28 June 2005 WO 02/054212 PCT/ US01/ 44514 COVPUTER PERI PHERAL BEESE TI(;&A(T
REMAI NS OPERABLE WHEN CENTRAL PROCESSOR OPERATI ONS ARE SUSPEN e S
The present invention relates generally to a nethod and apparatus to

pernmt a conputer systemto receive information while the CPUis in a

sl eepi ng  §bkBuz@nd nore particularly to a peripheralcgeyf s th multiple
nodes of operation that facilitate receiving and buffering data while the
conputer's CPUis 10 in a sleeping or suspended state. Background of the-

I nventi on As nobile conputing devices seek to extend time-of-operation

bet ween bat t eppMPITERFERIBARAL DEESTHATIREMENS OPERABLEWHEN | ngl ¥
inportant. One  WaCENTRAD PROOFSSOR ORPFRAURORS ARESUBRENDED shed is by
conpletely, or partially, 15 shutting down conputer conponents, such as the
central processing unit (CPU), hard disk drive, display, and other :
i nput / out putFiglt/ O devi ces, when the conputer is not performng

operati ons. Dur| so known as

sl eeping states, ﬁg&é@gﬂvenh&?éfat%%ﬁéralw Qgg@g% gtg%ﬁ@?&ﬁ%ns with and
control of |Resmiaceeputsisstenm to esejvs ipleamationwhirdha §PU /N @#AsBWBNt s, and t hose

[ esour ces_ myuBonahre SERRAY B LodPhadiicttbeih AaEkBtesTPONeNt | Such
power management tec C‘UGS are not uni que to an one CO% ter syst em

ar chi t ect ur eopegien Wafrfavtlﬁ erwwemb%f@r"ﬁs €2l while the sREnPMRI & KE S conf i gur at i on
and Poweg |ﬁlh%nefaﬁﬁ%o:(sﬁﬁénhecﬁﬁﬁt@! fication, by Intel, Mcrosoft, and

Toshi ba, Revi sion 5 , February 2, 1999, provi des enhanced power
managenent i d o ol uter (PC) system architecture. The ACPI
Speci ficati ransfer of power managenent functions from

the Basic |nput As lﬁttb[b@bmaﬁmg@ﬁwce(ﬁlee@ exignd tirse-olenetationbetwoent em  t her eby

appl i cati on SOy e, Bl ARG s YR nEROSEEI R "R Loage of
peri pheral deayiicwbick Q@Vﬁra@nw acepstpligfier ‘SdHrCGB'*P'eteWaPTcPaﬁiaﬁYq drives,
codecs, and Qriind 88w corbuldPbdmpbPeRe aEHR th@b&ﬁt’afﬁ%ﬁeﬁng?@ﬂr(ept}?d to a PC
such as video caSsette recorders, television sets, tele onetséf and
st er eos. hard disk drive, dispiay, and other input/ouiput (I/O) devices, when the compu
is not performing operations.
During some of these power management modes, also known as sleeping
states, the computer’s CPU may cease communications with and control of its
20  peripheral resources, includ'ing IfO components, and those resources may not be
accessible to any other computer component. Such power management
techniques are not unique to any one computer system architecture.
One hardware system specification, the Advanced Configuration and
Power Interface (ACP!) Specification, by Inte!, Microsoft, and Toshiba, Revision
25  1.0b, February 2, 1999, provides enhanced power management in a personal
computer (PC) system architecture. The ACPI Specification describes the
transfer of power management functions from the Basic input / Qutput System
(BIOS) to the operating system, thereby enabling demand-based peripheral and
power management. Through the application of this specification, PC computers
30 manage power usage of peripheral devices such as CD-ROMs, network cards,
hard disk drives, codecs, and printers, as well as consumer electronics connected
to a PC, such as video cassette recorders, television sets, telephones, and

stereos.



1 28 June 2005 WD 02/054212 PCT/ US01/ 44514 ACPI provi des severgP JL?’I%@%%
sl eeping states, S1-S5, that reduce the power consuned by the platftorm by
limting the operations it may perform These sleeping states are
described in the table below; SO has been added as an indicator of the
‘active' oWVOAYS4Izeping state'. These vari ous operati RET/E0H#ESE are 5 herein
referred to as power nanagenent states. 'Context', as used in the table

bel ow, refers to variable data held by the CPU and ot her conputer devices.
It is usually APRIPTvisles severs (pWRoweLYsepidsiriesnP brPrifaterduce ¢ ng certain

sl eepi ?9 Stlfﬁoﬁrér_- conSinRRityige ﬂ@t&!_ji_mibpliﬂnmﬁtl; ﬁbap@aﬁonswni\dq_rp@mﬂr?méﬁ ikon, active
state (no sleeping state). Si e tate is a | ow wake-up

| at ency sl ee%eﬁ'ﬁg giiaép@ge aeﬁcr{%qunﬁg?aﬁe}?%wgé(g% S BAIRIER AN s | ost (CPU or
chip set) anglidatordiwhe activehomtoasiespinglstatey Sesavarions epdrating2taldsarsS2 sl eepi ng
state is l,ow. wake- | at en | ' t Jhi ; LS simlar to
the S1 sléeﬂe%{] rsefeé?gpoe%doeoﬁ’fa F%ﬁiag%%%ﬁtggaaeisﬁ%ﬁg%t,ggzl(s:%@h@%en E(’-:l&g(t Is lost (the
CS i s resporisiodl efdrefo varibie dataheld by the CONEnd otheaemhpCfUdevicesekis .  Cont r ol
starts from A Gl V, : - er =P vent. S3 The
S3 sl eepi ng Jgpglly g&?@&gﬁq%&@% e%%n %g%r@%gvgé\}l@ecgﬁﬁgs'gt@ét \%neg're all system
context is |ost except systemnenory. CPU, cache, and chip set context are
| ost in this sPlegring HRasapiPe nmi ntai ns nenory context and restores sone
CPU and L2 con¥'®§Brati on context. Control starts fromthe processor's
reset vector aftgy themakpedBorY&RE stalBdnd Hi6ephfh stteepi ng state is the

| onest power, | ongest wake-up |atency sleeping state supported by ACPI. In
order to reduce oOWeITheG1aleeping stateR a iolw wake-ap siterey stebytg dtite. mehidwar e

pl atform has pover ed ﬁgt%,n@lsgste BUHIGE® losf U A skl an@hatlif@sm context is

witten to the hard disk.. S5 The Sh state is simlar to the S4 state except
the OS does not save M @'n%ﬁlﬁyé%" %Btémenabl e any devices to wake the

system The system igeldd difing Salelis a Biwakb-8h fatdtlf sbEHY S, PhiseOPl ete boot
when awakened. RN ,

state is similar to the $1 sleeping state except the CPU and system

cache context is lost (the OS is responsible for maintaining the caches

and CPU context). Control starts from the processor’s reset vector

after the wake-up event.

S3 The 83 sleeping state is a low wake-up latency sleeping state where
all system context is lost except system memory. CPU, cache, and
chip set context are lost in this state. Hardware maintains memory
context and restores some CPU and L2 configuration context. Control
starts from the processor's reset vector after the wake-up event.

S4 The S4 sleeping state is the lowest power, longest wake-up latency
sleeping state supported by ACPL. In order to reduce power toa
minimum, it is assumed that the hardware platform has powered off all
devices. A copy of the platform context is written to the hard disk.

- 85 The S5 state is similar to the S4 state except the OS does not save
any context nor enable any devices fo wake the system. The system
is in the “soft” off state and requires a complete boot when awakened.

10 In many computing architectures, including the PC computing architecture,
data may only be transferred between two peripheral devices by having the host

operating system manage such transfer. That is, the processing system or CPU,
2



10 I'n many conputing architectures, including the PC conputing 28 June 2005
architecture, data may only be transferred between two peripheral devices
by having the host operating system manage such transfer. That is, the
processi ng systemor CPU, 2 28 June 2005 WD 02/054212 PCT/ US01/ 44514

t hrough on¥O8¥0SAL auxiliary conponents, functions asPEI/USHSE "
controlling the data flow to, from and anong peri pheral devices which
function as "slaves". The_ "master" is also co ly referr,ed to as the
"bus nast er "thropghgieof fseipdiary compenshis) %‘P”ﬁ%%&mﬁm@@ﬁ\tf@nt i onal

conput i ng 5 qatGlintte Giow, Qnd &A6RS Rkibheral dbAcdRrhiva Siictigh 43y'sibvest. T acts as the
"master" by  direct Ie/ or | n&i rfect ¥ cg}nt“é‘ol | i ng, communi cations to, from
and anmong peMBfeSASe ol Jeeed 0 p3 §1€ AL - A conponent, such as the
Processi ng Syst efigut®0A is avbisteim laed diagramtdhe cnvasticeal'cofputinganagi ng data fl ow

Is often alsg. referr - t Bl iad 1€ Processing
System 10:‘8l iagcrwg%ﬁg.aﬁgg/érglgamﬁ%ﬁtﬁ?o%§§sllr@§@féh‘b10@%&’%{%?&[ (F{l afg’tﬁrt_aggeri pher al

devi ces 116,dirgdi or mdideciBdoniotiingacdpnraunicaions &, frem, angramiong pefpieral 30 i s enpl oyed
to couple theg, 12t e ' ' 49, 118, and 134
and route dg@\ggﬁéé’e ot \%gdef\ﬁégq{orﬁ%%%ggéidé_hﬁgﬂog%sﬁ?r%g%??(]:!nél dashed

| i nes. The Iwhishiagls as 3 ‘megte’ e manegipadita flowiswitenalsa referred 1528 g d 134 are

usual |y conmmyh gedus Walstere aHe PREeRIngSyseMIa0 ¥ t@&éﬁ?c@rﬂlﬂuni&lﬂ%w and 132. 15 In
Vv

Cannot _opbr 4pePied BRSPS RHERISHB oA 16 VIR 27 rigtesy 8 B 100, hus.
whil e the Pragessisisnpiyel &eclp theshus 112 @iklonsd br Mereperprenhgeaioest states, such
may not i1 dHBnIE G PACES (U EbarET SR RSSO st em 100 of
ot her peri phiasiadd liné) TheViCciash 130rand thetpeesheest degides 11671198 rapd 138aies a pri or
2t chi & oot ur #55AlK opPinGRERHTRY peupleed B Rhast TRBR AR Dofart 0y (T 160
manages tonmuni datrioshenipatigraictitecmepdhd peiphexsl dedeas 'U6s118681d 1868, 184 by
bot ween t he A TR AR{CHE AREerBIthS BlokRerkiipen, 1o, T o2 The N
150 nay st onédilelthedreosssinySystant HH is ecert@rpa D Managenanbsigtes.REN) 25160 and t he
CPU 152 may A4e6R8 ofslisPeitithtaW, thelpBRprddradis 116, 118, and 134 may not
tfransmit or receive data fo or from the Processing System 100 or other peripheral
20 devices.
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 fiow to the Memory Controlier 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/O 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



The 1CH 180 communi cates with various peripheral devices 166, 198, Ji3é 2608
/O corrponents via standard buses or interfaces. For instance, the 30
conputer'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.
"Coupl ed" WORE4EH2herein includes electrically coupli REVEM44SH nor e
iggpogentsh ‘rll'he | CH 180 may al so communi cate with an audi o codec (AC 97)

t hrough t he 28 June 2005 WO 02/054212 PCI/US01/44514 AC 97 Link 164.
Ot her peri phe & L‘%W%Q"W”F&e%d%@@ megpiPaRettERRead Wil ]] 130 t hr ough
guch :ntB erfé(irag&hr asghasublentepacdsak a@aﬂpwrembmbmtmmm@éct(nw) Uni ver sal
eri a us par al ort. Regardless of the
i nterface orL']J ‘éﬁ%ﬁ@ﬁié @‘&Bégs' é:'Eﬂ é’bp?raﬁagpdata 5 indicated by
}v?:le-l daghed bi - dlnegﬁrdlmaiftﬁeumeﬂcebmenﬁmnalslawmb thet(6H 8¢ mutes def@yi ce and t he

150 a a FL BT ng system
(0S) act s§as {j??iedtc@qg%?? Ef?gi re&@n%ﬁlge%m éen%m}?g}ﬁ&ﬁ e%{':%&rf%&al S ngt in a
sl eepi ng st dheMCH 150 éwicafed dreRigure $B.afhe hngpeoniputess Om%tmﬂﬁ)'ﬁjefbus mast er s,
but " o0l TR AR L8 B ARK BR: Wi AEERY fep iy aster . Wien the

CPU 152 10 is eepi ng states Li n bus 162 I's not usually
oper abl e. Treseping stataytf) nenken ef depicesiase cansble e bereBdgdls B3FAE: Bitat es, its

resour ces arcﬁuyqﬁé RBin4HAY #d @Rkérve aemale Q%stiﬁ’éste‘?nﬂfhéﬁl B cPersponput er and
its peripheral” devices is not genera

ssi bl e w t hout kening the CPU
152. Typit&ali$ ip sleepiag plefes £8655, ?Q&E‘Qﬂ-@h@ﬂs ?/é)zt'ﬁmté's'ézfﬂhﬁl’%mt}utﬁjbﬁm?ﬁk i nterface
and can pandflnﬁe gﬁ: OPLONE2 @uﬁhém%teﬁpmg dthteENN résﬂQﬁc@@érbﬁﬂéNurﬁOﬂlﬁﬂé peri pheral
conponen n ile co cat.i ons devjce conpati bl e
with the Bl L?é’ggﬁ'i"ﬁ‘”@! ITB @é’?“? B?F‘p‘@er a"‘?‘tsofﬁ?”p&@'é{%ﬁ’g?s 1§ ho fﬁ%allyThe Blmtjet oot h
gptem ficat 13 F]::Ossl%e wnmnrﬁwsuemg trerCPU 2angpicaly ftos IOM 188liedsigoedmwitmi cat i ons

et ween nobil e | e devices. This

standard maied" gbeo(ﬁ‘éq lgnlgn{eﬁgcpe:wp %%@ﬁ%c%ﬁ’oﬂgé*@@a%%bw de range of conputing
and tel etHmMuni c@né increasieghi coesnoni paripierahcampopbmtin mpkilegemputardiisoa | i nks.

Present |y, gﬁ%‘i!? gﬁ'ﬁ?ﬂw gal’tiﬁnéjédv'cé E&n%ﬁlﬁlg m@ khell‘:lh.%t&wgﬁe%ﬁ' icdtdnSEr Ve as

Bl uet oot h-p . anscei Vers ices are often connected to a
conput er vi &.GB, Datanalres 4] 1998y The BiBetgotll EEByficptiantis @ porgawiicalienser st andard /O

standard for wireless communications between mobile PCs, mobile phones, and
other portable devices. This standard makes possible the interconnection of a

20 wide range of computing and telecommunications devices via ad hoc, short-range
radio links.

Presently, most computers utilize external I/O devices fo serve as
Bluetooth-compliant transceivers. These devices are often connected to a
computer via a Universal Serial Bus (USB) pott or some other standard I/O

25 interface. They also rely on the computers’ CPU to process the messages
received and store them in memory. Therefore, these Bluetooth-compliant
-transceivers would nof be able o operate during those times when the computers
CPU is in a sleeping state. However, keeping the CPU powered just to enable
the connectivity of Bluetooth-compliant devices is wasteful of the limited power

L

30 available to mobile computers.
Accordingly, there is a need for a peripheral device to permit a host system
o receive information while the processing system or CPU is in a sleeping state

4



25 interface. They also rely on the conputers' CPU to process tPRg JBaeaEBo5
received and store themin nenory. Therefore, these Bl uetooth-conpliant
transcei vers vvoul d not be able to operate during those tines when the
conput er s’ is in a sleeping state. However, keepi n% t he CPU powered
just to en‘é’BI"é{"s“%lI’\e connectivity of Bl uetooth-conpli aREVESNAEES | s wast ef ul
of the limted povver 30 available to nobile corrputers Accordingly, there
is a need for per i al . device to host Sy receive

i nf or mation W\ﬂéjﬁt‘ﬂ '"%%@@?@F%stgﬁ%et"g?f{%}?te @c?sr:? Sgﬁ eé%%‘long state 4 28
June 2005 W02/ 054212 PCT/ US01/ 44514 wi t hout disturbing the sleeping or
suspended state of the processing systemor CPU. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 Figure 1A is @@yggg@mb@m ofitAgTHAvANG] conventional conputing
architecture. Figure 1 IS a systemTlevel diagram of a conventional PC
architecture. Figure 2Ais a systemlevel diagramillustrating the data
flow betwpen coppukan iy sisem-earpagamtdt aicBmanfdnasdomppigat i ng state of the
invention. 10 Fiqure 2B is a systemlevel diagramillustrating the data

fl ow bet \Aeerﬁ‘rcr}ltﬁﬁgrﬂ'ﬁt er system conmponents in a second operating state of the
invention. Fi gUFigurdABiiSa systysleadiagdml of dicagueational nmmmmuamg data fl ow

bet ween PC conpu ter nts rin Q gure 3Bis a
system | evel di adpgﬁzﬁl'% fgl"e}ﬁegg‘a%?& [qu{g%%géfﬁ?\%éﬁo&ﬂ%gv pérl pheral device
and conput ercompuotposiateEirscompenends iPE ficsh opanating state éfthednwehntiampi ng state. Figure

4 is a systemle f eral device of
t he pres}é(?]t mveﬁ&i’%%b?ﬁg—g%meml %nﬁ;agrgﬁ%mﬁ@ﬂéeiﬁ Fﬁc“ﬂ%ﬂeggf t he peri pheral
device's opeloamutensySteZOCmWert_ﬂDammﬂfﬁm9¢3teq11-$;9IDWENTI'I ON Figure 2A
shows the data f#gwt ?ﬂtlé"?%teﬁﬂwﬁl%raﬁmﬁk nge%wa&meémp@ first

operating state o e 1 nvention hi's enbodi nent, the present invention
computer components during normal operation.

Figure 3B is a system-level diagram illustrating data flow between a

15 peripheral device and computer components when a PC computer is in a sleeping

state.
Figure 4 is a system-level diagram of one embodiment of the peripheral

device of the present invention.
Figure 5 is a high-level flowchart of the peripheral device's operation.

20

DETAILED DESCRIPTION OF THE INVENTION

Figure 2A shows the data flow between computer system components in a

first operating state of the invention. In this embodiment, the present invention
25 provides a Peripheral Device 234 with two or more states of operation which may
vary depending on the state of the Processing System 200.

In one embodiment of the present invention, the Processing System 200 is
communicatively coupled to the IO Hub 230 via a Hub bus 212, and functions as
the default bus master for the 1/0 Hub 230 and peripheral devices 216, 218, and

30 234,



25 provides a Peripheral Device 234 with two or nore states of @8Jahed®005
whi ch may vary depending on the state of the Processing System 200. In one
enbodi ment of the present invention, the Processing System 200 is

comuni catively coupled to the 1/0 Hub 230 via a Hub bus 212, and functions
as the deVQWPSHas naster for the 1/0 Hub 230 and pePCHNEHAFSIHevi ces 216,
218, and 30 234. 5 28 June 2005 WD 021054212 PCT/ 13801144514 Wil e the

Processi ng System 200 erates as t def aul t . bu ter, .th Per i pher al

Devi ce 234 oper af'®ée Q@%gomﬁ‘wtem'%ﬁﬁg“a%ﬁﬁa@ei{afaﬁngﬁﬁrﬁé%f{ﬁﬁed as a node

of operati onPdriphavhii Mavick 284 Bissratphay aislaleV i*Slave? Bwde iltiersdn dufinedws #r ocessi ng

System s 200 9 erS| t.0 r Wiile in

si ave 5 node™ E%?{OEH%WQ%%S d@%?eg&%@&?@e&ghﬂeﬁﬁ%ﬁwon

peri pher al d@ysteués Zottdverslahtiomwagn@rstt@mmm&rmﬁwagWt@e WEAYeni cat i ons

and/ or t 8 - devices via
e85 agfad BiPdphd nggé?z&%@ﬂ & as ARGl )}iéﬁbhé?éﬂ%ﬂ&e

the 1/0 unction as an onventional |ink or bus
coupl i ng thethPErchméyS@mﬂOQ@azamnq epnmnicafipnsaad/ier MessageoEiRgAB0. I n one

embodi ment , t’h@c?rﬂﬁutér'arnﬁBth@FﬁéﬁEﬁerél%ﬁbesWEthé I/Olf—luB?zéo 1ﬂ1ermy oemepnfigured to

operate at a different transfer rate th he 1/ bus_21 Fi gure 2B
shows t he datactipn asameionkesiionahink op Ry Roupling g (ﬁ’f’PE‘ﬂ Mentd oithe 5 second

gggratl ng Stﬂ?@es@iﬁg 'Sl?ﬁelh Qﬁ@ﬂhloﬁé]erpﬂ'dﬁtﬂh?ﬂhh Yhe fivdd eftesdlevdPieaiais 33Ng SKst elm
is in cer nt_.st at es n es r|p era
devi ces é%nrfﬂ?lﬁleo??ﬁ&ﬂ tPé’prfle%?? H@e@awmﬁé}:mfﬁtﬁ%ﬁﬁggzﬁ'ﬁtbﬂ because
tﬂere 15 ijs no nEiglrerBtshown®ina gsta HONhEtNecath aoapuier slysiame:ordpdsr?ntsl-bwever in
t he secon o eratin at t Per i unction in
master mode P 5’?%“6‘9 %ﬁtﬁﬁ@gﬁ?ﬁ% t@%ﬁyﬁ%ﬂe%’iﬁn %éﬁcg%"ﬂub 230. That is,
t he Peri pher$jsteBe200dein c2R4in pmrbmna@mmrt stgtes oslaeping statast peripheraln aut ononous

SubsyStem Al @k U SIORR AR B Bngh PR LAORSRL BB BeRP Y T ermi

20 powered even evices are put to s or into a
suspendeds dsae mastentotrmag@mmwwh@‘@@r resiteedata. tHpwevemip thegsec permt a

Peripheral  DejtpR s%%“th&@e F’agﬂe\ﬁm%eﬁﬁﬁﬂc%}?m%stef Frigf8 thafgy anong ot her

peri pher al vice la the I'/O Hub . .The Peripheral Device
234 may al sonanagisggemmupicafiaanever tha @i 350r That iy thed’ WW%@FV'P e assi stance

or reliance £ Md}ePeQRBARSIE operate as an autonomous subsystem.
As an autonomous subsystem, the Peripheral Device 234 may remain

20  powered even when other peripheral devices are put to sleep or into a suspended
state. [n the second access level, the link 232 may permit a Peripheral Device
234 to manage communications to, from, and among other peripheral devices 216
and 218 via the 1/O Hub 230. The Peripheral Device 234 may also receive,
transmit, and/or buffer data without the assistance or reliance on the Processing

25  System 200.

In order for the Peripheral Device 234 to operate as the default bus master,
the link 232 may be reconfigured for this purpose. Switching between the first and
second access levels may entail reconfiguring the interface between the
Peripheral Device 234 and link 232, the link 232, the interface between the link

30 232 and the IO Hub 230, and/or the 1/O Hub 230. This reconfiguration may result
in the link 232 operating at a different transmission rate in the second access level

than in the first access level.



25 System 200. In order for the Peripheral Device 234 to operat®g8afpAde005
default bus master, the link 232 may be reconfigured for this purpose.

Swi tching between the first and second access |evels may entai
reconfiguring the interface between the Peripheral Device 234 and |ink 232,
the |ink 2820245482 nterface between the |ink 30 232 ahel/¥s9g445140 Hub 230,
and/or the I/O Hub 230. This reconfiguration may result in the link 232

operating at a different transm ssion rate in tge S Ouﬁ% access |level than
in the first accb@saielfahubsaregotsigsignesipsrergip v P’@S‘%ﬁ BET/ US01/ 44514
Typi cal | yi_blrﬁé@téwh_%ov@év@r, mmne@g@b@meﬂtogmeﬁmemﬁmemomhwo Higf2a0! L b:J/sO "
mast ers. wever, in.one enbodi.nent the .present inventi t he u
230 may be %%’3&&38516? Qf&ﬁgrlgﬁquw @ﬁe@%e 3&?@@'@{'}6\? rsd@%’aﬁ%ﬁf’veous nast ers.
To achi eve suttbpapgiien ahé BO Hub REO inayDcdudnis@ B@ mmynterfangsr dapeblé oo bus i nterfaces
capable of 5 ¢ Ling to devi t rat e as default
{ s 'COK@MB Foecgeg/{c%%ﬁrec%gmpgf%&s%at%%&%gé\%{% a3 d%% Eb%aag%?e. A

bus nast e I'nterfaces nma e capa bei ng
dynani cal | y leashéregd fredntetfeeswan ba cdnabletof bainh dywwaisallyaenigsrsd evel or

operat i ng Stb%gvf‘een?ﬁ?st%é%égg@a%ﬁégssml or%'gér‘aﬁr%%t dJrﬁéJRS’H&ks)zﬁ}ﬁév e the

operation of ternative bus” masters. According to one€ enbodi nent
of the i nveraisode masifiedimenabieithrpneradion picetipinaliye default bug raastass. power managenent

states of the prRcesifyl8osyshislimenbsr tRERIAGT, B mobiRYihg Be dRdpingy be capabl e
of changing its operating state froma conventigna eri grger al device

(sl ave) tb diriesaripAgermanagement sigiesof e grasessing rsys"?@’l thehger@@ Lit bus master,
ot e per B e B e e |1 pats ol pe a portion of
a PC cgrrpuf deriRipe! Q?Hi%(élﬁi’%jjé%?ﬂﬁ"’éi."g P%thetdﬁt!rgglgmﬁ%ﬁ? %‘l‘e dﬁ%”‘gr ecent
i nventi on pryoy desr, theTmibhaal DRDice 284 mby Behphie vh@mmunitaiiigtdird@® and a
dependi ng udth TREPaParE GreBaB@l2ibs. I one embodi ment of the present
i nventions the criggeBAillustrafla Boidnats £C cDpaer syblemdedhifedtireblrs nmast er for
S ave modernt Snpctor e paferhtfb Rl ey b fouiall ool Retgea 7, Toce:
Peri pheral ReJyCd&2328i a Béripbsrablbevidecs2Embick pOTts b pronefRtlevals 9fecei ve and
access depending upon the state of the CPU 302.
In one embodiment of the present invention, the computer's CPU 302 acts
20 as the default bus master for the Hub Link bus 312 and the Peripheral Device 326
is in slave mode. "Slave mode” is herein defined as an operating mode in which
the Peripheral Device 326 relies on the CPU’s 302 oversight to receive and
fransmit information. While in slave mode, the Peripheral Device 326 behaves as
a conventional peripheral device by communicating with the computer or other
25  peripheral devices by having the ICH 322 route messages to the MCH 306. The
" ICH 322 and MCH 308 in turn rely on the CPU 302 to manage data flow.
According to one embodiment of the invention, the Pe'ripheral Device 326 is
in slave mode if the CPU 302 is in power management states S0-S2 as defined in
the ACP specification.
30 From the point of view of the host computer, the Peripheral Device 326
may behave as a normal input/output (/O) device. However, the Peripheral
Device 326 is not limited to being an 1O component or peripheral device, it may

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



transmt information. Wile in slave node, the Peripheral Devi 0233%9 2005
behaves as a conventional peripheral device by communicating with t

conput er or other 25 peripheral devices by having the I CH 322 route
nmessages to the MCH 306. The |1CH 322 and MCH 306 in turn rely on the CPU
302 to man¥B&YFaia flow. According to one enbodi nent PEFUSMW&SIAvent i on, the
Peri pheral Device 326 is in slave node if the CPU 302 is in power
managenment states S0-S2 as defined in the ACPI ecifjcation. 30 Fromthe
poi nt of vi efloBs epprel %Pf@%ﬂﬁﬁﬁ?r@i""e'lt'ﬂ'é t'ﬁe’?ﬂ%ﬁ%‘?' e"lﬁ@\#é@a!’sg%a may behave
as a nolr_ma! dogﬁwhéngmbw&d ¢ thsarfle wotherbotid we trGPU 302, Per i pheral  Devi ce 326
is not limted t ein

any internal or W%FWE?G?@S%&'?SRE sgﬂﬁ&%mt@ﬂ tFe ?)@F' Fl#@fljcg\ébg%sac” bggy °e
hﬁr ein. 7 E&yirhlasec@@r@ﬁmcaﬂmm m@ﬁéJﬁMmP@Efmm&ﬁlda{tMthéBlmmome enbodi nent of
t he prese 2 ] t
mount ed on tHOPS USkes (8% aBb RO MerRR fifh e Rod Bmtfer B BPTRONECE e

present inveRHid@R, the Peri pheral DeV| ce 326 is a WI reI ess conmuni cation

component whi ch ﬁ@%}aeluﬁ@{rﬁés tﬁé%@s@hhﬁ@érﬁ@ﬁ mhéqtﬁeﬁpbla@%a@&%ére@s via a

radio-link and in aces wt onputer via the |CH 322. Figure
3B i | | ust r at&geaping sfteansdis upgyoiaslei te MapfasFomAunicaiigns pver Fﬂ%c'éﬁg%r ed a

sl eepi ng StaF)@icalf}dwlhéi'ltH@@P@'S’O@Q'r@cér@m%@@ﬂ@sﬁ%’f’ﬂéﬁbﬁ‘e@élldQ\ﬂﬁesover the | CH
322. Typic states, peripheral

t he in_ce s| ee
devi ces 19 ccéﬁgFHP°'B@HWEﬂ§‘?E’5'f§e\‘RP'T‘PPtW Erbﬁifhﬁgler H%tﬁg"éé?d'f? ot her because
there is Nno m&sasH e tthe et Hubink ibus 812k braker fokihd IGH 3o routeddatie rvwher t he | CH 322

t t dat [t I t I

ot on byl R U pfRd G ol B R D B0 R o S0P R e
EI e_epihng istggrfgjarwetodum|omanagerrent states of the CPU 15 302, the

eri phera Vi C d b

Per pher al Dovt o6, Aafictfe £84BE% e P0SLAL) MihablndRSEslc FRURAANT copi NG
states. In ri@2titee Periptheral DéniceREp iggdapatdd ofidpeiating i3 P@skenmodecaidi ve, transnit,
and/ or buffgdgcaﬁhc_?@gg%aawhgﬁ Eﬁk&%ﬁh&%&%@n%dﬁﬁﬂo@%ﬁ% Ehe CPU 302.  The

Peri pher al Vi ce an autononous subsy may remain
sleeping states. In master mode, the Perlpheral Device 326 may recelve

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 fo 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 $3-85, as defined in the ACPI specification. In
another embodiment, the Peripheral Device 326 may be in slave mode during

8



20 powered even when ot her peripheral devices are put to sleep 9B Juwé& 2005
suspended state by the CPU 302. According to one enbodi nent of the

i nvention, whether or not the Peripheral Device 326 renmains On or operates
in master node when the CPU 302 is in a sleeping state, may be a

confi gur abVe@ ¥4 lire. This may be 25 acconplished by PAEUEPHSE02, while
still awake, configuring the Peripheral Device 326 to prevent it from
entering into master node. In another enbodi nent of the present invention,
t he power newagemenagementataies $P1, g0 Mastemededuriag POWRE MANagsBeNte 326 i s

nmaster node QieSERYE JAREMIRY the UWBPY spebifiéatibmist ance, in one enbodi ment, the
Peri pheral Device 326 may be in_3 ngg\}g duri ng ower . managenent

0 sl ave

states SO S2, anbhe Periphaaldyevics deb vay feiert Whemiar sYRlm N9 &t es S3-S5, as
ggf! ned3i22 tﬂbﬂler‘b\ﬁﬁ’lhag%ﬁi@ﬁﬂsﬁwm?mmbeﬂdifwagémh brs erﬁlﬁfhmnbo 'Bmme prta;smlé Pgriz pher al

Vi ce na e |n_slave e [in \ e 421
PCT/ USOL/ 5145&%“&5?5\/\%? Pﬁﬁﬁ@é%‘fﬁe3&5éetsggh%gg@f%Hgﬁ%.'%rﬁ@@%m@@%duri ng power
nanagﬁmanlt phisatb Gstgﬁﬂnéiﬁhergascrdegé i\rllmmé dparﬁtimtd&é:ﬁhs squaced. iloanatieer. The
Peri pheral Device may de t .. n i a power
management SEA° 'Weﬁg‘g‘ﬂﬁ%%eﬁ @’?en\?\%nygq.e éeﬂs%ei%%%ﬁ O%%@S%P Op{qg pregent 5
i nvention t hePPes0thangs of Sk meemglmﬁﬁ@timﬂﬁsmhsnmntﬂ)ﬁﬁ%ﬂ | i nes or
har dwar & Pl gy, t.iflBhiY ABoNAR bofpbRR Kochilink APaRRE Bhbdinardhe has

?here0|nt8t nt

occurred. In"ano C e presént Invention, the Peripheral
Devi ce 326 rRgyiphasaliDevise 32hmay dreminesden aivhangs ivthe sperating#ate Basei vi ng

notificati on @iy ;-bﬁges@ing?‘fhg%oﬁtfo?ﬁﬁeﬁ BEndrdwdre 8 dukifty EorfonbtOfcR _Secondary

conmponent. AcCCOTr ( to anot her enbodi nent, the 10" Peripheral Device 326
may det er mi i a@nPselsorREME in the operating state has occurred by testing

the cont ; ol F! i neﬁgﬁéflh@é Q}@E&nﬁle@é[ lviéﬂ oﬁbﬁ@l | drhtREYheROSTRY wéﬂﬁgheréﬂ[:ﬁvic?atsha chi pset

conponent. Figure 4 is a_systemlevel vie one, e i nent, o e

Per i pher al i(figure 24 and ﬁ%ﬂﬂdéz%fe'%? %"Wa?'%&a%cﬁ@"lgggﬁrpéess%% and 313)

gzcor gi ggB@g t Qn\lehﬁ)ngf‘mlé:%ﬁphbfai gwmagqgi%r;{mm Red 28)hed 326 dB@a'regséiﬁQ34l (Fi gures
an an i gur es n n i pheral processor

404, an I/ O%ﬂ@éf'ﬂﬁé@c@ ","p%ﬁeraﬁg?ﬁ?ﬁvrﬂgggxBér';ﬁ‘t%'ﬁ%géﬁz’%rﬁécessor 204 may be

capabl e of hnehdrngos. tReripheral processor 204 may be capable of hosting its own

operating system.
In master mode, the Peripheral Device 234 and 326 may be able to receive
20  oriransmit data over its I/O interface 402 and store or read data to and from
memory 408. 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 infernal to the Peripheral
25  Device 234 and 326 or external to the Peripheral Device 234 and 326. Inan
embodiment of this invention, the Peripheral Device 234 and 326 may enable
direct memory access (DMA) bus mastering between the I/O interface 402 and
locally attached memory 408. In one embodiment of the invention, the I/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/ interface 402 to
9



operating system In master node, the Peripheral Device 234 and282fufaRdes
able to receive 20 or transmt data over its I/Ointerface 402 and store
or read data to and from nenory 406. In this manner, the Peripheral Device
234 and 326 is able to buffer data destined for the conputer and | ater
deliver itWP828M¥2conputer when the processing syst eBCTBWIMSIQures 2A and
2B) or CPU 322 (Figures 3A and 313) awakens. The nenory conponent 406 may

be either internal to the Perjpheral 25 Pev' e 234 aé1d 326 or external to

t he Peri pherdiPtheiedavice, %Qa%ﬁgluthBt.h'cPngl?e‘"@l‘ﬂgﬂcﬂ %P this invention, the
Peri pheral DReuiigufatiddhagbe pafhmemly e akdr eia sditware tunniagon thedostess ( DVA)  bus
mast eri ng between the .F1].10 interface 402 and |locally attached nenory 406.
I'n one enmbodPMBHE e R @A Fent i on, the 1/0 interface 402 may have a

Bl uet oot h- conpl i Bt PatipherhicBavice @Bpamisize ntaynelcapkbleoofirgconi®oringitsllisk i n nast er
mode, the%Peﬁ{?é%Q%rsgéon%ﬂbq’lﬁk 81%4Tﬁ9%er%§rap?¥viéé%ﬁ.am@26 E#eALI 1ty to process
sone of the hessSag I't recefves. For 1nstance, it nay recognize the
sender of a cepadmofeparating sstbe defaulfiugnasier fopa gerond Hubbipk BYsA0B t he user by

sendi ng an ahciy JEBRRIS b fub ReoRELLENSheboldhManeute dbPahi face 402 to 9

28 June 200 . . USO1/ 44514 anot her device, such as a

Bl uet oot h- cdngythemeasreusiain difectiyiyith ethesprripheralsiericea oaee Ry ol e per f or med

by the user in38QtiGves 8a BkH)REICHBZNRIgS BA af@BB)WN@E thehen it is awake.

The Peripheral Device 234 and 326 rra%é;e ﬁ@ﬁ%&@‘éﬂ reco flgur.l ng its link

5 408 asl® dJuessasing-gustem 200 (Higwres 3 andehiioh RSSAMU BB %08 5 t hen

Zggabltﬁ of bcﬁé&éiﬂhlie.@ﬂng’i&ﬂfeﬂ%f%ﬁmtrllﬂuﬁagtﬁﬂléhdtfstatéscs;l‘:’ﬁ%.gecg)nd Hulb |[_)|e nk bu§34
ereby enabling the 1/¢ r.ou : e Peripher, vi ce

and 326 nmay the eﬁf&ﬁ%ﬂ?@ﬁ"@‘ﬁ%}%@%zﬁ "&aﬁ”ﬁ ag]%ﬁ%?o _ lﬂq[cﬁf‘?e‘@ IOﬂ?aJeéyi ces

cogng% eslm_t fpetiflﬁrdllfgiricddtmﬁEﬁ@z(ﬁqur{eeaAﬁﬁd ZBI):::b_uﬂBasﬁhe HDOR1822 ( Fi gua(:a)a 28\2

an ile the , ' . : or

(Figures 3A g cg%%c (f'\@ %gﬂiQ:nllq%ée?s)né%sq%ggéﬁﬁlagé@%#é%%@@%ﬁ{é&sz@ovﬂer

managenmend SGRU 262 iSHhHHeepFigstdiarin ptder far thDEeiipherat Bavicenkp4znd 3Mmilp be able to

SO 2. the ot SR e iy iR b BB & 20, 20)
t he processilBy 389 vinernee@® hys 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 '87 316 and
20 HDD 318 (Figures 3A and 3B), and memory 406. This may require modifying the
existing /0 Hub 230 or ICH 322 to be able to handle a second default bus
master. However, the 1/O Hub 230 or ICH 322 need not be able fo 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 ifs /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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15 CPU 302 is in a sleeping state. In order for the Peripheral DP8ilaRre22305
and 326 to communicate with other peripheral devices, it nmay interface to
the /O Hub 234 or |1CH 322 via a second bus 232 or 324. In this nmanner,

t he Peri pheral Device 234 and 326 nay operate as the default bus rraster

al | owi ng DVR ¥ pstering with the peripheral devi cESTHIMA44EY 218
(Figures 2A and 2B), such as AC 97 316 and 20 HDD 318 (Figures 3A and 3B),
and nmenory 406. uire t.he X1,St ub 230 or | CH
39 to b atfaiPe:aiie 26 mabisme wr i o dar mp B El M AR, 1% P han
230 or ICH 323 (ngds BABndEB)akile the CRUCrinindiclesping wiatedef aul t bus masters

si mul t aneousl y. yll;] %@hgﬁmeg(icg'i?%aﬁfsztenﬁaypis?sb%%etg%{‘ﬁﬂgehgfﬁe t he Peri pheral

Device 326 25 ma cormuni‘ca menory ( RAM
310 vi a t he pdbpherd@ievi¢ds 2jGraed 318 (FigdreS BA.and BB) syphyas ed@rd disk diiveli f i ng t he

exi sting gﬁ;{ ng@AFgQ?tJﬁIB (?‘rﬁﬂtﬁ?‘gﬁa%%%@g%%ﬂhév@%egﬁeﬁ&%g's&tb@! certain

sl eepi ng eral Device may store data
on RAM 310. gleepbhgestaiabiobie h@ﬁiﬁO'ﬁWUtQ"h@Pﬁ’r%@eﬁﬂ-‘m eReEaion BYRY radHiEe Ber i pher al

Devi ce 234 QVU’HUB}’QS@(?%uF@!QAVaﬁGQB}’& 1@4"3@2 gFVg%uFes'gASangQ ihatras kadey 402 and
transfer it to the audi o _codec

res SAH acrg tﬁB) for

processi ng vﬁd“qt'B”Q“WéOBF’U"@'GPZP?VPP@GF%"CQ&M3 28py beometiq 983U 3 s eepi ng
state. |In amgkhekiegnbodi mrent of the invention, the 10 28 June 2005 WO
02/ 054212 PCT/ USQ1/ 44514 P I Vi c 6. rec ve data and store
it inthd&hard dfftargirnea 5%;&%5 ‘185% 3?%? @i\“éﬁ § while the CPU 302
is in a sl eqgpodegsing sistem J0FiPares phancazB)lheaPUesozazigmmBABaﬁ s iml so be able
to awaken oth er| eral .devj. nd 2B), such
as a hard dlasﬁee(Wf o\t °§@Jrg’gg,&&ﬁﬁg9@@?%"?%;%45&@% %?@%’gywhl ch may
have been priedcoarspligheskin amomherosﬂfvefspilmgles&mhwmmyltmfm@ present conput er' s CPU

302. Such Ogﬁgfg{.a g‘u%}ﬁptﬁer‘ﬁ%;ﬁeklge 34) adld daQaﬁBnn@megﬁcaé&@%y&én%@ 2B) or ICH

322 (Figure as a uncti on ermt the
Peri pher & De@PRe30234ddetae Itsgﬁr%t@nﬁétﬁ@mlfmhé’eﬂi@ﬁ%pﬁ‘"ceb@é aﬁﬁ@@%‘ﬁ 10 The

P h I [
S;;'t it ?ﬁﬁ‘leﬁﬁgﬁéé aﬂg)g?a%&q WReh tf&P%rb&%@.m? &ﬁr iéoso %ﬂ;@g%thgs ;;r ocessing

sl eepi ng st X8 fropra sleaping statgy it ”@mpfq\’ﬁ'@} thqﬁroqe,swwstem iof CRUZepi ng state.
This may from communicating with peripheral devices until the Peripheral Device 234 and

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 unfil 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 setfing 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 /O component
11



be acconplished in a nunber of ways. In one enbodi nent of the pP83RiHe 2005
i nvention, the Peripheral Device 234 and 326 nonitors the processing system
200 15 or CPU 302 to detect its operational state. If the Peripheral Device
234 and 326 is in the mddle of an operation when the processing system
200 CPU 30%00¥5842t0 exit froma sleeping state, it Hel/UPF&Ent t he
processi ng system 200 or CPU 302 from comrunicating with peripheral

devices until the Peripheral jce 234, an 26 .h finished its

(2)88r ati (()jr;U g;@:ﬁ?tﬁﬁggt%e&%?ﬁg%ﬁg’oa %?Fpﬁ‘gls%ﬁ ‘fﬁ‘lj‘ett@fcéﬁpr?)qpaﬁ'géssi ngt s%/st emt .
or cbaiang entiahsmigingnd/ or returning fromits sleeping state unti

oper ati ons have been.conplete i ent

i nvention, the Iﬂﬁwrﬁﬁésr%llg ) ﬁg%‘b%ﬁ%@ﬂg[@%o'ﬁg@%’%\%ﬁ%cﬁ%?processi ng

system 200 hereirCAWisID@chardsintendédioiba gxampldrg oithe wey haeregeftaul t bus nast er

until it ha i N .S rakl i ; i t he

brocessi iy SySpidhioD8Sts Yaheg ity Blsefers ohiispitio2RECAng Alc 80P

enmbodi nent cleswibed abpversucivas a power Panagamentiunctieon e Peaphesah Bedo® may del ay

the processijg syssem 200 or CPU 302 from awakening by acting through a
secondary conponent_to cause such del ay. The Peripheral Device 234 and 326

may al so have polkerPeipirEy Seuise 23”sﬁrﬁt¥§¥“"rﬂ1§ I"SlRvRgode: detpclsdMBer ve power while

in nmaster nyfRefingHttemitbr Cre'sIPeRiNFA5E 0D 1664 ebodifler®bf U 302 to a
suspended or._ sl eepi

ng state when not operating. Additjopally, the

Peri pher 8 (¢PHop. tgg%emragggwquporg@rség%%{gqeés: Sys@f’h?fi EPtBt her peri pheral
devi ces i nt @eriheRPpovier Madiemehist@aonbaraltenitvdiembodimedt of thei s | nventi on,

t he Peri pheral vice 234 and 326 lace the | ent 11 28 June
2005 W0 07 PSARTERER, DSt Pt el el TrRY PP B PR T ace 202 i nto a
sl eepi ng st &edphsa! Devitdby thé Grocessing systiem bsCPUhat anotheehardwege or transm tti ng.
Figure 5 iss@‘@PArQQc#n&%ﬁgﬁt flowhart of the invention as has been descri bed

; )

herein. This wcha I'S intended to be exenplary of the way the present 5
i nvent i of oper atée PevpheraiDevesswill fon ust the stata inlognatipe togtetasmise & thehd sone have

Per i pher i - e Sa0 Y ggm T ts B e A o 0 1 526, whi 1 in
sl ave node, hadndesive of Reery Peepinssiatapossiplet Bather e teaapuray bepsedioi ng state 402.
I'n one enbogkRgih siset féhe possible sleeping states, such as ACPI sleeping states S2-
S5 forinstance. Thus, if the processing system or CPU is in a non-sleeping state,
20 such as S0-S2 for instance, then the Peripheral Device will continue to operate as
a normal I/O device until such time as the processing system or CPU eniers into a
sleeping state, such as §3-85.
When the processing system enters a sleeping state, the Peripheral Device
_may change to master mode 408. [n master mode, the Peripheral Device may
25 recelve 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 procéssing 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.

12



10 invention, the Peripheral Device nonitors the processing sys?8iunie O005
to determne its power nanagenent state. In an alternative enbodi nent of
the present invention, power nanagenent state information may be sent to
the Peripheral Device by the processing systemor CPU or another hardware
or sof t waV@'¥8fdnent. 15 The Peripheral Device wil|P¢HENIHSYE t he state
information to determne if the processing system CPU is in a sleeping

state 404. e that | ee state" is i ncl usi f every sl eeping
State possi B GS PRERHED SRR OEVEN FATSA 8 St e e iEelbset of the
possi bl e sl axyicsthagcattings toupeiateis maeiet msdecepi ng states S2- S5 for instance.
Thus, if the pr S r 4 S 0. g state, 20 such
as S0-S2 for m&fg' totl%%ﬁgrgt%?ﬁﬁ%ﬂ@fg@ﬁﬁi&\}%@ﬂg% al?sfemcontl nue to operate
as a nor nalPeripi@ral®evice candstdrming dili is indhe middle héarpomc&ég!sﬁ‘rﬁgsl@}n%em or CPU
enters injo 3 H4en Ssing system
enters angsl erg%q' &g{ﬁgﬁ&oﬁbﬁﬁﬁggﬁéﬁeﬁhl g%lwébg\%scg e %SG@O mast er node
408. In nast@ﬁfaﬁ@bléca"ﬂ f‘?éllﬂp@rﬁlﬁyﬁmoﬁﬁ“rt%@ﬂdd@e mgesgags@é@lw&%%h%ﬁnor transmt

data and st ofguet. RIMfel&" if the PeRpHBRITPECAS ;rqﬁéﬁlrddiaeo@aﬁeﬁafam nﬁh@, Peri pher al
Device may al so be able to directly access other perip evi ces as

descri bed atsl§lAs haipqessingysieryqr Sivehfeom auakeies bidatiltids; t'ﬁ‘eﬁ%@"t‘%‘r node, it

can conti nUQtsToﬁerafBP:mWHHn tﬁHP&@hﬁﬁftDetvia@ hid MAHSE it t@n B r&tiindo SiveCPU s
operatin i ment det erm ne whether or not the

tate.
processi ﬂ‘bSWéﬂﬁﬁ?dO@?’qucgss'"ﬂﬁWﬂﬂ of %P[éﬁ?"ta‘é?kg'l’ ‘eepi ng state 410. In
anotcgtar emt:)odi mfaersadofmacg&dkmrmnhaartmmmt &d@ﬂilzemgtSmgpre*smmemmassb S?OEZEE <2am
or continues to a sl ee sta u
BT S0t/ 445 B et GeelpF R S Eh e whind dndk B8 PR0 Bt ng st ate,
t he Per i pherfalditioriadly, itieecinvesjiorcioandin deseriltenl noaydaicetthe form obrsaahinernde. 1f the
Processi NG Sysk G- ABREGRTRe PhATLI] oo ahL iuilighenal fiuger | Pher

an I on

Devi ce can d opera such as 5
readi ng o¥ manmmmbemfmdmemorp@qumn%nt oiFogrem stqres puchiagregdt in the niddle
of such op o f&’ ‘ﬁlﬁ& return to slave node 416 and the processing
system or can en. However, if the Peripheral Device is in the

m ddl e of an opéwateﬂb@]prefefrembodlment 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 ACP! power management states herein employed, S0-85, are not a
limitation on the present invention. Other states of operation, not kmited 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 detall, 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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del ay the processing systemor CPU from awakening 414 until it 283uneed0b
finish its operation. Wien the Peripheidl Device has finished, it can then
return to slave 10 node 416 and the processing systemor CPU can awaken. A
per son of q_r inﬁr}/ §ki Il in the art will recognize that the present

i nvention H&yc @'\3 acticed on conputer architectures other than the ones
described herein. Additionally, the invention herein described may take
the form of maﬁgi ne- re?gabl e instructions within the Peripheral Device.
The i nstrudti on® REERhSET deFRFOMPIiSYany number of nemory storage component
or program st or gfirst fileMa@Sto' eadive ghlay nenory nodul es. Wiile the preferred
enbodi nent descri bes the Peripheral vice as a _device that may be nounted
on the sane not®eeeds intesiace e cpure thapginheraldevinededseantigl Bosessaror CPU,

t he Peri phﬁﬁ@l Devi ce may al so be an external 20 component not nounted on

t he not herboard. The ACPI power nmanagenent states herein enpl oyed, SO S5,
are not a |i nmaar¢uiocletedithppewenmanagementatate@f e cantedl proaeisopmcat i on,

not limte ", t erekn described be used
o det i ne DreCnl e poRBER FRARSRIRINGENR Gia il MR ol BaydBibe, o

Devi ce wi ttenital ptdcessordotchang@fromea s@éordf pdwes mavinmernt statéid & firdie

i nvention has been descriﬁﬁedﬁ dillustrated jn g'fetail, it is to be
clearly urRfYBRPISARNSAtE I Eeicﬁ?%ﬁl’jc?émo(/\}é"y“ e PEFUWCRONGTon and exanpl e
only and managdménst bstet aken by way of limtation, the spirit and scope of

this invention being limted only by the terns of the follow ng clains. 30
13 28 June 2005 14 THE CLAIM5.1. A peripheral devi ce, - conpri si ng: a first
interface 2.0 ragRipriphatal dedics oF R NIWAEFERE thd e 1Ricvite dRpininder al

device to a central processor, and a _circuit to detect the power
managementd&R fapsfers for{be cenraliroersseri the cemm! ppceseot tsw@edg'si RAVEStal
devi ce fropyhdYdmeiitisidedata transfers that would cause the

3. The peripheral device of claim 1, wherein the second power management
state includes power modes $3-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,
and later delivers the buffered data received to the central processor when the
central processor is in the first power management state.

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

7. A computer system comprising:



central processor to change froma second power managenent st at28gtJurse 2008
power managenment state if the central pnagcessor is in the second power
managenent state. 2. The peripheral device of claim1l, wherein the

peri pheral device can initiate data transfers to the central processor if
the central proeaesbal pecessarhand i rst power nanagenent state. 3. The

peri pheral devic f claim Wherein the second power nmanagenent state:
i ncl udes power ﬁ&ﬁé@eé@-ﬁg@é@"%%w% in the Advanced Configuration and

Power | nterface (ACPhjJirstpaeifacemineosive datalhe peripheral device of claiml,
wherei n the peripheral device buffers th ata received.if t ral
processor is in the 88E69RA %‘%ﬁ%ceﬁ%ab%'ﬁgkﬂ?ﬁ?ﬁa?ﬂ? e ngvl'cﬁt@rtnggfgﬁe%lrs t he
buffered data rgrriuest hAgt he central processor when the central processor

is in the first power nmanagenent state. 5. The peripheral device of claim
4, further conprisingcireuihisrdntectdhe payer manaeemestgpiephiae Pﬁ’étr%eri pher al
device to buff eé JAEs SR pfe@&rﬂ'tﬁ?ﬂrst geri ﬁ@apﬁéﬁ&i‘%ﬁ'ini%ﬁﬂf@a@f claiml,
wherein the fir8f power manhagenent state and the second power nmanagenent
state each conptraesfersthatwouli qaose the canie orenesser tatabengg from theRegead
system conpri sin

peri pheral devi eg\jvﬁé&aﬁéaejmégt?sg?teﬁtﬁtﬂgﬁ, ﬁ%@é&@%r B{g@é?@@%ﬁ%@%@\g Iaéc?(rr)]n !

interface to coppicesédias fri thetsepend pbeeninadiegément statehe central  processor,
and a circuit to detect the power nanagenment state of the central
processor and prevent the first peripheral device frominitiating data
transfers ghat Thalkompatsraysieam cfalkine?, wineressthefirstpeciphengbdéviceria miatecond

D ocessor Mgt fARSRrodCng CenBBEPoRRIRE B irebeare menoqustatk or “yst om
of claim?7, wherein the first peripheral device to initiate
9. The computer system of claim 7, wherein the second power management
state includes power management states S3-S5 as defined in the Advanced
Configuration and Power Interface (ACPI) 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

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:
a second peripheral device coupled to the input/output controller hub, the
- first peripheral device to communicate directly with the second peripheral device
through the inputioutput controller hub if the central processor is in the second

power management state.



data transfers if the central processor is in a first power mmngelmig 2005
state. 9. The conputer systemof claim {g wherein the second power
managenent state includes power nanagenent states S3-S5 as defined in the
Advanced Configuration and Power Interface (ACPl) specification. 10. The
conput er sygt enThé cehuter dysten dfainc t2ywheseinghe firstrpedplierabdgvies €3t hub

coupled to the central processor: and.an.input/o b

coupl ed todﬁr?é( tﬁ%ﬁﬁ?gﬁ'éﬁ?fﬁsﬁpq ﬁqmﬁmsglﬁalqggporﬁ ﬁ%eﬁ%ﬁ%%@gﬁégééeg@%ﬁ%f t he
first peri ghgs @l tHicBRd phiver MaRagOmBHL &htesyst em of clai m 10, wherein the
first peripheral device becones a default bus master for the input/output

controller hub if the central processor is in the second power nmanagenent
state. 12. 1ihe TRERUIPUIELYSem off claihal vlidieinfthe fitst pedpingreal déviee can second

peri pheral device coupled to the input/output controll.er I St
peri pher al dglayitee cepiral pEagRFSen! &T%@EPW‘Q%?Hm%ﬁeq?ggfﬁav}égz??%%gp anltdevi ce
through t hgidd HHeTHEGweT ddricich®int Bidte T the central processor is in the

second power nanagenent state. 28 June 2005 16 13. The conputer system of
claim12, wherein the first peripheral device can delay the central
processor f{E50m hryafdnt,ic@fMpingf om the first power managenent state to the

second power nmanagenent state. 14. The conputer systemof c¢laim7 herei n
the first peripAstBisygiem todetest the ppyer Waewpﬁgm{?r%]&%ﬁﬁa?ﬁo&ﬁssgw

transitioning f5%69%@5@‘5?&0&&9&9}9@%%%@6@&@%&@éé%sbﬁsliﬂila flrstrgpiwapower

managenent st até. ystem conprising: a sub-systemto detect the
power managemegemenbstatodr asemmndrpdwesmaragesient siatgub- system to det ermi ne

whet her the centraéﬁ&r cessor \/ i .3 Ei rst power nanagenent state or a
TUREnL A paelve dal 2

second power naf&y “SYstemto receive data; and a
sub-system t 0 pseubiisiat @ prewatidats rahsfersitbat Wodldwsiose e central al

processor to change tromthe second power managenent .st | rst
power mn&%ﬁ?ﬁﬂgt‘;&ﬁ@? fmﬂ{geéﬁﬁ?ﬁ“gpo‘ﬁ?@a‘@ggg?m?@ ﬁtﬂteﬁh Zhésg%sr(t) ng%t)wer
management . sbabfent state if the central processor is in the second power management

state.

16.  The system of claim 15, further comprising:
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, and later deliver the buffered data to the central processor

when the central processor is in the first power management state.

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.

-19.  The system of claim 15, further comprising:
a sub-system to delay the central processor from transitioning from the

' ~ second power management state to the first powermanagement state.



16. The system of claim 15, further conprising: a sub-system to28njuna20Gb
data transfer if the central processor 8 in the first power nmanagenent
state. 17. The systemof claim 15, further conprising: a sub-systemto
buffer data if the central processor is in the second power nmanagenent
stat e, andZ20at eA rdethodepmphieinguf f ered data to the central processor when

the central pro LS 1n t | .e. 18. The
system of cl ai ma%%?&#%h%f#eoﬁveggﬁ%ﬁieﬁ%&%gﬁésSgggég@m{)%%?bect | y access and
conmuni cat e w t Heenaipirgdhetaer thiearomtral processoris inhofist pewestnanagerhenim t he
central processor. 19. The system of claim 15, further conprising: a

sub- syst em® eﬂéﬁéﬁc?%p@@?ﬁ%ﬁmm%@s’g% sfromtransitioning fromthe
second power MBRRGRR atgiai® to the first power managenent state. 28 June
2005 17 20. A nethod conprising: detecting the power, managenent state of a

central processbrevening dataitrangteraihat nauld srusedhe Cantra) IeeRSSGF 19 change, 1 r st
pover nmana BGANENPRME 1o TRE AREBBREr FhaRbGemBRCRLING dat a;
and preven??ﬁgmgasteggﬁé E%@?%@gﬁt%at Q/ou%%r 8ause tﬁgwcentrageprocessor to
change f r the candrad prordsqrdsr thamesgrtripawes manageroentsate; r st power
managenent state if the central processor is in the second power
managenent state. 21. The nmethod of claim 20, further conprising:

transferri 8§ thehelaeshadofigiaimchifudhersosyisig: if the central processor is
in the first : t g | i rein
pﬁ%@fan{ﬁﬁg?@%ﬁ?@ 1 thékéntrd %}'oé'%%%orﬁﬁ{ﬂaéo%rﬁrfai ploteBdds inhe

determ ni ng whe pr ocess I'rst’ power nmanagenent

state or afistpowdr panegementagateent sState occurs before receiving data. 23.
The net hod of cl aim 20, wherein determ ning whether the central .processor
is in a first power nanagenent state or a second power nanagenent state

occurs i mpedi atipd helRIdosTRISNAZ0, Wtbreih detsiwanihg Mdhethatahe centealgrecess@rt. The
met hod of cl.aim 20, wherein preventing the data transfers further
is in a first power management state of 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 state occurs

immediately before starting or preventing a data transfer,

24. The method of claim 20, wherein preventing the data transfers further
comprises delaying a data transfer by buffering the received data in a local memory
of the first peripheral device if the central processor is in the second power
management state, and later delivering the buffered data to the central processor

. when the central processor s in the first power management state.

' 25. The method of claim 24, further comprising:
delaying the central processor from exiting the second power management

state if the first peripheral device is buffering dat_a.

26. The method of claim 20, wherein preventing the data transfer further
-comprises transferring the received data from the first peripheral device toa -

~second peripheral device.



conprises delaying a data transfer by buffering the received da28& Junea2005
| ocal menory of the first peripheral déice if the central processor is in
t he second power managenent state, and |l ater delivering the buffered data

to the central ﬁflocessor when the central processor is in the first power
managenent 2§t at Ehe osthorhef claimef fethenICRMAMSING: f ur t her conpri sing: del ayi ng

the central pr Oﬁéégﬁg H{é SRt EHbcl%??ér}'f?orﬁ %gi‘ﬂﬂ& HROXESoNBIRANES TRsHageficpt € | f

the first peripher evice | ering data. 26. The nethod of claim 20,
wher ei n pr statnif thefirsheeriphiesaldexissfie communinating withihe sesond pergterali ng t he
recei ved da%&céromthe first peripheral device to a second peripheral
devi ce. 28°Juné 2005 18 27. The nethod of claim 26, further conprising:
del aying the central processor fromexiting the second power nmanagenent

state if t fi dp(%{ecr i o ' ' i d

peri pher al Eg‘devT'iéemegﬁ h(laéhlr?e%ﬁ\c%{é g?‘hz?‘%. m @P&Pmﬁgﬁg?%mtgﬁ(e&??razﬁqggmr
managenent sextoatiponed maragesand athte each comprispsraeset of pewer ariagemept i ses a
set of powetré managenent states. 29. A machi ne-readabl e nmedi um t hat

provi des i R {eisuctions, whi ch when executed by a processor, causes the
processor to perform operations conprising: detecting the power managenent

state of apgenty florasesatii Sl GHTbA HOBe ISADR, GRTA Bhopr O0CsSOr 1

in a first™power nMeanagere e or power “franagenent st ate;
recei vi ng ecateddnda prozeessn, ogustaithe pravesberts penprmwuperationsuseprisimgcent r al

rocessor to change. fromthe second po na nt state to the first
Bovver nanagerrer@t%g*ﬁgéﬁ‘? POW?hE‘aEEQ?WS& %gécggs???’?ﬁ%gpf%e?% second po:/ver
nmanagenent st atterdfining WheiRsrthe BefitfA PrddcdsoEdin BMipét powar thatfagement her

conprising: initiating a data transfer if the central processor is in the
first poweHaterniftpsand Powesmanagemenhglaiichi ne- r eadabl e medi um of cl ai m 29,
wher ei n determr@éé?ﬂn@’@ﬁfah%ﬁg the central processor is in a first power
managenent state or second power

‘ 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.

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

- management state occurs immediately before starting or preventing a data transfer.

32, The machine-readable medium of claim 29, wherein preventing the data
transfer further comprises delaying a data transfer by buifering the received data in
a local memory of the first peripheral device if the central processor is in the second
power management state, and [ater delivering the buffered data to the central

- processor when the central processor is in the first power management state.



managenent state occurs i medi ately before starting or preventi28 Jun@tz005
transfer. 32. The machi ne-readabl e nedil@2m of claim29, wherein preventing
the data transfer further conprises delaying a data transfer by buffering
the received data in a local nmenory of the first peripheral device if the
central pr 8Sessdhemaghine-readgblesnediupaisiaimedth dathairaviding insigtions er
deliveri nch%riQH fered data to the central processor when the central
processor is In the first power managenent state. 28 June 2005 19 33. The
machi ne- r eadabl delagidg dine céntedl progessor framtexéingdhe sedbntypowetmaadesment

conpri si ng; i he .cent [ [ omexiting the second power
managenent stai?!{?liéﬁr%t %’%@Dqﬁ?&s({e@bcgﬁ?%ﬁgé@?g 8%{5/‘:‘{ ce is buffering data. 34. The
machi ne-r eadabl e nmedi um of claim?29, wherein preventing the data transfer
further cogpris IR th&i [ ; oy ripheral
device to gﬁ.’secgﬁ%%ag:ﬂﬁeﬁ%ragﬁglgew é%ﬁqggmﬁr%a%n‘g‘?&‘%‘ﬁ@é@g‘ﬂé%@%@g. um of

cl ai m 29 f trahsfer fusthev colinprsessansiertring tise revsivedi data fromdibedystrpgripheratent r al

processor framexitin he.secgon ower nanagenent state if the first

peri pher al dﬁﬂ%f‘baisgmﬁ}%%ic%ﬁgﬁth the second peripheral device. 36.
A first peripheral device, conprising: a first interface to receive data;
a second ipterface tq, £ I he fj.rst ] l {, ’ ral
processor; g%‘nd -gh%gﬁgﬂwgggﬁgﬁé%&%d%rﬁ 05§%Hh%§%§hﬁﬂr§¥%@ﬁ'§ﬁﬁ§®oc&§%ont ai ni ng
machi ne- re@dphidivg:i nstructions which, when executed by the peripheral
processor, caus th rocessor to detect th ower nmanagenent state of a
entral pr oces SaYINGEES R PlRSEEH TG EHbG T PO TS eSR ¢ s
pover  manggRiTPiHe MsEictipherd defiee ilchaninicaBAg YARRAE sebaiEperfMéralr eventi ng
data transfers that would cause the central processor to change fromthe

second pov#&Vi¢fanagerment state to the first power nmnagement state if the
central processor is in the second power

36. Afirst peripheral device, comprising:
a first interface to receive data;
a second interface to couple the first peripheral device fo 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 fo the first power
management state if the central processor is in the second power

management state.

37. The first peripheral device of claim 36, wherein the machine-readable
instructions initiate a data fransfer if the central processor is in the first power

management state.



managenment state. 37. The first peripheral device of claim36, 28ehme 2005
machi ne-readable instructions initiate2a data transfer if the central
processor is in the first power nanagenent state. 28 June 2005 20 38. The
first peripheral device of claim36, wherein the nmachine-readab] e

i nst ruct i 0i38. ar hé disstgpeviphtriahdevicaaiclaim §6.isherein the mantina-readebleThe 1 st

{uct | 08, ar b dest per _ i o mashing o i
brevent | ¢ ndvrsegons arsapBpd iR EERI R dREBIBIERE 21 T o Tocal™ emary

of the first peripheral device if the central processor is in the second

power TaageTe Rt AL erpR NAHE ofBkiy 35! iSorbRnB A rciblct 0 L he

central ess €-central processor Is In I rst power
managenent isstaiclonsiPrevahicthé idatd tramsfephebaiferihgvhe eecsfivad datenigg loGaher ei n t he

machi ne-readabl e _instructiqns del ay .fthe cent MNubg t he
second povvé‘?em%{rﬂim pg'i‘&feéaliq%"{%é% Gﬁer%e[ntrﬁ';eﬁoﬁggbgﬁéE‘Celb?fgé&?ﬂs&%‘%?gri ng
data. 41. Fhihdgehfint BRité iverialer denetibgthe bliffered3fta tdibeaientrahgrocessor

nmachi ne-readabl’e instructions, c_orﬁégure the first ger i gheral device to
per f or m as wheadhe Gentra) pIoeRESERIS In M TirsiReWer MapageiPPii e device of claim
36, wherein the machi ne-readable instructions delay the data transfer by

transferring the received da fromthe fiLrst I pher, i to a
second perﬁgherahe(ﬁéﬁip@é'i’h@ﬁ‘i %%e&i‘f'%‘f" r%ﬂgﬁla%e%@ﬁhﬁe-%%\égﬁ% m 36,
wher ei n t he, Rl pégagﬂfébé&trai Pickusdrifan efiih@Yhd becoreiowsr processor from

exiting the secon r rrana?err?nt state if the first peripheral device
i s communi osaniaggment Btae ¥ dwofirst Perinhepiicieyiceda butiering data.

-41.  The first peripheral device of claim 36, wherein the machine-readable
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.

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 communigating with a second

peripheral device.



