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I N A RDRAM BASED SYSTEM BACKGROUND OF THE I NVENTION 10 Field of the

| nvent ivametF3sz9pr esent invention relates generally to thedpgédnedsy comput er
systens. More specifically. the present invention relates to the
conservation of power consunption in a conputer system 15 Description of
the Related Art As nore systens beconme portable. increased reliance wll
necessarily be placed on portable power supplies, particularly batteries.
Reduci ng power consunption by processors becones increasingly inportant as
the industry noves to maxim ze battery life. Even in stationary systens,
excessive power consunption translates into higher operational costs. 20

Addi t sonal | y. Mim@gglN(}gl;}pﬁl ta-%:‘gg??mﬂ\?gﬁt%[q&afﬂé E\Cﬁ’ﬁl g W&§g§ﬂmd in a

environmental standa cin

conput er SQQMWWTGSOW&WWEWNEEREW%)SEh@TAWﬁdIN A RDRENCBLSED or each
new processor generation. the power ¢ Wﬁptl on for such processor goes up
as the speed of the clock increases. rdingly, 25 when a processor
consunes a | arge armunt of power the tenperature of the processor

he processor increases, the reliability
ernore. in order to optim ze the output
of aifi gh_p@m@mvamm pr ocessor hi gh perfornmance co-processors such as
menory control hub should al so be enployed. 1 1 5 SEP 2004 WO 01173529

PCT/ US01/ 0723_4 Consequently, a high performance system usi ng fast processor
typically co Q%Wé%‘:“h'"l’?i‘r“ﬁéml%{ﬁhﬁ’ifraﬁf E5EE!d QhGABREET SYRAMS. &bfed processor

appl i cat jpedifeall f-@c RERARhRntiSOreliMs b @RUoh & riBn BY §& e consumption in a

compuier system.

15  Description of the Related Art

As more systems become portable. increased reliance will necessarily be placed on
portable power supplies, particularly batteries. Reducing power 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.

20 Additionally. increasingly stringent governmental requirements and cnvironmental
standards militate toward reducing the power consumed in a computer system where

possible.

With increasing clock frequencies for cach new processor generation. the power
consumption for such processor goes up as the speed of the clock increases. Accordingly,
25  when a processor consumes a large amount of power, the temperature of the processor
increases. As the temperature of the processor increases, the rcliability of the processor
decreases. Furthermore, in order to optimize the output of a high performance processor,

high performance co-processors such as memory control hub should also be employed.



to operate at full power because a typical word processor woul d not t%e E%til(ﬁ
"to use all the 5 resources or power that a typical high performance1 0
processor provides, Accordingly, it is not necessary to keep a high

per f or M¥R*73328t em at ful | power because running at full poovssigrat only
reduces the battery life tinme. but also effects overall systemreliability.
In the paSPTseRYF Eym bigh pedermagcasisem usiafisyrroeesioonpiasity conmeres i tikgr f ace
("ACPI") hasuntBepswarsed to reduce power consunption in a system However,
ACPI has never been 10 applied in a system using RDRAM or siml|ar DRAM
based systens. HoJer FRERGRH TS G 2oty NGS The present invention wll
be understood nore fully fro-r% t hes_ d%%éﬁl'g@ é’g"(‘:arn}p-ﬁl);t ﬁ%ﬁm gl 8BS and
from t he ROPERSA 8 lhBoWMerderangs 2 tipicahwird psocesstrodiuident s: e blee dinyent i on.

whi ch.,5 howey8des o8 POWL AL Dtk E limt the inyention to the specific
enbodi nment s,  but B15 are f‘63%’%3%“’?%5‘%?‘6%‘“%&“&&?&%’?Vg%‘ﬁn&C?fﬁd'aﬁw! ISFj gure 1
is a statmotd¢cssraantol Nekp g thight fenfgrraavec exstoodit fiirfowed bePRYSINGANAYIIPpdWAR St at es.
Figure 2 | i myi-l | ustrating. one enbodi ment of power )
consunpt i 3?10@ 3%‘@’%@5 %g@?lﬁl%\ { 'oeutﬁ'"%tbéf?aééo.g%b‘s ?Y"(th&és“:’:'“ re§ialliys] ock di agram
illustrating odi nen f .a,system havi.n RORAM  Figure 4 is a
flowchart ill 3'2'?‘ r"i‘?‘?‘ng“ 5?‘Ferg%c(r%t?(§aihr?éﬁﬁd °8‘f[t']g#”b'f"gﬁ@é’g“'ﬁd?'cgwct('fﬂiﬁm@ hegom a CO
node to &c@BusrdderedbegpioeerTonsimptibh CHREh. Holvelgt hadpl R e pegbodi nent of a

procegs faor.swtching fro C3 state to a COstate. Figure 6 is a
flowgﬁar tagFll'ﬁdu'gtaféstlf'ﬂd‘s%«rﬁ‘%'ﬁggﬁ‘?rﬁﬁﬁ'?a’m"E)P%"E‘E%Vé‘e'?‘br entering a | ow power
consunpt iRAAF SIERGRIPZIGN DSEREZROWNNGE1/ 73529 PCT/ US01/ 07254 Figure 7 is a
flowchart illustrating one enbodi ment of a process of entering a high

power consunprhepresértieventionwal S iddetfobl AbRTuM o LR ALLE ML PEi@ Systemin
accordance with the teaching of
given below and from the acCompanying drawings of various embodiments of the invention.

which, however, should not be taken to limit the invention to the specific embodiments. but

15 are for explanation and understanding only.

Figure [ is a state diagram illustrating one embodiment of power consumption

states,

Figure 2 is a state diagram illustrating one embodiment of power consumption states

having four statcs.

20 Figure 3 is a block diagram illustrating one embodiment of a system having a
RDRAM.

Figure 4 is a flowchart illustrating one embodiment of a process for switching from

a C0 mode to a C3 mode.

Figure 5 is a flowchart illustrating one embodiment of a process for switching from

25 a(C3 state to a CO state.

Figure 6 is a flowchart illustrating one embodiment of a process for entering a low

power consumption state.



the present invention. 5 Figure 9, 10, and 11 are tim ng di agrans
illustrating transition sequences perforned by the present inventi b, SEP 2004
DETAI LED DESCRI PTI ON A net hod and an apparatus for conserving system power
consunp¥D@n7382¢ descri bed. For purposes of expl anati onpciraisegrko! | ow ng
description nunerous specific details 10 are set forth in order to provide
a thorough unddg4ednaiaftpwshart Hlestprieg emtemibodiesitiod d protdss ¥ dnteriag@ a haghpar ent

hovvever.cﬁoqvepgﬁls&lﬁbhﬁgga&n the art that the present invention can be
practiced wthout these specific details. In other instances. well-known

structures ang; igC; hown,.in block diagramformin order to avoid
obscuring the¢6(‘9§§gﬁ'tﬂ§?t%5/e§ﬁ ?5?1%§8?Pé°t -‘?‘F'BHEQCB?’d%“ﬁ%WH%Ehﬁi‘?aéH“Siégcri ptions

t hat fol [thewpesest pvessemt ed in terns of 15 algorithms and synbolic
representations of operations on data bits within a conputer nenory. These

al gor dt hni ¢ ddsguree 9t 1dpsddidra @pingdRKaal [IRRAIAY Ganbilien SR RePy t hose
skilled ibre,tteher S%g;t av\grtocessi ng arts to nost effectively convey the
substance‘o? RS ™6™ 0 others skilled in the art, An al gorithmis
here, and generally. conceived to be a self- consistent sequence of steps
| eadi ng tRETAIUED PESICRESUON. The steps are those requiring 20 physi cal
mani pul ati ons of physical quantities. Usually. though not necessarily,

these quanti fireshbdiel dlphafuBtwkok@bt kisea poWer FRERGLE a2l @RALS4 Capabl e
of being stored, transferred, conbined. conpared. and otherw se

mani pul at ed. For fudgosps ofeplaatitvieini e foll@ting ddséFpSion MRt RAcl it de@fis " €asons  of

com"rg{} usa%e.rtﬁ.refder to t_hps signals as bits, values, elenents,

symbor's. aEhay 'qek 4 erder igmrpvideg, ’é’P",“’Gf"‘“ﬁ’l’i’é”quI’é‘é.Pf@@t invemlooullidvifdebor ne i n

m nd, howgpsedne. hol@leradol onefskilib®mahSHhAIE Jr&knc §REMRn S ctp(?aé?igcd associ at ed

with the a[ggr opri at erhc?/m cal quantities and arc nerely ‘conveni ent | abels
Ht

appl i ed “4WBHCYIRRSE SRAGHItdotailss In alpr dnstanesp el fhinowh byucerreaamtidavideparsi se i n t he

f ol | oW NeghgdinSie Wik ASramh FornS i roughout the present
i nvention discussi ons”ratTltI Folr,lnilln ﬁgﬂf@%%‘aé%gﬁrgngzﬁcftr%gﬁggﬁﬁﬁﬂ' wo 01n3529

Cdet or i ning' ar: PR G SRRk, AR oty wEReilis T Bl des of &
conplR er algyrsthmpandysyraialic|represghiatians ohbperat omspn tam bitdheivic ecorfuadr i S.
memory. These algorithmic descriptions and represcntations 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
20 physical manipulations of physical quantities. Usually. though not necessarily. these
quantities take the form of electrical or magnetiﬁ signals capable of being stored.
transferred. combined. compared. and otherwise manipulated. [t has proven convenient at
times. principally for reasons of common usage. to refer to these signals as bits, values.

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

25 It should be borne in mind, however. that all of these and similar terms are to be
associated with the appropriate physical quantities and arc merely convenient labels applicd
to these quantitics. Unless specifically stated otherwise in the following discussions, it is

appreciated that throughout the present invention discussions utilizing terms such as
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a device that mani pul ates and transforns data represented as physi CEIl|5 SEP 2004
(electronic) quantities wthin the conputer system s registers and
nmenories into other data simlarly represented as 5 physical quantities
Wi t hi r'wDle780%hput er system nenories, or registers. or @charsosnciss
informatjon storage, transm ssion or display devices. The present invention
al so rel HESSING” o ceppaingtarscalwiatipg drddaemynitleoropspiatingneeferhotigi n. Thi s
apparatu I uct d .for, the.required purpgoses. or it may
conpri seascetamg?%e{nrﬁt r%fgﬁ%tcjdrrqcéée{p'jci%%%&{ er ge TREEFTINF Cé’gm”y&% gg“?fr ThakBnf i gur ed

by a conpdaver tf@OmpnmgmamnMrmsérdms dath Fepres s @hysiSl (dlec@ron RYRU it ie LT O9r amM
may be S§, Qb e starage nedium,  such as but not

Y Deq YR the BB e"bﬁr§%‘S‘FrﬁET“EEPF‘Ha”‘fSI'B‘BW""BF%‘Ré'm'lﬂépt’maﬁcn@ﬂ@ks

CD- RO\k. phmchl megligdsivithdnhd @atpud SIEm MERSHQN Ve STRERT b:S3hdr random
access ne EEPROVG magnetlc or optica cards or any

type of ﬁga‘? 'z?”éé]f‘ﬁ‘éﬁ%’@”?‘?ﬁfo"ﬂB‘FP'%d"éfcé&t roni c instructions, and each
coupled to a g uter ?(stem 15 bus. The al g;znthms and di spl ays presented
herein are ndtPhIFALIBYF ‘i}‘?l%ﬂrélf"é&l‘%"@ agpRjatupier pedarimang e wperabensor ot her

appar at U&rmNaIfhhﬂﬂE ar@ VR e sBWﬂ?%@ns@rﬁé&@fBﬂH@qy ul?r%d gﬁ@gsé@' by rnB%Ogr ans in

accordance with the teachings herein, or it ma conhveni ent to
constr uc?Pma"s‘-r?tﬁc%‘-‘@WE@P&Iqomé‘ehiﬁba'r"a?ﬂmtwmq)@mmﬁgudaé bycaq:umlpe(dr met hod

stepy. -B?@‘rin’?gb'r'eﬁ ﬁlqhes{g)'; EH'" rclzfi Q(radrg?ulgr{)\((?'fr l'gtnyaly%c %g) é)fs;[{ Ieg:ffl :Msl Loflppear

fromthe description
descri beerdable ﬂonag:fmdsnm:eucthmsamy\ophmtted:ml myrﬂfcog‘rd&mﬁdmilhangp@g;ﬁsksl t will be

appr eci t |et f _Pro nguages .y be used to

i npl emg’i’ﬁ%ﬁ&'ﬂ%t Cegc t a”dy'?“‘ R 'ﬁ%@lk&?{ %i’g ’gég‘ Fie Yig)- FRNdeNERVI EW 25
A net hodcanthappias &WS)TWR@MHMM PR ic 6P BS AP @N oS\ tgpd3d ti pl e
power I n one enmbodi nent,” a system havi ng

on states are disclosed.
nul ti pl é"cgffr?ﬁn‘t%if Ipe Pr siqpR SIRFIEONEARTIGRNINE 28€ S20aRBPIFE & § CamRACNSYEE | npl enent s
t hetpdvapged Configuration and Power Interface (" ACPI") C3 state. also
known as Deep Sleep state, for conserving power consunption. In this

enbodi Ment, Vialal @kt kRCKsI5R PR R HERE MBL AR rBM1 FeGlcAGK 2y, 15SEP200; WO
01173529 PCT/ USO1/ 07254 PE% fkerChtlyFrefatcdts af
particular computer or other apparatus. Various general-purposc systems may be used with

programs in accordance with the teachings herein, or it may prove convenicnt 1o consiruct a
more specialized apparatus to perform the required method steps. The required structure for
20 a variety of these éyslems will appear from the description below. In addition. the present
invention is not described with refcrence 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.

OVERVIEW

25 A method and apparatus for conserving power consumption using multiple power

consumption states are disclosed. In one embodiment. a sysiem having multiple Rambus™
Dynamic Random Access Mcmories (‘RDRAMSs™) implements the Advanced Configuration
and Power [nterface ("ACP{™) C3 state. also known as Deep Sleep state. for conserving

power consumption. [n this embodiment, various clock frcquencies gencrated by a clock
4



synt hesi zer are distributed to various conponents includinc central 15 SEP 2004
processor unit ("CPU') and RDRAMs for saving power consunption. In an
alternative enbodi nent, a systemincludes a processor. a nenory, and a

Menor y w@eiszhe hub ("MCH') where the nenory and the MCh@fFgsmpipded to the
5 processor. In this enbodi nent, the MCH can switch between at |east two

power  caoiystapidrare ditabes tbeabgus comh@paRedROME LdiSOREIHTREeRor dilt @OPLRET
enbodi ment @Fgfi[}‘g[c?sor. . can be shut down for conscrvin: powwer
consunpt i BH. Ex APy B PTHFE CUISUBR %8y nt hesi zer may suspend the CPU cl ock

signals to shgt r(;Iolwn t he ﬁé%cessor.’ Figure 1 is a state diagram 100
ilTustratin- oh&" BMBHYRERPOGP e ﬁ'§§?§ﬁtprSFF5°f1€)"§ﬂ‘af>‘é§€‘d State di agram

100 cont andisord chites) hIPWRICISY Alhere W2 aMey AdlRWIDAYR! coibiRd B @4 H gh  power
state_102 i ndi ca}nelgil&hl gh cl ock frequency and high operating voltage while
1

| ow pBwerPOEE% e emReHIEEREe MW @n srichiberyerctt dspstamg power oper at i ng

vol tage. cbRYuMplBRBRs IJUBMiRPARE: ShahBridd  ferl negahert z
(MHz) with (;IE)TgJ;‘lati ra:gs{/olr?aglg_ecﬁgs r1. 8 t\?gitt_ ?S?M!ﬁﬁﬁ-ﬁ%ﬂilﬁ;ﬁ%v&paﬁ?ﬁ% fate 104
oper at es Cat ba gt dpwn (G eensop e apiergonsoinpéare Fatexhmple. thfdoclosysietevieer 15 power

consunpt im’su%cﬁa%@mglo%gﬁhﬁs UIJou'n%e rc?cg}.s%?rdi ment, transit dynam cally

bet ween hi gh power state an ower po ate 104 according to the

conputing powgf,, -k ' ny l.cations. .l n another enbodi nent, a
syst em dynani cai’lulry(i:g!'\twu {tagﬁ%'gJB&elp\ﬁpegﬁ%ﬂ&]gﬁ&{ﬁém PAIDET 8 POYF SOUHFRISH power
st at 0 104tawist Awtediagsen {DhteararenthighmowEraratelianmd £lowpsict fhie 108 aRsdht | ons 20

bet ween hi state 102 and. | ow pover state 104 may . take place between
keystr okgé‘.gpr %cgzr!\?@gmﬂ'f:@ﬁs *ng%?c‘*gf"af"é‘"—‘% Righ QrgsRr s Rtsesgivhils o pavepy

consunes sthul 104 podieitesand closk fdjuencylafd Pelopeiigivdhidaef BoChAPR: hilpwever, during
| ow power state jl%? in one ﬁg&)odi ment the  CPU consunes | owér power and is
onl'y abl B°YY SHEF 1 Gr st At megaerz Ry witheperanpg roltage aiet-8 aelafe 1 02 may

consune daubldy fewdrkia! 184 bp@ad R Y0 MPL WA WES 2B 3BIdLW POVET, ?&%Er%e 25 104.
Power . consunption can be calculated in ternms of voltage and frequency. The

mat hbfrat PR4ST COBVATPLER 2fsyHcT Bea BBWERY.dbpraAmbodionnt kansit dyadrieahf ol | ows. P cc
Ccvaf 5 1b§w§e§ﬂ1i§l‘99§wcr state 102 and lower power state 104 according to the computing power

required by the applications.

in another embodiment. a system dynamically switches between high power state
102 and low power state 104 without uscr intervention. For example, multiple transitions
20 between high power state 102 and low power state 104 may take place between keystrokes.
During high power state 102, in onc embodiment the CPU consumes full power and is able
to perform full functions. However, during low power state Ib4. in one embodiment the
CPU consumcs lower power and is only ablc to perform some functions. Noted that high

power state 102 may consume double or triple the amount of power than low power state
25 104,

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

mathematical equation for the power consumption is listed as follows.

P« CVf



WO 01/ 7329 PCTNSOI /07254 Where P represents power and C represents1a; EP 2004
constant. Also. V represents voltage while F represents trequency. I'—‘0§
exanple. if high power state 102 operates at 700 MHz with |I.Sv. the power
consunp¥® evi73fr hi gh power state PH woul d be PH CV2f =Cx(dcthgong77430=22680 5
If |l ow power state 104 operates at 400 MHz with 1.3v. the power consunption
for |ow “ﬂBWeDr“’%’tfséf"éPPterﬂﬁ@deemeseM_@thérRCAXso(1!r3br259hts4ﬂﬁra&e 6¥&G Thus. Pfl

CONSUNES relfRk st ar PL cons S, ure 2 is a
state di agr amSZﬁEC%g‘r\blnE u@??%ﬁg‘%ﬂ?& %ata&@ OCPF“[B%%E t-8h 10

st at es h#giPpYercosrmpticnt foshigiSpatee sdicsyram!26 contai ns CO 202. C 1204, C2
206. and C3 208 states. Additional states may be added but they are not

i nportant to Pnd@VEEandi n®)2xtie0 =m2esent i nvention. In one enbodi nent. CO
202 state is an active power consunption state where a CPU performs a full
r angeS of Iffampiveonae advopeais anem ¥ hvipomsy, thgwcr,lqo ‘-%Q%n%r power 15
nanagerrenc;twctsmef;o&]slg gl ng power is not enployed. In on enbo |rrent C 1204
state isf o AT PC power consunption state where the advanced- power
managenent ("Apm cojnserw ng@(gower may be perfornmed. A CPU running at
C 204 state rﬁl’? tOrduiddd =p power than the CPU running at CO 202
state. For exanpic, during C 204 state. instructions are comonly not
execut ed "éﬂﬁd’"fﬁ@”ﬁ“?ﬁs‘f‘?fﬁ&aﬂéj’ﬁ%faﬁmm powatha Pl yomsapicy. 20 I n one enbodi ment.
C2 206 state_is a stop-grant E)ovver consunption state where |less power is
consuned i n EBuopkis dsiicdiazman 200iilosttaneg Omrﬂﬂfﬂilmtatcﬂ"pﬁrvcﬁcdhsﬁﬁﬁloﬁt ate. For

exanp e. f be stopped.
I n anot hS[ea(rM hm[g, @nﬁ% giaﬂéoq%ﬂ-[’{ﬁ%ﬂon? 433984 ?ﬂt—%{i‘o%ﬁ 20 tﬂ“dé;é%/-r%l e. the
mai n porstailQSnAédlUtheslmmawsbeasdnnltbuddwylaWHdt Qnﬁ&?ﬁnﬁﬁ%@c@&ﬁ&?nmihco‘c the CPU is

still s Qr[“ormmtorl ng the front site 25 bus. In one efbodi ment. C3
208 sta e 1's " Known as deep sl eep state where sone conponents of a system
i ncl udi ng thﬁ' jeyy) bo%lmen% Ocj hi s enbodi ment, the CPU is

conpl etely s AR e 'Ef"?)&‘fé"’ﬂ’@ﬁﬁé?ﬂf‘?”'&&@'b%“&H&ﬁ@écﬁpd# C3 208

state. TPerfemserfullGange o!'funcuons and censumes full power. During CO 202 state, power
15 management for conserving power is not cmployed. In one embodiment. C1 204 statc is an
auto-halt power consumption statec where the advanced-power management (“*APM™) for
conserving powcer may be performed. A CPU running at C1 204 state commonly consumes
less power than the CPU running at C0 202 state. For example, during C1 204 state,

instructions are commonly not executed and the instruction cache is commonly empty.

20 In one embodiment. C2 206 state is a stop-grant power consumption statc where less
poswer is consumed in C2 206 state than in either CO 202 state or Cl 204 state. For
example, during C2 206 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
25  bus.

In one embodiment. C3 208 state is known as deep sleep state where some
components of a system. including the CPU. are shut down. in this embodiment. the CPU is

completely shut down so that the clock frequency can be changed ai C3 208 statc. To enter

6



1 5 SEP 200 w0 01n3529 PCTI USOL/ 07254 C3 208 state. in one enbodi malng Sflh?ﬂﬂﬁ
CPU is configured to enter C2 206 state before entering C3 208 state:

an alternative enbodi nent, the CPU can switch directly fromCO 202 state
to C3 X@BugB#EPe. I n one enbodi nent, CO 302. C 304, C2 IMGusvids3 308 are
all  ACP %A vanced Configuration and Power Interface") state. 5 Figure 3
is a bl otk S3yF é’?r?@(?U‘bP#’W&ﬁhaﬁphjg’séﬁ@f%mw@hmnﬂ”dﬁéatalehbgi‘ot-:ﬁl processi ng

system héﬁldriﬂ 3 0PRAM 1Bkl AOE AR AR RE LS 6L 0 pthesizer 304,
a CPU 30 9 MCH 310, an advanced grap |tcm|%r ocecsaé‘ "fhi\@ag/ 93¢:9 an 1 cH

340, and’oatS‘allee‘aé:t-’ 28k 2t R BEO iGN 10 3020 CHESH 2@ 3@04nd OF 2dmede hinc| udes
cl ock 308CANGadaAi’S }Irﬁﬂscg,l.saﬁd éa%,gmaﬁgﬁqféator ("DRCG') 305. MCH 310

al so i ncludes a host inte Y nterface 320, a hub

interface 31§ I PLLs 312, 314, nd a RanbusTM nenory
control (" RNCj‘) eh?rgigzl)llutgc')l"'{R %@ggoe \é\%'lﬁé\@"fe?%%d I?A’dﬁ"é herogsssimVC 316

further ¥en bades aRBRAYE Bibtigdiegrat 8. indlbdter dXcRGlmhand! shabgcpdded i nto

bl ock di m , are not nt to understandi ng the
di scl ose ﬁggﬁthlg%g aF‘ﬁamgér?e’nr %Ycopdfj?r%ﬁ?r( 'gﬁg gy‘t‘ﬂ %&P%P”%!Fﬂﬁwgt wo st at es.

nanel y, W&ﬁthOerﬂaB}md&mdcr 308 fartiedr mha&& ORI 8@8 Sd afairrc!:l%nMFT ractive

state, cl tributes various clock si s to various
corrponen OQE tnh"(':': allf"d ﬁ%{%ﬁﬂﬁfg ggfr-? lx?%}“c Udeit 2 higst i fase otﬁkalst\@@ st at e,

cl ocW symtifies52®a h&ﬂﬁattﬁﬁS@BﬂdS!d‘gﬁmﬁo& ok nsd B0ed $15f 914, Sr?d’?ﬂr}{% Jigt pover
consunption q o&@&r ﬁ nbodigent, cl ock s?/nt hesi zer 304 contains two main
corrponeﬁ'fcg‘or‘ncé’ﬁﬁf’g ok a'@@'ﬁeraf%frceéUGRéﬁd PRCBRMEORAROG or RME 3eabodi nent -

cl ock genteAhOd3QABniss aforct 9Pk @ﬁm tBllaéLI% t ¢l ock .signal 360
to CPU 302 and cl ogpk signal 362 1 : E’”Fdr%adgi"ome"ﬁ"g‘?%t %R 300 11 her

di st ri bateReYAr ok PEHigaRAl0 %qfstaod'mc%mosmﬁys&m and | CH 340. In one
enbodi nent. RDCG 308 receives clock signals fromclock generator 306 and
gener at es sp'@@PéF""PPé’Fm?“}' clegk spmh &g PO hRDRANBUBSR:mdIY) ai itise erateadd nent .

cl oqls Slag o is used to refresh
Ba\. Selﬁéﬁ/a[[:ﬁagirgﬂ KH@%{:W@?E&E 1‘.'88?#%?189% rd?ﬁdf)sﬁ[ék%[!es Vér:%lg 0§§ner ator 306
provi de@l“mﬂ tpivprlicas coropdaesis g‘maidsngnﬁlDMNﬂBiﬁ eentveeldaeilks the epue ey €s. For

exanpl e | & ave her f r.equenci.es than cl ock signal
362. Inm%:;ll%otq(ﬁi:‘s SSSAI%Q%'%QQ?J@%S POCK'S s é'r?é{fﬂsé%{ OB¥ UM PR at different

consumption. In anothcr embodiment, clock synlhcslzer 304 contains two main

components. namely, clock generator 306 and DRCG 308.

20 In one embodiment. clock generator 306 is a clock oscillator that provides clock
signal 360 to CPU 302 and clock signal 362 to PLL 312. Clock generator 306 further
distributes clock signal 364 to ADP 330. PLL 314, and ICH 340. 1n one embodiment.
RDCG 308 receives clock signals from clock geaerator 306 and generates special memory
clock 368 for RDRAMs 350. In this embodiment. clock signal 368, also known as a loop-

25  back clock. is used to refresh RDRAM 350 when MCH 310 is shut down.

In one embodiment. clock generator 306 provides multipte clock signals with
different clock frequencies. For example, clock signal 360 may have higher frequencies
than clock signal 362. In anothcr embodiment, a clock signal can be clocked at different

frequencies. For example. clock signal 360 is clocking at a rate of 700 MHz during an

7



frequenci es. For exanple. clock signal 360 is clocking at a rate ofﬁOﬁIPgﬁm
during an 7 1 5 SEP 2004 WD 01/ 73529 PCTR1Sa v0725a active state or &
power consunption state and cl ock signal 360 can al so be clocking at a

rate ofwd0073&k during a nap state or a | ow power consurgtingdniatake. I n one
enbodi ment, bl ock diagram 300 inmplenents CO Cd, C2. and C3 states as

shown i nafivgure & athgr povd3 cossuaimion kiagwand asckt dimaldée parsdidp cikchgatd N one

enbodi nepatt'of540§|hﬁﬁkd§tii ngLs %6{0 gnfow%% arc suspended or stopped during the
C3 statel" 10 an al ternative °enpodinent, cotk'SI§A% 360 is suspended

whi l e cl ock sj gnal . continues to clock duri t tate. In one
enbodi nent . Clﬂ%'n§GT%Sétg"eﬁn\%)slocglG;S')a(fﬁanéi’ nlgipl%ﬁtsgﬁo%‘ gﬁoigé C?’ﬂff"ﬁé%i zer 304
and exectioes in Migure Ctvians Ch s 4| QSRR the dedpddep Sla@Nal ond@RbodiMedtni S

enbodi nent .. CPU 302 c 10 be shut down when cl ock signal 360 stops

cl ocg‘?'l ngaoﬁb?'g%%l a@%géﬁﬁr%pﬁgﬁtgsf%giq%&“ﬁ R Cextacutn Brpligmativeci ock

si gnal 38Absdiaps, EbACKkEA 366XGasIeRiLd3MAeichcs tital SOWBnHucs SRRERESE, 1n one
embodi nent CPU 302 can subsequently resume thé execution when clock signal

360 resut8$33@Eki ng. which may have different clock frequencies than the
clock frequencies before CPU 302 is suspended. Less power nay be consuned
when a procesi$@nc $mbadigrenh & FEpE9 2305z v alockatignabifdrfrop dedk supkasitcoi0+f r equency.
I'n one eghodikfRAtinsiMeliofs i3 1speRREAERSK A-RPS0. DGR , 7 312, AGP
interface 320. Pl_trllSIBM:? Sa'_hulg3 [ ntterfacef 31%éoaéd&§cﬁggcﬁ[g§%%%@%’2 and a RMC
316. 1Hoske shupdaey s when daek signal d6henes dicking o Foreaampln iCPat 308 halet ween MCH 310
and CPU AP [ 20 1.9+ iple &or ication between
o a0 ORI hEr Ag Rl EIERIRRNE ORE PR RAR S el er f ace
bet ween ushtnddd) imont dibddidOntaFRU FOMSn 3dBequentlyrresipe rieichtcatiérowhdnndeek f ace

bet MCH, 3 d WM 350. .1 n_qne. embodi ment.. MCH 310 e shut d
por e, e 3o e e g S s JSs GERM E aoybiosaron e thagrg S o

enbodi meféqueitids tiefdre CIPACEN 231 SuspiitticAGPess pbwéritey e CobGuriddavhes kiptdcested | ve

cuboanar sp0PPs0R AT RAaYer ek SeBf 1 PG  he | nter face between AGP and

I CH i's kept In one embodiment, MCH 310 contains a host interface 516, PLL 312, AGP
interface 320, PLL 314, a hub interface 318 and a logic block 320 and a RMC 316. Host
interface 516 is responsible for communication between MCH 310 and CPU 302, AGP
interface 320 is responsible for communication betweea MCH 310 and AGP 330. Hub

20  interface 318 is responsible for interface between MCH 310 and ICH 340 and RMC 316 is
responsible for interface between MCH 310 and RDRAM 350.

[n onc embodiment. MCH 310 can be shut down during the C3 state when clock
signal 362 is suspended. In this embodiment. hub interface 318 and AGP interface 320 are
still active because they are clocked by the clock signals from PLL 314. Thus, ifa

25  substantial portion of MCH 310 is shut dowan. the interface between AGP and ICH s kept
active for monitoring I/0 commands. In one embodiment, RMC 316 further contains a
phase aligner 318, which is uﬁcd to synchronize the clock signal between the clock signal

from PLL 312 and clock signal 368.



active for nmonitoring 1/0 commands. In one enbodi ment, RMC 316 furtl11e;r5Ep 2004
contains a phase aligner 318, which is used to synchronize the clockK
signal between the clock signal fromPLL 312 and cl ock signal 365. 8
15SEP2YR 8AG38P) 73529 PCC/ USOL/ 07254 | n one enbodi rrent."cmﬁm/r 59 may

nanely. ot VB o8 SRE e anh Bl Hoat A Pl ey hos 2o St at o,
Active sipatate iadoErdTHEret siaadsganaiibdiive Qfite ROWETy sdd, h& PEWBR] Jowe State
consunes, t he Ieggt .anpunt of power. It ?Rkjoul d be appreci ated that RDRAMS
are hi gfio¥NFES A HRITCAIHEMSIT I RTHRUAY PRHE VRIS ROWE dowpistded by si il ar

hi gh- percbriurBRER: le BIRAMBuNIE Powd:. alshéuld RApbRGaabaMR (1 S0KSSER Lf Unct i ons.
Furthernore. the RDRAM in one enbodinent. can be replaced By a

hi gh®perPFUPTRATEE MSRAR dqvires s benren Phispleced AGRBBChizipafoamersss” RDRAM 350
wi t hout OI@RWSV\?EMduQQlllé}fng@%b_goezdi%:_%s'c@ﬁxg%%ﬁ%.Vﬁmﬁgrﬁﬁtgﬁr B RER AL e A 330

controls graphic i ement ations. | CH contro Interfaces 10
bet ween epboéiaabrcanng replaced xa lwginpgriogpanccBRA Mu dhess mbadimene ws3R/3300 nput

device, Gk A% SRAMYSESind R iANhIST o TP BEfMeaci 16, €pRELOL s multiple

bus arbiters, connect”™ multip Ses.

flowmchart 40Q A M)t ' t,~of ro .for swtching from
a CO node tog\ad ﬂéﬁ%@g&lsﬁ%ﬁﬁgggggﬁg@gﬁg lgﬁ 3t4ﬁég"s[gt°asﬁlt%§5‘f°(5éﬁcsand proceeds to
bl 068 1Bew@2n phtcessboakiisd®estethaveticdshumdes maistreuiy. O1pst devize f Aidghaem and

executed. After hlock 402, t .process pr.oceeds to bl ock 404. At bl ock
Foas Ut pEus hbinothed Erwoaet R GRE miSR BERpter. bt OMBhr pcens

pr oceedsdiopibbaekatiBGesvhere the process allows CPU to enter C2 state.
After bl ock 406, the process proceeds to block 405. At bl ock 408. the

process  pr epaiues 46N NsyWeHanod QIeRiRE ofeenibagifen(dT8 pRICERSALiIRRInEOr T he
systemto enter C3 state 20 includes disabli n%l AGP arbiters. claimng

i nt er nalTfLuB8100¢ 18 3 FRPdsuATREPESS B5eiRT B Hsisig black atsrrageadstodirekcur r ent

cal {Hr athona RbSHEE v 'Bred PRt BAYEIe FRASARE ex20Wd.t RBcUide® 40Af her bl ock
408. the process proceeds to block 4 10 where a signal of ‘acknow edgenent

of 03 Broars pracepdssiadinck APt-eft WperciRI Ahoproccrichaliy GRlé sxecpiiasseddisr t o bl ock 412.
AL Dl ockiodil 404 REOEBEALbroctlaRfbibck «RHSRERHR G AL AR CPU Q&G ¢ entered.

After b process en
state. After block 406, the process proceeds to block 408. At block 408. the process

prepares the system to enter C3 mode. The preparation for the system to enter C3 state

20  includes disabling AGP arbiters. claiming internal queues, flashing buffers, performing
temperature and current calibration. broadcasting power down message, and the iike. After
block 408. the process proceeds to block 410 where a signal of acknowledgement of C3
state is issued. After block 410, the process proceeds to block 412, Atblock 412, processor

clock is suspended and the C3 state is cniered. After block 412 the process ends.

25 Figure 5 is a flowchart 500 illustrating one embodiment of a process for switching
from the C3 state to the CO state. A process starts at the start block and proceeds to block
502. At block 502. the process recetves an activating CO signal. Afier block 502. the
process proceeds o block 304 where the process allows the CPU to enter CO state. After
block 304, the process proceeds to block 506. At block 506, the process prepares the system

30  toenterthe CO state. The preparation for a system to enter the CO state includes but is not
9



25 Figure 5is a flowhart 500 illustrating one enbodi nent of a pr Oﬁgsiﬁp‘@gn
swwtching fromthe C3 state to the CO state. A process starts at t a
bl ock and proceeds to block 502. At block 502. the process receives an
acti vat wog1@g2si gnal . After bl ock 502. the process procle@g.E $i7d 0ck 504
where the process allows the CPU to enter CO state. After Fock 04, the
process ploteddnfemitg R t1BOGE sydterbik cally BGverttheCpERee SSsP kR ESr t he
system 30 e .CO.state. The. preparatjon for a systemto enter the
CO state %gltﬁ i f’Bh‘Pﬁi‘"ngr‘n‘oets%& 2 2B sslecandys Bate 5B DEAMETRUEBITO0T 254

limted tibepnfodnivmgaiREGht hatdbt hete Sy Sk D biSte! FaANcRrEMEN i&h& O state.
Al so, the state pf ansi t roman inactive state to an active state

RAC tr. f
and the staPe~sf cmﬁﬂq:'tbfaé'ﬂ%f"lds‘ﬁ‘f PERPTYSheu B baetlregtndn At R s ehdtdedst andby

stat e 5or thhpronsppeécaiisiontblotNFIENDERck MIH A SIHES;R r&LC R ent
calibration me oul d be ref res‘hed.J Af %hgﬁp%giac}’%rseﬁﬁgped 5 the

and the nory sh
process pﬁ‘%%?é@d‘és“f“%%“ﬁi"8%’kA§B’@'Q‘355B$-(S'(‘$kpfg%.5 cids. bl ock 508, the process
enters the CO .staé,e d resumes execution. After block 508. the process
ends. Figure &'4§U 'SP%MIP‘P&?QOOG'GG"?‘MS%FF@@Pﬁglcorﬁmbmi foerbleddy & process

for ent enbwgoder co@impRMETarC 00 BHBRS b 2 bHR 602 QGRS Sroil a1 S; af , bl ock 602
where the process re?:ei ves a §message fo?&grﬁgbgﬁfﬁgﬁ? BOSHE E7°°YY dw power

consunpt iTHASAEE F @CPAME & STHITGdRY BOT cotrempriot etss. Kitepblele 60, thoprbicock 604.
At blipck dst r{@6e r for eri a | ow menory power
pARdeds t o160 ﬁ?blg%%@‘ ‘E§R§$§Mﬁ.§9f°5 rf)télét\}\lr‘lg'gr DS 2d

consunption state. In one enbodi ne rmrs OYDRAM  onl y
per f or ms MEMOSY pRhcdnsyreRtionstattu i ong etribed imene. men@NoH HOVIEd suech ASRDRIANGN St at e.

After bl . roceeds to bl ock 606. At. bl ock 606, the
process gﬁ@?@nﬁésgt@f&a@w&gmﬁéﬁﬁgtﬁ o CTEORIRP Y EPSUMBLPRF12B| AKT 606. t he

process fipek§04 thelprmed p6ioB:ds Atbldrkdok AOBIock 50d. R REQGEHRp&NAL SR ck he | ow
i k 608, the process ends. Figure 7 is a

power consumption, sta After bl

f1 owchar £'° °ri°f)‘1°b‘£¥ ? Q? Fn(j‘ﬁ8%@°£r§§§df’ﬁ%‘ﬁ"%ﬁ“%¥=b%@@sﬁ%f Aalblaskibfy a  high
power 5 cortaipnptisencatiatiew pdle cprsReREs Si@r hfeAblobl AFEK :%}?oe’é@seén%st he process
receives a message for entering to a higher power consunption state. After

bl ock 702, t NRigpreaqes fow 0wl bAtdniiinedor RhAGK Tdnclifle, P OCeSS
prepares R M for entering _a high 20 nmenory power consunption State. In

one enbofgRaRter CQ"SH'EPHﬂV“"éF_ev.Eh&é’%%?SF@F‘%f flogN 702vehens e pfagasstreeinas dur i ng t he
hi gh- menmksaRavednFRNBUHMEHPPovE %rﬁumﬁfiénesrtatp.l Qpk: 1194 762hﬁ1c process

proceeds to block 704. At block 704, the process prepares RDRAM for entering a high-
Z0  memory power consumption state. In one embodiment. a memory device performs full
memory functions during the high-memory power consumption state. Afier block 704. the
process proceeds to block 706. At block 706. the process resumes the clocking signal for
clocking the CPU. After block 706, the process proceeds té block 708. At block 708. the

process enters the high power consumption state. After block 708, the process ends.

25 Figure 8 illustrates one embodiment of a system 800 in accordance with the
teaching of the present invention. Computcr system 800 includes a processor 812, a clock
§30. a memory 804. a memory controller 850, a graphic controller 852, and an input and
output ("I/O”) controller 840. Graphic controller 852 s coupled to a display 821. VO
controller 840 is coupled to a keyboard 822, a hard copy device 824. and a cursor control

30  device §23.
10



process proceeds to block 706. At bl ock 706. the process resunes th?SSEPZUUL
cl ocking signal for clocking the CPU. After block 706, the process
proceeds to block 708. At block 708. the process enters the high power
consunpig mmsbvate. After block 708, the process ends. 2pcrhgoier28
illustrates one enbodi ment or a system 800 in accordance with the teaching
of the preserl?toci:snmérifirmmdei:bmpnncarlimiyddttemﬁ&@adrmbmde&hasaﬁmassor 8 12. a
cl ock 830 er 850. r controller

852, an l:'g{fr'lmef“rll"e céory%ocesafft ﬁﬁﬁimﬁﬁg’ Tm‘&l ?%F‘I’%‘rorézafﬁg ﬁ‘?t ntroll er
852 is Omtq@l'aﬂﬁsm@eaoduhspde%m t2dntioh/ Processat B 0 ineY al8¢Be hrﬁotﬁé@'ﬂﬂﬂc@ﬁoﬁo a
keyboar d harpglfqg‘g% ggvi ce 824. and a cursor control 30 device 823.
10 1 5 SfE / b S USC]/47254 Processor 812 includes. but is

not mted iifd H?BFF rocessor sy és) an |ntel Architecture

~Mer odpr ocessdo"e R CUPEBOTB GO R GFS FEPRTOReB S06ant Hewpw8 calif .
the cormgrtateandssiagit@andiort (1ea PN 85 BMREr dyAYAN JiHzc RVRETSSVErf 12 may al 50

be another processor such as the Power PCTM Al phaTM etc. 571 n one

enbodi mERCTMRRRA LERIIE| MemopshPabiv P ke yedn Pl ma emrprane vaNapicg 04 may
be ar arbqQMﬁﬁ@m:a@%Wa%Mn@&c@&lkb@lrofqus%m&'ls%gg?&ggggfw ce for storing

informati on and instructions I\/Ermry 804 also ma use stori ng
t enpor arPmpier BEES00 may slsheamarise @reasdink 'ecmnlf)'dﬁlﬁi\ﬂ] ov/adetticngragxecut i on of

i nstyguctd ong deceR% §9trat:<7831?0rmam+&tlﬁ£tr&)/§rg grggesrs@ry (3l so conprise a

read onIy menory ®and/ or ot er static rage eV|ce for storing

gtatic tnfor BRGhRuARll BB LEES B8R £ d?Jcﬂ%?%%ﬂ%des%@fﬁé? be control ler

852 controls suc as 'c era iquid crystal
di spl ayileuld:lg)yslaifctnspladl b@ﬂ)aﬁorrdgsplamhgnmtmvmnttoaaompmputzer lnoee. In one

enbodi L 84 rocessor 81 ry

cont romg@trwdééénq l?t?)gémrg,(!)éﬁt%?% Icg%'plgqlg) cr(B)% goéfsgjl 'r?p"&?m%rﬁﬁom %lﬁukj d ces such

as keyboema!|823) cmwroisonpucmidmﬂu(dem&seudlﬁasangoaamsl?hamdomayoldewcce 824.
ntrol 823 a_.nouse, kbal | , trackpa us. or cursor

i v 0%t 1 e ehfiend by BRendes CSORRG o PLER BRY b B Fambsthd B

sel ect i eifustod crsRARSEIOR ks It coﬁtﬂﬂmfdéf:n%@llﬂécﬁl@h il fBGh 20k SRd TS nt On

di spl ay 5121 Hard cop )é device 824 may be used for pri nt| n |nstruct| ons,
data, oPc'CrlipRsyLo processor8i2, and forcomrollmﬂ cursor movement on display 8

Hard copy device 824 may be used for printing instructions. data, or other
information on a medium such as paper. film, or similar types of media. Furthermore. a
20 sound recording and playback device such as a speaker and/or microphone may optionally
be coupled to I/0 controller 840 for audio interfacing with computer system 800. Clock 830
is used to provide various clock signals to different components, such as processor 812,

memory controller 850, etc.

fn one embodiment, processor 812, graphic controlter 832, and memory controller
25 850 may be integrated onto a single chip. In another embodiment, processor 812, graphic
controller 852, [/O controller 840, and memory controller 830 may be integrated onto a
single chip. Note that any or all of the components of system 800 and associated hardware
may be used in the present invention. However, it can be appreciated that other

configurations of the computer system may include some or all of the devices.
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information on a nedi um such as paper. film or simlar types of ”eqi?SEPZB[]L
Furthernmore. a 20 sound recordi ng and pl ayback device such as a speaker

and/ or m crophone nmay optionally be coupled to I/O controller 840 for

audi o WReVT3a¥i ng with conputer system 800. Cl ock 830 ircCTwissado12e4 provi de
various clock_signals to different conponents. such as processor 812.

nenory cont r ofjgare 8592 tiging diagram P80 dissrtingemnsitiqursopesssfor Bdrdyrmgizaphi ¢

control | ep.8heo s@‘&dumm%rg%{agérpﬂng%wer%éns%ﬁ] n@%&%& I ARG 0 2

single chip. I'n _another e ment; "processo raph WY1 | er 852,
| / O cont ritkein [SHEndapads tienteys) Saegistenllh erc @BOdimeyL kecli3ntggeabadinont o a

i ngl i hat . : . f d
oL 1ol e BB o Rl Candldn, e FOPRONERLS, o it 200 an

associ ate used I'n res ver, it can
be appr esigadladhathtie GRLthstruaion Sircpur.at/ ponsseaingttheS TRODRUCRU peystEm May
include gome or all, of the devices. 11.1 5 SEP 2004 01/ 73529

PCTI USOl?tg'?Z?ﬂ{cylellcgbﬁ’r'és"é"ﬁ' P £ By i éﬁ’PaﬁﬁagtobgllgloFE 2B ng transition
sequences for rmng a.Co C3-CO state transiti for conserving power
consunpt i on. X{&Q% eeq"§8%’f f°6ﬁf5ggf‘8&b%1’%@5‘= a}JBﬁ]@r‘hq ‘ﬁp'it‘ﬁpi‘:%ﬁ&g?'ééhﬁ§3t he | evel
3 regi st ane 9h e tenbadinganhessigeveMGH meaRhseas pepid Bigdso Ck BhRhpEt i on for
initi ati@&-ﬂ.&th‘i}[”ﬂn i FEOE.. Next , tge | CH asserts a sto,p clock ("STPCLK") 5
signal t fsaliesd t%é | YT UTTR G 2 f’?‘@’&?ﬁqufﬂﬁéﬁ‘dd&@'@ﬁpﬁ RS-t e, K. CPU
per f o MBisgues S410RGERIMA Gi@hecallipratiss Bbiadis & APhIRBRAMLARA! whenSleR- G ant )
910 on CPU FSB. MCH subsequently forwards stop -rant signal {0 to the | CH,

whi ch triggers pages adsels " 62 standby stare it broedaasing pevardssmgantandMCH
| ndi Cat | S\ b endME@P AR Bnd EmBGki B Cthe RO AR pou Al SRRYRS, hOR AP arbiter,

enpties all internal queues. and flushes ers ssues

sel f - r ef ranshionfemcG? stare 908 4b CBrstaté 906 1mpiandds to al | t he RDRAMM banks. Wen
MCl -1 closes al | pages and sets RDRAM to standby state, it broadcasts a
power down cohtriansiate §f6rthaRAlGalnpéiced inthomg nextbedemBriRAC DEL RBRAMsi s i n

poweys d N € n dkAnsidlon from C2. state 904 to C3 state
906 tsakgs Bﬁg%:afeMiy%gpcs?tﬁg'ﬁ@%g% antaﬁg&ﬂ'éf's"eﬁsﬁ%fc‘gﬁ HYRAUNSHE J2%8de wher e
the RAC tDI(3 stad 9@ hA figr [CHErepaivdsahaatinowEHcsntemee itasdchyhe STESCAN acknow edge
nessage to indi cat] to ansit.tq C3.stat 08.. After. | CH receives
Che: ackriteLb e Hens Fol) P, ThE Fusiidndroan i 50470 Us sate 50 akes

place. During C3 state 906, MCH controls DRCG clock generator by asserting STOPB.

Figure 10 is a timing diagram illustrating a transition from C3 to C0 state. When

20 ICH detects the break event 920, it deasserts the STP_CPU sigral. In one embodiment. the
(3 state ends at a break event 920. The [CH sends a message to MCH requesting a
transition to CO state 1002. After the MCH deasserts STOPB signal to the DRCG. RAC
will transit from the nap mode to the active mode. Once the DRCG phase is reacquired.
RDORAM devices transit from power down state to standby or active state and then to nap

25  state. Next, MCH issues temperature and current calibration and refreshes memory banks.
After AGP arbiter is resumed, the ICH deasscrts the STPCLK signal. The transition from
C3 10 CO is accomplished.

Figure 11 is a timing diagram 1100 illustrating a transition between power

consumption states for conversing power, After ICH detects a break event 1120, ICH

12



signal for reducing CPU power. The transition fromC2 state 904 to ﬁt@tpa@
906 takes place. During C3 state 906, MCH controls DRCG cl ock gene @

asserting STOPB. Figure 10 is a timng diagramillustrating a transition
from Caa/BRsst ate. When 20 I CH detects the break eveptTB8/0724s deasserts
the STP_CPU signal. In one enbodinent. the C3 state ends at a break event

920. Thedsasysrs dedsTR GRdbsiaes. Inoneembedinentsthi BEP é:PUtsrmisdots @ tdeeleCO st at e
1002 Af Lgl,e R VO FRASRAT SincSHORTPSL00%endl 8, RPN, EGpg Mk (ransit
no |5’has

fromthe nap node e active P8&Lqui r ed.
RDRAM dethe@&@w&msts PROM tpornaesit fdemstos tlatkentde wsthangtiyl osdeadleky €CI$t at e and

then to a ssues eratyre and current calibration
and refrgczi ﬁ%sﬁﬁégj%%ﬁmdmmﬂ’t[g *‘Atﬁgyi&‘ﬁr?"f'ét" s“f esumed, the |CH

deasserts th 4R The transiti . s acconpl i shed.
Fi gufsg 11 is 4 I‘%I:nlﬂjnlﬁgr%d’g ”é%rﬁém 150’ ?'%rﬂ‘éﬁ}é{ ﬁorﬁrﬂnsé{?gf“atﬁ%?‘tw‘éﬂ"%'et ween power

consunpt stam usacajtves:afeorOrmeltiwampﬂgumn&turroﬁf tatibralidalard dod@loaBuS ofitHRr €ak event
1120, | 12 .1 5 SEP 2004 01n3 Ol/ 07254  deasserts the STP_CPU
Sional | PGS TBAPTRA: s TS sty CPghair dyae tisted SUIAM borwoen

active amldeflﬁﬂistQLin!)SIal‘tS@wfchai GBI 1oRdwei @Al stateSo 6O IARIKYBE I Quidhe STOPB pin
of the it causes D_%@to transit fromstop clock node to the normal

node. hgncp thespappiate SEEhebisveHmFReY Eliepiagd Fﬁ'bg’é't?“ FEamyndso transit

to QO stwthen the AG 1 eibiMCklrdsamRl Ye&ab 108 (NEBIESE@Esserlslihel S QIR siBRE TR transit
fromthe power down state to active state. Once the terrperature and

current WFE“BP&‘P%@ eVl ‘ﬁ&?é‘a‘%)ﬁtami'ﬁtedthe phase aligner are not gated.
Next, the clock and clock generator are aligned. RDRAM devices
subsequent | y,!n AREherGMEORERENL B aNSEop SRmrC o WA sgic atay beain whka stemafiby/ act i ve

state  afighpliReRohe ,meanamc%tet@w ;l;tte [hﬁéuélb%stcwm M‘gtt&wcfe”esh and

cali brati on conmands. biter 5i's resume enabl ed. the
| CH deadeasitiontifll assarps tb¢ &RCbli«gqeatl to mwehc €Pldmrsirtctiomstfearoni@® state to CO

5128 | SeARGAIRL SEERHK. EPLANDRAR, SOPASHIRA! w 105e b L8RS QEhl 1 P SO0

state may egi n- Wi I'ng ar eri
reads tha CRIVEEB3 register. which initiates the transition. |ICH asserts
the STPCLK signal to halt the CPU instruction stream Upon

MCH subsequently forwards the stop grant cycle to the ICH, which triggers the C2

state 1104. The ICH then signals MCH to go to C3 state 1106. MCH empties all internal
queues and flushes buffers. MCH subsequently disables the AGP arbiter. When MCH

20 closes all pages and sets RDRAM to standby state. it broadcast power down command over
a channc!. In one embodiment. the RDRAM is in power down self-refresh mode. Next,
MCH gates the outputs of the phasc aligner. The RAC transits from C2 state 1104 10 C3

state 1106 or power down state.

After MCH signals to the ICH for switching to C3 state. the ICH asserts the
25 STP_CPU signal. which causes to reduce CPU power consumption. In one embodiment,
voltage conversion may be performed on the motherboard of the computer. In another
embodiment, the STP_CPU signal is connected to the STOPB pin of the DRCG, which
places the DRCG in stop clock mode.
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15 asserting the STPCLK. CPU perforns a stop grant cycle by issui NGt g 3Pamy;
grant signal I 1 10 on CPU FSB. MCH subsequently forwards the stop ;rant
cycle to the ICH which triggers the C2 state 1104. The I CH then signals
MCH to Yo U383 state 1106, MCH enpties al | internal oeegesedtdsd | ushes
buffers. MCFI subsequently disables the AGP arbiter. Wen MCH 20 cl oses all
pages and set sin HORAIVESIRE detalpdidrscratian.ahe methddt ovidpashiup@fete e command over
a channel ; - Gapslelal . L S-1n _poywer down self-refresh node.
Next , I\/dq_vggltoggatehe Od}{s%ﬁ?iwg% n:l(gizﬁe pﬁal\glg%c'% ?'\é:ﬁ'é’:‘\fry?'ﬂ OWWB‘H@'{ & fromc2
state 1 ] w04 howeveR be stidgenethdl vaHGisorodg@wims dodithas bdgtreay tAf hede tNEskoSi gnal s to

the ICH fg i j state. the | sserts. the 25 _STP_CPU signal .
whi ch caugfe[g&}(\%ép %Eléggrg&w%agﬁapwg3?@{5%%?6% PEFFbIECU IR0 ditfeRtsent vol t age
conversi osperfiyative apkfifuars ardcandibdletotrdrardeo as Miugkadvi @216 QTRM! RStriclife anot her
enbodi nent, the STPCPU signal is connected to the STOPB pin of the DRCG
whi ch pl aces tfie DREGTTT Stop- cHocknode—+5~+5=5ER-2004 WO 01/ 73529
PCT/ USOL/ 07254 I n the foregoing detail ed description, the nethod and

appar at us of tThes. pmesedind myeramirartomm@gh@md@ﬁﬁﬁ]hb&dumg Ruligfi€rence to
specific exen‘FI arrf{ enbodi _n%ls téger_ of. It wll, however. be evident that
various nBIf FERLTRINE SQFe TR FRISESHES- be made thereto without departing
fromthe broader spirit and scope of the present invention. The present 5
specification and figures are accordingly to be regarded as illustrative
rather than restrictive. Thus, a method and a system for conserving power
consunption using nultiple power consunption states have been descri bed.
14 1 5 SEP 70U What is clainmed is: 1. A method conprising: receiving a
nmessage to prepare a conputer systemto enter a | ow power consunption
state froma higher power consunption state;
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a CPU ("central processing unit") halting its instruction stream alglsgl 20
("menory control hub") causing a DRCG ("Direct RanbusTM O ock Cene Fg[‘
to generate a special nmenory clock for the RODRAM and the RDRAM entering a
| ow- menory power consunption state. 2. The nethod of claim 1, wherein RDRAM
only per s cRinkfis-esh function during the |ow nenory power consunption
state. 3. The nethod of claim2, wherein the MCH additionally issues a
self-refresh command to the RDRAM and the refresh function is a

sel f-refyesh hyngidiQBmpaifiLr med by the RDRAM 4. The nethod of claim 2,
wherein the refresh function is performed by a | oop-back clock when the
MCH i s shut dE@pVinga MEREZHBDFRPACFCOBPEPTRYSiem hentesiadow ReweycPnsyagtion onal | y:

di sabl esyat fhasigRPovieodsumblinegd G aphics Processor”) arbiter; clains
at | east one iInterna ueue; flushes at |east one buffer; perforns

t enper at ur e ad@PUdraentral progessine anit'o haltiagits ingirugtieicstrsam; a power down nessage.

6. The net hod =T , R e I : i state conpri ses
a C3 state |?1MA%§ ﬂffﬁk vcgﬁ%@gﬁ%gﬁﬂggﬁr?%ﬁ%%& ovﬁ\%{rﬂjl r??geb}(f ace"). 7. A
met hod cOensrate )tg geneentet spepigl memary slagjefor the RDRFeMmnd conput er systemto

enter a high ﬂ?‘@mﬁ@@%ﬁﬁ’ JBg_m@ﬁgﬁﬁrgggsﬁ?é@mgﬂwpomr consunption state,;

a CPU ("central processing unit Instruction stream a MCH
("menmory control hub") relinquishing control of a DRCG ("Direct RanbusTM

Cl ock Ceperatoy’ : L 8RB k. f nd the
RDRAM en?'eri ngﬁeaelﬁtbcg%%aﬁr"ﬁ?yé%g%rﬁbconsullri’r%f) ?%O(r%ﬁlg 5??%? h %@ngh%ﬁ'%% 8.
The net hog-roémay aower Zonspinptian statlkDRAM perforns full menory functions during
the high-nenory power consunption state. 9. The method of claim7, wherein
the MCH ("Menory Control Hub") additionally:

3. The method of claim 2, wherein the MCH additionally issues a self-refresh command

to the RDRAM, and the refresh function is a self-refresh function performed by the RDRAM.

4. The method of claim 2, wherein the refresh function is performed by a loop-back
clock when the MCH is shut down.

5. The method of claim 1, wherein the MCH additionally:
disables at least one AGP ("Advanced Graphics Processor") arbiter;
claims at least one internal queue;
flushes at least one buffer;
performs temperature and current calibration; and

broadcasts a power down message.

6. The method of claim 1, wherein the low power consumption state comprises a C3

state in ACPI ("Advanced Configuration and Power Interface"}).

7. A method comprising:

receiving a message to prepare a computer system to enter a high power consumption
state from a lower power consumption state;

a CPU ("central processing unit") resuming its instruction stream;

a MCH ("memory control hub") relinquishing control of a DRCG ("Direct Rambus™
Clock Generator”) to halt a special memory clock for the RDRAM; and

the RDRAM entering a high-memory power consumption state.
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i ssues a tenperature/current calibration command; and refreshes rre\r;\zrySEPmm
banks of the RDRAM 10. The nethod of claim 7, wherein the high po r5
consunption state conprises a CO state in ACPI ("Advanced Configuration
and Power Interface"). 11. A method conprising: receiving a nessage to

prepare g conpi rﬂéthwa{c@driﬂlt’/’,owﬁé?éiﬁWB?l%mgtrlﬁ%}ﬁmdcﬁ&s dﬁﬁﬁé,tgﬁe froma

hi gher power consunption state; a CPU ("Centr Processing Unit di sabl i ng
an | CH ( highfmgmbOLropigt caosumption stkgb”) arbiter and reading a |level 3
register; the ICH asserting a stop clock signal to halt the CPU instruction
stream the CPU performng a stop grant cycle by issuing a stop grant
signal t® a M méthddbofwiaym Cowbarah thalNCH (" MémeorivContial Huvki)diddigionally: st op gr ant
signal to the, i nStat e . returning a nessage to the
MCH, the rressggu(egy ?E\eg‘}ptgl%h? %‘g‘[’{egt cgﬁ%%{é(?ne‘%{%ﬁ "‘gg atng:H a C3 state; the MCH

enpt yi ng i nt ercfrathesmemery;bankslofi theiRIRAMS f er s; di sabling an AGP (" Advanced

G aphics Processor™) arbiter; issuing a self-refresh conmand and a current
calibration conmand to nenory banks of a RDRAM (" RanbusTm Di rect Random
Access Mehor yThe mathdd ofietnirh ewhiDi\Methighapostarvd bymsiba ttete campriseba Gdcasti ng a

power do co d,over channel ; he Mentering a self-refresh and

power do%eént ; %g‘ﬁﬂ?fd?:oﬁg%%}?fﬁfl%g?v&rirégﬁguf%'enteri ng a nap node to

refresh a DLL ("Dynami c Link Library") of the RAC, the MCH sendi ng an

acknow edge SS to the ICH indicating to transition to the |ow power
fEn cRapana

consunpt t“RBPT¥M¥ asserting a stop CPU signal to reduce CPU power;
and 16 receiving a message to prepare a computer system to enter a low power consumption

state from a higher power consumption state;
a CPU ("Central Processing Unit") disabling an ICH ("Input/Output Control Hub")
arbiter and reading a level 3 register;
the ICH asserting a stop clock signal to halt the CPU instruction stream;
the CPU performing a stop grant cycle by issuing a stop grant signal to a MCH
("Memory Control Hub");
the MCH forwarding the stop grant signal to the ICH to trigger a C2 state;
the ICH returning a message to the MCH, the message indicating to prepare to goto a
C3 state;
the MCH:
emptying internal queues;
flushing buffers;
disabling an AGP ("Advanced Graphics Processor") arbiter;
issuing a self-refresh command and a current calibration command to
memory banks of a RDRAM ("Rambus™ Direct Random Access Memory™");
setting the RDRAM to a standby state; and
broadcasting a power down command over a channel,
the RDRAM entering a self-refresh and power down state;
a RAC ("Rambus™ ASIC cell") entering a nap mode to refresh a DLL ("Dynamic
Link Library") of the RAC;
the MCH sending an acknowledge message to the ICH indicating to transition to the
low power consumption state;

the ICH asserting a stop CPU signal to reduce CPU power; and

16



1 5 SEP 2004 the MCH asserting a STOPB signal to control a DRCG ("D £§EP
RanmbusTM Cl ock GCenerator"), the DRCG generating a special nenory cI‘I f@
the RDRAM 12. The nethod of claim 11, wherein the |level 3 register
conprises information to initiate a transition fromthe higher power

consunpt i on sHAWECH @sskelifig h STOPBWRNal&e BsikdPs DROGS Bkt RAmbus™elotet hod of
claim1l, wherein the | ow power consunption state co&rl ses a C3 state in

ACPI (" Alenerater). thsIRGfa senerating asrecipbmerrory flogk fos e RDRAM. The net hod of

claim 13, wherein the higher power consunption state conprises a CO state
in ACPI. 15. The nethod of claim1l, wherein said |ICH asserting a stop CPU
si gnal tbzredﬁb@mettmnipfmmﬂlwwm@eéevalhﬁsgxﬁ@rw-aesomfowoemm@r system

per form pgaflch 39 GO ?b@é} co&z@mp?@r‘?stéfﬂmglo‘&fﬁoQJe@éd?ikJrﬂpuo‘A@ﬁ{ee' n the stop

CPU signal 1s connecte pin of the d wherein said I CH
asserting a stop CPU si gnal to reduce CPU power causes the STOPB pin to

pl ace t h% DROﬁ'lé HCtﬁ&@&CﬂlIﬁqlf \mﬁ&ﬂ thl:?ow m%&ggﬂl [a'tesdo TISJS%(@I Vi ng a

message t0 prepare a conputer systemto enter I gh power consunption
stat e frsaem ASHE Afnanged C@gﬁs'umuaodaPswﬂeterf@n")l CH ("I nput/ Qut put Contr ol
Hub"): deasserting a stop CPU signal; sending a nessage to a MCH (" Menory
Control Hub") to request transition to the high power consunption state;

t he MCH HeassEhra methodof SREPER3 svhgrean the bigher fowguiossumpoint state compraseDRCE (" Di r ect
RanbusTM é%%ckcﬁener ator"); a RAC ("RanbusTM ASIC cell") transitioning from
a nap node to an active node; a RDRAM (" RanmbusTM Di rect Random Access
Menory") transitioning froma power down state to one of an active state

and a St?é‘dby B A tﬁ‘od&ﬁlﬁnw }r'éa dﬁm%ﬁ& @Iﬁﬁ]m | (il cgal 1 bration

commands; it ng menory b sum ng an AGP
(" Advanc@ElU @p\agh,pmgnﬁs gg@ﬁs(ho&r)d oé:ﬂm compytersgystem performing voltage conversion.

16. The method of claim 11, wherein the stop CPU signal is connected to a STOPB pin of
the DRCG, and wherein said ICH asserting a stop CPU signal to reduce CPU power causes
the STOPB pin to place the DRCG in stop clock mode.

17. A method comprising:
receiving a message to prepare a computer system to enter a high power consumption
state from a lower power consumption state;
an ICH ("Input/Output Control Hub"):
deasserting a stop CPU signal;
sending a message to a MCH ("Memory Control Hub") to request transition
to the high power consumption state;
the MCH deasserting a STOPB signal to relinquish control of a DRCG ("Direct
Rambus™ Clock Generator");
a RAC ("Rambus™ ASIC cell") transitioning from a nap mode to an active mode;
a RDRAM ("Rambus™ Direct Random Access Memory") transitioning from a power
down state to one of an active state and a standby state;
the MCH:
issuing temperature and current calibration commands;
refreshing memory banks of the RDRAM, and
resuming an AGP ("Advanced Graphics Processor") arbiter; and
the ICH deasserting a stop clock signal.
17



the I CH deasserting a stop clock signal. 17 1 5 SEP 2004 18. The net hod of
claim 17, wherein the high power consunption state conprises a CO $Hattd 20H
ACPI ("Advanced Configuration and Power Interface"). 19. The net hod of
claim 18, wherein the | ower power consunption state conprises a C3 state

in ACPl.1£0. Theméméderdlah 1] wticiid the hiph @oRErtohduthphboRateEdhsisenato i s

connected to a STOPB pin of the DRCG and wherein said | deasserting the
stop CPURIF yrafPlladdwacedfonfipiesiangnd Pewsidaterfash’)f r om st op cl ock rmode to a
normal node. 21. A conputer system conprising: a clock synthesizer to:

provide a first clock signal to a CPU ("central processing unit") when the
conput er 1%y st Ehf pethodpfelaing A8, wherein the dowes popves GROFUMBLiqN Aty gomprises| si gnal
when t heggompater systemis in a clock stop state; provide a second cl ock
signal to a MCH ("menory control hub") when the conputer systemis in an
active state, and suspend the second cl ock signal when the conputer system

isina fd.OCle?etlﬂth&f(ﬁ{cﬁ{imQﬁ,ctv}féfe@tyihg@toﬁcpﬂisfggz)ﬂqmﬁec?éﬁg@Q!ST@PBiin of

hi gh- perf or mance RAM ("random access marmqrﬁ/ ) e conmputer systemis
in an acthe PRCE, andewhesein sajd Kd depstertngithy step (@ lbeignal faypesithe RREG te he conput er

system it?adsﬁioé‘frﬁ.‘n‘%?ﬁcﬂc?&oﬁé & EnorhiigndgEl coupled to the clock synthesizer

to operate I n response to receiving the first clock signal, and to shut
down when the first clock signal is not received; the MCH coupled to the

CPU and ?1(_) thﬁ_c%@fi& Szﬁﬁm&ﬁﬁr@ﬁ{g:to operate in response to receiving the

second clock sign 1d to shut” down when the second clock signal is not
recei ved; anda ¢lpek syitgesizserof or mance RAM coupl ed to the MCH and to the cl ock

e T e E o L
syst em ofompuigr swsem, is wirsraclive staie ahd syispepd tifedirstalocle sigalwbemibe ceraputes RDRAM
system is in a clock stop state;
provide a second clock signal to a MCH ("memory control hub") when the
computer system is in an active state, and suspend the second clock signal when the computer
system is in a clock stop state; and
provide a third clock signal to a high-performance RAM ("random access
memory") when the computer system is in an active state, and suspend the third clock signal
when the computer system is in a clock stop state;
the CPU coupled to the clock synthesizer to operate in response to receiving the first
clock signal, and to shut down when the first clock signal is not received;
the MCH coupled to the CPU and to the clock synthesizer to operate in response to
receiving the second clock signal, and to shut down when the second clock signal is not
received; and
the high-performance RAM coupled to the MCH and to the clock synthesizer to
operate in response to receiving the third clock signal, and to shut down when the third clock

signal is not received.

22, The system of claim 21, wherein the high-performance RAM comprises a RDRAM

{"Rambus™ Direct Random Access Memory").

23. The system of claim 22, wherein the clock synthesizer provides the first clock signal
to the RDRAM using;
a clock generator to provide the second clock signal to the CPU and the third clock
18



("RambusT Direct Random Access Menory"). 23. The system of claim 22, c
wherein the clock synthesizer provides the first clock signal to the MM
using: a clock generator to provide the second clock signal to the CPU and
the third clock 18 1 5 SEP 2004 signal to a PLL ("Phase Locked Loop"); and
a DRCG ( sighdl ecs PIRa("Prst focked Dedp"ganer ator™) to receive the first clock

The Rora 248 DR g lRRRRER okt Rt rana i PR RSE FaM e ACP

(" advancd cipcrpibeftor RAOOYPBHRAE ) speRiaC RGO clogk A Fe®RDRAM| enent at i ons; and
an I CH ("input/output control hub") to control 1/0 interfaces between
processor units to external devices. 25. The system of claim 24, wherein

the MCH gonpr Thessted df 0Bine 20 ladditiodally t@fdrlsingat € communi cation with the MCH
a host interface_comrunicatively coupled to the CPU and to the | ogic block

to facilitat & dGhirdyased BephersipiReenor hie cretiq! grphishimplepontationsgnd | nt er f ace

comuni cat i vehyicHpEpefbutgt bdherokdB A0 dortd! 1/O8ntk @b bdBh@a prdcessod i@t | 1 t at e
comuni cati on between the MCH and the AGP; a hub interface comrunicatively

coupl ed toFxieArl de¥deind to the logic block to facilitate comunication
between the MCH and the I1CH a RMJ RAC (" RanmbusTM nenory control / RanbusTm
ASI C cell") canmuni cat.i vel coupled to the RDRAM and to the logic block to
facilitat® cofhsyFeaof slainhet noerintheMAFompRgeEst he RDRAM a first PLL

("phase | ockegdgRMiock t& RRTHN Satrh@labloCRidPihef1dp t he cl ock synthesizer to
clock the host interface and the RMZ RAC usi ng t he second si?nal; and a

second PLL cofherhintsfers emmunisgiyedycquple frothe CBE jland (arthe\logic plackf ¢ ock t he

AGP i nt gLfigeCcodishinidaBord BiwdenturiNienanddle®a fourth signal. 26. The system
of claim 25, wherein ACPI ("Advanced Confi%‘.é" ation and Power Interface")

i s used, and ¥hAGPiinterface serampricatiygly coulsddo B AP and hie dogiprblockity provi ded in
a CO st ag@ilitate communication between the MCH and the AGP:
a hub interface communicatively coupled to the ICH and to the logic block to
facilitate communication between the MCH and the ICH;
a RMC/RAC ("Rambus™ memory control/Rambus™ ASIC cell”) communicatively
coupled to the RDRAM and to the logic block to facilitate communication between the MCH
and the RDRAM;
a first PLL ("phase locked loop"} communicatively coupled to the clock synthesizer
to clock the host interface and the RMC/RAC using the second signal; and

a second PLL communicatively coupled to the clock synthesizer to clock the AGP

interface and the hub interface using a fourth signal.

26. The system of claim 25, wherein ACPI ("Advanced Configuration and Power
Interface™) is used, and the first, second, and third clock signals are all provided in a CO0 state,

where the CO state is an active power consumption state.

27. The system of claim 26, wherein the first and second clock signals are suspended, and
the third clock signal is used to refresh the RDRAM in a C3 state, where the C3 state is a deep

sleep state.

28. The system of claim 27, wherein the hub interface and the AGP interface are active
because they are clocked by the fourth signal which is not suspended, the interfaces allowing
the AGP and the ICH to monitor /O {"input/output") commands.
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where the CO state is an active power consunption state. 27. The syﬁt;‘eggﬁﬂm
claim 26, wherein the first and second cl ock signals are suspended, "an

the third clock signal is used to refresh the RDRAMin a C3 state, where
the C3 state is a deep sleep state. 28. The system of claim 27, wherein

t Ihe Eu 3 Esnt eL frae;;@stamdafaaﬁn @fﬂ%&kﬁhﬁh; Afsecladkeigal ik éiﬁgedﬂ&ﬁﬁ&?(@ M?)ﬁncﬁr e

cl ocked hy the fourth signa ch is not suspended, the_interfaces
al | owi ngthePHEICARSbS%‘Q ‘%‘h‘ng r¢sp thedHy "1?%3(5“4%%%’? B‘Gtcﬁﬁfa“)‘sé@#ﬁands. 19
1 5 SEP 2004t29. The system of claim 26, wherein the first clock signal is
suspended in a C3 state, and the third clock signal is used to refresh the
RDRAMin a C3 state, where the C3 state is a deep sleep state. 20
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