePGTE3HE@Ebons are
commonly not executed and the instruction cache is commonly enpty. In one
enmbodi ment, C2I:3oee enbediment, 4 310§ staje Hritnopoves decprsiagpptatowhstataene wher e

I i d i c2 6 t h i ith CO 302 stat Cl
304 50 SAPEORIR LRSI, ML TS o8 SE I e BIBEITINGES for the
CPU nmay bqhét@@%%m};r&(ﬁy%Mommamtclocﬁ(f}?%q%}#%g%&%ﬁagg% a5hut down.

For exanple, the nmain portion of the CPUISs s e snoop
portion ofCx308 st Tsentst Ch Boaghiey thef@PU MOH (Bx&fé.rﬂgodih@nf,rc@ﬂﬁglﬁie&l@o bus. To
enter C2 306 state, the CUP can either be at Cl 304 state or CO 302 state.
Li kewi Se, eaer3@a0ststatebefare anprengii- 8@ $tyte. 25 an olt@PaBORembadienanitithout
entering 04 st,aé}e first. SS&S 91/ 73534 PCT/USQ /07216 In one

embodi ment gty direetly drapp S V4 staelo -3 1 Beitet at e where some component s

of a system including the CPU, are shut down. In this enbodinent, the CPU
is conpl etely Eigwre dénmblock diggram HEO dlustkting e queseroyhadnalle toaeged at  C3
308 state. C3 308 state, t i n one_enbadi ment, configured

. t Uis, .
Dol ot eSO B P B o Glre o Pk desgramelod iSed s ok T ot v
mbodi tinn t.he. ) : -t dj | 302 st C3 308 st ate.
enboadir menlpq akl%OC&EHgﬁ%gr@% )Cﬁg)li hreﬁq%trlf)ﬂfzizlrcgs%Zgoan an ﬁ}pﬁ%gn(iﬁ gu%te tosefrjllt gr

Figure 4 is a bloc ram 40 ustrating a system:
di ff erent BAMEIHAANRUTPI410N PSRN 88:thE! ia6lkded ﬁ@W@p@PLﬂQb&J%%?a?igl ock
device 420, a processing unit ("PU') 401, menory devices 422 ‘and an i nput
and out putcodfioldarit (f GICHIYHOE, al i pryddmiroPhlu 4 QIMEHT ") bes; ainnahoides a CPU 402, a
PLL 404, a graphic control hub ("GCH') 406, a nenory control hub ("MCH")
408, a rrehli})t?{faCe (“MI”) 410, and an input/output (“I/O”) interface 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 low 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 one embodiment, high-performance DRAMs (Direct Random
Access Memory), such as, for example, Rambus™ DRAM (“RDRAM”) may be

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

Random Access Memory) may be used for memory 422.



interface ("M") 410, and an input/output ("1/0O") interface 412. O her
bl ocks or devices nmay be added in bl ock diagram 400 but they are not

pertinent to understanding the present invention. 15 In i ment,
C ock deWQW®/43 provi des cl ock signals to various devi cgéllefpgdcqbggﬁng PU

AT L anot hery cnpoth ROk CIPKIANLOF. 420 Arovides, Ll Liphe, ol pok

. IP One R
frequencies to tacrlitate nultiple power” consu xanpl e,

clock devi é@eﬁ%pd@fi&\é,: Ae8 ad30r Matn Al ABK S 9RRII P, sﬁg%eﬁpﬂusdaﬁa Qgﬂ&'&&h power

consunption state while clock device 420 provides 400 MHz clock signal to
20 PU 401 thyput devitdwp avieembodisempt [Chh4 it didee not rayet badweéhpowenbodi ment ,
clock device 420 supplies clock signals to nmenory 422. In one enbodi nent,
Menory 422XC@6HERNAS skt ilpPantsrigee Heris sradetncemmmtiorty bplavdes. PU #0lone

nmbodi t i gh- f DRANVG i t d . A ) s h ,
For exampl 4 I TATE T ERATT < ROV 55 8- GUBH° FaPEhEr 9°0bb. 1 m ‘an
or_exah . e SNSRI .

be. usod {0 Tanery Dy 100 G B R A1 5 DT RS I

| CH 416 cailivie@bsmaaiteritg eesadtit batnkeh Mees01Rd40H @rsd ext ernal devi ces, such
as, for exanple, the main nenory, system bus, and various input devices.

n this embodi ety Qi B168ReRARYdh BRBK LiehiEl YRR PRIRE L GEDSHAPL | on

states. I/Ointerface 412 is used to conmuni cate between and | CH
416. | n onggreiddediaimint cohmpbhérs ichatieg €PY manGalngs) iisd MIMHRbE, device so
that when PLL 404 stops providing clock signals I/Ointerface 412 can stil
be alilve Perngonistaty iimgne erabediafent theydeakesegnabtion0RLbAGK tcCEPY#62 PLL 404
recei ves clock si n%% fromclock device 420 and redi stributes clock

si gnal s t d"¢% ¢ SabPe a%(‘}ﬁ’é?ﬂr%mﬁd’é’l“i?&i h& glosk siget) sk, CRNARCH 408,

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 subsequently 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 receives
20 clock signals from PLL 404 and it controls memory access via MI 410. In one
embodiment, MI 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 is, in one embodiment, powered down during

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

10



10 During C3 state, in one enbodi nent the clock signal fromPLL 404 to CPU
402 nmay be stopped for conserving power. Wen the clock signal stops, CPU
402 stops execution, which normally conserves power consunption. Once CPU
402 stop® @xepution, in one enbodi ment the execution canP@EUSRATAEd by new
cl ock nals. In one enbodi nent, the new clock signal fromPLL 404 may
have 15 dgl?IfJéPJen/t\ft@l t@eklorckéxmélﬁélgpmEbbﬁoésleasugp@w@d Edilamki oraguentsy, for

conservi n con I e ment., C3 state, CPU 402
ey be powst Ba falomnmﬂ"ﬁﬂl?a%d;;ﬁﬂﬁé 8ot b v Gt in

di fferent veltgag ILl &lded! APONS Y k signals
fromPLL 404 and i trg I's grag I@%PBQ&](E;Q uen%:-]gsﬁgﬁecf%%%nelgz\ o1 ?kment MCH
408 al so rfeqpicMe&Ss wkﬁéhﬁﬂaOG&]Lﬁieglaﬁﬂpbvfzd’lQHbBbllatélo4 and it controls menory
access via M 410. In one enbodinent, M 410 is tailored to specific
menori ¢s used iFLFEERY Y LARR dids9X 5@5@[{1%% EQB@ menory 422,
M 410 may be ar%-?anbusTM ASI éggellnl \ tm!gE %fﬁeﬁgz}ggc%ﬁéomm cate
bet ween Pldoﬂﬂg:uxananBRAM erRbbdObnt, Eblockld”iagm:@l maﬂtaﬁﬁrﬁclodknge@ﬁgfa%&ed into a

single integrated circuit ("I C for 25 conserving power consunption. In
one oper atiVéra Dppqt R@@ﬂbqsg" negatpod DIRENRE”) SpDVIEPRAMITINadia clogk  C3

st at e. c_;g EL Q%E V\ered own, PLL 404 suspends clock distribution in
10 WO 01/ FigyAu gUrtpe) Seaingg PLE 59%@%?@&563% igmal 210k r om PLL 404

are SUSper&gg& dl\ég'{bu? %ﬁ%%%%ﬁ&&r?s&]ﬁﬁggz_ anda asea 51& I%BUQE 402, GCH 406

and MCH 40 are shu I'S stspen 7 can be

subseqgentpiyckk s Met o B1dcR\IRIgr &GOl th'iEélUﬁ@%Y)n hethtf®Y require less
power to operate. 5 Figure 5 is a block di agram 500 | ustrating one

enbodi nentundbrsearcliog ke igoaftiogur ati on. I n one enbodi msnt bl ock di agram 500
contains a clock generator

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

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

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

15 signals to RDRAM 530. In order to regulate the clock signals between DRCG 508
and clock distributor 520, phase aligners 510 and 512 are used to synchronize the

clock signals.

In one operation, during C3 state, reference clock, which is carried by clock
bus 544, from clock generator 504 to DRCG 508 is active, in one embodiment.

20 However, phase aligner 512 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



504, a Direct RanbusTnl C ock Cenerator ("DRCG') 508, RDRAM 530, and a
clock distributor 520. DRCG 508 further contains a PLL 502 and a phase
aligner 510. dCock distributor 520 also contains a PLL 522 a q hase
al i gner WPXU&Mer 10 bl ocks may be added to bl ock di agr arfi %9 ,/021]? t hey

are not inportant ti under st andi the i nvention.. I n one enbodi ment, cl ock
gener at or ng’(ﬁﬁr?é ﬁ%iglélf%?:tﬁs g ?%ﬁ?ﬂrgﬂ Frappitiondom ﬁg‘lg}PE?_WSrZC?r\?FE‘p@PBC k bus

544, 546, LERREEHINELY, o |0l BORCLHDRMIRAL oL 292cfe used  to distribute

clock signals to ere DRCG 508 further distributes clock 15

signals to M 530. .In.orderto reqgulate t cl ock signal et ween DRCG
508 and cl ock Bioé‘FFFBJSBSFe'gZ%?bﬁﬁlétsegaa %y(j%‘é’;lg? %ltwegﬂ?tz‘? g‘eused to
synchr oni gt fagyin€ L iko1$ G0} Syhil MNir@RfeOP ek AldrOfle tANEHHRY. FPnc gﬁ@,
reference clock, which is carried by clock “~bus 544, from cl ock generator
504 t 0o PRGN dyseradle weite (' GWafipo4ndaoitie BRU froRsitloveyerSBplvasat al i gner 512
is suspended so that the clock distributor 520 stops distributing clock

signal s. | dodneyclenBy@di Tremoopuhlenked arkGyerfdp at orwaideddndbub biteréice
distribution to R 530, 30.still receives clock sjignal rom
OReG 505, | G e STONR e CREARELOF BRb hrfods L St Bena N T | a0
transition, i . I e.

consunpt | o PBERS Crsanale Il ARGaM RO ST RBL, SABCRIEC (00

illustrati @%s@e@bﬁ@ﬁﬁFiE’éOl_SéMd&Ricg_@e 6PEANEE BigROVKITgER TR YRR llen st at es,
such as a Ceyserville transition. Timng 11 01/773534" PCT/ US01/ 07216

di agr atd 600 ol Gysx a2atopsHab Eegrsae vl isasquednsi ti on from a hi gh power
consunption state or CO state to a | ow power consunption state or C3

fth ate. In one eRBEAGHEDY 62dRH-MEd, HIRStranEASBOM 0 SaleladD3H LR QML GRUESt tO
e

takes place. At clock cycle 672, a maintenance procedure 607 is performed. In one
embodiment, maintenance procedure 607 performs temperature and current
calibration, memory refresh, and current calibration. After execution of

15  maintenance procedure 607, a command of acknowledged Geyserville

(“Ack_Gy”) 628 is initiated 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 cycle 673, the output of
the phase detector or aligner is stopped. In one embodiment, the DRCG feedback

20 pathis 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.

25 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



Geyserville control register, which initiates a Geyserville transition.
When CPU 5 issues Ceyserville wite ("GN") 640 on the CPU front side bus
("FSB") 601 at clock cycle 670, FSB snoop is |ocked and GN 640 is

forwar dewwa@/Bedd | nterface 604. After MCH recei ves GN 6R2AT/G801H{3H 6
interface, GN 624 is forwarded to ICH in which a Geyserville transition
sequence i $fiehblogh e dhe regess piogedptadporieTMe 1At bleck 4 uidd popce€PU FSB 601 at

| k | 671 d i |, of f - Ge il 10 (" ") 626 Hub
Cnter fave Soaret PR ARR uPoRBPegtoRs Piseond U TPAE M f rom CO
state 660 ER)CQS ﬁ%ﬁéﬁ&ﬁ@c@ﬁkﬁﬁeml@a@m hﬁédﬁ?gégﬁgy&éegdsqg%lo& THR! C&ttenance

A
procedure 607 is perfornmed. In one enbodi I ntenance procedure 607

per f or st BlwpleVas, tiiep@aeks Gediintistthe DAL iWaR4 b@bnd mr&qﬁ@icgesomerand current
calibration. After execution of 15 maintenance procedure 607, a comuand of
acknow ®dgbleckciyss drapriokess progeits @PIpcleZIP wherp pid prated resunesthe APéF f ace 604.

After Ack_Gy 628 is jssued ub interface 604, MCH sends a nessage of
per ni ssi on rSFP%Ff%ﬂ}ﬁsﬁgmé{i%%g‘?%e&%rg&%ﬁ 'gPéhmOAfhe&rB‘EﬂéSé?@%@ 673, the
out put of . tpg.phase detector or aligner is stopped. In one enbodinment, the
DRCG feedback 20 path is kept alive. Next, the frequency and voltage

transitions takes place before end of clock cycle 673. After the
vol tage transi h’ﬁ%‘h’% éﬁiﬁ?éﬁwﬁgﬁrttggéﬂasgﬁagga PEPRERS ‘Ffr_ ey lovy BAYPEi on, bus
ratio wl lc&%ﬁ%%%on%&eﬂrg%h%ﬂ?bg\ge\ganmg@wleegt[' O roc'e:sg%eggg,%g) IS

enabl ed. At k cycle 674, ices transit in nap s from the

pover townstsittdldk a8 pro@eletolblbsk 802 | avbardo2 700 prbdeysthi@ibylyg a process of
swi tching power consunption |evels. A process begins at the start bl ock

and pr oceetdsnsitiorbdwtlockOEEB sniopb| Abtkr 7102k 84 eheprrocess snsus pehidsk 8tee PLL from
providing v%hgriertﬁé pfolcggskstgriset%lél ?rggziﬁorj{%e(;/t\gngé/ Zﬁgr?) lﬁocl:?(cér&ytshoel}ir?;ezsys
proceeds to block 806. At block 806, the process performs temperature and
current calibrations, memory refresh, and calibration broadcast. After biock 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 812. 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  transition 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 C2 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 thereof. However, it will be evident that various modifications and

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

13



After block 702, the process proceeds to block 704. At bl ock 704, the
process suspends the CPU. After block 704, the process proceeds to bl ock
706 where the process suspends the GCH After block 706, the process
proceedswooilrBssak 708. At bl ock 708, the process resunesPGTHESIPOI24it h a
second cl ock frequency. After 5 block 708, the process proceeds to bl ock
710 wher e SChRe Pirthe presentgniprtiony Hdegpesent spacifisptiois end fgtitvs asecond cl ock
frequency. After block 710, the process ends at end block. Figure 8 is a
fl owchart @86@dirglyst beategmgled apilbstrmsivofathait thah AgstActivew power consunpti on

| evel froma high power consunption level. A process begins at 10 start

bl ock and proceeds_to block 802 At block 802, the process initiates a
transition and | ocks FSB snoops. After block 802, the process noves to

bl ock 804 where the process starts the transition sequence. After bl ock
804, the process proceeds to block 806. At bl ock 806, the process perforns
t enper at ur e andhugarmethvd eallialsy steinoios comrermny ppetr estiumgniadndale br at i on
broadcast. After block 806, 15 the process proceeds to bl ock 808 where the
process® eXieeRdakpibefate or 2 state. After block 808, the process proceeds
to block 812. 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 bl ock 816, the process waits for the 20
transition to conplete. After block 816, the process proceeds to block 818,
where the process enabl es FSB snoops. After block 818, the process
proceeds to block 820 where the process enters the nap state or C2 state.
After block 820, the process ends. In the foregoing detail ed description,
t he met hod and apparatus of the 25 present invention have been descri bed
with reference to specific exenplary enbodinents thereof. However, it wll
be evident that various nodifications and

14



changes may be made thereto wi thout departing fromthe broader spirit and
13 WD 01/ 73534 PCT/US01/ 07216 scope of the present invention. The present
specification and figures are accordingly to be regarded as illustrative
rat her twearvirestricti ve. Thus, a nethod and a system f or REGASHINTZEG power
consunption have 5 been described. 14 WO 01/73534 PCT/ USCL/ 07216 CLAI M5
W claiml. An integrated circuit conprising: a central processing unit

("CPU"); GG phic control hub ("GCH') coupled to said CPU, a nenory
control hg%g%—kgkr) coupled to said CPU and configured to control nenory

transactions; andjganphase | ock | oop ("PLL") coupled to said CPU and
configured to allow said CPU to operate at nore than one power consunption
states. 10 10 2. The integrated circuit of claim1l1l, where said CPU is
configured to operate at nore than one clock frequencies for conversing
power consunpt t-onAnantegiggeq qitcagfreamadisaigt cuit of claim 1, where said PLL
provi des nore tha one cl.ock fr, ncies. 4. The integrated circuit of
claim1, furth®f® }?fﬁﬁﬂguﬁ%(gﬂﬂgﬂbry interface coupled to said McH and

configyred to ¢ompuil GaLSI nih FEMaF) QU1 &L dtpENOr Y devices; and
a memory control hub (“MCH") coupled to said CPU and configured to
control memory transactions; and
a phase lock loop (“PLL") coupled to said CPU and configured to allow
said CPU to operate at more than one power consumption states.
10
10 2. The integrated circuit of claim 1, where said CPU is configured to

operate at more than one clock frequencies for conversing power consumption.

3. The integrated circuit of claim 1, where said PLL provides more than

one clock frequencies.

4. The integrated circuit of claim 1, further comprising;
15 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 MCH and configured to

control 1/O traffics.

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

20  further coupled to an I/ O controller and a clock device.

15



an input and output ("1/QO") interface coupled to MCH and configured to
control I/Otraffics. 5. The integrated circuit of claim1, wherein said
integrated circuit is 20 further coupled to an I/O controller and a cl ock
devi ce. Wb oWmB4/ 73534 PCT/USO /07216 6. The integrated PETYEWIP7286 cl ai m
1, wherein said CPU is capable of operating at nore than one voltage |evels
in response tof-clBkintiggred sir¢yiben daindl, wherein BaidihRU jintapgbktodd circuit of

claim1l, wherein said i s capahbl e _of 5 operating at re than one

£t equency REaERE AE Aot Ho ob® SRR e Sy Rar g FoHb s JmpD™ S0 Th
integrategygircuit of claim1l1l, wherein said MCH is capable of operating at
nore than one voltage levels in response to clock signals fromsaid PLL.
10 10 9. The integrated circuit of claiml, wherein said GCH is capabl e of
operating at nore than one frequency nodes in response to clock signals
from said PLL.. 10he imegrated eigruat @dbladioyc whereih saidayimHlis caprdrledn said GCH i s
capabl g of operatin t nore than one vqoltage levels in response to clock
si gnal 3 f P $ﬁtmfge %E’E.Oni reqyeneY s LAt saorI e Glack signalsdrom1, wherein
said MCH conpfpl s RanmbusTM Dynam ¢ Random Access Menory ("RDRAM'). 12. A
met hod conprising: suspending a phase lock loop ("PLL") that is enbedded in
an integrated

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

operating at more than one voltage levels in response to clock signals from said

PLL.
10
10 9. The integrated circuit of claim 1, wherein said GCH is capable of
operating at more than one frequency modes in response to clock signals from
said PLL.
10. The integrated circuit of claim 1, wherein said GCH is capable of
operating at more than one voltage levels in response to clock signals from said
15 PLL.

11. The integrated circuit of claim 1, wherein said MCH controls

Rambus™ Dynamic Random Access Memory (“RDRAM”).

12. A method comprising:

suspending a phase lock loop (“PLL”) that is embedded in an integrated
20 circuit (“IC”) from providing a first clock frequency;

suspending a central processor unit (“CPU”) that is embedded in said IC

from execution in response to said suspension of PLL;

16



20 circuit ("IC") fromproviding a first clock frequency; suspending a
central processor unit ("CPU') that is enbedded in said IC from execution

in response to said suspension of PLL; 16 WD 01/ 73534 P 6
suspendi W ®/78¥4phi ¢ control hub ("GCH') that is errbeddecy(ﬁﬁ%(/é{aéﬁ%c from

execution in r esﬁgrrl] ﬁg%%r%%gcgn"{rs@, %%kg&(ﬁ?{e”% ﬁlfalf'is erm e@e%@%&iqCpLL for

providing a seth uenc um ng sai n response to

sai d secopd,.cLaCkibk BAMENSRbe to said sdsbendidf of®ihod of claim 12, further
conprising: suspending a nenory control hub ("MCH') that is enbedded in

said I C from sexestnd @id PhL f@SponkiEng 8 se@nd cBuipmaabmy; eid PLL; and resum ng
said MCH in response to said second cl ock frequency. 14. The nethod of
claim 12, wheresnméng thidGEPandpsynRe to faid sesend tlock sivpresivng ent eri ng

suspensi on state in response to results of tenperature and current
calibration. 15. A nethod conprising: suspending a phase |ock |oop ("PLL")

that ig embeddpd 1 AbuoBlP0RAhId subtbrbhphiahC') from providing a first

vol tage | evel ; 15 suspending a central processdr unit ("CPU') that is

enbedded in saqdpbidinf heRRBAEUsShHODhUE (‘MSPONEat iskersigiddied ws padgCon of PLL;
resum ng said PLE for providing a second voltage level; and resum ng said
CPU i n r e$ponsectigos ai Wspase hasaidsusppasicowéPLL; @8l The net hod of cl ai m 15,

further conprising: 20 suspending a nmenory contr.ol pub ("MCH'") that is
enbedded in sajeguingng said MCH in response to said second clock frequency.

14. The method of claim 12, wherein said suspending PLL further
10  comprising entering 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 (“IC”) from providing a first voltage level;
15 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 voltage level.

16. The method of claim 15, further comprising;:
20 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 response to said second voltage level.

17



fromexecution in response to said suspension of PLL; and resum ng said MCH
in response to said second voltage level. 17 WO 01/73534 PCT/USQO /07216
17. The method of claim 15, wherein said suspending PLL further conprising
ent eri ngVZueIEEAd on state in response to results of tenpePGE/UPH/FHE

current calibration. 18. The nethod of claim15, further conprising: 5
suspendi ng a gi/apHicaneBad pbrlamybd (wigreinsaidamsperdiaghéddedhin said 1C  from
execution_ in res ggé%ntgugagd.su%gension of PLL; ang resum ng said GCH in
response {8 RATHS SEEORE SUHTRGR Sfals By Tesporye tarslils ektepittess Yl a central
pr ocessi ngyhttcalibiBbh) deposited on an integrated circuit ("I1C"); 10 a
graphic control hub ("GCH') deposited on said IC and coupled to said CPU
for image processing; a nmenory control hub ("MCH') deposited on said IC and
coupled to said CPU for controlling data transactions; a phase |ock | oop
("PLL") deposilSedhsimahpd of Gaiamdp dutiptraympyisizg:'d CPU, 15 said PLL

configured to switch said CPU to operat t. one of several clock
frequé#cies. 24°P9 %%6F%’1%)Onggﬁﬁﬁ?égiahk$@¥ﬁeg&wédpiﬁ1ﬁgd#%rther
conf i gur edof Q. eSMdrGh r8@lofséfal P RBERGLSoAPLIONR Of several vol tage |evels
for conserving power é%%sunption. gg §%§021.’%ﬁe device of claim 19,
wher ei n sai d RedurhBigfstid BEH i@aadpopbd RbatDsecSMl R/Qiﬂag%diegelw to operate at
one of several voltage |evels for conserving power
19. A device comprising:
a central processing unit (“CPU”) deposited on an integrated circuit (“IC”);
10 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;
a phase lock loop (“PLL”) deposited on said IC and coupled to said CPU,
15 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.

20
20 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.

18



consunption. 18 WD 01/ 73534 PCT/USQO /07216 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 consunption. 23. The
devi ce owaliaBss19, wherein said PLL is further configureRCT/BSB/03%W6t ch sai d
MCH to operate at one of several voltage |evels for conserving power
consunpti on. 242 Thedewe efeclam 1 aiherain saidHl e furshdrdoRliguied thur t her

configured to, sw sai d to gperate at one of several clock
frequenci €% l?ddrsalyo(tt:‘l(ggrt@ i°RG" a%}e O@Bﬁ‘éeﬁ??ﬁllq%rﬁeqfﬁn‘ilgs for conserving

power consumption.

23. The device of claim 19, wherein said PLL is further configured to
5 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.

10
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