, €3eyVT(<P6TRX4i SLEEP STATE TRANSI TIONING Field of the Invention 5 This
mventl on relates to sleep state transitioning. Background To inplenment |ow
power "sleep" states in processor systens, |NTEL(TM and %w@ers have

i

proposed the Advanced Configuration and Power Interface S }Ilmmwﬁmwmn}
("ACPI"). 10 ACPI defines an interface between the operati d

hardware that allows operating systens and hardware to interacws9smhile
permtting the design of operating systens and hardware to evol ve

i ndependently. The description of the S1 and S2 sl eep stat esWﬁm m
ACPI Specification, 15 Revision 1.0b, rel eased February 2, H” wmm”
reproduced in an Appendi X to this specification. RAM subsystem; B3Rl SO
have | ow power states. |n sofgERRVGENDSYERANS TIGNER@Dry control | er

comuni cates with the memory chjPsy Yy @geam%rwcgl ar protocol. The nmenory
20 controller is an intellige alized before it begins
the normel oper atitoif dnveehdphgrefates tonsiaep Wwiatieng rdasationthe. nenory

chips. In the RORAMTM RAM subsyst gy ped by RAMBUS(TM, Inc. of
Mount ai nview California, the nerrory‘c&’fgr%éﬁhgr i ncl udes a RAMBUS ASI C 25

Cel | ("RAC") t hatTa dMPLEmENt hkow| raxay csllebpt estates tin plrecassory chi ps,

f I t s, dat
bet ween a i é%%éﬁée”qﬁ?%r‘?gf‘;%d TRy pate b e e RESHERR y ohi ps

and t he | owe O%W%&Pal rafl Pewer fladerfsed byectnhhq@ltrimsscmcpm) The RDRAM

subsyst ca Roered sdo o]
subsystglrnq rrug%pﬁe rei r?l%t |agl F\ggépf%ter%g\g?ﬁg %\E(;%Neore acjf_lvmq s§ﬁﬁﬁ‘§r?/n%f t he

| nvention A Bysternehddas pléewsserensittimgnebstene atdathesdwarencbudi ng an
awake state aRdefad e%ﬁtaag@m@t{%{aﬂ%esugﬁ%@ﬁe&@' r%‘é gt gyitd m“y
us

controller and nenory devicés, and secon
software in eRé RardiRFentRoryol e i indapendeatine rfﬁTmrq;escmnptobheof upon ‘a

transition fEga & URLB2SEALEL! O AL AWRKRASE Al Bne W1 Specification,

15 Revision 1.0b, released February 2, 1999 is reproduced in
an Appendix to this specification.

RAM subsystems can also have low power states. 1In
some RAM subsystems, a memory controller communicates with
the memory chips using a particular protocol. The memory

20 controller is an intelligent device that is initialized
before it begins the normal operation of reading data from
and writing data to the memory chips. 1In the RDRAM (TM) RAM
subsystem, developed by RAMBUS(TM), Inc. of Mountainview
California, the memory controller includes a RAMBUS ASIC

25 Cell (“RAC”) that controls the electrical interface to the
memory chips, performs multiplexing and demultiplexing
functions, and converts data between a high speed
proprietary serialized interface to the memory chips and
the lower speed parallel interface used by the processor.

30 The RDRAM subsystem can be powered down to conserve power.



10 system detects a wake event trigger, and in response to the wake event
trigger, executes software stored in the second nenory to initialize the
menory controller, and then executes software out of the first nmenory after
the initialization. 15 In another aspect of the invention, the nenory
subsystemis RAM based and stores sone or all of the operating system
software. The software that initializes the nenory controller is stored in
the BI OS storage device. Prior to transitioning froman awake state to a

sl eep 20 st ahe, RDREM OPESALItReh FUSEEF: CAM QiS5 DE4P ti.on for the
transition, FIG 1 i ncor%xor ating 25 Ff%k[{zﬁtl%é%glg?i%ﬁtg&{zl%él S fromthe S1
FIG 4 30 fPSHPERS €Brief Description of the Drawings is a bl ock di agram
of a processor system zg the supd8R}i 98-t @Ehoy,ghart depicting a set of
state perforned by the systemof Figure I. TS a ftow chart depicting a
transition to and SYSEE" PW&St 6r REACEFSIheV igysmupt bplei siateesl. is a flow
chart depi cthoguaihgastsidiade @a880asd af & 1RekLf arged b enE_eQneorintem of Figure

1. is a block diagramillustrating anot processor system

- 2 Fl 5
FIG 6 i||u§E9P§¥§%e'5rﬂdt%é‘rdlﬁ190ée§§la?r>éﬁq@mol@eraam@dn@m idetviioas5 As
shown in Fi gttiea lse@ori HERRIY. 1@h'éssmg%tsgg ng@wgpém.rr%t %ntrol | er hub
20. The processor may be a Pentium |1 class processor, othe gener al
pur pose prot8§8RY Mforikdiccdréliabhte diteemendiiy peouceskler mpynbe part of a
work statioBrafeskion femSanaleepnPLlE .+ PAN 3Rk fe COIRUL er ., or 10
tel eco ni cations, video, or graphics dtevi ce. nory cont F(S’Iel er hub 20 is
connect Bl t SYSER AR € WAkPneveMorir iagerMeandyin ordsrainser tbubn@0 al so
handl es gr aphk€&setéd fi:G gaed,t bREE! o] he.1/0 controller hub.
Mai n mermory 30 can be, ,fg;é exa Ie]!,ll&eag %Aﬁwl%%gfr%egn%é?%yls & elgeFﬂﬁsudi ng
nul tiple rre%’f‘?/r%n‘b%l’é&,tlé&&ﬁeﬂghﬂim@nmmmnmrcmms.thshe i ndi vi dual
modul es_canchecofeq summarabbatshr ke AR, Ay rid) ighg Memory modul es.

n

The nenory J?x%é{gll.ilzearti%%t? 20 interacts wth nal

15 In another aspect of the invention, the memory
subsystem is RAM based and stores some or all of the
operating system software. The software that initializes
the memory controller is stored in the BIOS storage device.
Prior to transitioning from an awake state to a sleep

20 state, the operating system controls the preparation for

the transition.

Brief Description of the Drawings

FIG. 1 is a block diagram of a processor system
incorporating the invention.
25 FIG. 2 is a flow chart depicting a set of state
transitions performed by the system of Figure 1.
FIG. 3 is a flow chart depicting a transition to and
from the S1 state performed by the system of Figure 1.
FIG. 4 is a flow chart depicting a transition to and
30 from the 82 state performed by the system of Figure 1.



menory 30 using a packetized protocol. The nmenory 20 controller acts as an
i'nterpreter between the RAM bus and processor 10 so that the processor does
not need to concern itself with the details of the RAM structure or
operation. O her high speed RAM technol ogi es using a nenory controller to
access main nenory may be used as well. 25 Menory controller hub 20 and

mai n menory 30 are O ocked by nenory clock 40. For exanple, nmain nenory nmay
be differentially clocked at 400 MHZ usi ng dual phase clocking to provide
an effective cl oéRGrabeisfa g0 dMHdiaGhempt Doestseihg shecked by processor
cl ock 50. Alp's&c%gsggugbgge&o processor 10 via I/0 controller hub 55 is _ g
_ nonvol ati |l e nenory . The nonvol atile menory 60 nmay be ROM EPROM
EEPROM. battery- fdékef RA\Mistarateshenbtker ghecaweavokatibg, menory 60 stores

the BI OGS (basic input/output scgettware nd may .include SMM (system
managenent node 5 software). The—@%f—éaﬁ—%?—%ﬁitr:‘@&e ide in the main nenory.
The nonvél atil e AeMShypweOistRirgeset he anptocddat i10N 1 §0EEMEE S 4P wsed to

initialize R, b ,20. itialization software 70 may be part
of the BIGS or D r%ggft’{:%ie&[sr\%%sg t'waJFg? REOPTEOEnPaY| Re synkenigipin cat i ons,
the 10 initildli ehesoromufassare nbyebegénuepepdepbsfpidia RIS, ofor exanpl e,

in systens tfaf; d@eA0 |.CS. software external to processor 10. Menory
control I er hub 20 Fﬁc%ﬁﬂ@%ln Tor naPSr BEPSIIIY 57t Rat Pebht 512 tWarkaddr ess

space nappi fFatirPAM fegkstmsontiesempegd St Portapnk ebmptied ner, 15 the

addr ess 1genglAtQbnkh ARS8 { S lonvglatil e Menor Y. 60 for instructions and data

O (]
or 1 ooks to main mem)ryaéfo. Al aF RSt ePY, TXIRNISAVORESFSt erMemREy r esi de i n

|/0 control Icontirahlss bub i) dssepanateesetd, idhd kenprocesseei such that

power is noty en r.10.is_powered down. 20 Connected to
processor 10 eJim(s%%,i \g’gfayﬁ%ﬁ r:?% Fégléﬁﬁﬁ?%ﬁel@r 50 PRRLERI Frarhinsy i ncl ude

cache 110 t&rgfééa apdnermfficatoessdt fnem thHie 1vackenfBy1ber imfernal to the

processor ClysRnOheR3FY2: d,may cal so _be external. 1/0 controller 25 55
contains a wake t??gg%rgft%hebﬁqgc PRe* i8Rt fr SENBUS e &Y et gger s

recei ved>f r éhrduedindent Hel glreopessoy . mSthales ,MReithnBo 180n§ atb@ls0 reside in
menory cont gnghbggoﬁfép?%p olﬁleprj_ggggig‘ré?fgﬁqu is state nmachi ne enabl es the

processor to res wake event sbé’FBr’éea‘h‘;/ B0 software begins
to execute. comparabIyceizshdospshpdard dudiniing.inkhResysy adSddl an awake

state, menory co hs_initialized, portions of operating
system 80 are Iog ée %rﬁry;&%fﬁgﬁ%;%?&%adaﬁﬂ‘tleﬁé%?s‘l”e?ﬁir%alim nor mal

operation. BeReFer$? mesing fi gacseRzédepmpricatli.ngThY Sh@md ARy det erni ne t hat

power shgul r d_th the system should enter a sleep state.
This deter mgﬁgtgfggﬂ%g a\’f% t%lgl Sée?éaeﬁ%gee ro%’eiﬂereﬁnﬁ?r%r%‘ﬂ é"%ﬁ)@tnogf

factors, suPRog8sacsykl emn itdlag theepoatessbr epeeshof MERE 45 Wonda lequest
itself with the details of the RAM structure or operation.
Other high speed RAM technologies using a memory controller
to access main memory may be used as well.
25 Memory controller hub 20 and main memory 30 are
clocked by memory clock 40. For example, main memory may
be differentially clocked at 400 MHZ using dual phase
clocking to provide an effective clock rate of 800 MHZ,
The processor is clocked by processor clock 50. Also

30 coupled to processor 10 via I/0 controller hub 55 is



10 froma hardware device, such as a |ow battery or high tenperature

i'ndi cation, or a request froman applications program Before entering a
sleep state, in step 200 the operating system prepares for the transition.
This 15 preparati on may include housekeepi ng tasks, cache flushing, context
saving, and the like. The operating system may al so determ ne whi ch devices
are to be placed in a "sleep" state. In circunstances where a systemis
designed to naxi m ze power savings, the entire systemmy be placed in 20 a
sl eep st at enohmokat el simgicer yd@9i. gnShe oy J13€ i PEORERSAF @NGhal,NEMEMOIY

subsystem be ed. sle state, while peripherals are left either
fully powepg MérEtP%@(rq]’e E!of% .El’Thgggﬁ’é}‘—g?af%dsWen?%@ st diikets The desired

sl eep st at enandosatsle eenappyr 6Pr sabeeHi thedBIDIEL $phH:i @ i%p%ecQo%tthg 25
n

register. F e he ACPI .specjfication includes the Sl S2 sl eep
states that g%f%é?gg faonré a Pow" éf’gﬁcém? e&}’rsﬁef“om?%%g%{mife"@@&te. In step

210, thedpreeésvarelrarkie istismbe &heo StRMRIestAt he S MaYerLQacconpl i sh
this transition Lg.to set the 30 aggqr{oeﬁ(gi ate bits in a sleep dnabl e
register. Either a - Sof twAr g hRERE PRBcEut dldiratiéract s t hat
this bit isseftwane Ubsereds ta sheepabigalenbeyt BEnSRAPNYY HALE sgOMPONent s.
Processor C&R%i?PiiStipo%‘“%%g% down, Powering down nay be acconplished by
di sconnect i G- pover -1 T om thé “B2E8vT L dnad $& Parsr ofeiheSIascompbashed by
el ectrical | pfdtkeoitectdfityatrke iAcHr@suhtSi gral sbhonmgdig datepnal o

: : : . s : h
di stribytiog . ernal .to_each chip. For exanpl’e, processor ¢Tock 50
may be Teft g?%#\%??}b%g‘%luﬁn tsﬁ’gttﬁ?ﬁ%e'g@bﬂ’eﬁrﬁ‘d@l"éﬁﬁ?‘i‘%aﬂﬂ \Ehgi 8E0Anetort he

i ncomi ng cl es&mplgnain syst@mshehpt ode iy 'havta.nh@@@aéo&wm%ng%érﬁéf hot

bei ng cl ocked. i.$+<ee 'osr[e,loi ndh\e/i dual devices may be powere own W th
circuitry internal to the devi _@gléyt?\%ﬂtzﬁﬁé\?én’f’“}?h%o finsdusiespower to sone or
all of the &éohpomehtxedistieds Bbhetieviamtrbl 8Re RRRAMSYSLeM. MENDIY

controller j ry.15,30, ,and nmenory clock 40 are powered down.
Wien the mﬁﬁp%%r@r%rﬁ}\gd g%\f\qgrd%\sm),‘ i t3'SCEnFERALStaF R Gemtriodswhebuert he main
menory Hevi the adduwsist igenetratar phyks dMRoalal 8t 1 halmdISUEBS égry little
power. An int ti\f@%xlsf a?%éfreﬁ% ne haogg smwthin main nefory 5 keeps the
menory contents S 2R8I ASkRn®T V19 Spb&Readn derieryA3®e, menory cl ock 40
transitionsAtexndtmiyponbe BAMteegistdenhoW-povEs St al® BRAYSLERAL,. POver

may or may emoved. In_step 0,, a wake event trigger 1s det ect ed.
This tri gge%i%ﬁaﬁrrsq?‘hgt SSP%E%%%O"F%%O 18n §he dPFRI] RO M Guehl tREt oper at i on.

I n sone appbdear iignsiott Abstmalyedeprodedisbi-n 1001 § UbdwsSReEdowhul | power node.

I n ot heyy appl, j . the syste y awaken to a nore drowsy state where
processor 1(8&%%14”%{‘%86%8%%'!%?;&?% I%1§Bé@8.O?steventrollgnger may

be gener at e# by a source outside the systemitself, 30 such as a user
pressing a " powgs, QL QL ibe%gwminé%a&e Wehe 110 to speed up memory
access time. The cache may be internal to the processor
chip or package and may also be external., 1I/0 controller.
25 55 contains a wake trigger state machine 100 to process
wake event triggers received from outside the processor.
State machine 100 can also reside in memory controller hub
20 or processor 10. This state machine enables the

processor to respond to wake events at a time before any

30 software begins to execute.



incomng call signal froma nodem or other tel ephony receiver, or it may be
generated by a tinmer tied to a particular time of day or-sone other event
such as schedul ed system nai ntenance. 5 In response to the detected wake
event trigger, the systeminitializes the menory controller in step 230. In
an RDRAM systemthis includes initializing the RAC and the RDRAM core.

O her functions perforned during initialization may be recalibration of the
RAM bus drivers, 10 synchronization of the RAM bus cl ock, and a general
reset of the ner®ge ddvet sysken. iThiwnriimiot,i ahkzaysoam iis et aperferaed

excl usively h JQM@F er, nvol.ves, executing initialization
sof t war e 703%{%&?15 ﬁ%%l ati 5rr€£%%% ?U%b.zolésAfPéYl EoRELBNFePE hub 20
is initialigeeitation rayisties PAssee londdceln240mb L0 mdreayi miot i ahkzagion
software 70 r at n em 80 stored in main menory 30. Operating
system 80 n%%vg%%gleisl&sgltoﬁ}ég\%vaﬁ%e’éa\‘/telncin't rigger. This processing can include
restorimy the prRefssdngcsont éxgur@ @ peteo e BEt Bn gl Wt <Y @M di agnosti c,

or other rogiidg,iypigall xec | | owi ng_a wake event. Figure 3 shows
an enbodi ment %ﬁnpﬁ%egé%%tnéog g %i&g][Je%& s?f’éffgr%?%\ﬁ"‘%bmt tRenor nal
oper ati on; %ﬁ‘tj;hgﬁftm@dsleleepr anabdep :sitiat#.l I Tﬁﬁ:&ﬁ;ﬁeﬂéﬁi&ﬁ@%ﬁﬂagytg
transition g9 ¢ p.state. Int enbodi nent, however, the
system nanagenenfgg%]brﬁésgéfstg%?i iﬂi lunsneuéneterﬁf%d%’%?re ﬁtf\ﬁé’é?ﬁrﬁhesgwéep state
and the RDRAMa /Aysorem dalef tihe sytst emmwanagenendm dtexQf bWakgubse St or ed
in nonwy atgle, t .2l so _stores the BIOS (the Bl OS storage
devi ce). The 30%;%%#?‘%5%%2%% Hode 3oft aﬁvg?aﬁﬁﬁ/@(/@rr, highj naccessible _
7 _  to theengrrattineg iggdtemomheowperabuagt SyséeaMapp1Q cHBaBgs by Whi ch
it can di r$‘g}g dtiMp to routines within the system nmanagenent node
sof tware. To allow for control to effici ently and cleanly shift 5 fromthe
oper ati ng syst erfaf®rehentgsing aesiagenetttepden sofdpvaron, thie processor is
configured §Q fAsSRRNG igger,with a system managenent i nterrupt
(SM). To ac‘georrpl i s%ﬂ tyh:egﬁéhgﬁ%%ée%a |ng§hsey;§'f%[ﬁ%\ﬁ>‘/licirb‘s gv?’BFt to a register
in stepBomreRAzAtiog seyr ineltde thrasekedping taskd) getrareushiSyl |n
response to-ghtsl,8eR | e_ sl .1 {hat her, than responding with a transition
to a sleep state. Irzli%lrag1 boﬁgg 0 t]}%ek%SM ',’I‘h?h%p%?%tcl&gs,(?rysgief“e@?g control to
the system ¥eitagieremminedehscl tdmrises aret ep Bd(plddees SM aHapdbepr which
services the. M, flush che, This 15 cache f|ush avoids unified
wite backs in the Ifzéégéﬂépg?\g%nss&rhﬁftei Bn Y&t ¥R desigRed &Pep i s
per f or ned, NatemE 28 Powbe savingd hethemembiyeWwsyéesm Wy bet BeapLQcegsor
transitdgon fr ep e, Next,. as shown in step 320, the SM
Handl er sets trggglgﬁl{:ilglrtggi s?}é%’s‘oﬁeo SSOIPRE ?‘85%%3Blft%lystt@reagéozesaem ce. The
PAM hol ds t3d ddr eegospaseb spppimaalyobet btasystaina @1eRpt BeaPAM regi sters
are poi ntingy1 ; 0 vige, instructions and data will be
fetched fromt ha?égé\?b%ag%déﬁ%tel%%or%l%ﬁsr% RV S86h °3361 pAg SM
Handl er exeRfift-es T&e gppLbtang hsysistr adisbonel bats pliditdedi®ed5saBegNt Iy in
the Bl G5 storage Qevise S m+NE . SM dier clears the bit that
causes the prqcesasor °t ESQEﬁ%rﬁr%ﬁq§ﬁe |gﬁ§r%§ Jﬂvsse o 22 SdPEBPSEARBI €. The
pr oces§t§’_r i SeHEVSTecoRPEgeR APl ditce ACRIsbpepifiadteidn ihespaasethe a sl eep
enable i 0ned add 59! 8Re3B F0fked Nt BEBLEAEOLS, DL 1 P 135L,LgT @ second

' return to the awake state.

In step 210, the processor transitions to the sleep
state. One way to accomplish this transition is to set the

30 appropriate bits in a sleep enable register. Either a



time, however, it is the SM Handler that sets the bit, not the operating
system The SM Handler also identifies the desired sleep node. In this
enbodi ment the desired sleep node is the S1 state. The processor detects
that the sleep 5 enable bit is set and, in step 360, the systemtransitions
to the S1 sleep state. The processor clock and RDRAM cl ock are powered
down. In this enbodi nent, the processor and RDRAM subsystem each have their
own respective clocks. In other enbodi nents the processor and nenory
subsyst em cafPitrarse orhbasdver ¢ [roskceas then rdetespactihye chosksit Guce t he
RDRAM subsysi&imdrs RQWered dowbed ik ires.reinitialization. In step 370,
a wake event trigger is recei vecfﬂbfltgﬁgyhg?d%h@er éapé)lrﬁﬁéﬁflﬁﬁ that the system
shoul d ret urfPHRPMESLS BlRkes st okkohdt he miweepdstiahe, ThewdtQrks are
returned to ddie] malROWRr 2085t At T fQcessor, .resunes instruction
fetching. In step 380, f—jheorﬁﬂgrssfheldnrs]Es rgcﬁ:??%rhnefcc}:l@@ PEYEReETPR thfe

i nst ruct i®on 496iRe HESSVE, Handiay Heolalcominpti ¢ i tyaeskettencipiy he Sl state.
In step 385,qienmaldckaAdL gL ; hen _executes the instructions to
initialize the RDRAM |§ .sﬁéepg'%@d%lb‘?hég%ﬂ)?fléﬁ?&l é?‘et fhBReSBES the PAM

regi sters tdifdinibutéoanl bmrs yiritterniaé RBRAMEh T pSM Fhiangkafpidlen execut es
the return idsideaclh-0R; 304 b ot 5 fers to the operating system In
step 395, th%%:)perati ng sys?ée)%&% beexégg?ersu?rﬁé’%egf‘ti Eg?rﬁ’é??%?ﬁql’ol | owi ng
the instruct®®h slgchhiienlly detcormecs| tbp Enabliaghicl ockheisyst egy has

r et ur ned oSUGGRS $frdl-by sEE o l.ee e and nornmal operatjon continues.
Figure 4 shows ?r] enbgdi 'rrenffrﬂﬁesrl%r?g ?ﬁéﬁ@e%sataer.e ’ng BBLBHeFRFHRA syst em
desires to dritk@wiske sndbpidualt alewicssepay e pokk@eandosh opesn t he resune
addr ess used-ipeyihe Bl 5 s i The qperating systemf|ushes the
cache in Step 920, ?de%#ﬁlsﬁgggﬁgéﬁl%?saﬁg‘a&yp\ﬁ??@ gthfef B @fate into
the sl eep tR¥SFedPstere andldnalfl ébet hempdraar: sstiakedbytME i ddPgS, t he
appropri at e imnf@r BBRAANsG My e abl.e register. The processor and
RDRAM cl.ocks are power e?iﬁldomn' im\%m?t&gpgaggr.&l%ert E‘g’gségst‘a?b? RO 5¥0wver to
processéP 1030rs 2agt uaneyy relasked Oserehpowerat ersar 10hés 98 woRsUM Ng

ei ther acti wRmkyl ¢ak PUWERS T stemis in the S2 state in step
440. A wake e\/.erllrty tri%%ﬁ? is dét égtseg ?ﬁg%ttseﬁrﬁ’Sﬁ.OtP QR iRuy dhoored ~to

t he cl ocks. MRipr BEBIEYHrde eigas (CCRURSTHn it &l powasrsasiedstLsetdidlg the

processor. Hyassmakem : t esef in.step.460 and starts executing
sof tware at |ocation 1 %&%&F&%@e he Mr}teegﬁnétlefglgrﬁefc’fﬁﬁ}i gured to

poi nt to t h&esheBisnovigeiniaaicemandrno2o tiecetadtw hbhsrsPasa-ddt 4 he RDRAM

Al t er naboVvehphenamBah oNaE S-Sty Lne can respond to the wake event by
changi ng the BAM T egi st er S)Stl%)t %8?%?%0 Ve BI%"stBFﬁ%’éyo%lvﬁ%.‘iq n step

470, the Bl GS3PALELARF 263 R0 wheoRBRARtater Stlep tA80 ok heow OSHAadi rects the

PAM r egi st eishyk@c8XessEr oft war g5l t.ne RDRAM Bl OS passes control to
t he operating systemﬁvi a theytresuﬁ% g%rlg%sre&o&egd in RDRAMin step 410. In

step 490, the opéRaftelR) &bt @mwakecesses thigygsakasededbct&d er rupls |1 n step

495, 25 recew’ Er lLeep I | e and nornmal operation in
the awake stat g}é?esﬁg%é%F?é%%epégghg\s/\g?af%r 8&?@&63%%%%@ subsyst em

within tRe OBRra%ionf aln HFer appiieaticnmh tis sninght bbea f pagd L deskt op

system portrabhesg0aRUt 11 RYLDLE4E0 ni gations 30 device, set top box,
or video and grapﬁi cs’ contr%l ler. - Omwyn Sther .app§lcatlons, the
system may awaken to a more drowsy state where processor 10

may not be running at full speed. The wake event trigger
may be generated by a source outside the system itself,

30 i
such as a user pressing a “power on” or “resume” key, an



Processor 510 and nenory controller 520 are incorporated within the sanme
chip. The processor interacts with the nenory 530, preferably RDRAM via
menory controller 520 through nmenory bus 535. Menory controller 520 wakes
and is 5 initialized by the execution of software from Bl OS storage device
540. It may be desirable in sonme applications to incorporate the Bl OS
storage device into the sane chip as processor 510 and nenory controller
520. Power to the systemis supplied by power source 545. 10 In a portable
system powencesungecsilb wagndle frdvakt moylem lor deslert @p1esh&ef top devi ces,
t he power s y raw ng AC li.ne power. The power is

di stri but edglé[)c%gp‘)’%\?\ér ggoﬂ% %?%%ﬂgﬁ%}éﬂ%ﬁ?y PoereEoht #8Itid cuitry is
responsi ve Penthievuppsceinerof clajeoreasneootioart eafehtpewer 49 15 vari ous
parts of thesSyst.eay gg%‘@ém%’a(’itgt@ aGiLcuitry 550 can al so inform processor
510 of a | ow power condition. SHown "t he power control circuitry
interfac@s with fherpFpeRsSOro ithea detinnted i wilepandent tof gga N des 560. In
ot her enbodi , sthes t ircuitry nmay be 20 treated as any
ot her peri pﬁérﬁg}eﬁcéﬁEgéfgg%\?{%ct?%e;“%atnfo%ybﬁ%r?tﬁ%lle?ydé&sf% %3t el the main
bus may be &#PPEPRBYsSYELeMedtiad ingludesmnit inlS zaheg dhepkEy H80.+pRi gh
density storag@am> an i ral. 90, 1In so systens that are graphics
i ntensive, di spraiggs'gra%%ghggﬁt@g I%?ré%ﬂner@ufénﬁave its own dedi cated
or high speédifiehicatior prwdessecalbsption arf ghapRAESHEOHAGId@r 580 nay
be conneggte 0 r ontrqller hub 20 through a separate
bus or ngy %é’hlgrﬁl?gggﬁggs%%ck{hﬁgmnén%ﬁ/ %%%%’olalngr 3j e hrse@dsor core.
H gh densit PEisthragensoy sentralydesircal Tyibeinitihlizagibards didwe.

Peri pheral s 1 j rticular application. Referring to
Figure 6, t rggogﬁ%?egg%g{%{\ |ytgt%S a??gnf%a’f eI cOPE EAFPRRtingd veisown.
Confi gur at i G¥eEufaBsgt kel sl prizeddoor s6fowd PO froaphbssoTontrol | er 620
(GFX), and HRABLY gegntroller 630 (also called a nenory controller hub or
MCH) integrated into a single chip 640. The I/0 controller hub 650 (1CH)
and vi d&® cont r oRFERT HIRM®BHS qovCHplier shiovaD ds dnstistizedi Rfonttae VCH may
al so be 10 iBC t | i 0 CH .650 .control s the operation of

t he main buléL,g P(E)rggégaﬁgléeegp?k@%ngfggbﬁgé %quﬁ&\ma%ﬁmf’iwté"a?e I’€H 650 has
an out put (RRSTpPeraBing exatencBi0psdfed | CHGAG hamody SBPAT ajp it Pyt

(PCI RST#) thaLiEgs j s..for_exanple, a PCl bus. In

confi gurat i og 2?"%1%6 ??’%‘gggsfsg?regg%, t‘&i%%,e@fﬁ% FELOERD: arBiisach in

separ at e chPggcespinprddrguimatliude 8espooies e BHIcksshA &5&@&@; chip. GX
620 andad/CHLE30oahend gl | Ps: 10 configurations 2 and 3, CPU 610
has its own'r e$8t in%trjlat a(ﬂl?llégérg sgggtgérno NI B56 9BReR TUHHITMUr ati on 1
chip 640 andYRi%2it¥ HpURchifolipeinpwervwaked@wenicn t he sl eep state, fox
exanple, an S2 stab@re | SN QU 8LL98; CRU 610 and MCH 630 are powered
down. GFX 620 is %_Sef?}omer ed 1o gn%%ﬁ?ﬁlﬁ%nta l#ipgﬁFIS?Ethg?enaﬁ]i VBI8FP GFX 620
may be powefEatE8olktR RRFSHber V& BotmalSoprrat ipovesett ing ofd Gilredlg on 3, CPU

610, GFX 62@naBN : 0 e . wering down the conmponents in
addition_ to g?opgi%%tﬁqc%?ﬁg %%s€5n€%ﬂ€%9egaég§lF%%fkatdbt&l?rlsénts.

Addi ti ofil | FLeBReStaERr f dde thdswermhod BheB50 randvele ohbesysamponents is

i sol ated. Thhfahohehd [ PC_interface, but a nessaging

pr ot ocol baseda!-}I 1%li q&?drﬁ’s%rolffggg%Tﬁs e'g(’:?'uCll cq:(?nﬂe GPLEI BREYEH: GReH i s | eft
power ed. Th&lPep seathardhvihe REBAYsardy partriecower theosysdun Sl eep state.
Reduci ng or mghhgtRatd NhdLakag | he .52 state from CPU 610, GFX

620, and MCH 63813wi [T extend SQSth\tA%yé??’#eeaeilr? £°§&8§?5H? eRRRY 69 0. 18
mi cron proc&Battatinotgiass thedBEe§ofithe Bidissorageddenbesi nentrs ar e

exenpl apy 0Bl¥tefthifa RO %%Ssgf@wﬂé,hih%\}er&%ﬁcg e,of the faollow ng
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Appendi x 10 The S1 and S2 sleep states of the ACPT Specification, Revision
1: 0b, released February 2, 1999: 9.1.1 S1 Sleeping State The Sl state is
defined as a | ow wakeup | atency sleeping 15 state. In this state no system
context is lost (CPU or chip set), and the hardware is responsible for

mai ntai ni ng all system context, which includes the context of the CPU,
caches, nenory, and all chipset |I/O Exanples of S1 sleeping state

i npl enentation alternatives follow 20 9.1.1.1 S1 Sleeping State

| npl enent at i 'oh {Ex@pgrati)e Wisteaxanfhe opéerEncesyanenAhps oceSseind hat

supports the,step 4 apt he assertiaon of, the STPCLK# signal.
When SLP_TYPfi s progra%%géﬁ)éﬁlyggméaﬁﬂe c(“fethlélefSWCJEMBhBB%eiy%t%l ue,
whi ch is themEgeoedti noddesdftSlambj ect) and the SLP ENx bit is

subsequently set .t r r an..inpl epent, an .S1 state by asserting the
STPCLK# signal to % %glgraog%\gs%?n,ctrcoéuglgn gﬁc;ﬁed’ i &P egf\{bb Paht state.

In this Saseframhehsyspemtingksy(tR@ tandhE€PL)staine md3Bagkinkht r Woaé ng. Any
enabl ed wake, t u ause t.he hardware to de-assert the STPCLK#
signal to th%bofpts}é?egésggg é}_jig SSPISTSSFEBPT AT &% IeFpPBAeRP ati HHetExanpl e
2) Wien SLP ti¥Rgers wptbga asysettert onangeffénv al ntee bt heMShP_ B bit is

subsequent | vy. : - i1 _inplenent an Q1 35 state by doing the
fol lowing: 1 Pl¢ (}telg?lhgﬁ[{)gwizerg%\églpﬁrﬁfcgggh%ysé?%"b wd:rljaﬁﬁts &t gf&. t9 agtop the

processor's ¥egisttes] dokstep a¥tg tIhedspregbssar tdlle the Rhopwsr&Cko st at e.

3. Placgg sy, Y alrfit | f-refresh or suspend90 . .refresh state.
Refres hqi s Irﬁé@ﬂa{?ﬂ%ﬁ%@h?%n %e%gjr?siet §S:8| f §Pefsp e“agﬁ-et 848k, sonme ot her
reference cloatherhdhapsrasporsdiopped tiuai ngabhict idreep Bg ssbapestdte Stop al |
system cl ock (J;ae'ss'i e aé]?xby ignal to the . ,systemPLL chip). Normally
the RTC wi Iﬁ}:ontl %&tesg5£$u%}?f% ng. 'l rtl:%teh%c’%%%%?r ﬁﬁ%&técEQnFﬁ°%hE°syst em
have been stBppedsterncempragemernthenddECsefevack). Harsdwsr e 10yStheeyer se the

process (re i cks 0 ny.enabl ed wakeup event, 10 9.1.2
S2 Sl eepi ng%%a?g&tle hzlxgéﬁg%%‘gl%%sg &g@i Eléd ‘ agﬁés % %\Rﬁké:ﬁﬁp‘faat enB¥S sl eep
state. 9 s ®acite filyshi avoids tunitfiedSkréteepaciks simttte @2cepthéhah the CPU

and system cgghs. Xt 4 st . 1S _responsi ble for maintajning the
cacheg and CPU 1%"%22%'&%( %éh(%é\%dl tﬂlff)%g1 %)S,SL%%nﬁ ?ﬁer OFPES  f FBAFEAYILL ]

processor's Pedwt fusther ménery twid teakenpikviend pridefesersekbhsgtide SLP_EN

bit, the ACR.glier ;WM t stemcaches. |f t | at f or m supports
tlhe VBl NVD iénsogd; :}\é’% o%%gsét{'%}@d‘?ca?%é‘%%y% hE Bt NVD 5558 %P%VE)"‘FL@@H ggp

flags in thélaadrr gblte) the RANS agilsteexetat poirte t8BNEDRTOSt sU6thga. | f
t he pl atfyor no u rt_ ihe I instruction tqQ flush the caches,
t hen the ACP gﬁ'ﬁ%\iertr\r/‘mgl Pﬁgttﬁ%lr?gst tt\ﬁg %ﬁﬁﬁ??yssfal‘ifsﬁ‘aﬂ?én@aéﬁést%i ng the
FLUSH_SI ZE aaibYerUSHOSTRI Die fRAM dzgilstehe &RECPdatiieng thethar dwege is 25
responsi bl e fqf | j.ak pLng; chi t. and ry. context. An ex le of a S2
sl eepi ng state i Ie'tre}en?%ti%)rﬁﬂflgﬁet&v?g.s 5%@?%‘& é’@piﬁ%&cgﬁgt rom
Inplenentati%hﬁ ce and not from the RDRAM. 1In step 330, the SMI
Handler executes a jump/branch instruction that points to
25 an entry in the BIOS storage device.

In step 340, the SMI Handler clears the bit that
causes the processor to generate an SMI in response to a
sleep enable. The processor is now reconfigured to enter a
sleep state in response to a sleep enable signal. In step

30 350, the sleep enable bit is set for a second time. This



When SLP-TYPx is programred to the S2 value (found in the \ S2 object) and

then the SLP_ EN bit is set, the hardware 30 will inplement an 52 state by
doing the followi ng: - Stop system cl ocks (tha only running clock is the
RTC). - Place systemnenory into a self or suspend refresh state. - Power

off the CPU and cache subsystem 35 In this case, the CPU is reset upon
detection of the wakeup event; however, core logic and nenory maintain
their context. Execution control starts fromthe CPU s boot vector. The

BICS i s requimed Hi@ﬁevezPr dgr a@n the smi tHaaaldUéQOt:h&@rEét%th@Ie' eacof nppe CPU
(such 90 as }]he Cg Rﬁére sters& - Initjalize thé cache
control ler £8%i%8 ’far"nti”lt’}galsyﬁ&?f" si RELGEr atsontdentgddgsethte menory

control | er ﬁesace@;ﬁlemmoﬁeaccessems -erfaldlinmbhe Wakidis MRGt QleeflS - 14

VWhat is clained is: .1. ste r|S|n rocessor, a first nenory,
a first rrermrggeconttrr%ﬁ Igelr 5%5?% g]lé gy, eg%lc*"ss fetdodheopleep
transiti®dni agabbev&eﬂn ian saakadst ahestaé}d 305! eRR Sy GYHRS:Sh B
detectlnga state to the awake state;

hgg% oltran5|t|on fromthe sleep
initializing Pt er?é’m‘?rt? Eont Tof I%"’rocleﬁsf’ésﬁb‘h%’é a (RPRANe cdeckct i ng,

the initial azengovz@fﬁtlldidmg exacuhiflerddivene | fhd hersernd Eﬁg‘” and
y after the initializing

executing s?é{q&@ £ in the first mem){h
met hod of ¢ 1SYRFNTE™ E8Pr PRV RGENSS SWBp&RFRRCT HirRl &l okt ro[fnof
sof tware st othdriembdirdntst theNPEYced¥r ankl ABRbEY L WRMNEgWake state
to the 10 use the same clock as their respective clocks. Once the
RDRAM subsystem is powered down, it requires
reinitialization.
~ In step 370, a wake event trigger is received by the
hardware signaling that the system should return to the
15 awake state from the sleep state. The clocks are returned
to their power on state. The processor resumes instruction
fetching. 1In step 380, the first instruction to be fetched
is the instruction from the SMI Handler following the
transition to the S1 state. 1In step 385, the SMI Handler
20 .then executes the instructions to initialize the RDRAM. 1In
step 390, the SMI Handler then sets the PAM registers to
point to an entry in the RDRAM. The SMI Handler then
executes the return instruction and control transfers to
the operating system. In step 395, the operating system
25 executes the next instruction following the instruction in
which it set the sleep enable bit. The system has returned
successfully from the sleep state and normal.operatioh
continues.

Figure 4 shows an embodiment using the S2 state. The

30 operating system desires to enter the sleep state in step



sleep state; and transitioning to the sleep state. 20 3. The nethod of
claim 2 wherein the software stored in the first nenory conprises operating
system software. 4. The nmethod of claim2 wherein the first nmenory
conprises RDRAM 25 5. The nmethod of claim4 wherein the first nenory
controller resides in the same chip as the processor. - 15 6. The net hod
of claim5 wherein the software in the second nenory conprises BICS
software. 7. The nmethod of claim5 wherein the software in the 5 second
menory conprliGesidsetbwaset hmaccess kiddrbyst igedpryr athengiogsiamh8. The.

Syst om nendyeiaht toge cbaFe bard TN HahAg G RN APnr S SRnEebt n ¢ he
processor aimkentenfdey cbat sbéémrstemee biynpulsifi@rthree s sitager @8pecthae cl ock

o0 S B M RSO s Rten R g R st e
2 wher ein ttte mrepapirigteompfosesiiccoihtguthagsldmp pnatesseegistexecute the
sof tuare 205} Lt d1okhe, 56000 THIRY LDo SSRONSP dlf 15! SER," 11 00"
430. In the S2 state, the power to processor 10 is
adtually removed so that processor 10 is not consuming
either active or leakage power.
10 The system is in the S2 state in step 440. A wake
event trigger is detected in step 450. Power is restored
"to the clocks. A processor reset (CPURST#) is also
asserted resetting the processor. The system comes out of
reset in step 460 and starts executing software at location
15 FFFEFFFFOh. The PAM registers are configured to point to
tﬁe BIOS storage device and not to shadow this space in the
RDRAM. Alternatively, a hardware state machine can respond
to the wake event by changing the PAM registers to point to
the BIOS storage device. 1In step 470, the BIOS initializes
20 the RDRAM. 1In step 480, the BIOS redirects the PAM
registers to execute software from the RDRAM. BIOS passes
control to the operating system via the resume address
stored in RDRAM in step 410. 1In step 490, the operating
system processes the wake event interrupt. 1In step 495,
25 recovery from the sleep state is complete and normal
operation in the awake state resumes.
Figure 5 shows a processor and memory subsystem within
the context of a larger system, such as might be found in a
desktop system, portable computer, portable communications

30 device, set top box, or video and graphics controller.
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receiving a first sleep trigger signal fromthe operating system executing
the software stored in the second nmenory in 25 response to the receiving;
reconfiguring the processor to transition to the sleep state in response to
a sleep trigger signal; and receiving a second sleep trigger signal. - 16
11. The method of claim 10 wherein the software stored in the second nenory
conpri ses system nmanagenent node software, the nethod further conprising
generating a system managenent interrupt in response to the receiving of 5
the first sPeepessoydail ang. mFheryetdrddodfiec] a20n dk whereeiporahed

initializing, fwar t in .t ecqnd nory at the
instructi ong%gﬁﬁg\?\ﬁé% s{aﬁr\% I%gféFl n@e?@gaﬁgﬁsg%cu%%%a%eﬁ‘ &Ehlﬁxf’r ansi tioni ng
to the sl eepemonyed30,3 prifferabl oRDRAM,c Ivdiamm@mahe radmt tdid etrr 4280 t i oni ng

transiti Onstk?@u@tﬁ?fom gbiugt 9380 %}en?otr t%bn%?of‘f’ér T% gr%;%%d of, ¢laim 2

wherein the tran transitions tHe processor s37¢t 4fe. 15.
The net hod éhitialized whertbienekheupi@mpart sgfteapes i fesn fHNcshisngrageache. 20

16. The et . im t her ,conpri.sing resetting the processor prior
to the init?gﬁfg%ng%@i7?%lbgg ggs?%%g%%ﬁﬁrﬁgiﬁﬁmaiﬁﬁ%gé§gﬁPPsatPirst 25
menory, a finsorperary thenBIOL| etoragrl devieeohdtoetins ysamwhehgiph althe

processoraﬁgggﬁggggy §¥HNQH%Ihgk?ggvgzdgy%ffzrfSEQreceiving respective cl ock

si gnal s, ITst nenory s es operatin Ystem sof tware, a mnet hod
for transitioni nBowet weerthen sgetke 5% atuppdiddabg| pepestsairrcad0 5aenpri si ng: -
17 10 In a portable system, power source 545 may be a battery.
In desk top or set top devices, the power source may be a
DC source drawing AC line power. The power is distributed .
by power control circuitry 550. Power control circuitry is
responsive to the processor to decrease or cut off power to
15 various parts of the system. Power control circuitry 550
can also inform processor 510 of a low power condition. As
shown the power control circuitry interfaces with the
processor in a manner independent of main bus 560; In
other embodiments, the power control circuitry may be
20 treated as any other peripheral connected to the main bus.
In a desk top system, the main bus may be a PCI bus.
Connected to the main bus are display 580, high density
storage 590, and peripherals 590. In.some systems that are
graphics intensive, display or graphics controller 580 may
25 have its own dedicated or high speed path to the processor.
Display or graphics controller 580 may be connected to
processor 10 or memory controller hub 20 through a separate

bus or may be integrated with the memory controller in the

processor core. High density storage 590 will typically be
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preparing, under control of the operating systemsoftware, for a transition
fromthe awake state to the sleep state, the preparing including
configuring the address space mapping to point to the second nmenory 5
followi ng the detecting; preventing the receiving of the respective clock
signals; transitioning to the sleep state; detecting a trigger to
transition fromthe sleep state 10 to the awake state; initializing the
first menory controller in response to the detecting, the initializing
conpri sing exewand ryiBlecs Sofipherals 9% wiétonslr yrenimhy thexecut i ng

operating systgmspofivware,afttershe 15 initializing. 18. The nethod of
claim 17 fur?her conprlgﬁng gt%élng a BIOS resune address in the first

menory; and t ransﬁ%‘?errlrﬁ@gc@ﬁt Fogufe o ttheeBl @Sffordrte dm}méliahlragl&ﬁ)s system
fol | owing theot i tdcald Zigebt ! B L Ol LS URRARALL LSS o tfif gat he first

menory. 19. The nethod of claim 18 her rising ®down t he
first merfor yPERFRIVIY &10pr(CBP) t 00X3RhIZB denscol hgr GHD AnystEﬁﬁconpr|S|ng

a processor hawdig ahiaealierSk3b o(AUb d3he8PaShakS:, ALlLSl, IEnphy: 30 a

first menory controller; - second nmenory
t he second n@ﬁmﬁ%ﬂht#ﬂtaﬂ%ééaﬂesntQ)arﬂnnqﬁelzblphé401rﬂmenﬁanry controller

5710 the. averd Giarer 31 1880 O P e DS e Bk 85T ot roror y
stores operatY&y syrst ehoyof awadestirmzt sedpsd NEherycCH snayoavebabel e nenory;

10 incorporated into chip 640. ICH 650 controls the operation
of the main bus, for example, the main bus 560 shown in
figure 5. ICH 650 has an output (NRST) that resets chip
640. ICH 650 has a separate output (PCIRST#) that resets
the main bus, for example, a PCI bus. 1In configuration 2,

15 processor 610, GFX 620, and MCH 630 are each in separate
chips. 1In configuration 3, processor 610 is in its own
chip. GFX 620 and MCH 630 are in a single chip. 1In
configurations 2 and 3, CPU 610 has its own reset input
under control of ICH 650.

20 In configuration 1 chip 640 and all its components are
powered down in the sleep state, for example, an 82 state.
In configuraﬁion 2, CPU 610 and MCH 630 are powered down.
GFX 620 is left powered to maintain a display.
Alternatively, GFX 620 may be powered down to conserve even

25 nmore power. In configuration 3, CPU 610, GFX 620, and MCH
630 are powered down. Powering down the components in
addition to stopping the clocks substantially reduces
leakage currents. Additionally, the interface between ICH
650 and the other components is isolated. This interface

30 is not a PCI interface, but a messaging protocol based
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10 the second nenory stores BICS software: and the operating system
software is configured to control a transition fromthe awake state to the
sleep state. 22. The systemof claim21 wherein: 15 the operating system
stores a BIOS resunme address in the first menory prior to a transition from
the awake state to the sleep state; and the BIOS software returns control
to the operating systemusing the stored Bl OS resunme address after the 20
menory controller is initialized. 23. The systemof claim21 wherein the
first menorynéemferees RDRAMD 25n2ﬂguﬂmen3yst$ﬂ1?tacigan%ﬁﬂg%ﬁﬂﬁﬁﬁﬂpﬁrging
cond neno o ry 5 syst.em of cl ai urther
zsstenlnanagéﬁeﬁgpn%%gﬁéo ﬁé%e?egggsgy ﬁgﬁfﬁﬁﬁgﬁéng%WnﬂﬂHé?ﬁ?%ﬁﬁtwﬁre
bei ng i nacceseitbl e Rgdudienpear aﬂﬁmgnsyﬁigameaac{ade- pdfer izrv\/r6 @{Teﬁlegzsi/gtee?nyg; em
managenent S initialkliz the fi nor
clai%120 mhg?g?ﬁ ?%éwg%géégéhr?%g E?QStam%ﬁgﬁyﬁ nHl¥}r%Tt%%%Dry control | er
have cl otk baptesy thee siystaemubeltrpnti;éhg?a},} dek Odﬂsaﬂai@r@%r;;;ﬁ_bdisvs prevsntl ng
he interna | f rogessor, first nmenory, an irst menor)
LontrolIer.Ef%h§§$b#%%9§V%Fgﬁggggélain120 wherein the processor and first
menory control | eFheedigel adechiembadinembn ot pxeRBlafheos)st erowfercl ai m 20

LSE I,.6li ' he sa hi t he pr.ocessor and
et renor SrpRURRefalid S A0 ch, OGS U 5PY: PRl Taytie i i Reont i gur ed

Appendix
10 The S1 and S2 sleep states of the ACPI Specification,
Revision 1.0b, released February 2, 1999:

9.1.1 851 Sleeping State
The S1 state is defined as a low wakeup latency sleeping
15 state. 1In this state no system context is lost (CPU or
chip set), and the hardware is responsible for maintaining
all system context, which includes the context of the CPU,
caches, memory, and all chipset I/O. Examples of S1
sleeping state implementation alternatives follow.
20
9.1.1.1 Sl Sleeping State Implementation (Example 1)
This example references an IA processor that supports the
stop grant state through the assertion of the STPCLK#
signal. When SLP_TYPx is programmed to the S1 value (the
25 OEM chooses a value, which is then placed in the \_s1
object) and the SLP_ENx bit is subsequently set, the
hardware can implement an S1 state by asserting the STPCLK#
signal to the processor, causing it to enter the stop grant
state. 1In this case, the system clocks (PCI and CPU) are
30 still running. Any enabled wakeup event should cause the
hardware to de-assert the STPCLK# signal to the processor.
9.1.1.2 51 Sleeping State Implementation (Example 2)
When SLP_TYPx is programmed to the S1 value and the SLP_ENx
bit is subsequently set, the hardware will implement an S1
35 state by doing the following:
1. Place the processor into the stop grant state.
2. Stop the processor's input clock, placing the processor
into the stop clock state.
3. Places system memory into a self-refresh or suspend-
40 refresh state. Refresh is maintained by the memory itself
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to flush the cache prior to the transition fromthe awake state to the
sreep“state. 29. A portable conputer system conprising: 20 a power storage
nmedi um a display; a processor; a processor clock; a first nenory; 25 a
first menory controller; a second nenory, wherein the systemincludes an
awake state and a sleep state: wherein the processor and first menory
controller are 30 not clocked in the sleep state; and - 20 wherei n
software in the second nenory initializes the first nenory controller
responsi ve be ahféaqhﬂgdmy1dkheﬂlEbﬁeﬁédﬁ§3c§béketﬁékti§3da%a%%ogﬁéﬁe- 5 30.
The system abirthai the% fdeplihgr sega@rising circuitry to disable the flow of
power internal $oop el Preaceesobiobks StadBRMIY taONEE Old 1sr%%%1f LSt menory.
- 21 A, AR sPstem ALIAChAD) AN, Néma A the- REZ- ¥ 1 PVeantAnud - AU@ . Ay, . A
.Au, . AL'5® running.

In this case, all clocks in the system have been stopped

(except for the RTC's clock). Hardware must reverse the
process (restarting system clocks) upon any enabled wakeup
event.

10 9.1.2 S2 Sleeping State
The 52 state is defined as a low wakeup latency sleep
state. This state is similar to the S1 sleeping state,
except that the CPU and system cache context is lost (the
OS is responsible for maintaining the caches and CPU

15 context). Additionally, control starts from the
processor's reset vector after the wakeup event. Before
setting the SLP_EN bit, the ACPI driver will flush the
system caches. If the platform supports the WBINVD
instruction (as indicated by the WBINVD and WBINVD_FLUSH

20 flags in the FACP table), the 0S will execute the WBINVD
instruction. 1If the platform does not support the WBINVD
instruction to flush the caches, then the ACPI driver will
attempt to manually flush the caches using the FLUSH_SIZE
and FLUSH_STRIDE fields in the FACP table. The hardware is

25 responsible for maintaining chipset and memory context. An
example of a 52 sleeping state implementation follows.
9.1.2.1 S2 Sleeping State Implementation Example
When SLP-TYPx is programmed to the S2 value (found in the
\_S2 object) and then the SLP_EN bit is set, the hardware

30 will implement an S2 state by doing the following:

- Stop system clocks (the only running clock is the RTC).
- Place system memory into a self or suspend refresh
state.

- Power off the CPU and cache subsystem.

35 In this case, the CPU is reset upon detection of the wakeup
event; however, core logic and memory maintain their
context. Execution control starts from the CPU's boot
vector. The BIOS is required to:

- Program the initial boot configuration of the CPU (such

40 as the CPU's MSR and MTRR registers).

- Initialize the cache controller to its initial boot size
and configuration.
= Enable the memory controller to accept memory accesses.

- Call the waking vector.
45
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U to the awake state;

initializing the first memory controller in response
10 to the detecting, the initializing comprising executing
software in the second memory: and

executing software in the first memory after the

initializing.
2. The method of claim 1 further comprising:
15 preparing, under control of software stored in the

first memory, for a transition from the awake state to the

sleep state; and

transitioning to the sleep state.

20 3. The method of claim 2 wherein the software stored

in the first memory comprises operating system software.

4. The method of claim 2 wherein the first memory
comprises RDRAM.
25

5. The method of claim 4 wherein the first memory

controller resides in the same chip as the processor.
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8. The method of claim 5 wherein the software in the

second memory comprises system management mode software.
10
9. The method of claim 1 wherein the processor and
memory controller have inputs for receiving respective
clock signals, the methéd further comprising preventing the

receiving of the respective clock signals prior to the

15 detecting.

10. The method of claim 2 wherein the preparing
comprises:
configuring the processor to execute the software
20 stored in the second memory in response to a sleep trigger
signal from the operating system;
receiving a first sleep trigger signal from the
operating system;
executing the software stored in the second memory in
25 response to the receiving;
reconfiguring the processor to transition to the sleep
state in response to a sleep trigger signal; and

receiving a second sleep trigger signal.
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12. The method of claim 10 wherein the initializing
executes the software stored in the second memory at the
instruction following the last instruction executed before

10 transitioning to the sleep state.

13. The method of claim 2 wherein the transitioning

transitions the processor into an S1 state.

15 14. The method of claim 2 wherein the transitioning

transitions the processor into an S2 state.

15. The method of claim 2 wherein the preparing
comprises flushing a cache.
20
16. The method of claim 2 further comprising

resetting the processor prior to the initializing.

17. In a system comprising a processor, a first
25 memory, a first memory controller, and a second menory,
wherein the processor and memory controller have inputs for
receiving respective clock signals, and the first memory
stores operating system software, a method for
transitioning between an awake state and a sleep state

30 comprising:
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10t c! d$dWlee?edRigidecting a trigger to tran51t10n from the sleep state
10 to the awake state;

initializing the first memory controller in response
to the detecting, the initializing comprising executing

BIOS software in the second memory;

executing operating system software after the

15 initializing.

18. The method of claim 17 further comprising:
storing a BIOS resume address in the first memory; and
transferring control from the BIOS to the operating

20 system following the initializing using the resume address
stored in the first memory.

19, The method of claim 18 further comprising

powering down the first memory controller prior to the
25 detecting.

20. A system comprising:

a processor having an awake state and a sleep state;

a first memory:;

30 a first memory controller;
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. 109%& () - -}Qggﬁéﬁfié Qh%o%@}gi’ﬂeﬁg}ynggw@}%§yggiresponsive to a

trigger signal signaling a transition from the sleep state

5 to the awake state.

21l. The system of claim 20 wherein:
the first memory stores operating system software;
the second memory is nonvolatile memory;
10 the second memory stores BIOS software; and
the operating system software is configured to control

a transition from the awake state to the sleep state.

22. The system of claim 21 wherein:

15 the operating system stores a BIOS resume address in
the first memory prior to a transition from the awake state
to the sleep state; and

the BIOS software returns control to the operating
system using the stored BIOS resume address after the

20 memory controller is initialized.

23. The system of claim 21 wherein the first memory
comprises RDRAM. |

25 24. The system of claim 21 wherein the second memory
comprises RAM.

25. The system of claim 21 further comprising system
management mode software, the system management mode

30 software being inaccessible by the operating system, and
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26. The system of claim 20 wherein the processor,
5 first memory, and first memory controller have clock
inputs, the system comprising clock disable circuitry
preventing the internal clocking of the processor, first

memory, and first memory controller.

10 27. The system of claim 20 wherein the processor and

first memory controller reside within a common chip.

28. The system of claim 20 further comprising cache
residing in the same chip as the processor and first memoxry
15 controller and wherein the operating system is configured

to flush the cache prior to the transition from the awake
state to the sleep state.

Yo

A portable computer system comprising:
20 power storage medium;
display;

processor;

processor clock;
first memory;

25 first memory controller:;

YR R VR VR VRN R R )

second memory:;

wherein the system includes an awake state and a sleep
state;

wherein the processor and first memory controller are

30 not clocked in the sleep state; and
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sleep state to the awake state.

5 30. The system of claim 29 further comprising
circuitry to disable the flow of power internal to the

processor, first memory controller, and first memory.
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