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mul tiple nodes of operation that facilitate receiving and buffering data

whil e the conpepplSERBERPHERAIN DEVICE TRIATUREMAINS [BPERABSEWHENBackgr ound
of the I'nvent o1 "EERTRALPROBESS O OFEER APONE ARE SUSRERIDED
TUWEEN battery char ges, power
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increasingly i rrportant One way in which power managenent is acconplished
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as the cent‘r'a'p processing unit (CPU), hard di sk rlve and ot her
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t he conpu ase comruni cations with and control of its 20
peri pher al stmsoamatemre particuldrintp a/per In'mﬁ'fpbiﬂé/meswmhmﬂt'tpfﬂ)@@d?%@four ces may not

be accessi ble 10, AR B Eke AT Fhn PAIRARE Yata FHFS RS g

t echni ques %8 ne co er system arclPtecture One

har dwar gy syiftzesR&neg of suspended stabe Advanced Confl guration and Power
I nterface (ACPI) SpeC| fication, by Intel, Mcrosoft, and Toshi ba, Revision

25 1. 0b, Fegrﬂaré { filggﬁ[ gg E(3V| des enhanced power managerrent in a personal
conputer ( ¢ re. The ACPI Specification describes the

transfer of powes mbﬁigemmpmtlﬁgdmcesrmek toextehe tiBesifoperaiion betweeput Syst em

ind power nAEBREREeS AR G aas R i e BPrqeRFRRERREAL FOhe .8

conput ers s R \gAaRh POWRF maﬁageneﬁt |§®bc@heli‘mbd ¢l=.els1y cmpletﬁty\ apadBIROVs,
network cards, hard di sk drives, ecs
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sets, tel ephgResk @f% displaylafd We?ﬁf&ﬂ@utﬁ@l’r 1/05@blices, AflentERIcopTputérdes

several | ow- power sl eépi hg st at es t hat reduce the power consuned by
t he pl atformrm]peﬁmmlhggpemoﬁﬁerat| ons it may perform These sl eeping

states are descrphfith $int BPiiealhewRPhfifagethb esmﬁoé!&eels@d@h@dmaa% Ssepimgli cat or

of the '"active sl eepl ng st at e' e various operat i ng E%at es are
5 herein reémesemetcnramltpm@Pmmaagemco@muﬂlééﬂonswm@%’i°°n f€ed in the

tabl e b ers ter

dovi ces30 1 PRUSTERTERYE At dnd fErecPdnehie, 2t ek fé*’n?“é??ﬂéé%?‘@f'@%‘w. g
ce:tal n tsI eammm&lt ot &gy otﬁe?e:pnmgemgtrmlmnt oﬁuQIt pOWE reanagamait oloer ati En
active sta no sl ee S is a low wake-up
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c{u |toesets) aalng hagﬁlgmamwm'e@eﬂengs?diﬂcaym élmt Advarmes Cafiguratiosand| felE)l tng e
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rom he ot T B e T e o] “‘“’“’em”‘m‘"ﬂg’t“” ° pemTZb'sgSt arts
sl eepi ng st seEPUter4PCHRYSIBRArehitac H{r%n?b é@éﬁpﬁ f'g{‘)[éﬁ% Gee%%gtr)"e%s% syst em
context is ltr%ﬁ%fe?%?B&Nersdﬁﬁﬁéﬁ@nﬁ@rﬁ%ﬂotloﬁ?ﬁonﬂhéIRSIOanpthdf@anst@yswnt ext are
lost in this state. Hardware maintains Xﬁonteﬁb (g rié,\?élea%sone CPU
and L2 conf |(@l§3%)ttbdhe@bﬁta§m syt Ff@retyt%{{;%g BRANHEaRP ORI G ' Peset
vector after oWé?n)L@'lég H‘%nfe"ﬁ%u IPtheldpplicdtion &‘Qlﬁlb@geaﬂ@dt@nl BCtdmmdudmsst

power , IongerJ p latency g

| eeping state su 6&% éHYA | n order
to reduce pomagemmvaﬂusagﬁn’f p%ph%a'&@y@ﬁ%éu@m% BRAYE B?QFform has
.povered of f al vi.C | ¥lectraniet cbhrettéd t he
hard di sk. Hﬁﬁégvgactoéegé)%\sl‘fjﬁ{r'lngér?gtégt Ieé’ésg’a rgs;ﬁg%ez eexc t thg: OS does
not save anyto@CPE,GSUChrasrwdaemd;ﬂseeﬁﬁye@edere,et@lemﬂqm%@s telePRY &S AN The syst em
.isin the "soft" off state and requires a conplete boot when awakened. 10
| n many conp'{g?rieﬂ@' architectures, includi ng the PC conput i chitecture,
data may only be transferred bet ween twol peri pher m @m@! havi ng t he
host operating system manage such transfer. That ssing system
or CPU, #159159*




2 WO 02/ 0Cs~212 PCTI Il 5111 /-L-t;1-t through one of its auxiliary
conponents, functions as a "master" controlling the data flowto, from and
anong pew@hznakidevi ces which function as "slaves". The 'PEESISOt4451$ al so
commonly referred to as the "bus master”. Figure 1A is a systemlevel

di agram of a conventional conputing 5 architecture. Cenerally, the

Processi ng Syst auAPovidésssaeralhen-powst sietpiby stitee @ 1-$5 othat reduce thd y

controlling conmunications to, from .and n i b I i.C 6, 118,
and 134, A heneporomed B e Seirug By bBBCoTHE Ol BT BT relt” dReteas (e
‘master” f%rleérﬂ?rfgagtiaf& HalRséhay ih hofbrbebwoso phebeedatidedas the " def aul t
bus master”. The Processing System 100 is, t_ly@:%cal l'é commupi ¢ t velrg 10
.coupl ed t o ingieateeef hRcaciiveder ne sieeping stales Thgsg Vgqus, PRETFUBIS'AEPA™ o t en,
an i L0 b inlrarei/aRl g e bolwer FtitabEmbhests. (Idntbae a01Leain Mefigbleer | pher a

devi ces 11 routé data_ therebetween as indjicated by the
-bi - di r ect i drelow,orefgre o variakie datedheld by theCRY@ndmiherronpuiiendeaices. HdSi ces
116, 118, an . I ' i i ; buses
11a 170, akvebsdoRiE 4ff Bne BETREH eRbibYieaRHp oBRaing SRRRNARS. D
devices 116, 118, and 134 cannot operate w thout the managenent of the
Processi ng Sy®lespidd0Desdtrigtionwhi | e t he Processing System 100 is in certain
power managenSitest at es, such as a sl eeping or suspended state, the

i pheral devi 116, 118, and 134, t t i ive data t
From the Procesthg SHoIBASREBALN. BEHERENMRREERNOSE L] ces. I n another
le, Fi 1 Bi ior .art, . systeml|evel di :
compononts of ¢He! pe TBRSTIeRIES spie R GRARERn R Bebing s Hinis | 1

Control ler Hub (ICH) &8s, monsystam contaxirs st (GNd or shiprf@tr ashhasdwaisher al

devices 166, 168, 184{untapRtaldybieRdcomda. flow to the Memory Controller Hub
25 (MCH) 150. The bus between the ICH 180 and MCH 150 is known as the Hub

Link bus 162. They MCHTRE@dyesih@ satdlRtaonassievasliataromsldepingitated Thisn
a1 [ BRI B B e e i, 1

| CH 180 conmuni cat es J
conponents via st andarcachrieentexs lost éhe Q&s resnansibiesfos maintainig tag caches
computer's hard di sk @ni\oPU coRkxt]68onRyl dtartcivorplteel ptazesder'slrésetM8tari a an
Integrated Drive Elec i B Extended IDE (EIDE) interface 170.
"Coupl ed" as used herteal?t%mlh%y#fg? %ﬁané'tri cally coupling two or mare
components. The $&H 18(ersw/sisbping stitenisrd loat wake-uih laencyaiéepingstate Whereo7)
166 through the 3 VIQQ0L(Ck dc R/ eot s kb e0§7 dptticatfé, ad her
S

peri pheral devices may a e lnte ced.w e | CH 130 thr uch
interfaces as a Peri pf?@lpa?eteeﬁﬁ%héfﬁtm%m %gﬁﬁ% af?%%fﬁ)ﬁ"?‘ﬁ?ﬁ"%f*eﬁgﬁ\%@eri al
Bus (USB), RS-232 sericahtepband restorpaisainedlPPand | 2regtigurrtian cestexty Control

interface or peripher akartlebnne bfb%eé@r‘sl@@etrv@bfoeaﬁéﬂha,wa&eh.rpjé\zmtt.ed by the
dashed bi-directional |lines, between said interface or device and the MCH

150 as indicatedghn Fiqgjr i Basthe f6WBYI bBWeP, |ORRIsWarg upYatersy ( OS)
acts as the def aﬁllht Hl}g.}égﬁé}l%leb IQEQ%t " tp . ?31% P

mast.er t i i a
sl eeping state. A nunttgePiid Sfats HPHOLPE by i lg’?88:égecommr:ié pg\&%r{r?gat rs,
but only the main CPUmiBimwanit iscaspemed thaidne sprdware platform PPV‘WF’éiogﬁ@ CPU
152 10 is in sl eeping deviess ASSopof theslatfbitn tontextisisriftéR to thertwrd diskal | y
operable. That is, while the CPU 152 is in these sleeping states, its
resources are of §6n urkhe$s atateissidilardothen B4 state excepit the EsmeleaYe and

|1t5 3 pgiphelr?' df\rfli Cleé_riiy?: Qéxtﬂgf‘@rﬁaﬂlégnyp_aéﬁéég@wmehﬁbfsgmke’rﬁmﬂdm CPU
. ically, the : Js_desiane ) | ce
and ca%phandlg only oré bl ﬁﬁ@t%ﬁ?tg{%Sar@?ghp'ﬁ%r%ggﬁhgté;yc%m% %\gélﬁ)eg.r al

conmponent in nobile conmputers is a nobile comuni cations device conpatible
.with the Bluetooth Specifi ' : 0 '@ﬁ@ -aréhieciiirget oot h
Speci fi HMtion i sﬁ%"@%mhp@gﬁ §ﬁbsh‘t§?t%'g?éaﬁﬁ' 0 qg??g%?srg&%g%nvauni cations

bet ween nmobidata REy, onipbe trangfaoee betwaed twoipsripheret devieesdanhadyg thefost
+standard makes possible t ' [ ' PR plcmenut i ng
and tel ecomﬂﬂﬁ%&gi%ﬁ nbl@%ﬁ?é%%@ﬁ?ﬁ%%% %sf,'%zbrﬂ?e @ﬁé‘&eﬁrﬁ‘gagl o |inks.
Presently, nost conputers utilize externdl 1/0O devices to serve as

Bl uet oot h-conpliant transcei vers. These devices are often connected to a
conputer via a Universal Serial Bus (USB) port or sone other standard I/0O
25 interface. They also rely on the conputers’ CPU to process the nmessages
received and store themin nenory. Therefore, these Bl uetooth-conpliant
transcei vers would not be able to operate during those tinmes when the
conputers' CPUis in a sleeping state. However, keeping the CPU powered
just to enable the connectivity of Bluetooth-conpliant devices is wasteful
of the limted power 30 available to nobile conputers.



Accordingly, there is a need for a peripheral device to permt a host
systemto receive information while the processing systemor CPUiIis in a
sl eepi ng V@ 82654212 WO 02/ 0y212 PCT/USO | ~. 1 51-4 wi t hout diPSTRISHi/#F14 he

sl eepi ng or suspended state of the processing systemor CPU. BRI EF

DESCRI PTI ON OF THE DRAWNGS 5 Figure 1A is a systemlevel diagramof a
convent i onahrobghpHE ioh #s auxihary @omponents| functiors 48 a tmastey soetrelliey tle di agr am

of a conventional PC architecture. tem ]|, (i am

i 11 ustrati fgta few & dom. 3w %B?’\We@‘?f'Wﬁ%d@&cew@{%ﬁﬁéwﬁeﬁ@g? irst
operati ng stakfrot ddtecdmimenlyireferredGo Bk ghe HudBnaste. system | evel dl agram
Illustrating the data fl ow between

gonput ey syst em co ts in a second
.operating stat eFigure & ip ﬁ\Fé/ﬁﬁ”bwveW'@é}lgg‘ R ?é“’&”@f?ﬁ gﬁ'r“ 8’%9 di agr am
I lustrati '%gcrqt%fcﬁ:ré' @’én’%%l @Fﬁ&é@‘ﬁwswtemmwwtr@uma%mw mal

operatlon ure IS a stem evel” diagramillustrating data flow
bet ween a xﬁrepéy b@lndrracptlydmntr@@ngﬁanmmﬁﬂeﬂs &b H9Bh &R aMgNEhPiPPE  onmput er

is in a sl ea%?/ic[é% ﬁ%aq% Eﬁ.‘dg‘.g ﬁcbr%pg?egrifsét?c'ﬁ}ésecﬁglPrgéé%gf grg)g{e,ﬁﬂgo

enbodi ment © e peripheral” device resent 1 nvention ure 5is a
hi gh-1 evel Whichabtaras thé “mlaetep"e‘or mizeaging dats fdmv s aﬁwr@so Eﬂﬁerr@i)tOEEMBL ED

DESCRI PTI ON HE e corrput er
oystem comparaHtETs marte Jpe SiiEsBrio BRI ob AoWHRH Cefthubietiey, 1

enbodi npnt ,cdub%dﬁb@ﬁ@pbrlphieralrdevwesm6prlW|a1helsl3a \m:aubpaenal Qiten; ep |/2:34 with
the Pr oces il 8 & IPSHEY 1 eP i Meriscl Tae obp O R PESRIARTe! SRS, on, *t he
Processing fistes) %@1343aﬁ@?ﬁﬂ#@dﬁﬁz%é@b&étﬂédh@ﬁddb@teﬂ@ thé Qi-tiudrctidBal vi a a
Hub bus 212, and functjons as th fault bus master for the cIj/,|94Hub 230

and peri phedasheddpegeshe VB nggao é‘ﬁ thgyperipheral daices 148 115 3n are

PCT/ USO1/ -1 é-%h y Eorhf rﬁ’cattlbsl beﬂeaf’dg%c&y@érfﬂueé&mqaatwmthe def aul t
bus nmster, Per 1 pher al VI ce operates as a "sl ave Sl a%&/ node
|

i's hereln defindd mgst sorpgtng archjestitasotie Reripheighdeyieesrela. Jrigrand ce 234
relies on thg o ?5&3@@ hcﬁ)ﬁl&@ﬂ?a@a&gﬂﬁﬁt"@rtﬁé 9 eEQn%e%‘ilﬁeY@m@dTﬁus transm t

I nformati on: e I n slave eriphe vice 234 behaves as a
convent i onaWhnlmﬂwerFPr%eSsmbaSystem 100ds v certains poyerSyenagrMeT sidasdgueh as

dovi ces. vi o8 PREPE PO I SthE! Hellbriflsfa e bkl 118 Pnaiior PCT 2
l'i nk or bustrgmuniit bmngctive daea topdrefraah tméemocesﬁ@Sysiemh‘éJG%ranbsrsiaﬁ@hs;taét em
200. | nzé)nedqu:[:)eos(.ji ment, in the first access level the link 232
In another example, Figure 1B is a prior art, system-level diagram of
relevant components of the PC computing architecture. In this architecture, the
1/O Controller Hub (ICH) 180 manages communications to and from peripheral
devices 166, 168, 184 by controlling data flow to the Memory Controller Hub
25 (MCH) 150. The bus between the ICH 180 and MCH 150 is known as the Hub
Link bus 162. The MCH 150 may store data received from the ICH 180 in
memory (RAM) 160 and the CPU 152 may access such data via the MCH 150.
The ICH 180 communicates with various peripheral devices 166, 168, 184
and I/0 components via standard buses or interfaces. For instance, the
30 computer’s hard disk drive (HDD) 168 may be coupled to the ICH 180 via an
Integrated Drive Electronics (IDE) or Extended IDE (EIDE) interface 170.
“Coupled” as used herein includes electrically coupling two or more components.

The ICH 180 may also communicate with an audio codec (AC'97) 166 through the
3



10 may be configured to operate at a different transfer rate than the 1/0
Hub bus 212. Figure 2B shows the data fl ow between the conputer system
conponentveo brva2Recond operating state of the invention. PEPIUSAl/H4FI4 when
the Processing System 200 is in certain power managenent states or sl eeping
states, peripheral devices cannot conmunicate with the conputer or with
each ot her {ieonusk 183erGthdbpérptiepalnieices nay aisnbg mtertanedviitehed@E or route

data. However, in the second operajling state, the ri pher al vice 234 may
function i r3Qdbtasighsyal 'ﬂtmwsﬁhsﬁﬁa'me&éﬁ%ﬁﬁg” %@r"’&ﬁe |/ O Hub
230. That s, 4as 1t BliEYBEBPS.082 dadalin, beparalisiporigur ed to operate as

an aut ononous subsystem an aut ononous subsystem the Peritgggggl Devi ce

.234 may remain Regaollessof the éerarerorqerehersb e ier the IfdBREW ut to
sleep or_in t ; , gnk 232
may per M t ‘ﬁgﬁ?ﬁﬁgﬁgﬂg&% @e&%ﬁ&%%hﬁ%ﬁsﬁg’%gﬁ%ﬁﬁﬁ%rfﬁ% dte tcl)i,&gfalrn om and
-anong ot herthpdCidHE0als iddivatedsn Pigereahid. Zhe hepleanmeutersopgiBtingEeysteme

Per i pher al ice 23 i i 4@ ; fier, data
i thout ¢ nel O &5 e TfaiL il |k Bk Frasté AlIcR e, P08 (0K R 001 2, |
order for tdigefiieg staker Alnubber obd@Bdest are mppabie ©f hecarhing dus anastersuuinast er

the link 232 be, fl d f hi i I th
st and sebie maiuSe0 e Sl ts b el BRORagisl | R Q6 GRLVRED 1 1e
bet weenyd heis'ﬁ%ie@@iﬂ@%'tat@@‘sb%,%%mﬁdidkitﬂjs %¥s nbhesuaillplopatble. t Featiist er f ace
bet ween the fink 30 232 and the I/O_Hub?ié}o,. and/ or the Itlo_ Hub iéﬁfé Thi s
reconf i gur avhinthedyPY d8giis iny these,alepping States. S EPSQUIGRS 3(E oL UnaYe
t Lgur y .  letibes s it i
ool o EErifislensaae & '1"51“[?5%%@1"?@25' Sal v 1 O_gﬁggg.%?e not
desi gned t opagséewithait awakesingdha GRU 53 hyricalystheohe1R is degigprd wit
enbodi ment gt | eHBﬁ?ﬁw‘R%te%fQL‘@ng& ?Qn Péﬁtﬁe%@dﬂébou%?@aﬁ&b( be capabl e of

£ ve defaul t

operating w Wwo alternati ‘ us masters. To achi eve such
operati of, the |0k Hebedtylyragmuomperipberaheornpenant ireMPBtESOBRIE 18 2of 5
coupling to _deyices or.c : ; ; - nmasters.
A Teast on@opte ERRTTERPRE BEME bR BN AL BR eI, SRcatidion 7,

confi gured heBMPRBembEl I 51998 dTHecBloaoticBpaxifidaioris @ compwinications st ate. The

I /0O Hub 230 may also be nodified.ta enabl 00 af rhative

def aul ¢ busSHAEG ST wRBIEST AP ris-Ste Brivaah Ao BT Y bR ped e e,

noni toring pigr gb@g@%]@g\lgbgg_sgm‘g@fangearcpm? gaslﬂigegmmacmmtim otae . .
rocessi ng system the Perj pher vice .23 be ca e ing its

gper ati ﬂ@gsv\éi%raf‘%@f SORPBHY %@%ﬁ@comw%??i@ag%éw?%%‘a(%gdﬁi‘%/ce?’I‘?rg‘r%’%%r a? i ng

as the defapdio e, master. As the default bus master, the Peripheral Device

234 may be capabl e of communicating di rectlg wa at hﬁ%{? %erigheral devi ces
216 and 218. 15 Pregenty.aposticomprioss bllize extrpal pvige O¥pEt er system
archi tectur oS REROF T8RBiverst MtheBE A8GIBES htVEMEN ohnBtditdas a

confi gur abl g“féltﬁ?}h?gﬁ.'p@et meﬁr‘%%alneﬁsm ??22 and a Peri pheral é)qeél e 326 which
permts twocomputenvig a lsiversal SerialdRussd B RORAN$9 et $1andard i/ of the cpPU

302. In,one, i rane GdTRids84ges CPU 302
acts 20280 IR MY ft o LR b RIS R AD prodets IR o™ he

Peri pheral Pecdivesl @Rbstore thamsinanemenyd d herefprgy thags duetpathiramliantief i ned as
an operating _node in whi t,he i I i ! gPU s
302 oversi gﬁ'ianF%e'Yeerég\f%é&g%ta&[ardiﬁgdmg ?%f%drari‘éttﬁgsrﬁg% V\ﬁ Iﬁ,‘géﬁﬁhés)?ba@gmﬁode, t he

Peri pher al - ) fein W hedihg etate. adowe varnkaspinginel Cd rpgrsediusgtoprabley

communi cating wwth the ¢ uter or qgth [ r ' avi ng
the | CH 322"'?'%9?'@"%?%%@6@%?@0 @W@ﬂ”%‘%‘ﬁé‘*ﬁﬁ)‘gwa@ﬁ@i ﬂ%ﬁl‘c{{h@%%mi n turn
rely on jghe JGRIALIO % febi@baapueas.a fl ow. According to one enmbodi nent of the
.invention, the Peripheral Device 326.is in.sla ; i . isin
power nmanagement Aseaidinghsdhess 19,8 Nge i‘cq{@opc?rW?‘FF%%ﬁ%ﬁg?os%%@'P?E%igﬁgﬁ]&o From
the poi nt ofy, vi i OhidrhatiBRShils eiEproséssiridsyskem op DRk iDa\slespirgPBaleay
.behave as at?lxérgné{avf I|§1nput/|o-ut put (1/0O device. However, the Peripheral
Device 326 is not limted to being an I/ O conponent or peripheral device,

it may be any internal or external corrpof‘\ent capabl e of operating as
described herein. 7 WO 02/ 11n212 PCT/I1SII1/-4-1~1~ I n one enbodi nent of

the present invention, the Peripheral Device 326 may be a component nounted
on the sanme not herboard as the CPU 302.



I n one enbodi ment of the present invention, the Peripheral Device 326 is a
W rel ess comuni cati on conponent whi ch communi cates wi th Bl uet oot hconpli ant
devi ces wWa@onoxarki o-1ink and interfaces with the host conpdTaISOV#&1L he | CH
322. Figure 3B illustrates the present invention when the CPU 302 has
entered a sleeping state and is unavail able to nanage conmuni cati ons over
the | CH 32yithbMpdisturbing théslaepig oCBUspanded statenofttbe edaessingeystem ot at es,
peri pheral devices 10 cannot conmunicate with the conputer or with each

ot her becalddthere is no nmaster for the first Hub Link bus 312 in order
for the ICH 322 to route data. When the I1CH 322 is itself placed into
certain sl eeping states BRIEFNBESEHIBDRON OF THE DRAWINGS abl e to function.
By nonitoring the sleeping states or power nmanagenent states of the CPU 15
302, the Peripheral Device 326 is capable of operating in naster node and
becom ng t he dEfF‘?gTUré 148 aldygiénbié%ermégb@fn sfhecoriveetiGRUCEOPULNG er s certain
‘sl eeping states. 1n master node, the Peripheral Device 326 may receive,
transmit, atehitectBasfer data without the assistance or reliance on the CPU

302 The Peri Pheigire ARy 316761 ASardfh 64 BOWERNSNH FrsuhRenfel ch may
remai n 20 power ed” even when ot her Bdei” pheral devices are put to sleep or

into a suspendedfigurat?d is\a systeneieveRdiaorancdusteating the datrdlonybBWerBnt of the
i nvention, i i j On or operates
st or et Ry Rlert ShysbP e I 8RSk BboidB S dhbVenen 1 2

confi gureabl e feei-'ﬁgure.ZBﬁlsia&eytsta]n-lm!elzﬁaamm‘psstr@lmgdh%?ataﬁbv&ﬂ“@w, whi l e

still awake, confiquring.t i j t it from
entering i nqoénm’ﬁgnt%’rsli%%8m%(§ﬂg'§%gf%%%&ienr@(ﬁrgn@rﬁégtfe cﬁrt]@é Ew\roggﬁeorﬂf i nvention,
t he power nanagefigure 3A Bteesystam-devgl diagraim ilbstratingi deitee flow bBbvéarePB26 i s
mast er node or sl ave node r’r&g.var%. Izor iLpstance, in one enbodi nent, the
Peri pheral F%UPYE" @FBPORENS,AITNG NEME) ARRIHYYe during power managenent
states SO S2, arpgire IBRtEsysEmev@udiaganpiluetratmyrdee flewtbedvedres S3- S5, as
defined in the ACPlI specification. |In another e di nent, .the Peripheral
Devi ce B?6 PRiipheealideviseaAnd coBMtET eMRgngnts V@E"(arf@g(%’glp rzsﬁbarf\e?SRﬁ&sm
power menaggypnt states SO S1, and master node during power nmanagement

states S2-Sb, as defined in the ACPI specification. The_ Peri _heral Devi ce

326 may detect vfigwethis asstemesbdigasm phers amsev\menﬁah@&éwﬁﬁhe@ ate in a
nunber of | of the present 5 invention the Peripheral
Devi ce 326@@%%6%3%%@9%8Mmrol | ines or hardware pins to determ ne
when a change i rFigtre Disear bighteyes flawehanisef toe pariphatal dayicgriceRfEal® bodi nent  of
t he preg(?ent i nvention, the Peripheral Device 326 may |learn of the CPU s 302
change state by receiving notification of such change fromthe CPU 302

itself or froma secondary conpo anot her enbodi nent, the
10 Peripheral Device 32REAlLER ks e INVENTION he operating state
has occurred by testing the control lines or hardware of an auxiliary

conponent, such as a chi pset conponent. Figure 4 is a system|evel view of
one enbodi nent ofiguiee2Rshows treadatdBow betveseh ¢armplieesyserasampBiead 826

(Figures 3A_and 3B). accor di , . > i : i pher al
bevice 234 [ gav@UnG Al gl BRjNanOE, B G ghpddmst 8 bgentitiorteh, 0212
peri phepgl PBroiRSOPertHeraldDevide@3with fveer OB states afeperafion@dichPeay pher al
processor 204 y be ca | e, of sting its ating system In naster
node, the Pé?riy%@reag'"%&%gésﬁag%’gﬁ& lﬁgggeﬁw %’gﬂ%@@bto recei ve 20 or
transnit data OVRYorid émbb@ient 6fthe presédRinaenticst, theeProcessiagl Sgsteen 2GD iand from
menory 406. In this manner, the Per] ral. Devi 23 d Iy eto
buf fer dat aC@@é‘i‘-lWFi?d'V?'drCOHH@dé%W&ﬂé?P“Erﬁol i @H’f@el?qé%@’]lapgglgn@ﬁ%g%%nput er
when the pr‘ﬂfee&éfbuﬁbﬁy?ﬁa%@r%‘&%éﬁtﬂHﬂ@Qs@én@rpdri&E’éramevﬁag BB22(Fiapdr es 3A
.and 3B) awakens. The nenory conmponent 406 may be either internal to the
Peri pheB@l 284Device 234 and 326 or external to the Peripheral Device 234
and 326. In an enbodi nent of this invention, the Peripheral Device 234 and
-326 may enabl e direct nmenory access (DMA) bus mastering between the 1/0
interface 402 and locally attached rrerm\r,% 406. I n one enbodi ment of the
invention, the I/Ointerface 402 may have a Bl uetoot h-conpliant wreless
conponent coupled to it. 30 Wiile in nmaster node, the Peripheral Device 234
and 326 may have the capability to process sone of the nmessages it
receives. For instance, it may recogni ze the sender of a nmessage and, when

configured to do so, may alert the user by sending an alert nessage via the
Peri pheral Device's I/Ointerface 402 to 9

nent. According to
GRART N ©F AT
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WO 02/ (1S-L212 PCT/ USQL/ -451. 4 anot her device, such as a

Bl uet oot h-conpati bl e cel |l ul ar phone. Such configuration nmay be perforned by
t he user wo a2/@¢agttzwar e runni ng on the host conputer when i PCTASausset The
Peri pheral Device 234 and 326 may be capable of reconfiguring its link 5
408 as a second Hub link bus. The Peripheral Device 234 and 326 is then
capabl e of 0perwweqr1@$>r@msmhgfswtm ko8 opamtesaémedef&dtmmmr.l_th@k bus
408 thereby_ enabling the Hyb to n ute d e ice 234
and 326 may’ q‘ﬁ@ﬁ“&@ﬁl‘ﬂﬁ?ﬁl@éto@e L{?%E? PyS W?h éwgr ;LE@FI %hé‘%ﬁl 5%@\??(9:%3&
connect ed t &éﬂ@rd Seatidbin2fc fhe®uripherfDanide 28) rolied @Jtrezaroéfssgtg es 3A and
3B) while t e 10 processi nrg system 200 (Fi ures 2A§ @ or CPU 302

.(Fi gures 3/8Ystain'sBP0jayersightde fepelyeanddyitiay §'t”dm9§ma th BL¥EYe nenagerent
states 33- ¥h £ BefarbsHith eRfvefBand)pedbhatal deviseymuni cat e
w th ot ﬁer $§%C# 'Erﬁeeng b@%@[%ée\g%lﬁ a?td 2%8 (Figures 2A©angh28) such as t he
"HDD 318 or thelﬂ’irmcesemg&)(smm 200 A BGINGF QUM HRICAONS ANCAE) MGHHagR reying t

processi ng 5. afke lilkp3 day for

t he Peri pheEéf%g%@)%&%ngfiﬁfﬁ%%F%é@%ém%%F@a@mv'\’nmtgzh oth erlperl ph egal

devi ces, i tfunetioni ag amy eareventiortah bnk ditbudutoupiing the Petiphepat devige 234de 8itd bus
232 or 324 In this nne t,he Per erate
as the def fJPPe?ﬁflgﬁﬁ 500 eﬁéﬁ%@ﬁhgﬁt Rﬁéb?lgﬁt%ﬁée@gﬁégﬁ%mﬁ%%heral
devi ces)21l6mapde %éﬁﬂgtﬁecwds Gperat‘é atreodiff@ent tranéferanateAthangﬁe #0aHEMbuD12DD 318

(Figures 3A and 3B), and nenpry 40

existing 1/0 HutF'%@ 2k sh ngga{qﬁ%bg@«{egm%ﬁe Le?ggqghto%o&%&egﬁ t bus
master. HOVYﬁ‘éeéecohB%ple«‘éi?nb‘%lt)atg%ﬁtt@ﬁn\téﬁﬂoﬁZ?yﬂealﬂ/ Iwﬁenhlae @bd)@s*smgaccommdat e
two default bus masters sinultaneously. In one of the %iagsent

i nvention, $ysiem&00dnér egrtateppwer @263%“%?@% Br B'sea'ﬂﬂé qt%s PSR at e

Wi th the %\/lé@asr@;r%o( Em%uﬁkgtev\lv% fh'é%d?@ﬂté’r% wifti @a6neotBér rrdusBherdhi s may
require modifying the existing to be able to oeerat when t he CPU
302 is if ciemoanaster tﬂe@ﬁh@%@@’ﬂ@@mcﬁﬂpﬂﬁﬁ@ow&rﬂ%‘ﬂ HomweVese 1N HRSPSP " Devi ce

326 may sto %”@e rm{gt f P hesRthetabyent i on,
the Peri phe§§?rg%‘£?t%£b Wgaﬂ-‘eﬁ.r% e| velogzlart ghg’s/er its (Ia/ Ov
i nterface 4Managidgicoemsircations owet the I/éZuUIJb %BdgbatlAdheQ’B”PM@l Pevigares 3A

and 3B) for ocessin h B |sst|II|na
sl eepi )ng st %? malyi’earﬁg?'\é\&ur%wo%?e%gta 85}% %Lﬁgﬁﬁggsn%ﬂ%sﬁggtnﬁe) 10
02/ (1s. 1212 PCT/ Ak 8Raltdrionided sub&estémhthederipberat Oe3e zaéynatete@nate data and

store it in the hard disk |ve DD) 318 (FEi ) t he CPU
302 is P® aPeWerEsiqYgNIhENO $h%ef§95Pt%H8Y'8?é thE%Ap ﬁqté? uﬁgéﬁogﬁdso be
abl e to awak@ms oihhRe sB@tBrhdJQ&fe@é |essievrtmaem1k2;m mag pamﬁut(ameg;mheml Awaad 2B),
such as a hard disk drive 5 Al

16 h
may have beéd4 R B\anaae P9m§'&t”‘°taaoﬁs o g@[ﬂ ﬁag (ﬁﬁereieé%ﬁe%l g%@ﬁ%su )égr" g CPU
302. Such opggaYlBh iy eRIBI230. ThelFeRphiral D%mc(af%gunasalﬁé\rmweZB) or |CH

322 (Figures 3A and 3B) that has_ added functionali
Peri pheral beuswit arst{orbigfes dgta withaut Hiea 'tf@f%{tf?@ rﬁtﬁg?é?ceSfﬁthhe

Peri pherSI ¥fe 0er@s4 and 326 may further identify when the proce55| ng
system% 0 rgures 2A and 2B) or CPU 302 (Figures 3A a B E)b

sl eeping state, brondet fortheBeripharaliRryicen?34 loanayate fsdie fefpu é'éﬁ”?ﬁf]estate
This may be ac | BwitBtgng BBRECRAE fitsh ahbe

pr esent mvéﬁ ﬁﬁ{lﬁé ﬁ'g?%eerr?’% e@uf%vﬁﬂse ES%nQ 326n§mn| tors the

processi ng sged)rmta&%sla/edﬂm@PHntaﬂzettQﬂleEtlmthel'B@”@B@Pﬁt"ﬁ%‘éhestate 1 f the
Per i pher al 4 a t f; StalekR Thevivgn t he
processi ng ? 5?153%@6 %@é%d l&rggzt{oﬂge'%?g??g%lgég %ggl ng state, it may
prevent jphe JpesRIRE NG Hub 23 Sflordhe CRUHE0230.r dhisceeaniightaiion maviesHlt

.peri pheral devi ces until the Peri her ed its
operation. Thie I %O%ewt@s‘i’t Bep f%%D‘?ﬁ'S?‘ ???"ée"@% %r%gggggfétééqggégtem
200 or CPU 3f#n frrigefistidccess [anel/ or returni ng from its sleeping state until
-oper ati ons have been conpleted. In one enbodi nent of the present invention,
t he Peripheral Device 234 and 326 may prevent the processing system 200 or
CPU 302 from awakeni ng or becom ng the deéfault bus master until it has
finished its operation by directly operating upon the processing systenis
200 or 25 CPU s 302 control lines. In another enmbodi nent of the invention,
t he Peripheral Device 234 and 326 nay del ay the processing system 200 or
CPU 302 from awakeni ng by acting through a secondary conponent to cause
such delay. The Peripheral Device 234 and 326 may al so have power
managenent states, allowing it to conserve power while in rmaster node by
setting the 30 processing system 200 or CPU 302 to a suspended or sl eeping
state when not oper at| ng. Add| t| onal I 2’ the Per| pher aI Devi ce 234 and 326

o o N o v o o ..



WO 02/ 0y212 PCT/USI 11/-1.1S1.1 attached to the I/Ointerface 202 into a

sl eeping state while the 1/O conponent is not receiving or transmtting.

Fi gure Swaorodaegh-1 evel flowchart of the invention as haBCoesm/disscri bed
herein. This flowhart is intended to be exenplary of the way the present
invention operates. Variations upon these steps are possi ble and sone have
been descri bed ghgiealy, $aCchutssare oo designenoereeate Wittwiol defadtbushe Per i pher al
Devi ce 234 and 326. The Peri pher.al DeV| 234 iI ' ve node,
ot ect s ¢ hanriBiBe iy osy S BRI GHIERt < s st v aigpelisd Hin2a8:

enbodi ment phy b&eagdbid Bvsﬁléﬁamﬁg% wtth@m&’anembwaaefaaw baemeters.oTs athieve
processi ng syst em or

ermne its_ power ma.n emen In an
.al ternat i veushisparatient thefl/Q Hub230J8ay COMPEsH tMaPusJB ?C?ﬁa%%’%eﬂfi state
i nformatd o t 'Aby Bearh hebis AasEss.NAt syst em
or CPU tc‘)jr %ﬁﬂ" {%har V\e/asrdg Ctgﬁﬁs?o??t\%\’gﬁ% r@% one%‘taaé)q% The Peripheral Device
wi || then usasttane of the interfeices meayi kencanablfee haynamiedly Gnigwedi ng system
CPUis in I ee t
Tl usi ve qeeSer s Ty EBihsont ap i Telel Bt oferalod ST OO 2500eY g 1o
denote a sudisebe afodifiedi uombtmltbespembngpf sttemative defetit bigs meplerss| eepi ng

states S2S5 for jnst Thus, i.f t 1 s in a
non- sl eepi ng Stalic,gorog Eqﬂ:'?? eobedimes 5 ﬁ)ns gh@goysl%ﬁﬁ ?cmnﬁ th%? Bﬁgral
PﬁV' ce | |st§té@tdribtbﬁ/et' mah%gaémbmt sistes dﬂ?’fe!Wocéésﬂhg}leystem ?athelrlpbenah t|S gesgs

e processing system or nters into a s n
Wien t he prid@W¥es2ad mayRerR eegfschgngqngétalqp&ra?pg sé'gte?rﬁ)& %’59'%%’5?@% Devi ce
may change dé&lﬁ%?él%évﬁ@Qﬁaé&&o obaramgtaerthéradfaultuohe nistérp ey taé dBfmwitce may 25
receive and/or transmt data and store or buffer it in neno ﬁscrlbed

above. The risrimgsier.dhe Betipherahlgvise 284 VAR ‘@Ra&'%?frcé’&ml&“'%@@%
peri pheral ﬂ@b&%fpéﬁplﬁ’é?ﬁ c’éé\}?c%g ABoyR218hi | e the Peripheral Device operates
node, |

in master can continue to nonitor or detect the Rroce55|ng
system £ or CPU Rgapea/mtlustiates atportianof@nRCIomentrs SyRieAt architeciy@. det er mi ne
whet her or not - IE AR %A bgt\,@egepl ng
state 410. %’hg?ﬂﬁ}e%gﬁﬁghﬁ%gﬁ%% oﬁﬁ)r&?y?éé?r%%ﬁgé wﬁ%t gr or not the
processi ng aryw,lermraranel%LPermpﬁaraimllctaﬁZﬁewhnh@es‘néeetwmgr go6g, éeveﬁOf VO
02/05. 1212 PCT/USI I 1/ =~51~ |f 1t ystemor CPU remains in a
sl eepi ng st AFeeSSORRERAIPE Hpap e %gk?p‘gégﬁeﬁa&?@%ﬂ nue to operate in naster
node. |f the progese digbsyimiennoftie praseahinugntianothe ¢csmth€a:)CHy 3N2ads t he

Peri pheral Device .can deter I r on 412,
such as? ré%&?ehgffﬁﬁt RK$ maﬁg ??f tbﬁﬁ”ﬁé‘r‘s‘béﬁ H@?ﬂ# ﬂ%e'%fr he?arP% fb e|aet§26not in
the mddle @finSHeB rRERE 21918 mbie’ a8 Refedt Hefnddoassarauperatintemédé irntichhe
processing system or CPU can awaken. é? q#ef t he I?(erl heral  Device is
in the m ddifie Beripherajiavine A refies ARhey };&ﬁ% oY YIRS A% m or CPU
from awakenjg Hs;ﬁﬂ-ﬂﬁ Siphdtlon! tWHlPesmts!le‘é hedd, ithé PBriplicrabDevied 32behdves dshe

Per i pher al VI ce |n| shed) it can then return o sla %Ig?rgg‘ode 416 and

t he processaWHSWmem eerinberal daMica RyicemMunicating Hthy e&PEﬂpH in the

art will,r {eh 883agRs P theaiiCeesbeomEonput er
ar chi teé%u 8'%“ %]Vrﬁéaer? the @%@nglg%g’gg%r ei r?lé Addi tignally, the

i nvention hHEIélaizwsldWCble'iDGmyUmdﬁb’ aHbe G WBe? toaenagr Fatadiont

| nstructions w tR ?orh@ﬁotg%%%'ﬁ%o@'iméﬁvdf% inl&tidn) e Péripherns Dﬁke@&iéor ed
15 in any nunber 5 Storage component or program stores, such as
readonl y rrenmslyvernnbdbefsmewww =10} heemmomeemamg@m@astﬁasts%géﬁudgéae@ e

Per i pher al E@b ﬁas a.device that may be nounted on the sanme not herboard
as the host ﬁg 1 &b “éfcﬁ’?BEesm ng systemor CPU, the Peripheral Device may
al so be 3gn ext er Fadm the point of view of the host computer, the Peripheral Device 326

may behave as a normal input/output (I/O) device. However, the Peripheral
Device 326 is not limited to being an I/O component or peripheral device, it may

be any internal or external component capable of operating as described herein.
7



20 conponent not nounted on the notherboard. The ACPI power nmanagenent
states herein enployed, SO S5, are not a limtation on the present

i nvent i owO @/bge12st at es of operation, not linmted to the poRaSInmMIagenent
states herein described, nay be used to define the master and sl ave nodes
of operation for the Peripheral Device without altering the nature 25 of
t he inventilpane dhidogiirhétt of theeprickent inentibagcthe Resiphetat Device 326Imestbeased i n

detail, it is to be clearl nder st 0Q hat th ended by way of

i Il ustrati &?We@&@%m@déﬁl"bj‘e SRS @Otﬁs SRl 8% rlea(t( el 3@? way of |imtation,
the spirit and Werﬁ@eﬁfboiﬁﬂhé\tbﬂtfﬁgiré%hthﬂldﬂﬂohltﬁéP@d lalVDché B26 ised M5 Of
the followng clains. 30 13 2/ (1S-4212 CLAIMS 'i PQ}E ainmed is: 1.

. A peri pher JVIrQleSH GENMEBIRRHGISGHBPONENH whgc{n Gomraynicates W dat a;

PCT/ USUlsL4. dopsTiant dev&ssQisl a rdiglihR @Rd ﬁrﬁeﬁml Wit AE nRst Edmslital videyd ce to a
central proce sor; and a circuit to detect the power management state of

-t he cent raIlei'beﬂessor and prevent the peripheral device frominitiating

data transfers ihape W) fhiaflfie e e RO HAGT FRAEPUBRNARAAILEA™ 2

second power ement s rst 10 power nmanagenent state if the
central pr ca:eleepmg istate and iaeumadab]e pmmnaganammmmatlemaomr tie 1GHN822.

fiat &'t ans! RS, Whert 08 (P poR ISl Fe e BRI pef R BCi®Bs' 111 ' The
:‘NL;?‘; P]mt/\ﬁ;cagiggtgmnhlcateah/ﬁlathb&oa%pﬁfrmtrmm ajmmlhertt&ecauaa tbfere:lsandnsl
Gori ned | n DRGSR A USt LRI EEC 20 Brdpristkins TR R et AER, WheR 2

speci fi cati®g|CH.32Bne ithé&if pIRb&d ko ekr4ie sleepinglstatss by tnmepelcmzt h& per i pher al
device buffers the data received if the central processor is in the second

power manag@Rgsitalie BWNCYRR. 5. The peripheral device of claim4, further
conprising: a W%mhﬁnﬁérmgatass%wn@%tﬁeyek 99\~épmbh@ge@ﬁém@mé@bftﬁé\om to

buffer the data recelved ) peripheral device of claiml, wherein the

first ptﬁmr%?afﬂ@g@ﬁlmher@lt%\éceﬁﬁﬁ is1sapakie i @rp@iag immaAsigs made adat e each

com [Jissé‘i‘lsjbgc%hiﬁé tHCYREUIERUF R MR IRIERAstS! Wh&F theldpu 398 ehiett den4din 12

sleeping states. In master mode, the Peripheral Device 326 may receive,
transmit, and/or buffer data without the assistance or reliance on the CPU 302.
The Peripheral Device 326 may be an autonomous subsystem which may remain

20 powered even when other peripheral devices are put to sleep or into a suspended
state by the CPU 302.

According to one embodiment of the invention, whether or not the
Peripheral Device 326 remains On or operates in master mode when the CPU
302 is in a sleeping state, may be a configurable feature. This may be

25  accomplished by the CPU 302, while still awake, configuring the Peripheral
Device 326 to prevent it from entering into master mode.

In another embodiment of the present invention, the power management
states during which the Peripheral Device 326 is master mode or slave mode may
vary. Forinstance, in one embodiment, the Peripheral Device 326 may be in

30 slave mode during power management states S0-S2, and in master mode during
power management states S3-S5, as defined in the ACPI specification. In
another embodiment, the Peripheral Device 326 may be in slave mode during

8



7. A conputer system conprising: a central processor; and a first

peri pheral device having a first interface to receive data, 5 a second
interfacevooxyesappl e the first peripheral device to the ceRCTAlSOps+SLtLssOr
and a circuit to detect the power nanagenent state of the central processor
and prevent the first peripheral device frominitiating data transfers that

voul d_Cause, /e nifbfenp SARASSEE1! SndHASER niddeuirhng paed ntknagepencr
e

managenent 'state tot Irst power managenent state if the central
processor istates SEHI5, ascigiined Afell A%k ate. 8. The conputer system

of claim7, wherglibd, gtreHI S'b%&iﬁ:@?i ﬁ—ﬁ@{ Gbte BBV SEINE RybiRhi 8@ Godlaihfo 4T ansfers

I f the central proces power managénent state. 9. The
conput er  sysiwsmnednaglesiant Statenines pimbere wayso it Ope REYORBRRI O et Presertt at e

I ncl udes_ pawer_.na men 5 ip» i :

Conf i gurat | BYEAE BoGarPsraL P i Srg ek y a2 ok Hpf e i RERare |
'syst em of f:d,iﬁgm&'eteffminémfdencmmﬁgeiir}nme @penatingy statedrasragicLired.h lroanaiiog! edhto

the central processor,; and an, input/outpyt.contr r o the

nenory cont?’gP‘P(ﬁ'F‘eHth the pressns ﬁ‘vgﬁtéo% B}%ﬁﬁ'ﬁﬁ}?{ 4 rq)éé)&% %Mﬁg?e%?'# §€thte

peri pheral dpviscs? diangéhe setarby tedeivingbetificaiorcofasuch thangdromithe ORU f i r st

peripheral device becones a default bus ster,. faor the input/out u%l

control | er ¥RAitself arfone asecendasy BQ@EQWntin?‘CPdegetoéé‘eﬁﬁ eﬁﬁ\%'rm‘?{ﬁn Gement

state. {g. 5&@&?&%@e %ﬁw@?‘d@ferﬁ\ﬁr@ WhérPa cﬁaﬁgéﬁmrth@@naraitiﬁ%s@te Rasa second

| de pled to hub,

peri phera I ce coupl he i nput/output contrqller the first
peri pheral oksuited bydestingthaicentrel ligps 6t hargware Af amawdiary AAMBEReHHEHCN  devi ce

15 WO 02/ US> THM =-451a t hrough the input/output controller hub
if the cent?sz?%éﬁgggéor |snt'i n the second power rran;%errent state. 13. The

conput er syst em Rijurel 4isra SyBtentevetiviewt dfonpiangodiaentsh thePedihAralddRUse del ay
state to tnePbHagna Bonkd LA I 0BT o 1 el pccbichi EATbreRpEDRTENt ©
cl ai m 75 whgwehtiort, MEnd PerhepalrDeviver 284 (Fegliree28 and 28) andt3326 (EigurasedA
P rot - power A ARLEHCIGdeF GenpasralpiBoSTarA0s BRHRD fIRARACIRbng 2 U 1 C S
detect the ppwRIy A0BAGPRABRérabb@tessel 204 eyt bendapablecefdwsting is swb- system t o
determ ne whether the central processor is in a first power
operating system.
in master mode, the Peripheral Device 234 and 326 may be able to receive
20  or transmit data over its 1/O interface 402 and store or read data to and from
memory 406. In this manner, the Peripheral Device 234 and 326 is able to buffer
data destined for the computer and later deliver it to the computer when the
processing system 230 (Figures 2A and 2B) or CPU 322 (Figures 3A and 3B)
awakens. The memory component 406 may be either internal to the Peripheral
75  Device 234 and 326 or external to the Peripheral Device 234 and 326. In an
embodiment of this invention, the Peripheral Device 234 and 326 may enable
direct memory access (DMA) bus mastering between the I/0 interface 402 and
locally attached memory 406. In one embodiment of the invention, the /O
interface 402 may have a Bluetooth-compliant wireless component coupled to it.
30 While in master mode, the Peripheral Device 234 and 326 may have the
capability to process some of the messages it receives. For instance, it may
recognize the sender of a message and, when configured to do so, may alert the

user by sending an alert message via the Peripheral Device's I/O interface 402 to
9



nmanagenment state or a second power nenagenent state; a sub-systemto
receive data; and 15 a sub-systemto prevent data transfers that would
cause thav@eesalz processor to change fromthe second powBtTHEAHGENT
state to the first power nmanagenment state if the central processor is in
the-second power managenent state. 16. The systemof claim15, further
conpri si ng:andfhef devibe B(&he® 4 Bluetidth-atrmpatinlatelllarpioher Sucht he centr al

Do o hekcoatausrian ey e Ao TBUE (5 g ibfare Hon A R RGN, o121

processor |an1p@térlqﬁqe$ﬁt:g,rgiv5)@mer managenent state. 25 18. The system of
claim 15, further conprising: a _sub- systemtaﬁ q access. an
ehge 2t

comuni cat e wi t Ahe Pasiphasl P@Nicﬁﬁ@ﬂé\"dd?@@lrﬂ@y chgf‘ %@gf'gdmkt he
central gpr R83R secdhd Hmuﬁklgdsllﬂf’e?ﬂ@nd?géﬂmdeﬁsﬂandl% Ehﬁersyst em of

claim1l er conpri sl ng: sub-systemto del a IQ rocessor
-from t r ansicababiernf opetaﬂngwé tb%é@fﬁ’@“@@ﬁé‘ﬂasl’ﬁ%(rfab%ﬁ% nds W0 g'nﬁlg’ 9% i r st
Power managlﬁ?%pg eﬁ%ﬁ neg e F\uﬂ% Rfle GOEEP T Péhipherd] Betfdel 75 ditPaover

managemnent entra rocessor; determ n| ng whether the central
processor lnaay thea domreunlpaiwrenﬁmwglenﬁ\w petiphesalglevicescopnactad i thentPagement

st at e; rec ent f | d cause the
central 2%9 &a%Ufgﬁ%@'Pcﬁgg %ﬂ%@%&%gﬁgﬁg%’é %e"tﬁ%m state to
the fir ﬁi pp?b@éssW%fﬁQbO%F@Uﬁesl IA amazsmt cBU mqewm 3Aand 13B) ireinsecond
power managenent state. 21. The er conpri sing:

transf erri riggrieiesieeRing ﬁ@t?%éueléﬁgﬁ’gwebmég%@fenﬁ Sf%affeﬁééy(’:%%t ral processor is

inthe first powgg me vicet ZedeandlS@@ay Beabetohahmtnichtaiwite@themher ei
det er mi ni ng whet her tw rocessaor ! hemher ei n

stare or o BB douges i aparniFonmsctest el Senashe S o n. 23

The et hod f
a1 iGLEIdE (o I SFgts AR, gﬁ’eﬁ%““@%‘%&smjgéﬁ‘g?‘ﬁ“g%‘eifzi e
ap

occurs 15me@PHt302yis e @mpmgaﬁtatewn oFded dordhe r‘?@”ﬁh%fél ReyiFe s
communicate with other peripheral devices, it may interface to the 1/0 Hub 234 or

ICH 322 via a second bus 232 or 324. In this manner, the Peripheral Device 234
and 326 may operate as the default bus master, allowing DMA bus mastering with
the peripheral devices 216 and 218 (Figures 2A and 2B), such as AC '97 316 and
20 HDD 318 (Figures 3A and 3B), and memory 406. This may require modifying the
existing /O Hub 230 or ICH 322 to be able to handle a second default bus
master. However, the 1/0 Hub 230 or ICH 322 need not be able to accommodate
two default bus masters simultaneously.
In one embodiment of the present invention, the Peripheral Device 326
25  may also be able to communicate with the main memory (RAM) 310 via the MCH
306 (Figure 3A and 3B). This may require modifying the existing MCH 306 to be
able to operate when the CPU 302 is in certain sleeping states. In this manner,
the Peripheral Device 326 may store data on RAM 310.
In one embodiment of the present invention, the Peripheral Device 234 and
30 326 may receive data over its I/O interface 402 and transfer it to the audio codec
(AC '97) 316 (Figures 3A and 3B) for processing while the CPU 302 (Figures 3A
and 3B) is still in a sleeping state. In another embodiment of the invention, the
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24. The method of claim20, wherein delaying the data transfer further
conprises buffering the received data in a |ocal menory of the first

peri pher avodressee. 25. The nethod of claim 24, further coRPTILSIHYSILS

del aying the central processor fromexiting the second power nmanagement
state if the first peripheral device is buffering data. 17 WO 02/(15.t212
PCT/ USO1/ - 1Peﬁllﬁahteral?ﬁ)evﬂibazmmﬁlsoldeceivw:ialaei am Storenth @ thierhage Hiskidnge (HBDYat a

transfer further co ster he.r [ afromthefirst

peri pher al 3&@#&9&'@50 gz"asi&’%gﬁrthepﬁgpg% w%%?eeﬁwg éjf%e met hod of claim
26, further COWﬁhéwmheFal%k/@wzsg atnhazeeﬁéyalbomem&mwékeummemtu ng the
second power manaﬁement state if the er i pheral Vi

“communi cat ipegrherehdevieeset&ad pis ﬁjﬂ‘éfreélzio%& ) Sy a Srﬂg'aFFggﬁ%a”\S? claim
20, whersei ny tshﬁ drﬁSWﬁgﬁurQ@QRW \ﬁhl@h%%v‘éfbﬁeﬁﬁméﬂduwwﬁtoa

managerrent state eac | ses a set gower managenent 10 states. 29. A
-machi ne- r ecalizgying statd byrthethast p@@?ﬂ@é%clpr\)s Q%C§P%§perﬁﬂ?%ﬂ‘%%ﬁ~“@x@but ed by

a processor k r

et et ng IR FEHED (B SR RAG2E) of IBF'502 (QRA A ST B PRPRAS bd . g
whet her t hefunetivhatity tppem$ﬂwPemhaml@€viqesz34p@\&b$2£@rw@m¢heﬂ&fa;ﬂﬂtate or a
second po%ma%genent state; receiving data; and preventing data
transfers t f‘d cause the central processor to change fromthe second

B?WEF WagenﬁnfirﬁtwérﬁnﬂemlmwldelZaﬂtaum&ﬁﬂmaanaﬁmmdantiﬁf[\ah@ ihe the central
ocessor is in the r a t t

machi ne- reﬁ&ﬁ?%‘%ﬂﬁi‘?ﬁ‘%%?@f‘m% ﬁﬁggﬂgr éE@n@% EPgr!ijggs 3%i d3B hsgma dat a
transfer if;gle @n@%ftété orpr'étlﬁﬁmgoéxwufg oRtrying tb exis & sipaping staheag'eimmay st at e.
31. The machi ne-réadabl e nedi um of cl aim 29, nt ?term ni ng whet her

t he cent r al bgaerasplished i1 a AUENDET Pg‘ﬁ’ai{)%vlﬁronﬁfﬂﬁ‘%ﬁ@ ‘g Hg B§PMY " second
power mep n d savesh

flat .t ans 1 o e e Mo Bl g e o dabl o

medi um bof CcORCRUZD? totsetest ﬁs@@er@;«pn@ st«’ﬂ@ Hdbe Periaharablleyice 2t ANE 34PN ses
puffering thSng fidhs 2 aHApRrdBn it pfERLNg Slstbhe2dd CRU Setrisbe al

Qew ce. é mac i ne-r of claim?29, further ovi di ng
i nstructi onemﬁfrmnrwsleepmgstmlezllbmamgrewﬁet therprecassihosysean200 Pb&Pé’ﬁroﬁ ng the

N O R TR Bh R T pbptleP) delleRt uRRthE BRfiBhedPBEREs bSa BHAT &1 N0

data. 34. fumor clarm erein del aying the
data 326 has finished its operation. This may be accomplished by delaying the

20  processing system 200 or CPU 302 from exiting and/or returning from its sleeping
state until operations have been completed. In one embodiment of the present
invention, the Peripheral Device 234 and 326 may prevent the processing system
200 or CPU 302 from awakening or becoming the default bus master until it has
finished its operation by directly operating upon the processing system’s 200 or

25 CPU's 302 control lines. In another embodiment of the invention, the Peripheral
Device 234 and 326 may delay the processing system 200 or CPU 302 from
awakening by acting through a secondary component to cause such delay.

The Peripheral Device 234 and 326 may also have power management
states, allowing it to conserve power while in master mode by setting the

30 processing system 200 or CPU 302 to a suspended or sleeping state when not
operating. Additionally, the Peripheral Device 234 and 326 may be capable of
placing other peripheral devices into a sleeping state. In another embodiment of

this invention, the Peripheral Device 234 and 326 may place the 1/0 component
11



transfer further conprises transferring the received data fromthe first
peri pheral 10 device to a second peripheral device. 35. The

machi ne- ma@ozdd+ei2nedi um of cl aim 29 further providi ng i NSPEURISIGHES14
conprising: delaying the central processor fromexiting the second power
managenent state if the first peripheral device is communicating with the

second per izpaghed tolihed&Y intéfacd®024ntbiar sitepiny slatewhile thevi@ epmpongntiisi ng: , a
first interface to receive data; a second interface to couple the first
peri pher al N@E(RCEVINGORIrASMIKRG. processor; and 20 a peripheral processor

coupled to a P o4y 3¢ erﬁ%rmé%lafio%nartwm inesrRivAalel s beshrdestiilssts  whi ch,
when executed by e peri pheral (ggocessor, causes the @lrocess r to detect

‘the power rheneigeTiis flayyched isintendedip pgiexgrpiasy ebthe Wt BERE¥Mhhet her t he
central ﬁ{ qrcsf\?e;ﬁigﬁ o?%adt@s.aldcrfarﬁﬁﬁs @@%ﬁﬂhe@sﬂéﬁ@%@@ﬁ@ﬁblébﬁ& Qofle Haveaeend power

mamagem‘;é preventi ng ta transfers that woul d cause the
.central pralesssed aboveh augeas apowehmasegenanifunetionamiigdiasivherl Bewiceo t he
first powver,, 9 U2/ ()s-1212 PCT/U SO 1 /-4.t51 ~ nanagenent state if
the central %r?ﬂf’e r is in the second power managenent state. 37. The
first peripheralThdeMériphendl Deviter233Gndva28; wihile imsgavaoiodacdetecta ding e

I nstructions initiate a dat r,ansfer. if ent i.s in the
first pomrpr9°§%%§@é?fﬁﬁt°rg%ﬁa{{ %PP%@.’“”%@W?& nLb‘ge'fél %ﬂé&%ﬁﬁggéﬁ t@é of claim
36, whe{@i NnidRichRH PérgHens ABviei Moiitors tHeqmecessing systedn ui CRUMoa r ead- onl y
menory conponent. 39. The first perlgheral dﬁw Cﬁ of %I I m 36.. .wherein the
machi ne- r ea@RIBINAING i POWE MANSOBERLSteiRe 13D AlPNgfive &M 8@'%‘?5?%?\% t he
recei ved dag@sbfy i@/érﬁiﬁﬁ! pdfer TREREgenRint biate nfdritatipe imayitsy edntdethece. 40. The
first peripheral device of claim36, wherein Be mcg{e{r]ﬁ@F adabl e

i nst ruct i onBeriphesgl RDavcanhihedrosrssingsysien %9% el BRA power

managenent i I rst peripheral device is buffering data. 41. The
first peri p%;eft&%eﬁe Ee)wgge{‘) cl ai m 36, wherein the machi ne-readabl e 15

i nstruct$ ons corflieyPeriphenal Déviest wil dnerpuss the strse infermalionde dgtarminge hthger aul t
b ter. 42, The first | . ' ' ' i o e
machi ne- r e RGP ThSERGENE B GBeRIaHAEF 40, BTGBl
recei ved dapet ihtlosivé beeldry Sieepingi gidite pabsitiieviRatherdhea teyacmay bpaisegiier al
device. 20 43. -The first i ph devi f ' ' ' _
rrg\élhfﬁe- r eadi@Mte aie%%\reﬁ%fttﬁgrﬁlggﬂﬁfg% etoﬁ{é' S&%ﬁ? ’r%@h?rsﬁégls%%ﬁién@é%? ng the

second powegsFENASKABAT TRUGtifthe brddeesihg spstemenr i GiPld isaih ediean-sleepisg state,
comuni cating with a second er%' Vi C

(A A& AR A&SYRIRESNROARE TRRESHY SR TP Siieie Wil o RErale g°
a normal I/O device until such time as the processing system or CPU enters into a
sleeping state, such as S3-S5.

When the processing system enters a sleeping state, the Peripheral Device
may change to master mode 408. In master mode, the Peripheral Device may
75  receive and/or transmit data and store or buffer it in memory as described above.
The Peripheral Device may also be able to directly access other peripheral
devices as described above.
While the Peripheral Device operates in master mode, it can continue to
monitor or detect the processing system’s or CPU's operating state. In one
30 embodiment, it may determine whether or not the processing system or CPU is
trying to exit a sleeping state 410. In another embodiment, it may determine
whether or not the processing system or CPU continues to be in a sleeping state.
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Additionally, the invention herein descri ed may take the form of machine-
readable instructions within the Peripheral Device. The instructions may be stored
15  in any number of memory storage component or program stores, such as read-
only memory modules.

While the preferred embodiment describes the Peripheral Device as a
device that may be mounted on the same motherboard as the host computer’s
processing system or CPU, the Peripheral Device may also be an external

20 component not mounted on the motherboard.

The ACPI power management states herein employed, SO-S5, are not a
limitation on the present invention. Other states of operation, not limited to the
power management states herein described, may be used to define the master
and slave modes of operation for the Peripheral Device without altering the nature

25 of the invention.

While the invention has been described and illustrated in detail, it is to be
clearly understood that this is intended by way of illustration and example only and
is not to be taken by way of limitation, the spirit and scope of this invention being
limited only by the terms of the following claims.

30
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1. A peripheral device, comprising:

a first interface to receive data;

a second interface to couple the peripheral device to a central processor;
and

a circuit to detect the power management state of the central processor
and prevent the peripheral device from initiating data transfers that would cause
the central processor to change from a second power management state to a first
power management state if the central processor is in the second power

management state.

2. The peripheral device of claim 1, wherein the peripheral device can initiate
data transfers to the central processor if the central processor is in the first power
management state.

3. The peripheral device of claim 1, wherein the second power management
state includes power modes S3-S5 as defined in the Advanced Configuration and
Power Interface (ACPI) specification.

4. The peripheral device of claim 1, wherein the peripheral device buffers the
data received if the central processor is in the second power management state.

5. The peripheral device of claim 4, further comprising:
a memory storage device coupled to the peripheral device to buffer the

data received.

6. The peripheral device of claim 1, wherein the first power management state
and the second power management state each comprises a set of power

management states.

14
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a circuit to detect the power management state of the central
processor and prevent the first peripheral device from initiating data
transfers that would cause the central processor to change from the second

10 power management state to the first power management state if the central
processor is in the second power management state.

8. The computer system of claim 7, wherein the first peripheral device to
initiate data transfers if the central processor is in a first power management state.

9. The computer system of claim 7, wherein the second power management
15 state includes power management states S3-S5 as defined in the Advanced
Configuration and Power Interface (ACP!) specification.

10.  The computer system of claim 7, further comprising:
a memory controller hub coupled to the central processor, and
an input/output controller hub coupled to the memory controller hub and to
20 the second interface of the first peripheral device.

11.  The computer system of claim 10, wherein the first peripheral device
becomes a default bus master for the input/output controller hub if the central

processor is in the second power management state.

12.  The computer system of claim 10, further comprising:
25 a second peripheral device coupled to the input/output controller hub, the
first peripheral device to communicate directly with the second peripheral device

15
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15. A system, comprising:
10 a sub-system to detect the power management state of a central
processor;
a sub-system to determine whether the central processor is in a first power
management state or a second power management state,
a sub-system to receive data; and
15 a sub-system to prevent data transfers that would cause the central
processor to change from the second power management state to the first power
management state if the central processor is in the second power management

state.

16.  The system of claim 15, further comprising:
20 a sub-system to initiate a data transfer if the central processor is in the first

power management state.

17.  The system of claim 15, further comprising:
a sub-system to buffer data if the central processor is in the second power

management state.

25 18. The system of claim 15, further comprising:
a sub-system to directly access and communicate with a second

peripheral device without assistance from the central processor.
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5 detecting the power management state of a central processor;
determining whether the central processor is in a first power management
state or a second power management state,
receiving data; and
preventing data transfers that would cause the central processor to change
10  from the second power management state to the first power management state if
the central processor is in the second power management state.

21.  The method of claim 20, further comprising:
transferring the data to the central processor if the central processor is in
the first power management state.

15 22. The method of claim 20, wherein determining whether the central
processor is in a first power management state or a second power management
state occurs before receiving data.

23.  The method of claim 20, wherein determining whether the central
processor is in a first power management state or a second power management
20 state occurs immediately before starting or delaying a data transfer.

24. The method of claim 20, wherein delaying the data transfer further
comprises buffering the received data in a local memory of the first peripheral

device.

25.  The method of claim 24, further comprising:
25 delaying the central processor from exiting the second power management
state if the first peripheral device is buffering data.
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27.  The method of claim 26, further comprising:

5 delaying the central processor from exiting the second power management
state if the first peripheral device is communicating with the second peripheral
device.

28.  The method of claim 20, wherein the first power management state and the
second power management state each comprises a set of power management
10 states.

29. A machine-readable medium that provides instructions, which when
executed by a processor, causes the processor to perform operations comprising:

detecting the power management state of a central processor;

determining whether the central processor is in a first power management

15 state or a second power management state;

receiving data; and

preventing data transfers that would cause the central processor to change
from the second power management state to the first power management state if
the central processor is in the second power management state.

20 30. The machine-readable medium of claim 29, further comprising:
initiating a data transfer if the central processor is in the first power
management state.

31.  The machine-readable medium of claim 29, wherein determining whether
the central processor is in a first power management state or a second power
25 management state occurs immediately before starting or delaying a data transfer.
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33. The machine-readable medium of claim 29, further providing instructions
comprising:

delaying the central processor from exiting the second power management
_state if the first peripheral device is buffering data.

34. The machine-readable medium of claim 29, wherein delaying the data
transfer further comprises transferring the received data from the first peripheral
device to a second peripheral device.

35 The machine-readable medium of claim 29 further providing instructions
comprising:

delaying the central processor from exiting the second power management
state if the first peripheral device is communicating with the second peripheral
device.

36. A first peripheral device, comprising:
a first interface to receive data;
a second interface to couple the first peripheral device to a central
processor; and
a peripheral processor coupled to a program store containing machine-
readable instructions which, when executed by the peripheral processor, causes
the processor to
detect the power management state of a central processor,
determine whether the central processor is in a first power
management state or a second power management state, and
preventing data transfers that would cause the central processor to
change from the second power management state to the first power
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instructions are found within a read-only memory component

39. The first peripheral device of claim 36, wherein the machine-readable
instructions delay the data transfer by buffering the received data in a local
10  memory of the first peripheral device.

40.  The first peripheral device of claim 36, wherein the machine-readable
instructions delay the central processor from exiting the second power
management state if the first peripheral device is buffering data.

41.  The first peripheral device of claim 36, wherein the machine-readable
15 instructions configure the first peripheral device to perform as a default bus

master.

42.  The first peripheral device of claim 36, wherein the machine-readable
instructions delay the data transfer by transferring the received data from the first

peripheral device to a second peripheral device.

20 43. The first peripheral device of claim 36, wherein the machine-readable
instructions delay the central processor from exiting the second power
management state if the first peripheral device is communicating with a second

peripheral device.



