: WKYZe3e@6FT ,, 't 0 5 JUN 2003 BREAK EVENTt GENERATI ON DURI NG TRANSI TI ONS
. BETWEEN MODES OF OPERATION IN A COVPUTER SYSTEM BACKGROUND ‘FSTWN'ZUB‘ENT' ON
Field of the Invention The present invention generally relates T0
transitioning a conputer system between nodes of operation. Mre
particularly, the invention relates to tra]nsi tioning a portabl e conputer

bet ween hi gh perfornmance and | ow power nodes of operation. Still nore
particularly, the invention relates to}senerati ngr a break event to alert

the conputer BREAK £Bpoher GiahdgeAddON dYURINGatI R ANIIFIARINSI BE Tok NN
modes of operation hag)OPSPOgt EPEBAGHENAYRIACCOMP U TERNS VAT ut er

systens require electrical power to operate. Portable conputers ("l aptops")
can operate either fromalternating current ("AC') power froma wall plug
or direct current ("DC') power froma battery. Because batteries only hold
enough energy for the conputer to operate for a finite period of tine, it
is desirable to nake the bat BACKSRMINDAF THRJNAENOERN bl e. | ncreasi ng the
time in which a battery can provide usabl e power can be acconplished either

by provi di P&]cﬁoﬂthﬁ[enH&E‘Si ty battery (i e., a battey that provides nore

energy per unit volunme) or designing the conputer systemto require |ess

power to operate. Desktop personal conputers generally operate only from AC

power. Even thoggh ueh GRERYEEEnGENE rakby 1 BafiBioBRE Al din il t

power, it never ?ﬂelszsHtl S des(lsrgg?e {Bg pr ov!tde a doesﬁ%fgp S sterm tshegl? befbden

consunes agokkd bif opRtRiph! | 08bre PRMBEUIASy, PBS ShdRioReugéN e ttxl&ﬁsitioning a portable
computer between high performance and low power modes of operation. Still more

particularly, the invention relates to generating a break event to alert the computer system’s

power management logic that the transition between modes of operation has completed.

Background of the Invention

Computer systems require electrical power to operate. Portable computers (“laptops™)
can operate either from alternating current ("AC") power from a wall plug or direct current
(“DC”) power from a battery. Because batteries only hold enough energy for the computer to
operate for a finite period of time, it is desirable to make the batteries last as long as possible.
Increasing the time in which a battery can provide usable power can be accomplished either by
providing a higher density battery (i e., a battery that provides more energy per unit volume) or
designing the computer system to require less power to operate.

Desktop personal computers generally operate only from AC power. Even though
such computers generally do not operate off of battery power, it nevertheless is desirable to

provide a desktop system that consumes as little electrical power as possible Reducing the
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05J UNZ003 electrical power demands of conputers, and other electrical
_.equipment, helps to alleviate the environnental concerns cdh§edUNy2003

el ectrical power plants. One technique for reducing the power demand of a
conputer is to lower the frequency of the central processing unit ("CPU")
clock signal. The CPU clock signal is a periodic signal which oscillates
between two voltages at a specified rate and controls the internal timng
of the CPU. That rate is referred to as the "frequency" or "speed" of the

cl ock signal. A]£40.0 M-1z %PU cl ockf, for exanpl e, 0S ill.ates bhetwee ﬁwo
vol t age | evel sC&firigal ap¥ehdeasndniql] s iied hanee sﬁa?alm@%% RSy to
consune | ess.power when operated usi ng logk, signal s at |ower speeds. A CPU
oper at i ngal?ff\dﬁlegﬁ%edﬁlrmegﬁa{)&'%’cgr’ﬁr%}l Sg’ﬁeereé:frfcf RONEREY | ess power then

t he sanme CPU opgrati te 4 . (£ r i yel

comput o syst o Bauneyd ol fubih nERRE RRRhY b RRdhBPI BIRTH HE Squenpy

devi ces t Biaﬁle%gﬁ'ﬂ?e{ligﬁ(ﬁcetsﬁﬁ% GRITRUELTT PR Enalt *FH&"@PUV&B&@QEMI'?Q ) p&liS&c REIAP

equal , a 5V proces consunes nor € power than a 3.3V processor.

Accor di ngluyichQA8iIMRY beRydeq RPN shétiffedRERIH RonBYIS MR Inkeindl YminB & f the
conputer to transition froma higher or” power node of operation to a”l ower

power nmodepof PRANakii9fefeied & hAthR, "fREedsT bhagead tdfahé eRTk siAgL. SAt AR MALS
may i nclude disconnecting the AC power cord froma portable conputer,

t her eby requi ¢loelg fohexaopipUbRilldies aaeat evd veltigd [BRld /riyratd of B8y hENITRANGBed S
i ncreased while the conputer operates off AC power by running the CPU at

its maxi npen seadel]l SPEegeiirally copamad leagp@idr volsint apeyat@busing clotlke shtlsedtMower
charge is conserved by running the CPU at a sl ower speed and/or operating

t he CPU aspeads.oneCPUodpeaging fromtahd0(pbiHztibek signgd igeneralin conmtess dessgroviay thel p
cool the electronics, the fan muy be turned off to further conserve battery
power W t Hsusameh€Pilappdreting ay400 NMbal Apditieratyuansior altesnasively comipoter marytem
become warnmer than is desirable. Reducing the CPU voltage aneliorates this
pr obl em CPOVEi GORWMpsIvEecICbgodiceds byebivingedhe ehstricghplgvises shusemprise the

transition back to the higher power_ node: of oper a;i on
computer operate a lower voltage. All else being equal, a 5V processor consumes more power

than a 3.3V processor.

Accordingly, one way to conserve power in a computer system is for the computer to
transition from a higher or power mode of operation to a lower power mode of operation in
certain, pre-defined situations. The situations may include disconnecting the AC power cord
from a portable computer, thereby requiring the computer to operate from a battery.

(¢ Performance is increased while the computer operates off AC power by running the CPU at its
maximum rated speed While operating off battery power, the battery charge is conserved by
running the CPU at a slower speed and/or operating the CPU at a lower voitage. If the
portable computer includes a fan to help cool the electronics, the fan may be turned off to
further conserve battery power Without the fan helping to cool the computer, the electronics
may become warmer than is desirable. Reducing the CPU voltage ameliorates this problem
Of course. once AC power 1s restored. the computer should transition back to the higher power

mode of operation



0 5 JUN 2003 J The Intel Corp. as suggested an initiative called

" GeyserV| | 1 e Technol ogy"” which permts a conputer to transi glg)ryulprMen
varlous power nmodes of operation. Intel chip sets (e.g. processors and

bri dge devices) that inplenment Geyserville technol ogy include |ogic that
initiates transitions between power nodes-.of operation. In a "high

per f ormance" node, the CPU operat es at fufl speed and a hi gher voltage than
when operating in a "l ow power" node |n whi ch the speed of the CPU cl ock

O i A A T
of ten T of Shegtl 4 GodBud: 'i&%xsﬁsgeh'b'eﬁv clear@gc brgn bR AR, T B st

ch| p sets the serv ogy I ncl

Pr oces;&ﬁ% ﬂvgpéggﬁrs Mad W Fe'\@?ick@ dYRdw emm@%%&mu% KGR in @laa@fogigggét

1998 and /1AB PCl - | SA/ I'DE XCELERATOR" (PI'l X4) " date

both of Wiifhte@E8ndifSRy PAGREE HoRRF BldleP¥f bERIBIANCE: a khi Ba;&ern&bsr%a@%e
that in certain situations a cConputer that inplenents the standard

Geyser vi | CPUSstgatesb fallispeed 041 £highyr wltdsethiawhen SpRatil RIS IpHvgient™ Abde e
conputer fromoperating normally. These problens occur 1n situations in
whi ch t he whiohpdit 8peddsofi the IUPEJ plook sipnalodndtoparasiohal voltage 4re eedweaé Tedsitidning a
operation to anot her node when the CPU is requested to perform anot her
functi on. cémputexbetpleen ope@tipsarmbddseniantedaneptwithgthe Weaysernille Techinolegy risbfign
experience latency and retries may be required prolonging the Geyserville
nmode swit cdferr@h® asod UGeymerdibbe minids spritohl”’ePedcsipfions efHateliskip et thattimpdementighe
conputer in such a way as disturb the CPU duri ng@the Geyservil |l e node

swi t ch. Tﬁies'sgptﬂ)lpda@momgyc@g%dﬁ "UiteleBentiami &1 Brocersar HpbilpdM iMgbide Medule
remenber not to press a key or other in ut deV| ce dunna a Geﬁserw I'le rmde

sw itch F&opptor i % sMMCsh uslatednsAugistn e '€ r $Gldadma/l
recenes a B atjon ov ne duruy a ser

rode cw LKA TERmBHEATE dritbrs eleﬁgsﬁaﬁﬁé@ S ik incoeig %m«mw
causes the |st| Il hance to the _c¢ a 5 JUN 2003 4 CPU dur| ng the node

switch. | {®W60fd9 be better, however, to provi de a conputer systemi n whi ch
t he CPU cannot i stu bed r| n ns,; 0
convent i onal 3]7tbkfaég§en §e|’d'x? aﬁé ce ?Rgggns\é\éu&c %‘y{%rotjrﬂr%u lgmergfg ﬁ%ﬁa&é

?I\I(/ELm toc\’ld%%e?vﬁ]l% mote s@?(a'}l%g]legﬁc m‘%"&ugeo\ £50S brob%#ﬁe%ﬁﬁe QEmEUEr from

operating normally. These problems occur in situations in which the computer is in the
process of transitioning from one mode of operation to another mode when the CPU is
requested to perform another function. For example, a Geyserville interrupting event may

{ undesirably experience latency and retries may be required prolonging the Geyserville mode
switch.

One solution to this problem is for the user to not use the computer in such a way as
may disturb the CPU during the Geyserville mode switch. This approach places an
undesirable burden on the human user to remember not to press a key or other input device
during a Geyserville mode switch Further, in some situations. such as when the computer's
modem receives an incoming communication over a telephone line during a Geyserville mode

switch. the computer’s hardware resources. not the human user. causes the disturbance to the



The deficiencies of the prior art described above are solved in |arge part

- by a conputer systemthat can operate in one of a pIuraIityﬂqiéﬂﬂg?g£ such
as a high perfornmance node and a | ow power node. In the hig nce
node, the CPU clock is faster than in the | ow power node. The CPU vol t age
may al so be higher in the high perfornmance node than in the |oin power

node. The | ow power node may be desirable for a portable conputer operating
frombattery power in order to conserve the battery's charge. The conputer
syst em pr effEy abtig thamdt isemsht hewekld bobater, Howmeper, 3¢ picvidbld tagplibe (sjﬁi’éiﬁ
switch and, in accordance with the preferred enbodrnent precl udes devi ces
not associvatield té tOPUhesmodeet dingbid alurihg aie "medd Bwitch witlouCRYe befobtend e
node switch has conpl eted. Accordingly, only logic that detects the end of
t he node swhiationalsybteask IDdpite tingpadventagastsuch a torepsteesystent wbeld dffer] toadate no
conpletion of the node swtch is not slowed down by non-node switch rel ated
events. Tisecleystam evkoyet erexptef er abl y i ncl udes a CPU nobi | e nodul e coupl ed
to a bus bridge device, stop clock logic and a clock generator. The bus

bri dge device ine(udes registers that can be progranmed by the CPU nobile
nodul e to enabl e a break ev gﬁbf e Initiated by the
CPU nobi | e nodul e upon conp gp?on 0 %FgggEggEcgpthe node switch is
conpl ete, the CPU nobil e nodul e asserts a general purpose input signal to

e i S TR R R B e
; y égﬁehﬁﬁét é?ﬁﬁl) a”té‘ﬁnortcpczfaﬁ&ahﬁ)gf zhgdégm kl%s %rl‘r Hﬁh‘é y mbi&add: "

nobi |l e no can orn te t eve Z00 |ng and

generati ngo® Mv@é%@&@ mln R highSpdHdrmahey erad@ym@l@w eﬁacﬁtlb%stérhﬁgn ROy
nobi | e nodul e, the problens descrrbed above regard ing conventional conputer

systens anRwérhidet %e@P@%ltﬂ%@ ‘l(ffaq)s@&iehﬂgher TieheMtagh perSoreldat@foaeE itlhdn @Sthe
descri bed above, as well as other features, will be readily apparent to

t hose ski llb&thdwr ii@dear Thel e poeatlirode s Beoddstrubla dode padttdel compatet Pheatingf

the preferred enbodi nents of the invention, and by referring to the

acconpanyifrgn dhaaswy n@swer BRoifder RESERERE Itid\baBeryT$HEhaDRAVWINGS ndpubetsy stem preferably

under st andi ng of the present invention can be obtai ned when the foll ow ng

det ai | ed dessitiops itlon CHU tche ‘sleepéstacad deringm thermspdes swicle emd i ideacegtdamce with the
conjunction with the follow ng draw ngs, in which ure 1 is a bl ock

di agr am ofprefegedprmbedisynt eprecludet dagices noh aa@e@ﬁ@damg fliet madpetransition from

“waking” the CPU before the mode switch has completed. Accordingly, only logic that
detects the end of the mode switch can break the computer out of the sleep state. Further,
completion of the mode switch is not slowed down by non-mode switch related events.

The computer system preferably includes a CPU mobile module coupled to a bus
bridge device, stop clock logic and a clock generator. The bus bridge device includes registers
that can be programmed by the CPU mobile module to enable a break event that preferably
can only be 1nitiated by the CPU mobile module upon completion of a mode switch. Once the
mode switch 1s complete, the CPU mobile module asserts a general purpose input signal to the
bus bridge device to initiate a break event. The particular general purpose input signal used to
minate the break event preferably is not shared by devices other than the CPU mobile module

and thus, only the CPU mobile module can imuate the break event



preferred enbodi nent; Figure 2 shows the progranmmable registers included in

'@ register set that are used to programa break event in arc{ﬁ rﬂanc%xﬁth
the preferred enbodi nent to signal the conputer’'s power nm é 1200 gic

that the node switch has conpleted; Figure 3 is a flow chart showi ng the
preferred steps for configuring a break evwent in accordance with the
preferred enbodi nent of the invention using the registers shown in Figure ?
, and Ftgure 4 is a flov~~ chart showi ng further detail of one of the steps

of the flow chagt eﬁgblﬁﬁg@l nePHREH ERLIANRNY Ght 1 ENGLATIYRE (Q%lfc%siolﬂm:rgﬁeﬂpthe

are used throughout t ow~I n= description and clainms"to refe

har t t cul arceysheieaRABEMRE Hrotteme A8scbkd hfcl r@gér@i@tg%Bﬁvéf\@ibhalae%a{_lp%fé-rasrygtems
conput er conpani es n~av refér to a conponent by different names This

docunent deesnifighted B @REided altogéthsr. LTAS driouskharadlekibid0b3chigdd@RRe, as well as
conmponents that differ in name but not function. In the follow ng

di scussi onotherdfehturdsheviit loai rozdilyt fygpat et ne thoseskilled irgtheandupaoreadingithe Toldswing
used in an open-ended fashion, and thus should be interpreted to nmean
"i ncl udi ngdetdiletd description o£thet preferted exhbadimeite of ehenitveotigrl, elndoby tefertiplge®” thes
intended to nmean either an indirect or direct electrical connection. Thus,
if a firstacdempenyinpdramengs o a second device, that connection may be
through a direct electrical connection, or through an indirect electrical
connection via other devices and connections.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention can be obtained when the following
detailed description of the preferred embodiments is considered in conjunction with the
following drawings, in which:

Figure 1 is a block diagram of a computer system constructed in accordance with the
preferred embodiment;

Figure 2 shows the programmable registers included in a register set that are used to
program a break event in accordance with the preferred embodiment to signal the computer’s
power management logic that the mode switch has completed;

Figure 3 is a flow chart showing the preferred steps for configuring a break event in
accordance with the preferred embodiment of the invention using the registers shown in Figure
2, and

Figure 4 is a flow chart showing further detail of one of the steps of the flow chart of
Figure 3.

NOTATION AND NOMENCLATURE

Certain terms are used throughout the following description and claims to refer to

particular system components As one skilled in the art will appreciate. computer companies

may refer to a component by different names This document does not intend to distinguish



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now to Figure

-«1, computer system 100 constructed in accordance with the pﬁp@gﬂgigg
enbodi ment generally includes a CPU nobil e nodul e 102, grapf p%rator

110, display 112, main nmenory 120, clock generator |40, stop clock |ogic
150, and bus bridge device 200. Cbnputercéysten1100 may i ncl ude ot her

devi ces such as a hard c!isk drive 160, ROM drive 170, an audio card
176, a keyboard 178, a basic input/output system ROM 180, and ot her devices

desi d whi ch .shown | i . Th i .sh [ .
Fraure 1 1srm e BB B arr R tel Rtuon ' PRSI TRR R YEy eb e
al though thedLaxentlon, &l so.can anpl o, handheld, comypehooferices.  deskt op

conput ers, hefr 'ypes o ctroni'c devites i n whi S

t it i Lffd : i Th )
robi e modiretrfS bRt id ShARkipp M b MRARRL B, 2P AR, (el Bolil
(\~I MC-2) JrepuiAck Yt ¢GteRded 3t Bkdn SRR an if@HRI &Sdirré?:lt @legﬁ%gg&ﬁﬁxe@t%el Phad 9f o

110 by way of ~,raphics bus 108 and to nain nenol ~\ ~ via a nenory bus

122. The GRY ankid eoupleiuicea Kodordl 86vidy, ANt dRfinétfioh thal batrrolgh 3 BRI RIK%RMal
conponent interconnect ("PCl'') bus 130. The ~raphl cs accel érator 110 car..

be any suicbaibdctioacaahiughan isdiedet slscttic@RoRa@ioh Viakytieer Idekizksd AdfddanhbdtRihsh~'
.-DTI Techno~0"',leSII":C. DLSpla~" 1 1 ~' plCferabl\' is an active matrix
t11111 f11121 LI-1iflSISIO1 ~"TFT ~~ dl Spla\ . hill dleC- 11\' Call be

ally sU table al spla\, - < : ) 2003 7
retinal display (%})&@ %%Jﬁ%@i@%h@@pﬁ%%&@oﬁwgpm cs bus
1 &8 coupling the graphics accelerator 110 to the CPU nobil e nodule |02
preferably co ises an advanced grﬁghics port é"AGP"AEor ot her suitable

dr &P fl

bus ar chit ect urtefeENgHNE L0 Figuee puten Y st 4 89 gnspructid; ippcsordanigeMithdhe s
t ext d 2D d 3..D hi J i 112. Th hi . | t

T prosegeeited Shnsudl B8R PR CRY mode gl B8 e ORGS0,

i nt d ou f in.. 1 Th i | . th f

o2 . b o2 Bee Rt 39, TR, 2EAPRLERCAALEHRL et 330] BE B 0BBURR

el n Pfgﬁ}@ég%%gg%@;ﬁ@ggsy%%hb§ B8 ofEF BETTBABLER of Alafls bRk drR 00"
CD ROM drive 170, an audio card 176, a keyboard 178, a basic input/output system ROM
180, and other devices as desired and which are not shown in Figure 1. The embodiment
shown in Figure 1 is representative of a portable (i.e., “laptop”) computer system, although the
invention also can apply to handheld computer devices, desktop computers, and other types of
electronic devices in which it is desirable to transition the device between different power
modes of operation.

The CPU mobile module 102, which preferably is the Mobile Module Connector 2
(MMC-2) manufactured by Intel( Corp., couples to a graphics accelerator 110 by way of a
graphics bus 108 and to main memory 120 via a memory bus 122. The CPU mobile module
102 also provides an interface to a peripheral component interconnect (“PCI”) bus 130. The
graphics accelerator 110 can be anv suitable accelerator such as a 3D Rage LT Pro
manufactured by ATI Technologies Inc. Display 112 preferably s an active matrix thin film

ransistor CTET™) display. but generally can be any suitable display device such as a virtual



.The PCl bus 130 couples various peripheral devices to the CPU nobile nodul e
102. One such peripheral device is shown as PCl device |28 whi cwsrrﬁguaguua
represent a tel ephony card, network interface card, or other perip
conponents. Bus bridge device 200 al so couples to CPU nobile nodul e 102 by
way of the PCl bus 130. The bus bridge device 200, which preferably is the
82371 AB PCl-to-1SA/IDE Xcelerator (PlIIX4 or PIIX4E) device manufactured by
Intel ( Corp., performs several functions. One function is to provide a
communi cat irenzapatshldyat-ween i pl-ed. t e. PCl bus, 130 to devices
coupled to a secogdal?gteri phgﬁgrlhgﬁzcrfg%.&%a'\s@%@ )'pﬁ’? §W8P’§F%B§|é(‘f&mummg the

i npl enent edraphémrabcaigrdter 1 hetd rehitecture ("1.SA") bus or
ext ended i nput, ~out pui (EI O tb%ﬁ%@é@@@?ﬁ@@é@é@&& FiS¢shen pépanced

bus. The bgsaphidsgget (dAﬂPC’&OQQﬁeﬁ&lﬁﬁabp}l’&,\gia{;{%ﬁegtﬂI&erfaces to a hard disk
drive 160, CD ROM drive 170 and one or nore universal serial bus (' USB")

ports 166. The UsEplpcs tascel@ftoar El (UpRifarhb] Od'onﬁgﬁnl%ﬁ@é}ﬁlgvﬁf I Z?ﬂ%%@p%%@'b 3D

conponents such as caneras and scanners to the conputer sys

devi ces magrapbigplan dispbyghl 2 h@heSgraphiss hdckldror D) Beseellek %Qgp}ﬁ%éodgev ral
exanpl es ar e. hown m Fi gure 1 as an audio subsystem |76, & keyboard I tures
and a basi ¥hfan. beerffostivelyyabiftan ngaandabtyof neim en(orPlCS REk\rk ggﬁlac“é Tl
Bl S i ncl ui:lgq'< l?F\t,fv | evel 0 5 JUN 2003 S instructions that the moBIT 8o
modul e 102  SXHETRHYS may hermeastaried she AGP mstloRdn mditim&écﬁaegt@ﬁi@&i@fgc 55 1o
vari ous i%&l out put H)mﬁii Qns such as storing data on the hard dis drive
1 60. The PREORd eYorldedicateds graphiss el 108 aqeontmaitieds) rapiceresiVaB8f data from
permanentIléfljf'nr}ngmnongﬁif atile menory device such as the ROM 180 shown in
Figure 1. During oF fter systeminitialization, the Bl OS code is
transferred to mﬁcﬁmr?iolZO nd executed thereafter by the CPU nobile
modul e 102 from il 11 W8Py COBRIES VATioNs Raripherak devieg ie dhel CPUPIobidd it @iul do e

102 i ncl udsge &,cRr and, nenmor ntroller and bridge |ogic 106. The
CPU core 104 prcefpgflgg%@ %%?r%erlfgggwﬁﬁ§¥ggﬁ?véﬁ Sciiicks map represaméa telegtony card,

Penti um Idetwdirg s the pripgary .l ogic unit for
execut i ng S%graﬂ?ﬁrﬁ}gfgﬁgt %gcﬁkslér néliggrﬁé?wpsoéw’g[éngﬁ%{%’f‘%%‘?ﬁﬂwq@iaﬂnfg) thples to

operati on QFU eqsipletresdidy SO2BY WG of INEPEERRYgcont rol ler and bridge |ogic
106 provides an interface tgytthCP core 1%9, mai n menory 120, and PCl bus

130. The menor yTieomius obrdle aedc@ri(ﬂgewhﬁﬂgﬁeﬁepagbi qgltng@mWirP?réytpe%wE

read and \\/}{/rizeg request buffers for storing pendi‘ng read
to be servicedatby PREX4R0PYCIENt dibe rmaRii| , -~-_controller
and bridge |ogic 106. The menory controll ergcggﬁ iq%ntlgtglrgg?a Yy pleﬁft‘%mﬁe%cveral
| ogi ¢ to déHtions Anseusctian ivebmrowit® ycok@iunichliah ph@%EwbACHUIES ALBILr atlon
| ogi ¢ whi % gﬁtern‘i nes whi ch nenory request anong a plurality of p@ngi ﬂd ©
menory rezJ ddts 134 tq devigessompledad arseodnd patipleersitvewn 7d.n AKisBN & Peripfied) BL9 J{‘4
generator 140 and stop clock |ogic 150. The cl ock generator 140 pr e#er ag y
i's an | CSYFALTIRRIFRERES @acasfingas thmindysinestandasd arokité@Rie CHISRK’) Bhis BRlextended
( CPUCLK) B{%E/BQGO' Q’f)‘ tzje CPU nobi l e npdul e 102 The stop clock logic 1 ~0
PUt IR OUs Eush geserllitisie suant of the $Hbrvse. fToe sLgbalg d&08 the

asserts a éjl gna

CPU nobi | g 8.102 and bus bridge device 200 to turn the CPUCLK signal
on or off égqggls'@re%dmfaﬁgﬁéct& ﬂg‘ﬁﬁ‘g%ﬁk iy {4k PPREM ddiventyddumenhe afr flog:

i nventionupstRR &HAckud 89jGd =0 ises.a logic A.vrD gate COnl nplll..
k110~ 1' 11 117 the ar- @ﬁjeﬁ ﬁ;%’{“g%& C@Bsm%ﬁg‘éﬁ@éwseé@i r tom@ciing vadeusa
C1'u peripheral components such as cameras and scanners to the computer system 100

Various devices may couple through the ISA bus 174 to the bus bridee 200 Several

examples are shown in Figure | as an audio subsystem 176. a keyboard 178. and a basic

mputoutput system read only memory (“BIOS ROM™) 180 The BIOS imcludes Jou level



0 5 JUN 2003 9 Stop signal, CPU STP# (the # synbol denotes that the signal
-4s active low), and a Vol tage Regul at or Changi ng signal, VRCh%n #. The CPU
STP# signal, when asserted, is used by the clock generator |4 fOJUN 2083 e
the CPU cl ock output signals. Wen asserted, the VRChgng# signal indicates
that a Ceyserville node change between high performance and | ow power nodes
(described below) is in progress. Wien the CPU nobil e nodul e 102 deasserts

t he VRChgng# signal the new state is provided to the CPU core 104. The

out put  Si gRGkudioRM hORCICPRK hOBIE I PN6D &bl 1S RE\MhIESh LY B and
STP# input pin on the clock generator 140. The clock generator' s input”pin

al so can bgiffiznash byd @ar%\/ssﬁl'i)\dt/bﬂngu%cﬁ&ﬁpstﬁbQﬁ%torin@ ERMoSTRE hars SRk LB e
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Pur pose | nfaytiestomt beoser(iCkd BT the megiosy esntrdRegpation o2th2 memélyecobgyil&end bridge
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gate commonls known 1n the art The nput sienals to stop clock logic 130 include a CPU
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timer.30Device 3 Read Load Sel ect (BRLD SEL DEV 3)-R/ W Sel ect swhic ur st
timer is reloaded upon an enabl ed device nmbnitor 3 idleevent. 0 = rel oad
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enabl ed deStopesigiuni CPU_8TP# @ey£nr{ymbo] deroedsahdl thei@igahlow dotivesiow)l Bt a Volfage
reload the fast burst tinmer.28Device 1 Read Load Sel ect (BRLD SEL DEV
1) - R W SeRegilatiri Charging sighhll&fRChgngi. odiokeGP Up SHP&rsigmad bitend adsariedeisnmsat] thyr
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tinmer.27: 1hBucletk Penemtdrel 4ado Eisdble tiBRIAD EMcREMPO- $@h)ls R/ Wheh amsarbd ethe
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Utilization Thrag h@ékﬁ)v&rBHSFiFWeLl);tﬂ VIR Citping# kigahldraintiid 0PY héwitchheshe!1d2 faho
bus utilization detection. I'f the video detect logic findsnore PCl data
phases thai speded teeitiy USrAlTPhrpaisé bhputg GPIH20 ocR1 pehedhs bridee devias 200,ne
slice is counted. 7Reserved. 61 RQ G obal Rel oad Enable (GRLD EN IRQ -R'W 1 =
enabl e anuanmsied shithle NBPI obrthd Mtidge devieherfuabsenthetys bedgdd Géderal Purpose
A obal Standby Tiner. 0 = disable.5 RQB# C ock Event Enable (BRLD EN | RQB) -
RIW 1 = efaitpet (RO kedotheiQBitable, GRAenomesstete sk, Gaeseeyille d.adHiadE_bOvHI#)
tinmer rel oador stop break event. O = disable. 4PME C ock Event Enable gBRLD
EN PME) - R/ input of tengBle mahile seodudel 18R A hedpP @41 govmmiiriean e nrpgyagingpdatort any
generate a fastburst tiner reload or. stop break event. 0 = . .
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br st op Br oa0 Lshel 8/ AR HieP R ACPELORy) S Y SETRH S R
(E1 O_EN- DEVB R adhaie EBARL 81 BhcBGs 98k digeevi ce 8 enabled 1/0 ranges
to be clained by PI1 X4 and forwarded tothe | SAI EIO bus. 0 = Disable. The

LPT_MON_EN nust e referfe@amai)dmbieodee desndobey iigglet@nted QobsrableeardElfi &N a
DEV 13)RIVJ. 1 = Enable PClaccesses to the device 13 enabled nenory and I/0O
ranges to beakavemdhivycPlthcXdscarfdafiotiwapdeds jirofetdbdy InSWAEL O Hrgistd set 210 shown
Di sabl e. The MEM EN DEV 13 or | O EN DEV 13 nust be set to enable thenenory
or |10 decode§igues pestrianedfythe ®Debiidee 42 1& WOENHIE ©!lpRI@ ENCUDEYN 1RJIRbA edch=of
Enabl e PCl accesses to the device 12 enabled nmenory and |/ O ranges to

becl ai ned By PEISKAS Hnigefser welr Hédhelgie heedSArEr depggembodinppsalpreastrheaet 210 Tt
MEM EN DEV 12 or 1O EN DEV 12 nust be set to enable thenenory or | O decodes
respectively. 28Devi ce 11 Keyboard Enable (KBC EN'DEV 11 )R'W 1 = Enabl ePCl
bus decode for accesses to keyboard controller I/O ports (60h and65h). 0 =
Di sable. The EIO enable bit, idle enable bit, or trap enablebit for this
device nmust al so be set in order to enable these

respectivefunctions. 27G aphi cs A/ B Segnent Menory Enable (GRAPH AB EN) R/ W
1 =Enabl e PCl bus decode for accesses to the PC conpatible frane
butterranges (A and B segnents). O = Disable. PlII X4 does not positivedecode
t hese accesses for forwarding to the | SA bus. 26G aphics 1/ 0O Enabl e

(GRAPH IO ENR'W 1 = Enable PClI busdecode for accesses to the VGA I/O
addresses (3BOh-3DFh). O =Disable. Pl X4 does not positive decode these
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14 24Li near Franme Buffer Decode Enable (LFB_DEC-EN) R'W EED'IU&JE bus
- vdecode for accesses to the generic nenory range forlrnear f

Di sable. The linear frame buffer addressrange is defined by the |i near
frame buffer base address and nmask bits(bits[23:10]). PII X4 does not
positive decode these accesses forforwardiing to the | SA bus. 23: 22Li near
Franme Buffer Mask (LFB MASK DEV 11 )R'W This fielddefines a 2-bit mask for
the linear frame buffer address, correspondingto AD[21:20]. A 1" in a bit
posi tion ikkslil€ 8k @astcdnpat rEél@teG@étrﬁ@nﬁﬁ'ﬁlﬂagﬁeéﬁ@ﬁ%a@|ré01$t§rsr!ﬁ)$ ke hindescribed

i gnored) when performng the decode. Thisfield defines the size of the
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results in a split address range. 21: 10Li near Franme Buffer Base Address (LFB
BASE_DEV11) R WReTdtisg inehdtodeigure?, thheedi@ersiusedrenrplerbagehagrfess! erabgiment
correspondi ng toAD 31: 20] for the linear buffer address. This field in

conj unct i ofitie mventeorl BB sWaSK DEXegistersi2dl d18eRegister 3l 1 & MeyGeneral fampose Input
framebuffer that can be enabled for nonitoring using the device

noni t or i n§optek MORICTH. Brgisters oRegisBs Ald isyke dlevie| AeivipMBS(DEVACTA) register.
SEL) - RFW 7M crosoft( Sound System Decode Enabl e (MSS EN)- R/ W 6: 5Sound

Bl ast er DEesister Sdpdethy @BYISEECSRPW AHNeVREPA) E5iTTe I%Mt?IZQIEMPd 215 aspdld e
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theQit |/Q hase ::'rrldr ess_nes %CIEB)JPD address rangesiz
for device 12 acBésses. | MASK~DEV12 ( bi ts[19Dle69']IBf(b‘?Ir espond to AD[3 0]. A"
1' in a bift position indjcates that thecorresponding address bit is nmasked
(i.e. ignoredpreEn2perflorm ngthe decode. Note that progranm ng these bitis
to certain patterns(such as 1001') results in a split address
range. 15: ¢bevicegr 3216 - —f e
| 6bit |/O|base address range (ED[ 15:0J) for the devicel2 I/0O range. \Wen
this fieldis conbined with |MASK DEV 12field __an 1/Q range i s defined
starting firomthé7base apgdPbEdse Sefiestt (GP) AiRfe_PE VI BeRW.e Seleets gder wrievdle
mask regi st er. DEVRESF31: 1&Devivety of deWeermopit@ddodl] stzmd. Oadicired dsed MBASE DEV,
12) RFW Specifies the | 7bjt nmenory base address range (AD 31:15]) for

t hedevi ce [TZ TenNpgy rangeepmagetsalea @@reT gDGS rﬁeﬁm)namfwsencrsea%?m@‘f 12
|1 ze

field, a nenory range is el %

defined by the nmask regis %’i filﬁglgesdg%éegﬁ}%evr ce 9 g nrtoafdg%nabl e
(NEM_EN.DE'\/ ’I?\D’\/~ 1 _=Fnable P decode _,':____ Nenon
addr ess rcmgese?%é?ed by @ﬁéPR)BNSESqBE’V(Q&I _and iavnskRENEN 18- R(\Af c§3§1@@t5 the
=Di sabl e. {The El O enabl e| #isertioprpolardyp fessatsnedled EPF gienaldoi dwicemenitral 6. b
set in order to enabl e t hesassespddph.ve=fasmectd trvs. Bit 20 cbrrddgNn20@3ei8e

6: 0Devi ce |12 Menory Decofgiolyisk]{ MAASK] DEdrebgdids W debpesibhit@st.t he 7Dbi t
menory baJe address maskjused to determ ne t he mem)ryaddress range sr ze fopr

devi ce 12 jaccesses, —MHSK Glﬁfr];n?lﬂg HEDINaNY DE“& WTru bfe*thé Je bt
in a bit position’indicate EcorresNg gsl% 3&3
(i.e. igndred) whenperfof RCRYCT RETdSERAENT ‘fealf & Oﬁ e‘t‘ﬁeé 5

to certainpatterns (such|8s dipable| Bz cyrrrseerﬂi%t@drhwemqﬂrtoaaar% kit 0
ranges. DEVRES@23: 21Reser yedrpDedd ©ealeyBe nfo@ivbhi t or Enabl e (1 O EN DEV
13) R W 1= Enabl ePClI bus decode for accesses to the I/O address range
sel ected hy theNBASEA 13 and TMASK DEV 13 fields. 0 = Disable. The

El Cenabl e |bit or trap eni bI e bit for device 13 nust also be set in order
t oenabl e theserespect+ve—funetions 19160 DecodeMask—(HMASK—DEVE3I)R-W
Specifies the Obit 1/0 baseaddress nmask used to deternmine the I/O address
range size for devicel3 accesses. | MASK DEV13 (bits[19:16]) correspond to
AD15: 0l / O Decode Base Address (I BASE DEV 13)RFW Specifies the I6bitl/O
base address range (AD[15:0]) for the device 13 1/0O range. Wenthis field
is conmbined v~rith IMASK DEV 13 field, an I/O range isdefined starting from
t he base address register value to the sizedefined by the mask

regi st er. DEVSTS31: 30Reser <~ed. 29: 16Devi ce [013] Trap Status Bits (TRf-STS
DEV[013] ) RFW 1 = AnSM # was generated by an I/Otrap to the associ ated

devi ce nonitorsenabl ed address range. 0 = No SMT was generated Bit
29corresponds to device nDnitor 13 and brt 16 corresponds to devrcenDnrtor

o a . ] oA~ ~




~ 5 JUH 2003 1S 20Devi ce 10 Idl e Enable (IDL-EN DEV 10) R~W

Jdevi cenoni
idletiner.

tor 10 idle rel

0

Di sabl e. 19Device 9 Trap Enable (TRP EN DEV9) R W

03, 08 2fta’ "

| = Enabl e

oad events to reload the device non

generationof a trap SM for accesses to the device nonitor 9 enabled trap

decoder ang

es. O

Di sabl e. 18Device 9 Idle Enable (IDL_EN DEVO)R'W 1

Enabl e the devicenonitor 9 idle reload events to rel oad the device nonitor

9 idle tiner.0 = Disable.17Device 8 Trap Enable (TRP EN DEVB)R'W 1

Enabl e gen
trap decod
Enabl e t he
8 idle ti

X
Enabl e ge%zr ion
trap decoderanges? 0

1 Enabl ¢
nmoni tor 7

1 Enabl e
enabled tr
(I DL_EN _DH
rel oad t he
( TRP- EN- DE
devi ce npn
10Devi ce 5
idle relo

D sable. 9

devi cenoni
timer.O
generation
decoder ang
Enabl e t he
3idle ti
generation

nonitor 1
Enabl e g
enabl ed tr

Enabl e (1D

events to
accor dance
100 operat
| ow perfor
internal c
MHz, and

frequency,
usi ng the

per f or manc
system 100
preferred

erationof a trj
eranges. O Di
devi cenoni t or

.0 = Disable

ationof a trapn SM

DeSNe Ff RéadACRESEREt (BRINESBEVDEY SR, (Belée1&nNa
a@@é%&@%ﬂerqar&oah% @ cﬁnapérﬁbreh RevElnldaHE) Rifle 1

%é ql gL r%ki)%ﬁ%eeéf BT%reRP %CIB%&;‘%%%%&S o Lo

limer.
VI Cce
for accesses ththmIJLP monitor 7 enabl

n)
O

{

I

= D
t he devi cenoni
idle tiner.0 =

generationof

a trap SM for accesses to the device nonitor 6

Deryice JBeEicag SplepBRIEN aBEE_PEM ) ERWHESTERsWY . J
wdriclizburst temerd$ tedehded-uport an enabled|douide nivmitde 3 iidle
Biaable: fkRiad thedow bilrsafimen ab:eecloddRiRe Fit BaM tiicy)

d.p UCbhj!gCl dllgc
V6) RF W~ 1 En:
device npbnito
V~)RIW 1 = En
itor ~ enabl ed

;Be‘alcc 2':1*{%&;5\% oad JSﬁ'éE"tt

r

SPLDEVATOW, Srle
“én?*artgswrnférls SR R e
Byentq 8rrerelaad defo¥ O\abtlrsaﬁmswr 1 férlo%%éa%éurs&w
trap decoderanges O Di sabl e. 0 5 JUN 2003 19

D~

I dl e Bgabl e ~I
d events to rel

vice 4 Trap Eng
trap SM flor accesses to
= Disabl e.|8Device 4 |dle

Dy 106340 I¥Vad Select (BRLIENSBL EDENel )W .C Scleb@i t or
QafcH msaﬁﬁea@rer@d@ba @poran éﬂasreald@wce thonitor 1 idl
b5, QU RAREVA) A e FRablLf GgT5th o

e devrce nDnr ed trap ecoéerangesf
Fnablp (1DL_EN DEVALPIMI 1 = Enable the

OJ

of a trap SM f
es. O

devrcenonrtor

ranges

or 2%l e rel pBurvidmesRelgad Enapiei(BieD dEN dEWHAiIBOrRAV; di=
Di sabl e. 7Devi c¢ eBable sglodhaichis foTRAe EpBEYS)dRVige mionitoEtvaislaad the

Di sabl ¢ 26@@%%1’135 {deRicEnaRiiter (1 bhd BENI PEMBISBONYs tb device

reload events-t,o rel oad the device nobnito
vrce 2 Trap Enabl e (TRP EN DEV2)FUVV 1= Enab

. S@enRrlgnd Besblah

2nakle eelrafed watsérp@mhg r@&pecrtére&awcr:
| 3Débai stendbyTimag. Brradibabld. TRIP 1 ENoDESpohds t/davick =
Enabl e genjer at i onof a trﬁﬂh&m&nﬂ@@n@Bﬁ@&ﬁﬂeqbﬁdi%ekdﬁvh&ﬁhﬁﬁojtor 1 enabl ed

ehalled Baisettméorigererate visep break évent. ) edidabied Bit ap

|

BG4
n@r@evtm@lq@ﬁm )

Dilsabl e. 2Device 1 Idle Enable (IDL EN DEV | )RAW 1

eneLaLLgnQi_zLi
ap decddéer anges

V1

L EN_DEVO R/ V4'|.

4 HE ] ) R 4 L [l ) o | :
T TuUurc 17rervdu T©veETilts 1O 1TerTuoadu t1Imre " ucvirtt

Di sabl e. 1Dente O Trap Enable (TRP_EN DE~' 0) R/ ~%

itor B
Reservpi.sabl e 05J UNZ2003 ~0 O Device 0 Idle

1 = Enable the device nonitor 0 idle rel oad

r el oad %she devi
with the prefdg

es in one of at
r~|n AL

QP NI dle (AHMCELN)-REW. 1G- endblegdkrtioh bf SMI¥

rigsl £Pbedis ietan@ kMBS éavRAL ioondisgqeput er syst e
| east tmn nDdes a hlgh perfornance nnde and a

m

M|1\lb I vwrr

ock sréhal (nqt
n the | ow power
such as 500 My
CPUCLK si gnal
node i s prefg

Wéﬁ%&ﬁsﬁr é"@%E‘ﬁ“EW e &ﬂﬁﬁ e "@Eq% HeeE a5
by e l124ti0m) rqareﬁ%arereraéwra. ﬁa eyt r dgvicgwer
pmomhe 1EPU Tds@!le ntles tealc desekP Sl isaitilizatipn adift eq
dnehated fblls BAES_¢l ldckangenBEat 6T1140. The hi gh

rred when, in the case of a |laptop, the conputer

receives its p
when it I s desi

ower froman AC adapter. The Tow power node IS
rable for the conputer to conserve power. such as

when operating off a battery. The CPU core 104 consumes | ess power and

generates | ess heat when its clock signal

frequency.

| ow speed node by a voltage regul ator
nobi | e nodul e 102. By |owering the CPU core voltage,

consunes

Addi tionally,

ess power.

is operating at a | ower

the CPU core voltage preferably is reduced in the
(not shown) internal to the CPU

t he CPU nobil e nodul e



I n general,

per f or manc
nobi | e nod
bri dge devi

above. Tl ~
switch.™”
prevents t
CGeyservi |
|"rel ~~rab
dur ~ny~
event" tha
of the sle
fully acti
node may |
accordance
by Geyserv
conpl et ed.
events unr
key activa
such as a
preferably
I nterface
M crosoft,
conmputer's
t he power
core 104 p
t he ACP
"S3'' stat
by non- Gey
activation

Unl ess prefcautions are ta@gaﬂm

convention
sl eep state
situation
request ed
an exanpl e
t el ephone

switch. V9%t hout proper g
Gevserville

22 the inc
Geyser vi l
enbodi nent

a Ceyserv~lle

n C3ll

e nodes. In par
ule 102, clock
i ce 200,

s~~itch bet

_ the preferred enbodi nent of conputer system 100
* possible for the conputer to change states between the | ow

t he conputer system 100,
clock frequency while avoiding the problens

Bmhm&i gh

t hrough interactions between the CPU

140, stop clock logic 1 ~0. and bus
,is able to change the CPU core
with the prior art as discussed
en the nmpdes is referred to as a "Geyserville node

ticul ar,
gener at or

uri ng 2a:lGyser\

e node switch ¢
v. C'L~ core

O

., when subseqy

he CPU core 104

iPeresntagd BusWtilizetion Elgaghotd(eBYSt BB R/ WesThiabl y
fiet oo hmilnthe ipatcentagrmpefgtndihatihe miisinunm duatigiz4tipnt |
Qhraviy1d nhiREKE MPintdinddNe ol plidieraty 5 VRIED event. The
%Qfﬁap&ﬁ\fnt it Rl sfireld %&Qh@ndr%ﬂ%eﬁn.@%%és W&l S&Beg S

en‘{% A ?’I g-%l di%t Wt enabl es a %r eak

ran5|t|on ‘'he CPU core 104 out
est of Thp computer system 100 preferably renmjng

e

e

p_state The 1

ve whil%®8the CH
ncl ude pl acing

1 e logic that

Busdytélizagion Threshold BUS AVTHe)riW v Ehis, fieldeontrals fieng
with the prefemicd PaTiadi phasds thinwpetifiehly BUSIUTIE withih a&isgd onl

h

;
tthrestenid fordus abifization dsigstieam If Hteovidecsdetay Iegiafiads |
y

cﬂﬁk%&h%dWﬁéPﬂkhﬁm@?MﬁﬁEEG&ﬁéi”Dde switch is
reak “event preferably cannot be triggered by

keyboard cont rd

That is, the [
]af nnl o hn:\ Q\ICLLIII!JI'\ rvcde Sy
i on, a%d devi ¢

g§§ﬂaﬁﬁe SM or SC from an enbedded control | er
[ler). The transition to and fromthe sl eep state

is in @ccordan
ACPI) specifig
and Toshi ba.
operating syst

wHheti-ons—of the

1

dBQuGidbat ReloAdiEpatdeGRKloD f BN ulRQ)- RFW an &= ¢t an
aintr28ke IR Q, N, R INEDR fvhéry 8dsyrtddy rdlbidethe Global

Qﬁmﬁﬁghhﬁggchkﬁggkon general ly permits the
em (e’g. VVn oms( 98 and W ndows( NT) to nanage

conmut ar which t

referabﬁy is tr
state and t
e. Further,

serville rel ate

cornpir stopdneakf evehe thodsalgded t ch wi | |

;ﬁg‘aﬁ"@ﬁ@aﬁmmg BRSO M E S hreh ans
hamaskesLRQ 8#stps when asaﬁrrrey gperat 3 Brhburpidiaes wlaade
not be sl owed down

d events such as thermal events or hot key

Overall conpy

al conmputer sygt
b before the Ge
| so may cause

tlfMEft%él@B%?ﬁ'Eh%lEf?B‘REDt BRI P‘IWE)JI@W NCERAFEIE -an
I\’ﬂ{ﬁﬁ(l# 3&3% YVL& %9 g a?e a fast
to re rE‘?-}“f-.Vgg V\fi romt he

>Pé‘éﬁ1\$‘|"|‘ﬁrée% %f% 2Py, Thi s

the conputer systemtao Iock up as the CPU may be

[0 execdte an i
a nodem may r

Asndefioed.oMudtipd wrjtterhas adbyser vi | | e node switch. Ad
eceme an i nconi ng communi cation signal, such as

A

q

cal T, while the

node switch g
m ng comuni cg
e mode switch

i

KRR oLise Gﬁb&l%léﬂd@fab@f(m@mr%U ggypde

UG LODS | taﬁ%s&?t%rﬂf‘m@'l QrTROSD AR rel M the
%%Q@%%ﬁg §U@Q%%am%o process 0 5 JUN 2003

i"0PS desirable to permt the
to r‘nrml p'rp \ALT hml'r interruption_ The preferred

of thelinventi

IR QEkaskivieshidrabl HBRIEL AN AR QR ¢ i epablean
unmasked [RQ, NMI, or INIT to generate a burst event or stop break
event. 0 = disable.

IRQO Clock Event Enable (BRLD EN IRQO0)-R/W. 1 =enable an
unmasked IRQO to generate a burst event or stop break event 0 =
disable

DEVRESA




CPU to be transitioned ou
- Ceyserville node sw tch,
i naccessi bl e by nost | ogi

t he signal
by logic that is aware of
follow ng discussion illu

in Figure 1 to inplenment

t of the sleep state, upon conpleti @ QUN2003
only by assertion of a particular signal that is

c or devices in the conputer system Specifically,

used to initiate a break event preferably can only be asserted

when the Ceyserville node switch is conplete. The
strates the use &f the preferred enbodi ment shown
Ceyserville break event |ogic in_accordance with

t hese pring¢iples.3IFigure
break eveni to wake the

node switch. In step 310,
M crosoft'$ ~~jindows( 9

t he source|of the corrput elr

battery pow _
outl et and permt Qad to C
Al ternatively, the changg

Dehow s E1@ (pi@fIEY riedViEy/Mod! 3GhablerPHraogrsanartiieg a
R vear EedaBedf [0 kowkg beaigimed be P14 dGeysaidyi kd e
thhes REE0AUsND SBEhISE) THOLPT MIN exRIRlsebiey Be

or BI OGS code detects a change in
%bﬁt\i}eg gﬁe change may be from AC power to

rom-a vwall

apagsSbetofthe egcm@mory @cdu I/&ran@@rtotﬁee
diaiiedrty RIODN® and fodwhrded topthe §§&EIOHE. OReDwable. t 0
PRYSIEM VIR NDEVI B6F IOTEN BEV 1T HRROESset th QRAMRS the
trﬁgmhlé}ﬁ&r@ @éc%zﬁesr thP@e'i ting systemor BIOS that
as occur

red nge |n pomer detected in step

conputer i$ operating off
continue operating off A(Q
occurs, a signal is asser
a change i pomer state h
310 triggels

switch begi nsby £ ogra

specifically shown in Fi Lﬁceeﬂse§tqth@é¢ﬁa¢1?£@ab}¢é WYM@DM/@ rapged te bEO2 Thi
programm ng step preferablglaineddgr FloX 4raod foywadded buhe B3 AM]O BB0 OcabDiEably. a

e | ogic state |0fhd MENSFEN IDBW R0t IG i ENADE VI Dwivdesk @5 td bl the

change mt |
LOH# inpuit signal to th
Geyservillé control logic

emERELODI0 GecdBAUbSebfRly. D 5 JUN 2003 The

reacts to a Ioglc IeveI change for GLOH # by

directi ng the—CPU core--10
vol tage | eyel . Af%fer t he
320, the conputer system L
Figure 4 descri bed bel ow
of step 33(9. Generally, i
pr ogr ammed

to configure a Bre@kasevent that is subsequently triggered by

STPRR U AR e s
& Enpblg e

B&e%‘ffﬁevéoaeéﬁpﬁt @S‘EME’E a8

euradsicede r @esrssss quéoaﬁi@aktr@ MO pertsi6ep aa@o.
p6dyi GesDisablehdihe #&D andblé bit, idlepnelle bitedr teaybadibive n
Nbis fRRhi8Ievice gust £soshd 93t nagi&ti6kfatiethedd fspéive

| ogi c that |[detects the end of the Geyserw I'le rmde swltch I'n step 340, the
CPU core 1( 3 ef-abi-y e —
Geyservi |l & mode i t ch ocTAPEICS) mﬁﬁd A0 qoo Ot

the node sWitch, the CPU c%wequ@I Bv qePdbloy ag5easss 1 he kS vahpaaletfrenebe%

state to a
The occurré
out of the

desi red oper at
rnce of a break
sl eep state pr

i anats (ft andeB segratntys O Pishbly. BH&Matoesnetl positivee.
dacent tieksgaaksses fre fowaplingto thy $34£bud 00 to break
st at

eferably ret urning to the fully operatlonal

Referring
core 104 i
vol tage | e
any instrug

0 FIgumgs L an

el to change |g
tion the CPU c
asserted prneferably is al
that tine, {the CPU core |

pl aced into a

0GP hEE%rL’di‘ n4

&40 89 te%sésq PRI %gegag? f@a@ubeglyngnd
P '64 JE L POTRE depade P?FS 2PN |

ardﬂleg ©dhe {Hu&uexecuting until conpl eti on
D4 is prevented from executing additional

At

instructions and 2he conp

uS eundBlsdtaRIOsEpbag88 EHD ENM)RIMeepb=dHmable XA Hkat

the Geyseryille logic can @écfoaetfaagtceests&etodleessdtadtacabeh@a@wﬁbm@@&b&l 12ffes
f L oauency qnd volrage | evPlits tE fte [ERSEEVPIKE qﬂ@%f}’tﬂeti%' S AEIO
conponent s {such as the bus bg? cge dev ceg‘ir\%gb?%te%o naé% tgelhres paret rode “&w O ch
is under wagy If the ACPI 1829'S i npl emented in conputer system 100. the
sleep state_includes any of the sleep states defined by the ACPI
specification, but preferably is the C3 state. Sone system conponents, such
as external peripheral devices. are incapable of nonitoring the state of

t he VRChgng# SIfllal and

switch As

descri bed bel ow,

t hus are unaware of an ongoing CGev serville node
the 0 5 JUN 2003
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Reserved.
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Device [013] Trap Status Bits (TRP_STS_DEV[013])R/W. 1 = An
SMI# was generated by an [/O trap to the associated device monitor’s
enabled address range. 0 = No SMI# was generated Bit 29
corresponds to device monitor 13 and bit 16 corresponds to device
monitor 0. This bit is cleared by writing a 1 to 1s bit position.
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I nvention. However, nunerous variations and nodifications will becone

- apparent to those Skl Iled in the art once the above di scl osurﬂs&g“ﬂ?
appreciated. It is intended that the following clains be interpreted t0
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to said CP Yef Sa b .vg as
general pufpose mBut si d qV‘%ﬁnf%Ef@u‘i;?r”S?éﬁﬁ?%ﬁ W@UWH\JI

general pufpose input si grafili Was eHerH e suRraips W%ﬁ“@%%ﬁ%ﬁ?V@%lng t He
CPU nodul e| out of a sl eep msaratoe’s idiedimére Oudo Mg geasdeneretedptogt hrmed so
that only the CPU nodul e |eutrpsionss gnddviceamoniturtlil ahé ba Omoe@kpende nd dsvicd e t he

CPU nmodul e[ is in the sl eepngligk®. musfﬁm&@mﬁwlﬁuﬁe%@ﬁsqubmléﬂfurthq
I ncl udi ng $top cI ock | og| c coupl ed to and receiving si gna s fromsaid CPU
nodul e andrs#t = ||uuc gdevice—the—stgna—recetrved—fromthe—CPU-—+roedu
i ndi cative gﬁml ng [change in voltage and frequency and the signal
recei ved f omthe bus briidge device asserted hy the bus bridge device to
stop a CPU cl ocB1€d&gnal . [Resatvedconput er system of claim 1 wherein said bus

bridge devjce includes aiplurality of programmble registers that are used
to configuretheJgr €ak eVqilvice 8 Bus Master Reload Enable (BM_RLD DEV8)R/W. 1 =
Enable any PCI Bus Master request (PHOLD#. PCIREQA[0:3] to
reload the device monitor idle timer. 0 = Disable.

-

26 Device 3 Idle Reload Enable (IDL_RLD_EN DEV3)R/W. 1=
Enable the device monitor 3 idle reload events to reload the device
monitor 3 idle timer. 0= Disable. When device 3 is being used as a
software SMI timer, this bit should be cleared to prevent any events
from reloading the timer.

25 Device 13 Trap Enable (TRP_EN_DEV]3)R/W. | = Enable
generation of a trap SMI for accesses to the device monitor 13
enabled trap decode ranges. 0 = Disable.

24 Device 12 Trap Enable (TRP_EN DEVI12)R/W. | =Enable
generation of a trap SMI for accesses to the device monitor 12
enabled trap decode ranges. 0 = Disable.

23 Device 11 Trap Enable (TRP_EN_DEVI11)R/W. 1 =Enable
generation of a trap SMI for accesses to the device monitor 11
enabled trap decode ranges. 0 = Disable.

22 Device 11 Idle Enable (IDL_EN DEVI1)R/W. | = Enable the device
monitor 11 1dle reload events to reload the device monitor 11 1dle
timer. 0 = Disable.

21 Device 10 Trap Enable (TRP_EN DEVI0)R/W. 1 = Enable
generation of a trap SMI for accesses to the device monitor 10
enabled trap decode ranges. 0 = Disable




4. The conputer systemof claim1l wherein said peripheral device is a
“keyboard. 5. The conputer systemof claim1l wherein said peri Mrwucﬂﬁ%ce
is an audio system 6. The conputer systemof claim2 further including a
cl ock generator to generate the CPU cl ock signal provided to the CPU

nodul e. 31 5 June 2003 7. The conputer ggstem of claim3 wherein the
regi sters include a Device Resource A register in which a bit is set to 0
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register in which a bit 'sm%’é‘fortg’ aetre 08?%%?6’%”&%0’1’ ’er‘rjﬁﬁicfféli‘onéfﬁh e he

sleep state. 9. The conputiEresys TQﬁa(}é’fe claim3 wherein the registers
i nclude a Pevice Resourcd F register in which a bit is set to 0 to disabl g

a menory npnitor GUring tNBenteeNrag Bidble ARP ANTEINGIRIW! [COBhiHIEbbRGagon

break event to transition &'actWTorfarc@&‘sé t& ki€rvice monitor 9 enabled trap decode
ranges. 0 = Disable.

18 Device 9 Idle Enable (IDL._EN DEV9)R/W. 1 = Enable the device
monitor 9 idle reload events to reload the device monitor 9 idle timer.
0 = Disable.

17 Device 8 Trap Enable (TRP_EN_DEV8)R/W. 1 = Enable generation

of a trap SMI for accesses to the device monitor 8 enabled trap decode
ranges. 0 = Disable.

16 Device 8 Idle Enable (IDL_EN DEV8)R/W. 1 = Enable the device
monitor 8 idle reload events to reload the device monitor 8 idle timer.
0 = Disable.

15 Device 7 Trap Enable (TRP_EN_DEV7)R/W. 1 = Enable generation

of a trap SMI for accesses to the device monitor 7 enabled trap decode
ranges. 0 = Disable.

14 Device 7 Idle Enable (IDL_EN DEV7)R/W. 1 = Enable the device
monitor 7 idle reload events to reload the device monitor 7 idle timer.
0 = Disable.

13 Device 6 Trap Enable (TRP_EN_DEV6)R/W. 1 = Enable generation

of a trap SMI for accesses to the device monitor 6 enabled trap decode
ranges. 0 = Disable.

12 Device 6 Idle Enable (IDL_EN_DEV6)R/W. 1 = Enable the device
monitor 6 idle reload events to reload the device monitor 6 idle timer.
0 = Disable.

11 Device 5 Trap Enable (TRP_EN DEV3)R/W. | = Enable generation
of a trap SMI for accesses to the device monitor 5 enabled trap decode
ranges 0 = Disable.




state during a Ceyserville node switch, conprising: (a) det ectdggmmh?r
state change; (b) programm ng a CPU m)dul e to send a Ceyservil

event to a bus bridge device in order to transition the CPU froma sl eep
state; and (c) programm ng a bus bridge device to initiate the CGeyserville
break event that can be initiated only upcg?J t he bus bridge device detecting

the assertion of an input signal by t he nodul e. 11. The nethod of claim
10 wherein-step {(c) includes: (¢ 1 setting a-bit in-a register to disable

memory and| 1/ 0 dedbdi ng fd?e‘aCQj%W%E“ﬁ@mPéLEI\L@E\’ZI'JHB/\KrEtIhoE“WC 1eadgniceo
wherein step (c) includes:m¢mR)y Ssidteticlpgd avaits toirpload thegiesice mangios&tdle tiner.
polarity fpr the input sijgrabDitabid.nitiate the break event. 13. The net hod
of claim 1D wherein step|(c) includes: (c3) setti ng a bit in a register tg

enabl e a t rapforgGa eV UeS IR § Fra Bl G REVEN DEVAR W T ERI benoration

of a trap SMI for accesses to the device monitor 4 enabled trap decode
ranges. 0 = Disable.

8 Device 4 Idle Enable IDL_EN_DEV4)R/W. 1 = Enable the device
monitor 4 idle reload events to reload the device monitor 4 idle timer.
0 = Disable.

7 Device 3 Trap Enable (TRP_EN_DEV3)R/W. | = Enable generation

of a trap SMI for accesses to the device monitor 3 enabled trap decode
ranges. 0 = Disable.

6 Device 3 Idle Enable (IDL.EN_DEV3)R/W. 1 = Enable the device
monitor 3 idle reload events to reload the device monitor 3 idle timer.
0 = Disable.

S Device 2 Trap Enable (TRP_EN_DEV2)R/W. 1 = Enable generation

of a trap SMI for accesses to the device monitor 2 enabled trap decode
ranges. 0 = Disable.

4 Device 2 Idle Enable (IDL_EN _DEV2)R/W. 1 = Enable the device
monitor 2 idle reload events to reload the device monitor 2 idle timer.
0 = Disable.

W

Device 1 Trap Enable (TRP_EN_DEVI1)R/W. 1 = Enable generation
of a trap SMI for accesses to the device monitor 1 enabled trap decode
ranges. 0 = Disable.

2 Device 1 Idle Enable (IDL_EN DEVI)R/W. 1 = Enable the device
monitor 1 idle reload events to reload the device monitor 1 idle timer.
0 = Disable.

1 Device O Trap Enable (TRP_EN DEVO)R/W. | = Enable generation

of a trap SMI for accesses to the device monitor 5 enabled trap decode
ranges O = Disable




32 14. The method of claim 10 wherein step (c) includes: 5 June 2003 (c4)
.setting a bit in a register to disable an |I/O nonitor for a&i&vj[me I tor
associated with the break event. 15. The nethod of claim 10 wherein step
(c) includes: (c4) setting a bit in a register to disable a nenory nonitor
for a device nonitor associated with the eak event. 16. A conputer
system conprising: a CPU nodul e; a bus bridge device coupled to said CPU
nodul e; and-stop clock logic j = ' bridge
devi ce, sdid stop cl ock vice ddais eepticl s BNt DE VO c Il scknaglsribe 6pvist gn
that causds a CPU cl ock $imgmétbr 0adlstrelpad spartsée relasglithe Berdchmpuige digld Gmer. s
adapted tqg receive as a génmebshbleur pose i nput signal an output signal from
said CPU dDduI e, the general purpose input signal initiating a break event
for transitromng the CPUTIodut e oot~ of —a Steep state durimga Geyserviiie
node switch, and the bus bridge device programmed so that only the CPU

modul e out put S,GRabieAR ith the bRerBrll ERKEMEN!ordHE info CRRRRI 48P TS

switch. 17. The conputer system of claim 16 wherein sald stop'c ogi c

i ncl udes  ajpe AR i90E of Befeadt@6BIMESesa Ejgﬁrp@}fo@%@é hde BNd b 6w BeFolhdridd Snode.
device to stop the CPU clock signal and receives a signal fromthe CPU

nmodul e i ndivang i &ie GiglaperitgRinbgniody Ste OPU @réb@feintathdl @lock signal (not shown) is at

jOJ e

a higher frequency, such as 650 MHz, and in the low power mode, the internal clock signal is
at a lower frequency, such as 500 MHz. The CPU core internal clock signal is produced using
the CPUCLK signal generated by the clock generator 140. The high performance mode is
preferred when, in the case of a laptop, the computer system 100 receives its power from an
AC adapter. The low power mode is preferred when it is desirable for the computer to
conserve power, such as when operating off a battery. The CPU core 104 consumes less
power and generates less heat when its clock signal is operating at a lower frequency.
Additionally, the CPU core voltage preferably is reduced in the low speed mode by a voltage
regulator (not shown) internal to the CPU mobile module 102. By lowering the CPU core
voltage, the CPU mobile module consumes less power.

In general, the preferred embodiment of computer system 100 makes it possible for the
computer to change states between the low power and high performance modes. In particular,
through interactions between the CPU mobile module 102, clock generator 140, stop clock
logic 150. and bus bridge device 200, the computer system 100 is able to change the CPU core
clock frequency while avoiding the problems with the prior art as discussed above. The switch
between the modes is referred to as a “Geyserville mode switch.” During a Geyserville mode
switch, computer system 100 desirably prevents the CPU core 104 from being interrupted by
events unrelated to the Geyserville mode switch to avoid locking up the computer system.

Preferablv. CPU core 104 puts itself into a reduced power “sleep™ state duning a Gevserville



18. The conputer systemof claim16 wherein the bus bridge dgyg ggbﬁz rts
~an SM when the general purpose input signal is asserted by the dul e
toinitiate a break event. 19. The conputer system of claim 16 wherein the
CPU nodul e enables a trap for the general purpose input signal used to
initiate the break event. 33 5 June 2002120. The conputer system of claim
16 wherein the CPU nodul e disables 1/0O and nmenory nonitoring cycles
associated with the general purpose input signal. 21. The conputer system
of cl ai m lhoHuarsthieh dandcdnatiengp dbreblockenye imtawben dibsposmty bettaeedn tmasitdiosd o
clock logic and said CPU nodul e, thHat generates a periodic signal that is
provi ded t &PLheorcp0s ppdef e fstaepgéaier ahe st ehidie cPupBies sxstasn dABIprefamad!yseinthins
stop clock |ogic asserts the stoE cl ock control signal provided to said
cl ock genefdborctinpafile fee SPYmere {94ih askep bAlematividy the P newerraedd mey dpaludse
CPU nodul e are asserted concurrently. .A3, AF;, .AF(,.A dA‘ .ASY . A
. A@. Avy. APieing the entire computer systeni into a sleep 'state. "In accordance with the preferred
embodiment, the break event is initiated only by Geyserville logic that detects when the
Geyserville mode switch is completed. That is, the break event preferably cannot be triggered
by events unrelated to be Geyserville mode switch (e.g., thermal event, hot key activation, and
device change SMI or SCI from an embedded controller such as a keyboard controller). The
transition to and from the sleep state preferably is in accordance with the Advanced
Configuration and Power Interface (ACPI) specification, written collaboratively by Intel,
Microsoft, and Toshiba. The ACPI specification generally permits the computer’s operating
system (e.g., Windows( 98 and Windows( NT) to manage the power functions of the
computer. The sleep state into which the CPU core 104 preferably is transitioned during the
Geyserville mode switch is the ACPI “C3” state and the computer system fully operational
mode is the “S3™ state. Further, completion of the mode switch will not be slowed down by
non-Geyserville related events such as thermal events or hot key activation. Overall computer
system performance thereby is increased.

Unless precautions are taken, it is possible for a device within a conventional computer
system to request that the CPU be awakened from the sleep state before the Geyserville mode
switch has completed. This situation also may cause the computer system to lock up as the
CPU may be requested to execute an instruction during the Geyserville mode switch. As an
example, a modem may receive an incoming communication signal, such as a telephone call,

while the computer is in the midst of a Geyserville mode switch. Without proper precautions,

the modem could interrupt the Gevserville mode switch and request CPU support to process



.AQE. . A A O .A4.APX . AY@m A A AU A3.A .AE.Ae A3 AAI,.AA

VAL' . AH .ASR Al . A5 r-nPl)H+ ~ 4 05 JUN 2003
")zupkf [UU] c"a] c"al] c"a] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c"al]c"a]ca]cR
a] cRa] ca] ca] ca] ca] ca] c™a] ca] ca] cha] ca] ca]c"a] ca!) +- ~Vn03@BgBS!

P #" #u###?23US$% xsni d_ZU] ¢" a] ca] ca] ca]xa] ca] ca] ca] ca] ca] ca] ca] c0a] ca] ca]
ca] ca] ca]ca]ca]ca]ca]c

a] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca] c"a! YAWRAKEA&~&&E. """ ")) L¥**+2--. . /$/ A ]/c/
FHETTT ] we kbl b addhabal @abs afimd] crlusal Galieaload e @@ﬂi@@ﬂ@@ﬂc%%n@@lk%h&@]

calcalca]lc aUc aJca]calca]ca]ca]calcalcalcalcal!///l01]222346%7777:,

@@@bl—ldklphbkﬂﬁ@ﬂi%%@w;m@t Ade$aldnc$a) ca] ca] ca] c"a] c"all c"a] ca] ca] ca] c"aU

]c"a] ca] ca]ca] ca] ca]c"al] c"a] ca]ca]ca] ca]ca]ca]ca]ca]ca] ca] ca] csal] csa! M>V

@/BVI VKVNW \ \ \ dhe gjrgfeirped ppiodimant oftR wolehiddniNieorig]ikloas] this] goah by eadh¢@hg ahe
aUc"a]calcalc"aUc"a]c"aUc"a]calc a]Jc
a] ca] ca] c'CRU 't trafsitiaied Gaut/o€ Gz sledpestite, epdhabaipdetoy] af 2a]}cyaserville mode switch,
RT_b24!,/1 Fmytoje [V]]ca]c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"al c"a] ca] ca] ca]
ca] ca] cOapnlal] bfa]x&]ma@ﬁa]m]@éqrcsmlw Téﬁﬂ]lc lra@]ce@]ﬂbéﬁ] y anf)st legienor devices in the
p% x5x>a. ~ytoje [ V]] ca ca]ca]ca]c a]ca] aJcaljcalc"alca]ca]c’ aU]c aljc"alc"a
] ca] ca] caFempels] sxstea] easeacHby: Mgyl %I}tea]l@a caa fé%l‘] exentprefegh lé[x?@{ﬁmbkb%\
V\]] ] ca] ca] ca] cal.ca ca] cal ca] ca] ca] cagca ca ca] ca (?ﬁ] cal ca] cal] cal ca] c"ay

c" a] ca] c”ajseHee dycloge that: léLﬂ"Eafé]@ awitsh iz ce ]’ca]’éf‘a]
cal cal cal BB AR BATRIS e ek gk %difrbﬁ?%aq hE i & 854
ke G SN L4 n LM SR &

.1 P;{%%(&) (;D l_ I) ggcy/ %‘u)gg &éﬁf&%ﬁ? F;ef%rgg/&i‘g%og F%&%%%%rﬁmuﬁ)a break event to wake the
CPU core 104 following completion of a Geyserville mode switch. In step 310, the operating
system, which for example may be Microsoft’s Windows( 95 or Windows( 98, or BIOS code
detects a change in the source of the computer’s power. The change may be from AC power
to battery power (DC) such as when the computer is unplugged from a wall outlet and
permitted to continue operating off battery power. Alternatively, the change may be from DC
to AC power such as when the computer is operating off battery power and then plugged into
the wall to continue operating off AC power. When either of these changes in power occurs, a
signal is asserted that alerts the operating system or BIOS that a change in power state has
occurred.

The change in power detected in step 310 triggers a Geyserville mode switch. In step
320. the Geyserville mode switch begins by programming the Geyserville control logic (not
specifically shown in Figure 1) internal to the CPU mobile module 102 This programming
step preferably is performed by the bus bridge 200 causing a change n the logic state of its

GPO11 output signal provided as the G_LO/HI# input signal to the CPU mobile module 102.
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The Geyserville control logic reacts to a logic level change—for G_LO/HI# by directing the
CPU core 104 to begin changing the CPU’s clock frequency and voltage level.

After the Geyserville control logic is programmed in step 320, the computer system
100 enables a Geyserville break event in step 330. Figure 4 described below provides further
detail for a preferred embodiment of step 330. Generally, in step 330 registers in registers set
210 are programmed to configure a break event that is subsequently triggered by logic that
detects the end of the Geyserville mode switch. In step 340, the CPU core 104 transitions to a
sleep state (preferably C3) while the Geyserville mode switch occurs. In steps 350 and 360,
upon completion of the mode switch, the CPU core 104 preferably transitions out of the sleep
state to a desired operational state, such as a fully operational state. The occurrence of a break
event signals the computer system 100 to break out of the sleep state preferably returning to
the fully operational state.

Referring to Figures 1 and 3, during a Geyserville mode switch, the CPU core 104 is
placed into a sleep state to permit the CPU clock frequency and voltage level to change levels.
Before the Geyserville mode switch begins, any instruction the CPU core 104 is executing at
the time G_LO/HI# is asserted preferably is allowed to continue executing until completion.
At that time, the CPU core 104 is prevented from executing additional instructions and the
computer system is placed into a sleep state so that the Geyserville logic can effectuate the
desired change to the CPU clock frequency and voltage level. While the Geyserville mode
switch is occurring, the CPU asserts low its VRChgng# signal to alert system components
such as the bus bridge device 200 that a Geyserville mode switch is under way If the ACPI
logic is implemented in computer system 100. the sleep state includes any of the sleep states
defined by the ACPI specification, but preferably is the C3 state. Some system components,
such as external peripheral devices. are incapable of monitoring the state of the VRChgng#

signal and thus are unaware of an ongoing Geyserville mode switch  As described below, the
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event while the computer is transitioning between modes of operation, such as during a
Geyserville mode switch.

Once the Geyserville mode switch is complete, the CPU core 104 preferably is
transitioned from the sleep state to a fully operational or other desired state. In step 350, the
CPU mobile module 102 preferably alerts the bus bridge device 200 that the Geyserville mode
switch has completed. This step preferably is accomplished by the CPU mobile module
deasserting the VRChgng# signal to the bus bridge device. The VRChgng# signal from the
CPU mobile module 200 is provided to either the GPI20 or GPI21 general purpose input
signals to the bus bridge device 200. The following description generally refers to the GPI20
input signal on the bus bridge device 200 with the understanding that other input signals on the
bus bridge device, such as GPI21, could be used in accordance with the principles described
herein.

Previous techniques for initiating a break event after a Geyserville mode switch have
required the assertion of a signal that is shared by other components in the computer system.
In such prior art systems, a break event could be initiated by other system components when a
Geyserville mode switch may not have completed. Initiating a break event during a
Geyserville mode switch may cause the computer system to lock up as noted above.

The preferred embodiments of the present invention prevent this problem from
occurring by implementing an improved Geyserville break event technique. The preferred
break event technique of the preferred embodiment uses the GPI20 input signal on the bus
bridge device 200 to initiate the break event as 1s shown in step 360. Preferably, computer
system 100 is configured so that only CPU mobile module 102 can assert GPI20 to the bus
bridge 200. Assertion of GPI20 preferably mmitiates a break event to wake the computer

following a Gevserville mode switch  Typically GPI20 1s not shared by other devices besides
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the CPU mobile module 102. Because only the CPU mobile module 102 can assert GPI20,

only CPU mobile module 102 can initiate a break event to wake up the computer following a
Geyserville mode switch. Accordingly, in accordance with the preferred embodiment of the
invention, a break event is initiated by the CPU mobile module 102 toggling a signal to the
bus bridge device 200 input signal that preferably is not shared by any other System
component besides the CPU mobile module 102. The signal that is toggled preferably is the
bus bridge device’s GPI20 input signal, although other signals, such as GPI21, consistent
with these principles can also be used to initiate the break event, Moreover, any device
monitor, or other monitoring mechanism, that can detect an asserted bus bridge 200 input
signal, that is not shared by devices other than that CPU mobile module 102, can be used to
implement the break event. The bus bridge 200 preferably uses “device monitors,” which are
explained below, to detect when the GPI20 (or GPI21) 51gnals have been asserted by the CPU
mobile module 102.

Bus bridge 200 preferably implements a number of device monitors (not specifically
shown in Figure 1). The Intel PIIX4 or PIIX4E bridge device, for example, includes 14 device
monitors (device monitors 0 - 13). Generally, each device monitor detects peripheral device
activity. The device monitors can detect an idle peripheral device and can trap accesses to a
peripheral device that has been powered down. The device monitors in the PIIX4/4E bus
bridge are individually configurable through register set 210. Some, or all, of the device
monitors can be programmed to monitor the GPI signals. Device monitor 12, for example,
can be programmed to monitor GPI20 and device monitor 13 can be programmed to monitor
GPI21. If device monitor 12 15 programmed to monitor the GPI20 signal. that device monitor
will cause a system management interrupt (SMI) to be generated upon detection of an asserted

GPI20 input signal. The SMI will be processed by the CPU mobile module 102
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used monitor GPI20. As shown in Figure | and described above, CPU mobile module 102
toggles, or otherwise asserts, its VRChgng# signal when the CPU mobile module determines
that the Geyserville mode switch has completed. The VRChgng# signal is provided to the
GPI20 input of the bus bridge 200, and device monitor 12 reacts to an asserted GPI20 by
generating an SMI to break the CPU mobile module 102 out of its sleep state. The GPI20
input signal is preferred for this purpose because, as noted above, it typically is not shared by
other devices in the computer besides the CPU mobile module 102, and thus the CPU core 104
will not be prematurely wakened during a Geyserville mode switch. The CPU mobile module
102 services the SMI by transitioning its power state preferably to a fully operational state
(S0). The following discussion of Figure 4 illustrates one method for enabling device monitor
12 to monitor GPI20 to implement the break event.

Referring now to Figure 4, a preferred sequence of events for implementing step 330
(enabling Geyserville break event) is shown as steps 321-326. The order of the steps may vary
as desired. The preferred sequence of events for enabling a Geyserville break event uses the
register set 210 shown in Figure 2 and further described in Table I above. In step 321, the
DEVRESA register is programmed to set the EIO_EN_DEV12 bit to zero to disable memory
and I/O decoding for device 12. As noted above, if GPI21 is used to implement the break
event, device monitor 13 should be used instead of device monitor 12. The burst timer reload
enable bit for device 12 in register DEVACTA is set in step 322. This step enables a reload
event from device monitor 12 to permit a break event to be generated.

The polarity and enable bits in the GPICTL register are set in step 323 for GPI120 to
further configure the break event This step preferably includes setting the GPI_ EDG _DEV12
bit (b1t 26) to 0 1o trigger the break event upon device monitor 12 detecting a changing edge of

the GPI20 signal Step 323 also includes setting the GPI_POL_DEVI12 bit (b1t 24) to 0 so that



& () x! 8x#109X X & ()-x' DHBX#109X X & () - x8x#109%K X 85 JUN 2003
& {)-xD#&L) LeLf LgLLLLi Q448x#109K X & () - xD#! 8x#10%X X & () - x8x#10%X X
& () - xDH#! 8X#109K X & () - X' 8X#109K X & () - XLLLL* MrMLMs MbRO4! 8x #1096

Lo
~J

a break event will be detected upon detection of a rising edge of GPI20 (assertion polarity -
high). Additionally, step 323 includes setting the GPI_EN DEVI12 bit (bit 11) to 1 to enable
the device monitor’s GPI signal into the trap and idle decode logic (not specifically shown) for
device monitor 12. This step permits the bridge device 200 to detect the assertion of a GPI
and determine that GPI120 has been asserted.

In step 324, the trap is enabled for device monitor 12 preferably by setting the
TRP_EN_DEVI2 bit (bit 24) in the DEVCTL register. Enabling the trap for device 12
permits the bus bridge device 12 to generate an SMI when a rising edge of GPI20 is detected
by device monitor 12, thereby generating the break event. The I/O monitor and memory
monitor for device 12 preferably are disabled in steps 325 and 326, respectively. Disabling the
1/0 monitor for device 12 is accomplished by setting the IO_EN _DEV12 bit (bit 20) to 0 in
the DEVRESE register.  Similarly, disabling the memory monitor for device 12 is
accomplished by setting the MEM_EN DEVI12 bit (bit 7) to 0 in the DEVRESF yregister.
Disabling the I/O and memory monitors prevents /O or memory accesses to an address range
associated with device monitor 12, which otherwise would cause an SMI to be generated and
initiate a break event. In accordance with the preferred embodiment, only assertion of the
GPI20 input signal to the bus bridge device 200 from the CPU mobile module 102 can cause
device monitor 12 to generate an SMI. This feature prevents a break event SMI from being
generated for any reason not pertaining to the completion of a Geyserville mode switch.

When GPI20 is asserted by the CPU mobile module 102 signaling the completion of a
break event, an SMI is generated which preferably causes a power state change from the sleep
state (preferably C3) back to a fully operational state (e.g , CO). The SMI event also causes the
tap status bit 1n register DEVSTS to be set 1f device monitor 12 is used to implement the

break event. the TRP_STS DEV12 bit (bit 28) will be set to a logic | to indicate an SMI was
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generated by the assertion of GPI20. Once the break event occurs, the TRP_STS DEV 12 bit
preferably is cleared by writing a logic 1 to that bit.

The operation of the computer system to perform a Geyserville mode switch and
subsequent break event will now be described with reference to Figure 1. When the operating
system or BIOS detect a change in power source (AC to DC or DC to AC), the bus bridge
device 20 asserts its GPO11 output signal to the G_LO/HI# input signal of the CPU mobile
module 102. In response, the CPU mobile module 102 begins the Geyserville mode switch
and asserts VRChgng# which is received as the GPI20 input signal by the bus bridge device
200. An asserted VRChgng# indicates that the Geyserville mode switch is occurring.

Upon detecting an asserted VRChgng# input signal, bus bridge device asserts its CPU
stop clock (CPU_STP#) output signal. Stop clock logic 150 receives the VRChgng# from the
CPU mobile module 102 and the bus bridge’s CPU_STP# signal and, in response to both
signais being asserted, asserts a CPU_CTP# clock output signal fo the clock generator 140. In
response, the clock generator 140 turns off the clock signal (CPUCLK) to the CPU mobile
module. The change in the CPU clock frequency and CPU voltage then can be programmed.
When the Geyserville mode switch is complete, VRChgng# is deasserted by the CPU mobile
module 102. A deasserted VRChgng# signal causes the clock generator 140 to turn on
CPUCLK and the CPU mobile module uses that clock signal to generate its own internal
clock signal at the newly programmed frequency.

The preferred embodiment described above describes an improved technique for
transitioning a computer from AC power to DC power and vice versa. As described, the
computer svstem transitions itself into a sleep state during which various electrical
characteristics are changed as desired For example. the CPU clock speed and operating
voltage are lowered when the computer operates from battery power and ate increased when

the computer operates from AC power After these changes complete. the CPU mobile
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module 102 initiates a break event by asserung a general purpose input signal to the bridge
device. Preferably, the general purpose input signal chosen to generate a break event is not
shared by other system devices, or at least not shared by another device that might attempt to
wake up the CPU before the Geyserville mode switch has completed and the changes in the
electrical characteristics have equilibrated. Further, the completion of the Geyserville mode
switch will not be disturbed or slowed down by non Geyserville-related events.

The above discussion is meant to be illustrative of the principles of the present
invention. However, numerous variations and modifications will become apparent to those
skilled in the art once the above disclosure is fully appreciated. It is intended that the

following claims be interpreted to embrace all such variations and modifications.
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CLAIMS
WHAT IS CLAIMED IS:
1. A computer system, comprising:
a CPU module;

a bus bridge device coupled to said CPU module; and

a peripheral device coupled to said CPU module;

wherein said bus bridge device adapted to receive as a general purpose input
signal an output signal from said CPU module, the general purpose input signal
initiating a break event for transitioning the CPU module out of a sleep state, and the
bus bridge device programmed so that only the CPU module output signal can initiate

a break event while the CPU module is in the sleep state.

2. The computer system of claim 1 further including stop clock logic coupled to
and receiving signals from said CPU module and said bus bridge device, the signal
received from the CPU module indicative of an ongoing change in voltage and
frequency and the signal received from the bus bridge device asserted by the bus
bridge device to stop a CPU clock signal.

3. The computer system of claim 1 wherein said bus bridge device includes a

plurality of programmable registers that are used to configure the break event.

4, The computer system of claim 1 wherein said peripheral device is a keyboard.

5. The computer system of claim 1 wherein said peripheral device is an audio
system.

6. The computer system of claim 2 further including a clock generator to

generate the CPU clock signal provided to the CPU module.
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(c4) setting a bit in a register to disable a memory monitor for a device

monitor associated with the break event.

16. A computer system, comprising:

a CPU module;

a bus bridge device coupled to said CPU module; and

stop clock logic coupled to said CPU module and said bus bridge device, said
stop clock logic adapted to assert a stop clock control signal that causes a CPU clock
signal to stop;

wherein said bus bridge device is adapted to receive as a general purpose input
signal an output signal from said CPU module, the general purpose input signal
initiating a break event for transitioning the CPU module out of a sleep state during a
Geyserville mode switch, and the bus bridge device programmed so that only the CPU

module output signal can initiate a break event during a Geyserville mode switch.

17.  The computer system of claim 16 wherein said stop clock logic includes an
AND gate that receives a signal asserted by the bus bridge device to stop the CPU
clock signal and receives a signal from the CPU module indicative of an ongoing

Geyserville mode switch.

18.  The computer system of claim 16 wherein the bus bridge device asserts an
SMI when the general purpose input signal is asserted by the CPU module to initiate a

break event.

19.  The computer system of claim 16 wherein the CPU module enables a trap for

the general purpose input signal used to initiate the break event.



11098 () - 109& ()- MBLO%#& ()- 9: $10%t& ()- quU4l # 1098& ()- 10%8& ()-
10968 ()- &3109%& ()- 10#10#10# 109%&' ()- xzY8vU4l L109%& ()- 9 10%$& ()- v
10968 ()- 1098& ()- 10%&' ()-!109% ()-o0[ 34|[:-410$ 3y 10%& ()s7und309B& () -

Ly 1098& ()- + 1098& ()- & 109%& ()-3y 1098& ()-4569EADA410$ f 1098& () -
-1098& ()- z 1098& ()- # 1096& ()- |1 10%& ()-10$10$AAN| [ : A410$ S 1098& () -

1090 () "oy 106 Eirburel sARPSE by 13 QRS b EpLOBIC eiBleh 1A AP 7Y

1096&' () - hEmiots] mAdildrihg0l/OReS &sso}iatet MO (EnerIGLOBGE ifut sighdl09B8: () -

(10988 ()- YY1096& ()-bs| obUs10 F10%$& () - 10$10$10$ 81096& ()- 7109%B& () -
y510%8& ()- @109%6& ()-MJ|[:bUAL0 10%$& ()- @O0%SE ()-4 10%& ()-4
109%e$& ()21.#  HEhgmlter sgst%glwﬁ%h@rﬂ%ﬂhkrfﬁ dth éigdf@ efator dispdde@S& () -
910%6$&' (3~ 100658 (5" & (3 BE1 006 () L TObTATo 12 T0%q& () -3
s0z 10%e$Etwpen said sOpeEd&k(Ipgic&nd IB@RZMMJ (rl)odulelmlli@&&n‘(r)ltes a penodlc signal

10%3%& t 0, %e3& ()- 10(V - FlO‘V $10 $10e$
10063 bl B0 nd A SSRIL o rndREE g IR P o510
F10%3$& (dodORkORSEHIGR: ﬁéi%%&csﬂtm%ygn& $iled Yo sdNPEITRK ¢ enéfaaldwnal 13] c"
"Headi ng 23] c" ™"Headi ng 33]c Headi ng 43]c" "Headi ng 53] c" "Heading 63]c"

"Headi ng thg]signal Hrogalitheybespudge medidha gig0d] Gom thpeERlU| modrde st agsharted

Font/ $, 4|\}%ﬁf&§@gm{@5t "$&(*, . ) % MORM~ VO! u#%a& +/ 27;
@HLELLs PSQOORSSSTT<UV>WE WKX@YezZ [[9\\\g] ]=*] "l a

nbnoooppt gqrr csst uuvgvvwwxxyy+zzM{!| | N} } ~a~~\ 4aR9b; cQ7) 4/ F¥aq4A$bJ
" #$UR' () *+, -./0123456789: ; <=>?@\BCDEFGH JKLIMNOPQGETi nes New

RomanAri al Courier New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #B9R () *+,-./0123456789: ; <=>?@\BCDEFCGHI JKLMNOPQRSTUWV



