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DATAPRCCESSI NG DEVI CE W TH LOWM POAER CACHE ACCESS MODE

FI ELD OF THE DI SCLOSURE The present disclosure relates
wot2009r30e®ssors and nore particularly to proceeearns2003ab5692

process cache transactions in nultiple nodes.

BACKGROUND Sone processors can operate in nultiple

nodes, such as an active node and a | ow power or sleep

DAL PROCESSING! DE V10ROV I TH mw¥mt¢&tﬁm RCUESSMODE

to execute instructions and perform normal operations.
In the | ow power node, the voltage regul ator provides
FIELD OETRE Dcivekipge to the processor that allows the
processor to retain its internal state, but not
execute instructions or other normal operations. The
The pré&seftdibosur el frotRVEE ahdl atbré Partivolatl § §6 processbesabat process
in the active node, thereby allow ng the processor to
cachedtgapsagtipas posliplamedey.ocessor can enter the | ow power
node to conserve power but retain its internal state
so that when it returns to the active node it is able
BACKGRQIANDPhue operations fromthe state it had prior to
entering the | ow power node. Some processors can
support a coherent mry space or allow ot her ul es
Someggrotesess Pap opgats e audtiplh én%%&é@% B a3 made @BD@SPWtRS’WCf or

sleep RSO & 86H\R rho @) %%ith@é‘&gh&t&ﬁirmia&na CAPRRE 8O REcesSor that
service access requests from ot her nodul es recei ved

allowgithd mrocdseorgp esesy® msirgctionslapdperierm nouesl operatient. i lnribé low

rocessors, switch fromthe | ow power, node to the
poweb i ARFH St loror PRI g SRISH SRS MehreRaqy tht alows
the p@tessbitto\telalrA@einte@allseitd) 'but hHte:xBERE AKHALL GRMYR Othedl Hbfikaly
change fromthe | ow power node to the active node.

operatippss gleaton yakagegs dueer dhansthe woltagd providad ér thestive mode,
e SNBSS ASIERILY, e BEsR LB pec v g pover

modei ta coiserieopu vk \bat retaif és litsmabétheso tHhiiveheddrenu@fsiot the Active
an, undesirabl e consunption of power by the processor.

\ b
modeatis 3blf thFPPLNYeRACEALiogS Sronplg stase it ad phioplogekariig e low power

modedeVi ce and net hods. BRI EF DESCRI PTI ON OF THE DRAW NGS

The present disclosure may be better understood, and
its nunerous features and advant ages nade apparent to
Somet firosssark can suppiort at doberent miggnor g$mace ot alhgw oher modules of a device
Iock.di% ram

o oy B BN E bR M Ceso BErit 5P ReaBroupiy P yin Gerency
or to I PieE a&REs RMESAOfroml dthdt BoAIEN ratdinel WRIIE fe processor is in low-
power mode, conventional processors switch from the low-power mode to the active mode.
However, due to physical characteristics of the voltage regulator, the processor cannot
quickly change from the low power mode to the active mode. Thus, conventional
processors typically enter the low-power mode less frequently as more cache transaction
requests are received, and therefore are in the low power mode less often. This can result in

an undesirable consumption of power by the processor. Accordingly, there is a need for a

new processing device and methods.
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FIG 2 is a diagramof a particul ar enbodi nent of
operating voltages provided to the processor of FIG
wobpodAs@793 is a bl ock diagram of a frequency ®@mus2H08/005692

nodul e of the device of FIG 1; FIG 4 is a flow

BRIEF DEKERIFTION BFTHE HRAwWARRRO! ent of a net hod of
configuring an operating node of a processor; and FIG
5is a flow diagram of an alternative enbodi nent of

The peQRBht dstlbshge MRy BESeéH UdefRiba, id Bs MIRERES RMaturbFdd 4dvahtages
DESCRI PTI ON A processor that can operate in three

made @pp4rentdn thase dkidled dn et RiswederendingheAccompanyivedragings.
first voltage (referred to herein as an "active

| ") ' . .

Fio. A8, koY APPSR SEE R Bl  ppocssr

having xeudtiple opastingeiodestis. I n a | ow power node, a retention
voltage is provided to the processor, where the

etention voltage is insufficient for the processor to
FIG. 2 e Qip@ramhalia Rt gpem bRiiment of opErating HPR?%P%;BWM fouté
proceloP6EFR®r;t 0 retain state information stored prior to
entering the | ow power node. The processor consumes
| ess power in the retention node than in the active
FIG. Hrisceblo¢lndiagim phmfrequency conted snedubaiof thpdeuice of HIG. 1;
- third node, referred to herein as a cache-transaction
FIG. R SAFR N IR U8 a pHARLE 3KBLAGE of £ BIAIIRH dRDEHSL i
as ‘a rcache-transaction processing vo agecil
operafifi@¥iiodedf h prddassopyandessor, where the cache-transaction
processing voltage is sufficient to allowthe
rocessor to process cache nmessages, such.as coherenc
FIG. ﬁ%ﬁ% diaggaTp of o aBsragtyeeBarime frFQPHSHé‘F%’P? epfgaghe tode of
a prod®8¢drOr m normal operations at a very |low speed relative
to their performance in the active node. The voltage
provided to the processor in the cache-transaction
DETAN S DESCR PP is lower than the voltage in the
acti1ve node and higher than the voltage in the
retention node.If the processor is to performa cache
A procés3Bsthat ¢adrbpehedin thrdeSdifferehi@oléiVis BRBREedTOREan dckive mode, a first
enters the cache-transacti on processi ng node and
voltager (frfeged hasein@gen é‘aQtrV&ﬁ@éFéng’gFﬁ provided iy Bredsasasgprowhere the

. C- . S
s GREROTARIPAEL) B 5o IRb ShEuud AERBFE® 504 o power
model £teddritioalvpltageais|provitiédgeahe pfdcesser) cehelbe theaerentibe voltage is

X retention voltage provided in th%v|DMF ower node and
insuffiGient £orcte PFRCEROALR FRSEUISHBBICEPRY bnstsagfénwéw W thegprocessor

to ret4ifl St RFSFHRA6N kl%re%d Wridrd6 Iaﬁfel'ig? F@SW—&W%HR&&? STHHrBOLSor
as conpared to the vol tage erence between the
consuress dest ipowev il the getertinoh hbde that irvéievaotiveagejle. Irhaldition, the
processor IS a9¥e to . . .
processor can operate in a third mode, referred to herein as a cache-transaction processing
mode, where a voltage (referred to herein as a “cache-transaction processing voltage”) is
provided to the processor, where the cache-transaction processing voltage is sufficient to
allow the processor to process cache messages, such as coherency messages, but not
execute other normal operations or perform normal operations at a very low speed relative
to their performance in the active mode. The voltage provided to the processor in the
cache-transaction processing mode is lower than the voltage in the active mode and higher

than the voltage in the retention mode.
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nore rapidly transition between the | ow power node and
t he cache-transacti on processing node (as conpared to
wotdoes/tv@nsi ti on fromthe | ow power node to thecaats2ms/005692
node), thereby allow ng the processor to remain in the
If the :pﬁgfeg&\ﬁsr to REBMY cathd Hglgsg&i@'?&/h&%t% intthg?ov@B%w?r mode, it enters
educi ng power consunption of theé processor. Referri g
the cdche-Hhafisacfion prdeksilg tlbdgamhpotesaesis icachelt®hsacion. Once
di.scl psed. The system 100 j ncludes a processor, 102, a
PTOCER{E 90'ge Céc%%%‘ég‘%&“ 1§ gemplgtey Hi IHH%“TSE& rgRiRse thekpw-gower
modeP Hec RN tRdre §EY et RiviR/smANdoltag¥ Qiliftfﬁgx?%:r Wb @k rc?tg’lqion voltage
The processor 102, processor 105, and peri phera
providislindhs lobvgfowamdde arat dhe cadie-tarsaccingaiotessingeobage @ogided to

The pr.ocessor 102 includes an output to provide a
the PrgfesG in the Giepe dragsashap Processig magh (assrommeed g the Heltage
differtR@Betl&n the Getedtibradiialé 8 theh@tiid PIRHeR thelHdcéssH i9UBR to
an input to receive an adjustable vol tage, 1abel ed _
more yApi]lyftrapsitian beingsn theolovit-peweronodgand thg ghelegrans gionnecessing

rocessor, 10 nd .t.he.processor 105 can,keach he a
modeE SRR 6 Br B ig BB RENT Lo 8 b 16 B Bl fode), tereby
allow§ipatié pideessol ROFeaia@dlinCthe tow powShiole f@ndlohp& pekib@ of fiiR and
peri pheral devices 106 and 107 can each be a nenory
reducH\gROWST cepsumpijontof sl proeesedint rol | er, peri pher al
controller, and the Iike. In addition, each of the
s te t 4 t n .
Refer g G L it o B AU TR ystem 10 includes
a prodessat1®d, obuddl (3, @ pestessou 165 r apariphefab deara hd, @, petipkeral device
rocessor 102 angd t processor 105 can i ntegrate .
107, B R e B Eh ARt SI02aPRESaPY HI%: i pefioheral devices
106 aR@10PhRIAkh B6HeeRa td B 13N 030 The PrétleSbratsd Sidhddes R output to
t hat sem conductor substrate.. In the illustrated

proviéabsighatelabeled e (AR k.dg en irppu lo& thervolBge regulateral3®d In addition, the

procefifh T02 eul bR FER83h a0 dpslaBie ke ARG WBEL fro an

output 6f the&oRhgCRE6RAfor 188. During operation, the processor
102 can operate in an active node, a | ow power node,
and a cache-transacti on processing node. In the active
The prregesor {2 apd BiedueesnssorgPScan cashebed BUFTABIOCESPT. gRisTosARfroller, an
. ' . i i:vt h [ JX
sopt BFEh SHOR L 8 TR EPRSEY BISAO LAl ARG PEER106 and
107 comhedchttieer membey amtioler, prp/estpat cdriitdlies, peapbérakbcbntriolier, and the

: hel| ow power de the processor. 102 can execut e

ike. Jp il eateo e Bt PO ah b o LibgA iR niegpted on a

comnioA&eAREMRAUEHLANIRGhIOS: Y 186RES bR AiffRER subfifadd FoReRGhple, the
102 is able to process cache nessages provided by the

procegnopd @3 aud the@soeassprilé cpe be piiegraled dand eoerman emiedndugvor

via t bus.103. .The c e ages,represe reguest.s
substgple? g Pty ae e T i aReRE FEBRRL R he! REiEhatctor
substiatet ndlge BlOb@AteMeMbbdiaithachd O6ltage re@ATA6E 530 1sA0SR&RE dx®ifal to the
The processor 102 )
processor 102. In other embodiments, the voltage regulator 130 can be implemented

internal to the processor 102.

During operation, the processor 102 can operate in an active mode, a low-power mode, and
a cache-transaction processing mode. In the active mode, the processor 102 can execute
instructions and perform other normal operations. In the low-power mode, the processor

102 is placed in a retention state, so that the state of the processor 102 is retained. In the
-3-
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processes the cache nessage by anal yzing the cache
nmessage and, when appropriate, performng the

wo Bggreshed cache transaction. The vol t age regu@tos2008395692
provides a different |evel of the operating voltage
low-pbWier E}rﬂi’de?ﬁ& oRbssbt'fod ﬁ{nﬁgt é@gﬁ‘é ifNtrdciGndd: q&@%ﬂroﬂ:}&%ormal
L act node, operating voltage
operationd. hia the t:aohe -tvamsdcipe precessing modk) ttht'dDessmr 402 sssable tOocess
to execute | ctlons hi the cache-transacti o )
cachenEtsagSs maVIHB%Ey HEOG5ER g d s peft ecpbeyices 16 ang 107 via
the bﬁé“ﬁBC RRILERSR b A e FeQER 2l ?:' ??oée gho2 wg&)hess cache
| ower than the“active vo age leve s vol t
transaowes sath aswoheteacy troosssons GGRc¢ss tRNECHSSS. cﬁﬁwmocessor 102
nes?%g but no per%prn1 theg nor mal oper tlons or
Procesyes £ ACHE MsSSSags P T 639 BMSAEEANE: YO ShpEkpate.
perfofindlthe ReghiSstPEdBE mﬂéh‘én@ﬁ normal operations in the
active nDde In the | ow power node, the operating
voltage VDD is set to a retention voltage, so that the
The V@itégfe@gbhtordéoup@‘aéﬁ%a differant Jgvgl eft the eperating Meltagsny BDxfor each
I N | I
of the B ho et B Melorb B0 12, Wi 0 e IR e bt igh O8fad Sy i

set toahPadtiviecoltage kenbladiaitewithe pfogessot €0 tmw&bhm&lcusﬂs In the
about 0.7 volts, the cache- transactloE“ProceSS|n
cachevfémsa@tm RIORsPIRG aroden Higtorsraring yalagsm YD 15 sgt tpdhe sachgng

transetc'ﬁ%n %P c'eys‘?ng’ ol é%g%\;e‘i" \Qlkﬁg#ﬁs l% g.httﬁe aclive vb@?f%_ﬂ&%l This

s contr e signa
voltagn:kewlchllngds yhe mlmeessbh la()?ptroqrrewm cac’h@ Zrmmztges,sbwn noeperfiyshegther
confi gures the ta e.requlator 130 to set

“""n?zlo‘?PF ony/BEPETER ‘Ph PRETRUNSAENY #i IWeﬁ%Wqﬁb"&eto

perfoHﬁduﬂ:g off B@rrﬁél%@fatx\e{n%e adtiRe Mb&S A Qke 2 p&REr &B@@gﬁe
nodes depending on different factors. For exanple, the

operaping dehmV@ms setrto@tateguon voltagehso that the eprcmg@l@r 162 ishable to

retainllaig?g ﬂgnatéog y St %%rtu%eort ege(f ! e%g{l;lg(it{gﬁ? ing F]eé% ];?lttaiggles lower than
the cdcBE@iau&dtibh pra.esdn@ng@mger IR B8rtichAE eMbOGIBTRE, rth@lfbi’erﬁi@ﬂ voltage
still receive cache nmessages fromthe processor 105 or

is abqup @- Tpwnltspifke caghedeansagtiompracespiae voltagers Arpyess abputdhéhand about
0.8 V&ES%?@@% 2L v&gz%e‘ié‘h@&tﬁ*levo‘?{socessm 102 to enter

cat ansact | processing node can include cache
probe or cache read nessages (e.g. nessages to check
The level af teolobtago¥VEID sreontntled by tlwmtglfal ¥dCaRIa) Acaadingly, when the

i nval.L dat e message e.g. Nnes i ndi cati that a
proceihr 1 Gt LBOR Byt COMBRIE: Be VPlioda Fadnty 90 kgt e voltage
VDDdéhﬂa ppisiftiatd RUelVfol thetfdat m6§@ﬂﬁn%ﬁfées1§iﬁl3vbmﬂmd' fied

by one of theperipheral devices 106 and 107 or by the

processor 105 and cache wite nessages %
The precessnyd 92 cAme mgpmdeﬁéem\dnrpgm@ffemfms 1ber exanplothe

proce ? 1b‘2 Cab biiing s 10 Eh% clife Hg'd% To Huﬁﬁ&&éi&évetr %&c{é%ft%?‘& he).

esponse t0 rece Vi ng
predeﬁrmmsmhod%tlmhere no user input to the system 100 has been received. In

the low-power mode, the processor 102 can still receive cache messages from the processor
105 or the peripheral devices 106 and 107. Examples of cache messages that can cause the
processor 102 to enter cache-transaction processing mode can include cache probe or cache
read messages (e.g. messages to check if a cache location contains modified data), cache
invalidate messages (e.g. messages indicating that a particular cache line should be

invalidated because data associated with that cache line has been modified by one of the
4-
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enter the cache-transaction processing node, process
the cache nessage, and return to the | ow power node

wouwpesnscenpl eti on of processing. Because the proaTASOUS/005692
102 does not have to enter the active node to process
gﬁcﬁg@l ¢ by fh Eﬁ’@é@ G Badt Wifie
perlp*é}%%gv\&grg 108 ror e ol © Sotﬁgpg ?Hco%ser Vi néness?/%s (c-&.
messagee thpt all@s star petipherah dé\udeessl% qudd©F smd theproeesidN] 05ato write

oG ETRe S50 InTRE ek TR B e e 102 can
enter HeQ@BRE fhnsaltién %r]agdsnfgl HEIES pfodiis Mk cedle! A&RAge, and return to the
connection to t cache 120 The processor core 110
low-pmivep mode upoe sorapletiop of prosessagei B/@aaseslhg pedcessROL @Y Rbes not have
and an.input to receive a,signal The cach
to enigbhedRiyfigte e e It S o el i 5 Tqypower
modeGAGT c*@[‘dké/ (ﬁﬁbﬂs} dwlrput s to provide control
signal s CTRL C CTRLZ2, and C _CTRL3. The node
control modul e 140 i ncl udes an I nput to receive the
The psoggasar 102 amludes aprogsssqisora bl pgechtel 20na nsngrcamrol module 140,

a coh%é%Bf?jA@&@ Yl éﬁgrggyocu ;nqrg Inlaﬁulé 'rlgglag'he lpﬁocessor core 110

includds R®¥-dirEbgorfat eshieotyn aotht bﬁ)&hen‘tdﬂu |"Iéhe %&esmlchbesl Oadlso includes
i np ut to recel ve the si gna RCV and_ an out put to

an inpyjt 6@{6&@% re1gmabRRQ_ERE Leand an mﬁ%t terrS%‘éfswlge@ le-GhRYL].sThe
cachecﬂg 1h&H3é§ddntlﬁ 6 ‘f’é’cteﬁé d 84d1¢C 1019052 | Thd BheRaiky Yfent includes

e per or m ot her erations, such as proc SSi ng
outputsiotpeovrds sayrd signals I@_Qﬂ"ﬂi]i-l/ eC_[ﬁiERib.raddtCh_éZTRL3 The mode control

-1 ti ' re
modofd B ot L8 A hon Rl g e B Skl GeCTRLE B SRS RS diime
signalYn h@TR[LC ¥n bith@f (BIrbMibe tHe digiil MODE_INBIC ATORS 3k &n é@t?ut to

i s"confi gured to provide and store data in response

prowd@dmégngl M B¢ \detihg{requrncy cortealgopdue 1 €0 inttrdes an input to receive
ro 2. The cache
the siplB 1 Vo B Pl o Modidelfe HeflIRO-CIRED, 1S
stored data, and can nodi fy that coherency infornmation
The poccessbr oorer [dQue sdisfigureiot dxecmeg'meeﬁaron@ i ehelatfivemode, and
i nformati on provided via the signal C CTRL2. The
perfop REISE ARSF AN TUCKAS PIRCESHRE FAE SRESEAZEP é‘b@ie\?é“%“a’é‘ﬁée and the
he P eC 261 A0 i SRYRSAS
cae t he g(ggﬁf 3@%@% t he g?lg?é(gs%g{b§105 a@dgt ﬁg%ger%ur er a]i)mVlde
accessimguests arid@hareaicy diformiteonctachecavtbe d3ges can represent
coherency transactions or cache access requests from
t he oce t he heral devices 106 and.
The ¢y PRAEEGTRUreh R RBtAE 254 5% BOF HEioPve Feabens BBSied by
the prob&@s61eoeé Y RFloCiatdithalibh ?%ﬁ&ed/wha tHeggisdl INATRIQ. (iR cache 120
C CTRL2, and C.CTRL3. The node control nodule 140 is
also ra@RRIng sPBRICRY nEuatatien forrigy siercrl dataand ganraedify, that eaherracy

information based on requests from the processor core 110 or information provided via the

signal C_CTRL2.

The coherency agent 150 is configured to receive cache messages, represent cache
transaction requests, via the bus 103 from the processor 105 and the peripheral devices 106
and 107. The cache messages can represent coherency transactions or cache access

requests from the processor 105 and the peripheral devices 106 and 107. The coherency
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messages 140 and is configured to control the node of
operation of the processor 102. To control the node of

woepeyati®n, the node control nodul e 140 provi ge3/US2008/005692
information via the V._.CTRL signal to set the operating
o . . sianal
ogent {305 EORgSeTqrhli6h T Mk b Gy Mt L KATEE 2 S
C_CTRLE&ICTRIAE aoll (@ARILI.on, and information via the
M RCV signal to indicate that a cache nessage has been

received. T fr ency control .nmodule 160 js )
The rgfeog ipLoRg eI 40 & GieHTea ags=ott PIarEfen basyecei i gche
messdgdd146had S oRREuRd$SEHRIITRRSAGEe BOSpP AR SRREPNREssoRATOR. To

information via the MOIDE_I NDI CATOR si gnal indicating
contreltthe mode obbpapéom theomoflocontind nprdudee b bproyRigs infbrnation via the

guency control dule 1 i.s. configured.to provide
v_C i SRt of B aBeraliiiiagt ADDY MY BRSH tene ol ock
MODE _8DEOATOK sikhdl thEQGRS 8otk fiefeent} fortBe prstesidr 86ret1NG in each
node of operation for the processor 102. The frequency

modecf ppeigtionaid| inforsations vipthe Qb anglp dadicye that acasheamessage
e r of cache nessages received in a defined
haSb%%fFQ%U%f time and, based on this determ nation
provide information via the FRQ CTRL signal to change
The ftelqaemdyaokitrbl mqdela dB0 éf cdrifigupsdacessive informafidl viatht M RCV
he-transaction groc ssing node.  During operation,

Signafﬁﬁt‘:ﬁ%n%_ F 9 gachsdressare e GEFLEGFIVEGraRd fRigrasen Yiadhe
MODENINDHC TS R R AR h e 8F opliRuid R SPocdder 102. The

e coherency agent ensures that the cac 120
frequermysiongocmhdule 106 wi ¢cdnfiguiredrto peomds/ inddrntation syasthe MRIQACTRL

. uch as che of t rocessor not,. shown) or
signafibrgh 8% ekt iranatonsy B Brogrooneorp Al SreT U R e dode S
operafibfl frdife prodesseP 16T eTky/ frégifRity d&iird] BERIuYE B6(ER Fiher configured to

nmessages, such as coherency nessages, via the bus 103

deterBinsdhic prmbereof cacha messagesapecivakiaggledined periebpltimpapd, based on

ois 4895159 RERE UG SARALO SRl B g e g

cessor’ ‘¢ the cac

frequénc§ ORItHe prddesSoi( vt 11 10 irethp @adHeviedrigact fodrproaping @aoden
response to receiving a cache nessage indicating that
. data associ ated. W th a nmenor addresg has been

During(peration. ¢ Adivsraedssbe professor eere 1dBirapaties ngiguitions Ko
perfofttdskt BEtERRoIERE 363 OThE C6lfer ta%g&pfsioeengafebam%a{z &bhe 120

e nodification. In response, rocessor core
remaias doltement vdtthethdiafenietyeofithe eystdm {106, stk hea tahesif theeprocessor

data associated with that nenpry address. and, .ikf S
105 (3 eflo SR ERoBPPEDe R NEN B ABRORGY PRURSraLA gS ¢ b 2B ARE The
coherbihd}eagEhe] SUEEei ¢ ¢achE mEBABEE sddPasCORbreAt $ meBRiges, via the bus
operati onal node of the processor 102 depending on the

103. Bgeadarn the ressivgdicaelismessagesethsywoherenayaeeah §5Gpipaides coherency
infonilﬁ?(}no&ﬁhe Fl%rces%élagg%q’lo and the cache 120 via the signals C_CTRL1 and

C_CTRLY1, respectively.

For example, in response to receiving a cache message indicating that data associated with
a memory address has been modified by the processor 105, the coherency agent 150
notifies the processor core 110 and the cache 120 of the modification. In response, the
processor core 110 and the cache 120 determine if the cache 120 stores data associated with

that memory address and, if so, take appropriate action such as invalidating the cache line.

-6-
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t he node control nodul e 140 can change the node of
operation fromthe active node to the | ow power node
woiog/ies® has not been a user input to the syvcansi@Bgoseo2
in a defined amount of tinme, if there has been no bus
The f5de bntedl MBHUR 196 LA P YratRnal dBe offhe 'r?froc%gsor 102
operating systemor other software executing at the
depempling es ﬂleropﬂ:ﬁaﬁng rcohdicions oftths spsterhdD0dihd edies fachas. For example,

the n@)rggggxgs 10 & 4%)4ent : éqh lng el \é\)ei);:lﬁélod g‘ngl‘% actl\qe mode to the
low-RINRE AlddRRf theRMas St b PRMPIn gﬁpﬂﬁhlé Qystdifi 196 ¥ BeflRGFamount of

in response to a user input I nterrupt being
time, rithetievhad bedona besagptivith donpdefingll aopmntof tome, drifamopkzating
cont r.ol dul e 140. provi des the si.gn V_CTRL he
syste{foUtRs sPRYteGr g LN BoTer DS Ibs Hipcvops bty the
proces$r 10D €0 BiteCMe IOW-pbher mdleadUk hhdde cohi6] MB&Ge 320 LaPhlso change
modul e 140 indicates the node of operation to the
the mpode qﬁ@mﬂrgztlmbfmmdhe Iﬁmppwemodw foethe hetiv Ign@ in response to a user
input Or 1 erru Qb%-rcr]gct % - To teQa%ﬁg ltl?egrlﬁ Ile{ﬁ upeerr] g%ﬁ‘s@ trgor?e control

proces

moddlte c40 prﬂonaiea tlﬁ:QhQ{afB IVC Y TRES 6aBi€ volthe @gllnetoe RS ¥hange e dpelating
notifies the node control nodule 140 via the S|ana

voltage VPR fpr ﬂrerprpé%ss%k@ Infadggionpthg gradesiontrobmpdulp 49 idicates the
modd @UHBANBH | SreduBfcyRAR o ARLLR | BRALEE i changes

ope cac e-trans I on
MODH_dNBICATQRuoket thEI’cfboakdmlﬁ;uenm foo thenprdod seorlebde pr®@in €heh mode.
the signal V. CTRL to set the operating voltage VDD to

e SROLORELPL S SHel, 0, Lty B ee g5t 002,68 moc

contr§19AbdRE 14014l (Re ﬂiﬁﬁalr@t¢fkﬁ§ trhﬁ:s{)] 1136, U@ ﬂﬁ)i)rﬁ&rslﬁdrollo2 is in the
nmodul e 160 that a cache nessage been recei ved

low-pomese made, the @miswntr@ldned\ﬂ@ a46 abartg@ﬁﬂlleen@dﬁ qfrapeeatioinng the

cachet %%ns%c?bog neeség’l?_lg él‘l(f e"lﬁlnD dgdeccoogx Wg?mﬁgglgl'ﬁs R(%(?vqg{:setgg 51ng§1al
V_CTRB (gidi the dierdtRigalolage VDD Qp&%&bpﬂ)@rm@ 1&g €o WaPthe processor
t hereby conserving power. hi an alternative

102 Cé%wpmthf caghg angsirgie. dbAddisionthe made PQ@tr‘hldyo@Hﬁﬁ@@ netifdes the
frequ &ofifr S{hﬂ '186 t atcg eoﬁlgé%?i Shds i\)édafdn%é tife processor
t es OP ave

CaC WESS ges een recelv
core 110 Hal icempmm ptbhﬁsmgdhe cmﬂm’: nmssagedthleendd@&:oh&bhmbdulteheo

rocessor to the | ow power de aonce all pen e
retu SBYESSSHa ‘k?ééﬁi) 88@%%’2?86 TRY ‘Pgﬁh %&ﬂ?Y“EP%H‘

BRE YbRaot6PDBL HRrdtYonb e th ol osency for the processor
opera o?e 11% based grygltecr?e I\/ODEI{ONDI CATOR signal m a

particul ar enmbodi ment, the clock frequency is set to
In an glierpati veegrabadimehie theonoqlmmmirmule may elpage the mode of

ach transactl 0 SSI g
operafigAF o SRR 107 RNESTE O2R ool ot o reSialtfve been
receivedC fl@t}hﬁ aa%s,ahte in@dle control module 140 returns the processor to the low-power

mode once all pending cache messages have been processed.

The frequency control module 160 sets the clock frequency for the processor core 110
based on the MODE_INDICATOR signal. In a particular embodiment, the clock frequency
is set to about zero in the low-power mode, and in the cache-transaction processing mode is
set to a slower frequency than in the active mode. In addition, in the cache-transaction

processing mode the frequency control module measures the number of cache messages
-7-
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processi ng node the frequency control nodul e nmeasures
t he nunber of cache nessagesreceived in a certain

woeog/dof tinme. If the nunber of received ca®oa/us2008/005692
nmessages exceeds a threshold, the frequency contro

recel\r@aq# gi%el]tglg &%BBH o ﬁﬁlel rif g% k%%rlbgp ol LeReily I ¢ cﬁ%gg%%ges exceeds a

requency cessor
threslmbal ahd fi®quency hentmichemﬂe 6 povides infoona s v1g thedE[éQ CTRL

IS causes,t roces, core 110 to, cons
signal (B e Sl RGEBupHY Ton s PrEs el dora bIEMF Eaghg. tansaction
procefGfi® hfddeg II'Kls daMseR ¢hd ?ﬁgests&ec&g €& W&&sﬁh‘l@i’%re Bw@@ﬁllﬂ rocess

messages appropriate the overal | power consu tio
the camrhe meesqgc oo@'s suickiho 2A@a)ndnb§yr byl &ﬂmnig thegheeshald glumbeFof(Eache

cti an exanple v e out
mess{ss SpaEDATE el BT <oAmER oe b BigsPishp 02 dinbe
reduce@per ati on of the system 100 is illustrated. The y-axis
of the illustrated diagramindicates the |evel of t he
vol tage VDD, while the x-axis indicates ting.
Referring @%gl%t?e@ diagramplepicting ap exarpple Moltage wépptr%%f@ss}e vpiage

regul{iit?r i#e aclt%,cf}le&{l\?lo g‘éraﬁ g \(/)g Pn% X?t%{nafdd]lg élglﬂtrta?e%e (}3{1@9 A)ﬁs of the

illustabangegramdhdiahtes thedevet of theadltagO WDIAtWHIE: thbataxtididdicates time.
processor 102 shoul d be placed in _the | ow power node,

As lllvﬁr%emgleéﬁaﬁa%ﬂq%(?% HedroReyOID2rig BbiR Ve medesiditie
operahﬁé Q,et iéﬁr\/bébglgtat thtetﬁ%tnlfé"@&ta% lé"\/f:!I SAt Hhﬁ% h hoe change indicator

period of time, o factor.
is recewadrph@patmg‘ thathe pmssoa lll@b shduéd lmdblccxhange lomqblowat owode.
i ssued. | n anpther. i ment, software

. to.b
This PAF Poange FSGAARUBT, be FREM AU SHARGLO F AS"oap gr Degerk of a ser

inputtil @ ptdiieicemined ﬁeﬁoﬂ' of tilneSeresthetYakior. aPorPXABIME sOftwRi¢can cause
activity has been detected for a period of time. In

the m@dﬁ ehangaiesticatemntode isswed. nbd@qelmwgéaodnmr@aio@wmharbi@itiate
1ssua%ce otf?l?eoralogff' gl?ﬁ%gsﬁdé#% B tﬁg ga“?or iS ng 1551% Yll %J.X a{)sence of

mare I'ni

bus aét@s RS BeéDdétbaed st p‘eh@ﬂ@@ tlhﬁ:d |16 DT ,erribbﬂlrﬁéﬂti agemy@change
is changed to the retention voltage |evel_ and t he

mdwﬁ%@@sté:dﬁsufézn ESSPISS 1o Hie 4béWCﬁaﬁbps AgHatyfana pered pitime,

thho'iaE?ofl\;Qéﬁ@%ﬁﬁudH)de during time period 206. At time 207,
e processor 102 receives a cache message. |In

response, the processor 102 changes to the
In respandedo theamede Change ndicaers 'thmqulmge Vanaist dhengad todheretention

IS set t he C e-transact rocess
voltaggEléyel s, Brocee gt e B 1S AE Higdemae AR 3 B 1ow-
powef Ao dhﬁﬂ%ﬁﬁﬁtﬁeﬁﬁd ROBC A% HiROTOER Hbkesiiet 1008eddivaR a cache

peri od I'n response to conpl etion of processi ng of

messagge In a@nenwefb@agecesmr 10 ieharpges to theecaphpuarsgerion pracessing mode
rel 4nns 4,9 & Iom# t he volta

and tlber %o\l;{a CFVB elS ng age a}cgg S{antsacgloﬁ proGessing, oltta%gD[?ﬁvel The

proceksir 02 Ir@ﬁalhi@lri thg @ache-transaction processing mode during the time period

208. In response to completion of processing of the cache message, at time 209, the

processor 102 returns to the low-power mode and the voltage VDD provided by the voltage

regulator 130 is set to the retention voltage.

The duration of the time period 208 depends on the frequency of the clock of the processor
core 110. If the number of cache messages received in a particular amount of time exceeds
a threshold, the clock frequency can be adjusted to shorten the time period 208. This
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The duration of the tinme period 208 depends on the
frequency of the clock of the processor core 110. If
wotdes/nusder of cache nessages received in a paCiusabmr05692
amount of time exceeds a threshold, the clock
incredse® tHeSREOUnE BN pAPerddnbiih&dby theSOELE3 100 Qiu}ihg‘ﬁlmﬂlb Q€riod 208,
208. Thi si ncreases the anount of power constned by t?]e
but alpows dis pooces®? 102 1t9 prpcessecathammepagesoroGfiickiby andithusweturn to the

the processor 102 process.cache ssages re
low-RaSEERIE: Aot RESOd Rl ROP GLIHD | AveoBUnED: e 4Rigshold number of
cachd mBRagRdaRBe Qo rMIce oltbtafilodver CARPLDAOY thel fiBcessor 102.

t hreshol d nunber of cache nessages can be set to

_reduce overall power consunption of the processor 102.
At timpg 21, gpothen qache message ivkeepizcdrehsigeponse, theveliagedVDPris set to the
, ol [
cacn AR prb U8R TR 8 Gk bl g s g
transqetion @ssessiddodea fartke tifie peaiot 2l 2.alipaa tomplepioA©E pEicasking of the
node for the time period 212. Upon conpletion of
cachengssageatigng? 13 fee Rgeereoniisiggunsio the jpw pawer mpde and the
I e @an e
voltaft OPRS R3bpf e Firloi ol el Gl BHHBHES pof B0 ke
processve 102 wen peer thd c2dhe-traiisactjort recgssing essierand @2tuaato thal@w-power
t he cache-transacti on pr.ocessi ng node and return to
mode;gach PH\ﬁap‘i?\ﬁé? MHec ELERYfe a cache nessage is
received. At time 215, a node change indicator is

At tith€2 B3, Weflode dhdhgindt@tdr hﬂecéﬂed,ﬂﬁ&l@ﬁﬂ%ﬁaﬂtﬁg pRdteslof 102 should
change to the active node. The nbde change i ndi cat or

changedy threagtive @aded Tihe mederbange indicaton seay herrperivest ingespemse to a

factor ., F I per.ipheral vice.may initiate
wser i foape Py P Cam el bR o O B e A By

caused figet hede eingel indiditor. thansheecibaligent, i rfiédeddhadgd ifdecator can
received in response to the expiration of a periaod of

be reqep ¥pd. in FesppRISI8 tRGcmirating ofd geriedhahiyaei Hifespanse to thegnode
changde/ifl§ie s lthel c@@@ﬁ%cﬁaﬂgé%_tﬂ@ﬁétm AREnARHe ﬁéﬁ%ﬁlting voltage

operating voltage Is"again set to the hig
VDDliezglin fabrto thechighaselepelr foothe2iibe p&Rédd2a.ng to FIG 3, a
bl ock di agram of a particul ar enbodi mrent of a

Refer%i%é%éﬁ@i’}, %gjﬂéqﬁ%{iagﬁfg&lﬁfg %grgd%%%%%%ﬁ%&%:ozg f}e%uggc%r control
moduld 3605 t6@éspandifP o fHeqFél?Eﬁch Eorirlol RlodIRAGLSTIBA. 1,16 iInd@ated.

a clock nodul e 305, a tinme counter 306, a coherency

The fregyencyecoaolhmedulg 300 inghedes afqleckumadyle 369, actime aountendas, a

c u 3 |.ncl . an o t
130 L O R TE 3 s e o i
305 indhedes da dugnt ioprovide@ dleskedigeal U1K cTRemeicomatr $Bdinddes an

) an out put. The .coherency nessage counter 310 includes
input ghreceiyethe qloghetighpl REdEINd anAWEEt cthe @hercacy Meptage gpunter 310

el GRS RSSO0 ISIEN RO SOl e
coheremyy raessaget @uinter Bh@ afsodneledesyansepwad reveivenhieibigndM_RCV and an
outpuit.n’f‘!lé'I Prg(fuefalgy isqucl'tlxtoncnqgé]u?g 5 ?gl ir}c?udteg zem ?nlil)tngctmn%z:ted to the output of
the coherency message counter 310, an input to receive the MODE_INDICATOR SIGNAL
and an output to provide the signal FRQ_CTRL.

During operation, the frequency selection module provides information via the FRQ_CTRL

signal to set the clock frequency for the processor core 110 based on the mode of operation
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t he coherency nessage counter 310, an input to receive
t he MODE | NDI CATOR SI GNAL and an output to provide the

wo@naho7bRQ CTRL. During operation, the frequeaens2008005692
sel ection nodul e provides information via the FRQ CTRL

s S t I f t :

nic L8P ACTSE INIRCH O SRR e RO T e

receitddethibldolerehEy n€sshgRcainerdd 10 ik uotifiet viawikesigaal v RCE¥ndy
nessage i s received, the coherency nessage  counter Q

respoe, A alueisiated Py therroheregry MeRTAREGOUTFF wsn% aﬁglét,edalwﬁfieon, the

timergg&ﬁteﬁsétypsobﬁieg Qrgfgn%%xhﬁkﬁ‘s@ﬁqnﬁwey@ga ﬁlle(z:ohérenvi message

justed. I n addition, the tiner counter 306 pro

countar 31(Qyafedr atcerthimepeRBIET timep basetl @nrtbes elbck bignaldBleK e e g particular

emb gﬁ%ﬁ,g[gﬁ %gﬁggrﬁ(}ﬁdé %ﬁ%g{en&&%ﬁr%% S ol Italggﬁ?rg}iatlll ngde and counts

down@BRerd BERED on tARsiGOMYfhe ABEK bignal CIER! SR thE @HRMt& 306 reaches
that starts at an initial value and counts down to

zero, thersagrizh tergseirihe eelreséncly gngssage qobatet isqukvidednZhuCth€ value stored

by thd RS QUL 320 TG ATNER A b R IRBE PESSEL,

y the RNCETITE FiResEeouRih 3 L ETREEPS e IyabT £ $ONTRY meias

recei™a! il eheSpediodtbf himnd. MEnCiRIdT G IS $ BE . fiked VaRE o8 4@rogrammable

represents the nunber of coherency nessages received

valuej The peogsammedleoralig may bepet hased eria BAOB vialuerfarthgsysgtem 100,
fixed [ . : |
vasd ko S 0 RREL Gy (8047 TP PRI s

100, based on an instruction executed at the processor
If theMaRie stored b drendaherepry greasage dotmyten3 Lisexceedsfa thieshvldIbeéore it is

stared by the coherency message counter 310 exceeds .a. .
reset ARG oY BREOF Of NP EBe MEARIRCTNGY FHUE SEiistiod of time
excecdbdBRIMhAREhAIANGE @Bkt MBSREAES: ERMBIr4ed nblifitHthe$Rlquency selection

period of tinme exceedeéd the threshold, the coherency
moduiegKhdla respense theafrequeoney sdlestionmeoduled U@ proyides lifotrharon via the

sena B €131l SRR B NSRS Sl 0 when e

proceb¥dR 107 RLinttRe 64thBdfnbittiod Ippsdesding fHédpC Thhglif the@umber of
processor core 110 when the processor 102 is in the
cohergnyHBELSAER T aeal Y shing ReEteQdanReriod @ timprxseedsra thresheldnther
) . . . i o
ey GO EABITOR RS AL et 5. BEEHSUCRLOR%0%hen e
processod U D2 iLitGhadjahsitsantdvtion lppadesspe abde anstitieg haothe eohe¢rency

core 110 when the prqQcessor 102 js jn the .
messagee H@-R’P%%%QWPWLB?@X’ %rie[%lj ANDUEE "RNBIIFHGT {9250 rppidly return
to frogfl)tlﬁig CEHMr RIS RS 056 niddL $8 BRAGW I RIvier %cfekelnﬁ’coﬁ%?%iﬁg Yower.

ow ng the processor 102 to rapidly return to
t he cache-transaption@géocess mode to the | ow power
Referipgéo HEKel 4 edlay diagrpnpoiepartiRgpeembedjment ¢f Gnethod of prayigding

vt 35 GRS AL 5 BFRRILE o Ehne B Ml e o

procebdopdkirid® 2 firét petibdtsoQRArtaé bivgedsot {sdfan iastiv Mvdeledt biock404,
i processor during a first period, so that the processor
instrucqonsrarg gxesufedab acesper Qyrisgithe figst period. At block 406, a mode

change indicator is received. In response to the mode change indicator, at block 408 a

retention voltage is provided to the processor during a second period of time.

At block 410, a coherency message is received during the second period. In response, at
block 412 a second operating voltage is provided to the processor during a third period. At

block 414, the coherency message is processed at the processor. At block 416, in response
-10-
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instructions are executed at the processor during the
first period. At block 406, a node change indicator is

wonesaizyed. | n response to the node change i ndipegtugboosdbse92
bl ock 408 a retention voltage is provided to the

. . : foti L ‘
o oGSO 00 RS, BELLRE el €5t e
procepsor idorng b ifiourds paritgle, Thas, the pedcedsb? issatde moprdcesp eoldremgy

messz{gg!? IEwg Sugiaéc’nt IE‘&):/ g;gﬁ{/eomﬁggégq;gt?)g%@&iﬂgg&&@r | ngcgsg(grhtiorrgtum to the
low-pRWRE BaE thatk gbféfdyl? Bﬁﬁ%%ﬁ&rrvin?z)o%ﬁc k 416, in
responseto conpl eéti on of processing the coherency

message, the retention voltage is provided to the o
Referping teEKor5, ditawdiagrampaf amhalprenaton. emtipdgment iof apnashed eloproviding

is.able to progess coherenc ssages wthout enterin
voliage a8 A efocs S RETSEHER o) BN S vy Pre s b dta Lo Ppget Mlde
during @ifittipetiod ! 4H@ therefd?e WesteAMSIEVdTRIZE iiptotided to tHeYtocessor during
~ conserving power. Referring to FIG 5, a flow diagram
this periodinAbPlogk ABY.iacoherrpey messhge af reseived Awdanothedirghnegiodgwhile
the pr\égéstsgﬁglg $n i l&vpﬁo%e?ﬁ&d’e. ' rés!ploHsset 5%&88( 508 thlglpg&!%ts%q 2nters the
a processor Isin a low power node during a firs
cachepdrisactiongpidedskiap ehdifeeand arfaksesieraimgwalitagg® prévideddutggla second
. to_ the processor during this period. At block 504, a.
period ghdmgn & birekd8edyring Be secrnd ngripd fe- tvhaleithe Brocpsspr 5dn the
Whij : h Shel e. In
cach e AP IR B AP e BB BB T e
cache-transaction processing node and a first

At blogkeY 14t immgspasise sgeomplepiomof prodesdingitheycachs emssageptheipookessor

of time. At block 5 during the second riod (j.e. .
returngp fﬁlbenl?’Wé’oa’Y% é‘é%‘}séoﬁnggﬁe feﬁe “r‘?g _Vé’ﬁé%ee‘-stpf %Vﬁﬂ‘g{?lffg}g & i period of
time. PAOSIBEIS 5 1T alR6®) cHahge mRtGrieawaRed Hﬁriﬂg fHeQ/BY & gerieﬁl of time,

_ bl ock 510, in response to conpletion of processing the
whiledhe peocpssssisge the lew-peweraseds: Ingesponse, abblople S14thegaogassor
d net ' t LS: A ri
enter{ B S4B 3Gl PO bt Rl efob 5 BraMEED Bkl
indicator is received during the third period of tine,
Othenvdmboalithéxes, prsos and advamsages of e dislegnosveill bodigpardm to those skilled

) response, .at hlock 514 the processor, enters,.an activ

in th omyeghsideratin a%( @ﬁépsﬁlﬂﬁﬁ%nﬁa’g@tﬁcg OE s\dislop e disflgsed

herei®! RGHH ?ﬁ’[”thergerbﬁf)re%m%jthm? BitFougHSBhe bt RN HRISMOdules are
the disclosure w !l be apparent to those skilled in

depictedeand desdribedhas oomiedted 4o iother ofrctihelemprisi the aldustratedaadeinents may

abotgractfﬁe.of t he giscLo§ure gisc osed.?erein..#; \{vill.t d

(FPPRIEH Vissaddiional pitguit clemments, sich AS FRiSIAry, f@PAgifoxy, thansistors, an

the liled. ETARYWpScifiastidiPshd &awaigs sHeHH bk @Enadéted efdinplagord§, and the

connected to other circuit elenments, the illustrated

scopef dpdhiselosiig issacserdiegly intpnded to ibg lisritedtandy,by thej folaying claims
. h as resistors, capacitors, transistors,
ande@%ﬁﬂ?ﬂ%?@?ééf The specification and draw ngs shoul d be
consi dered exenplary only, and the scope of the
di scl osure is accordingly intended to be limted only
by the follow ng clains
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and equi val ents thereof . WHAT IS CLAIMED IS: 1. A
met hod conprising providing a first operating voltage
wot2oguspsocessor for a first period (402); exeegdtriudd008/005692

i nstructions at the processor for the first period

(404); in response to receiving a node change
WHAT'S! ERAVERUSE Ng the first period (406), providing a

retention voltage to the processor during a second

period (408), wherein the processor is in a retention

state @Hﬁhquﬁp§h§econd period, and wherein the

ret éntion vo age-is lower than the first operating

v pkdvadiag aifitstropemving eoltage wceprocesgorefot b fsit peaot €402);

duri th d iqd (410), i di
C EESHInG BTNy % Hhe Bgee e fon e iRk oA { ng a
t A i . I
X rl]hﬁa% {xﬁrgé k@b cktbidy a o€ cﬁ%%@quxeﬁgf QbriOth¥ 33604 t@ﬁﬁg),

first operating tage and greater than
5 r et ent ipoovidiog hagentiemuoltagede g prgceshar duringta seaaribperiod (408),
message ,dur.i the third period (414).. .2. . The nethod
o ol aHHeein kairaesseis m R e ool oS thEdSedfil period. and
coher eRérdR BeA@Rntidn volS:dBINGG (Rin hkdirsd oberafti%%tvbﬁﬁge;
conprising providing the retention voltage to the

P LRSBETSE L@l EACEIVEEA Fitsl cadhepaessage duingdhespeond period (410),

conpl eting.processi,ng of.the.cache, nessa 4 .

The. moEoacRe SEPERA el BUREE AT PRRARE: i) o il poriod
10 second ($EN e RESmd IPethting Vol thFelolvet tHah thefifs0 dpdraitg voltage

and providing the second operating voltage during a

fifth padigrater thandbesietianovelvgsiapdng t he second cache

) T ai her
coraRag B0 ClonRERE [HRfpPInoThiM Bidod (MBLTET
frequency to the processor for the first period (160);

and ~Rr.ovi.di . ' [ C

RS R daSL PO SLAIAL SIS RSg RISy

messdge60) . 6. The nethod of claimb5, further conprising
determ ning the second frequency based on a nunber  of

cache nessages received. 7. The nethod of claim®6,
15 wWie riiemélBé6fd18inh @, fubBeseaopibilg HrouRity the ee@htiGiEsoltage to the

processor during a fourth period in response to completing processing of the cache message

(416).

4. The method of claim 3, further comprising:
receiving a second cache message during the fourth period (206); and
20 providing the second operating voltage during a fifth period in response to receiving

the second cache message (208).

5. The method of claim 1, further comprising:
providing a clock signal having a first frequency to the processor for the first period
(160); and
25 providing a clock signal having a second clock frequency to the processor for the

third period (160).
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determ ning the second frequency based on a nunber of
cache nessages received in a first period of tine. 8.
woAGKMre®, conprising: a processor (102) conpipicgiutdo/ 005692
processor core and a cache; a node control nodul e
(¥4 r
pPocnedihogu Sfied 8 KARLS Rm i iR B heind Lrchliéhcy
basedomta mmlogrerf ahchegnesshgeageceivedt he processor to a first
voltage in response to the node control nodul e
i ndi cating an active node of the processor; set the
ofjerTicimghodbf elgitn 6f whéreinpdetaafisiag thescaondfroqeeney comgsises
| oner than the first voltage in response to the node
deterraigpng Be senidi EeGUARGYCRASPhEN a npghenelRse MegsasstiEeceived e first
penoys gsor, wherein the processor is enabled to process
ache nessages in the | ow processing node; and set the
operatlng voltage to a third voltage in response to
t Qe I dul e indicating the processor is in
a%re e%ﬁl%gﬂ Psulthe third voltage | ower than the
S @gooctssorl(16Decontprisipen provésser ire ahda Badhe; Wherei n t he
node control modul e is configured to set, the node of
opdneds; wtrpbmpﬁelq(éﬂ\?);fpa@ég@g AYCORERE ajRodefinpgEatiop of the
the progc&ssQr; receiving a cache message when the
processor Is in the retention node. 10. The device of
claaioltagx reghhtcm(mw)menﬁguk@d(cmnt rol nodule is configured

t t the nod t th 1 t i
 Osmonst! oTeRing voTBEs Bf ettt fh Big olSek T aanfeto the

cache nessagfede control module indicating an active mode of the processor;
set the operating voltage of the processor to a second voltage lower than the
first voltage in response to the mode control module indicating a low
processing mode of the processor, wherein the processor is enabled
to process cache messages in the low processing mode; and
set the operating voltage to a third voltage in response to the mode control
module indicating the processor is in a retention mode, the third

voltage lower than the second voltage.

9. The device of claim 8, wherein the mode control module is configured to set the
mode of operation to the low processing mode in response to the processor receiving a

cache message when the processor is in the retention mode.

10. The device of claim 9, wherein the mode control module is configured to set the
mode of operation to the retention mode in response to the processor completing processing

of the cache message.
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