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CACHE ACCESS MODE FI ELD OF THE DI SCLOSURE The present disclosure
relates to processors and nore particularly to processors that
process cashestg@nsactions in nultiple nodes. 5 BACKGRQUNRD:2088m8692
processors can operate in multiple nodes, such as an active node and
a |l ow power or sleep node. In an active node, a voltage regul ator
provides a voltage to the processor that allows the processor to
execut e i NEATACPROCESSINGIRE VW HlQ WD WEHB A CHR) ACGESSoMOIRe r
node, the voltage regulator provides a retention voltage to the
processor that allows 10the processor to retain its internal state,
but not execute instructions or other normal operations. The

ret ent i onFREBDIQIGEHEDISEWESURKan the vol tage provided in the active
node, thereby allow ng the pr ocessor to conserve power. The processor
can entery nser 0 [ LN I ts
Chternal DietfarR i BRURE TRES ol RoE B ROt L BBk lors I groggsy
to conti nmnehaxmsatlormnsnﬁnlt(phmbdaesstate it had prior to entering the

| ow power 15 nbde. Some processors can support a coherent nenory
space or allow other nodul es of a device to access the processor
cache.5 | nBACHEGROWNDer f orm cache transactions to mai ntain coherency
or to service access requests from ot her nodul es received whil e the
processor,is in nventi onal processors switch fro
Phe T ove ot risarets B Praat rywoRHE s RD Bl et g pa ™
char act erdl&pingsie.Ofn dnhietivahbdeg e volegd rafubitor prdveded b ORES 06 ﬂﬁipﬁﬁeisor that
qui ckly cangng fromthe Iowegower node to _the actjve m)de lsi
convent i oh& 8%“6’6%%?8?@?‘%1‘ mRpyrriany a0 PRI RRIMAIRREPURRRy N fsdav

f requent | yovas modd, theGARRR LHANSAHHYIAS: 4 RAUEST Sol@fEoNtRCRbMSshr AN dllows
therefore are in the | ow power node |less often. This can result in an

undes! % abiie PROBFTEQ AR Eeiaim intemal sRtepbut mREeXseue Inseystionsor OHICARYIa) , ¢ her e

i s a needyfe@fiont. Tne REMLBE 96R2S iNBwELNbE Bie IDR BRSNS in th¥Etive mode,
2008/ 137079PCT/ US2008/ 005692
thereby allowing the processor to conserve power. The processor can enter the low power

mode to conserve power but retain its internal state so that when it returns to the active
mode it is able to continue operations from the state it had prior to entering the low power

15  mode,

Some processors can support a coherent memory space or allow other modules of a device
to access the processor cache. In order to perform cache transactions to maintain coherency
or to service access requests from other modules received while the processor is in low-
power mode, conventional processors switch from the low-power mode to the active mode.
20 However, due to physical characteristics of the voltage regulator, the processor cannot
quickiy 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

25  new processing device and methods.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present disclosure nay be
better understood, and its nunerous features and advantages nade
apparent to those skilled in the art by referencing the acconpanying
drawi ngs. wo0b3Gr074 is a bl ock diagram of a parti cul arcrasbadpesent of
a device incorporating a processor 5having nultiple operating nodes;

FIG 2 i sprupH ser@Eieeion grarin: oR avnendodi nent of operating vol t ages
provided to the processor of FIG 1; FIG 3 is a block diagramof a

frequency control nodule of the device of FIG 1, FIG 4is a
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(refeq;equ%ﬁQQﬁtjﬁgﬁfyﬁgfksggive voltage") is provided to the
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processor to execute instructions. In a | owpower node, a retention
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sufficie to a fomfthe processor to retain state information stored
prior to entering the | owpower node. The processor 20 consunes | ess
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herein as a "cache-transaction processing voltage") is provided to

t he phbcepse¥ing wrde of aprecssspsadt r ansacti on processing voltage is
sufficient to allow the processor to process cache nessages, such as
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a Processor.

DETAILED DESCRIPTION

A processor that can operate in three different modes is disclosed. In an active mode, a first

15  voltage (referred to herein as an “active voltage”) is provided to the processor, where the
first voltage is sufficient to allow the processor to execute instructions. In a low-power
mode, a retention voltage is provided to the processor, where the retention voltage is
insufficient for the processor to execute instructions, but is sufficient to allow the processor
to retain state information stored prior to entering the low-power mode. The processor

20  consumes less power in the retention mode than in the active mode. In addition, the
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

25  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.



to their performance in the active node. The voltage provided to the
processor in the cache-transaction processing node is |lower than the
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common semiconductor substrate, or be located on different substrates. For example, the
processor 102 and the processor 105 can be integrated on a common semiconductor

25  substrate, with the peripheral devices 106 and 107 located external to that semiconductor
substrate, In the illustrated embodiment, the voltage regulator 130 is located external to the
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
30 acache-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-



30 a cache-transaction processing node. In the active node, the
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The level of the voltage VDD is controlied by the signal V_CTRL. Accordingly, when the
processor 102 enters a new mode, it configures the voltage regulator 130 to set the voltage

VDD to the appropriate level for the new mode using the signal V_CTRL.

The processor 102 can change modes depending on different factors. For example, the

25  processor 102 can change from the active mode to the low-power mode after a
predetermined period of time where 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

30  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
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25 processor 102 can change fromthe active node to the | ow power
node after a predeterm ned period of time where no user input to the
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access requests and coherency information to the cache 120.

The cache 120 is configured to provide and store data in response to requests provided by

the processor core 110 or information provided via the signal C_CTRL2. The cache 120

also maintains coherency information for its stored data, and can modify that coherency
25  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

30  requests from the processor 105 and the peripheral devices 106 and 107, The coherency
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coherency agent 150 receives cache messages, such as coherency messages, via the bus
103. Based on the received cache messages, the coherency agent 150 provides coherency
25  information to the processor core 110 and the cache 120 via the signals C_CTRL1 and
C_CTRLI, 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 respanse, the

30  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-



For exanple, in response to receiving a cache nessage indicating that
data associated with a nmenory address has been nodified by the
processor 105, the coherency agent 150 notifies the processor core
110 and t hwocmeins70t?0 of the nodification. | n responseCriusenosnoscs?
30processor core 110 and the cache 120 determne if the cache 120

stores dati m&fQoh@biesbdiiel 1A0tcbRtoliMBBpH ARGl A6& b prbéessoR 102 ake
appropriate action such as inyalidating the cache line. WO

2008/ 1370%ppeding moihe spantiingsonditiens ob the syyem P apdoeibsrdactors Eerxpmpls. t he

oper at i on@k ni¥ae Borffol &B&l@ﬁﬂﬁ&ﬁ%ﬁ&ng%% HERETFSH G A Fr s TheQREYAhS Ao the
conditions of the system 100 and other factors. For exanple, the node

control nigdtirever ORI H theehiag get hage a et dnpyt toghesyaterolPOfin é#ﬂﬁ"ﬁ‘é agopftas

de to t th
yst ey 10071 SeapFbcRg B donSPTeR s dBnddUmeBRER e 33 ol Bitking 5 ' 1
activity $ystemeprgdier rdavasmexaentingfat the pencessor 102 ca thegpenessor t@‘i dixestsélm or
other sof r‘é@és?or%f&%légg?%{) B&%@Bﬁ%ﬁ% o]dg%m%l %glé@ﬁ%ga%ﬁ%{%&%?ge

directs the processor o‘en OW- power
control ntheualode Qﬂl@ewann &bsohcloangever hmdemxthe adtive pexdain espohscomatule

| ow power. node active respons er | put
it orr upt BRIk Pl et T ke BERBRES sl TR e o

cont r o 1ﬂodimd M(@rmﬂbsphmglﬂev C’ﬂTRLso giaazbltﬁgg(ﬁa'gﬂlauﬁxoo thagy eieto@getmg

regul at or he tin ag for )

| naai o1 viteet RBBHGHbE BBt 0 dui SRy e 406! el dE s the
oper at i onmbde dmeﬁﬁ@qumeqemrcehzrmmh& 166 Qiath@sifhye si gnal

MODE INDI %51“8 t he cl ock freq uenc¥ for the processor core 110
in each nfEPESNDIE é%é%sef Beclock frytrg el JirdressesyT rire My caghmode.
coherency agent 150 notifies the node 15control nodule 140 via the
signal C mEapJSnselmrebasiag&merédcy&ﬂeesa@é,qneeﬁﬁ%na;%emS'Omodifhﬁ tﬂ\d)mloclHJV\/er

node, .1 he node contraol .nodul e 14 nges the npde of o ti.o

the ckbhectralueris (i vit Be wsgn %&F@*ﬂg e 1e BOMOF OB a0 8 D0
provi des foheposicgRalle, VieGldle cbﬁlrcﬂ%odhh:emgﬁﬁz{ t4 M8 moak begRrawbid @e t he
appropriate |level so that the processor can _process the cache

message. PRICHMISTGUGR Processingmnde c bht pgte %1591 I@O%@l%qwﬂ%h%@ako

f requencyvcontr @ senhé ab@at&%%hk@tvmq@ﬁﬁea pPRsEAIRVOAS thear prr&eﬁblved
Once the processor core 110 has conpl eted processi ng the cache

nmessage, REnB@ecse BiKtcrdie mRseage e Imaditiog: the mede prntiel wedide &40 nayigics Bhet he
| ow payer ¢ Ry chited diadg 185 ?HABA Bftnt ntecséagé/l%s b0dn &E@vegp%@é th@gr%gés&age

VDD, thereby conserving power. In an alteéernative enbodi nent node
control ndul1® bpg compleicd Prapgseing Hie cadlgenestageBhopedacinsnl mﬁdttifh 80

pr 0CesSOuoli% A Yolck 56 & hOVGRSARIS PR ufile GARRSE RSSAIGRLNAVE

been receive I's case e contr rns t he
pr ocessoropeniting goliageV Pdwtherapy denseruieg pwerpendi ng cache nressages have
been processed.

In an alternative embodiment, the mode control module 140 may change the mode of
25  operation of the processor 102 only after a threshold number of cache messages have been
received. In this case, the mode 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

30 s 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

.-



The frequency control nodule 160 sets the clock frequency for the
processor core 110 based on the MODE | NDI CATOR signal. In a

particul ar enbodi nent, the clock frequency 30is set to about zero in
t he | ow powerzmmdey7o and in the cache-transacti on procaxaiusguornees2 S
set to a slower frequency than in the active node. In addition, in

t he cacheretdidSAa irtiin PirRAS GindQ INACIRUARE of FeBAVRNGYheGRAAZRL eltReldlae
measur es the nunber of cache rress%aé

es WO o
2008/ 1370sketd- Us2isareyseosol meduie /68 proyides idprmgtian paticdRQCRIme. | f
t he nunbeyjgf torcﬁ&?geYlﬂ-;chS&quhglu%ﬁélgﬁép@&%@&%reﬁ 10 it @8 BsthE-trahdd8tion
frequency control nodule 160 provides information via the FRQ CTRL
si gnal t opregsarigempde Thigeases taegpiesespr £oe 1 o qopsueBeie pewebut PO
the caghesl Lansacld j i [ core
110 10 oongus REleaBmR ARRRD. DRy, O AR A%k 08 1A BT Sthe
qui ckl y. messeses aprgbpriatehy threqveratipowheconburepsteolof thewndsessonf02can he
nmessages I%%gcrg)pri ately, the overall power consunption of the
processor 3“can be reduced. Referri ng to FIG 2, a diagram
depi cting an exanpl e vol tage output 202 for the voltage regulator 130
of FIG 1Rderinatp Hiferat diagramfdepipiéngsapgxemple0oltiss outpuuiZriar dd voltdge
y-axi s of i r i - i.ndi . I t
Vol tage VRN Ron 0Ty R MG SR AN AEL R R0 RN, 13 LB o e
ti me periiddsta@d didghen pdoees §erievEDE thevalraga W DaX wihile thenerxisaindicitésetime.
oper ati ng, vol ) .S _af .t tive vol e level . At ti 205, a
mode. chargbBRE, g fide Plidd aifé Gt 1R pnfiSreetisrsidlsor 105
shoul d beopetasiag doliage VDD isawhp avee vobake.levEhi At timed205 hatge changé matcator

b ived. in,. t j t he .| f
1o nput 1 BRRE b Ep a2 chall bepladfim B fopaPer e
exanpl e, 'Bf inddy chafig@indidaatsemhiee retiheddh a3pense fcki wsat iaputf e Rek ob5 k.

I n angst her enbodi gent . soft,v\@rlsca,can ini#’aate | ssuance Otf t he node
chang® i ni@PE 4R HPredgermingdperindplume or pleraetor. Jon X pmpe ST wae SHEEH¥e of
bus acti vihé holkeshabgeinddabestirasshad 13 apehdreehbedintechtBoftvwate Slah&ifiate
enbodi nents, the node change indicatqr can be issued in response _to

the absens®aRe ofthe mpdeichingg 1ndigatos B tedpfieptoriis prs SSortinthlabsese char e

initiati ogus ahmtz%amaﬁ QetkQed 1L aFBGQ FRRAND G bikei GRS Almerkd) e\ de3E5gYDD
is changed to the retention voltage |evel and the processor 102

ent ers t HBYIFHY G9BRe iSsyRgdde resprnse EBF plsergs of Res ackiit PERASHRE tégs i ng

time ReriethcdPSrvwate ihitidBo207, the processor 102 receives a cache
nmessage. In response, the processor 102 changes to the

cache-transaction &r ocessi ng node 25and the voltage | evel VDD is set
to the cdBmesPetssHsRE Mo change idicpey WoraliageV PR Visphanggdothegsatioy 102

remai ns i yythRhetR Gt pARSAGE JRRNREQRERN Pl RIAE: S bAGint Band IR
period 208. Tn response to cog&lsetl on of processing of the cache

message, REVCE MALC QDL timeepcppd s shirtime207y wemrasssserol R eceivshe peher  node
?Rg : gfex‘?'%%%g‘s (I)V:?g%@s&?‘tﬂe%&e%r 1 GEcR) s 39 LRI R ichiRodeSsigEhodd
25  and the voltage level VDD is set to the cache-transaction processing voltage level. The
processor 102 remains in the cache-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.

30 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
-8-



30 The duration of the tine period 208 depends on the frequency of
the clock of the processor core 110. If the nunber of cache nessages
received in a particular anmount of tinme exceeds a threshold, the

cl ock freqguwenoss/icany be adj usted to shorten the tinme pedinoc2@880565Ehi s
WO 2008/ 137079PCT/ US2008/ 005692 i ncreases the anmount of power
consuned inyrehdaempramemsxﬁ podé&2odumied Byttieeprbdessor Pe2 d@thg2R8timb pérical Jogws

t he process 0 process cache ssages nore quickly and thus
Fotubn oo RUFOe BRBPoTID AR EO5SS (e npe R anors guicHy AT G Eepr [0 the
Accor di ngﬂowrpoweesththreeslhelpdnwm)emoea‘ qlﬁ@@ﬁeAémﬁﬁx@gllﬁiheCtﬁfbshﬂd s@hbdrf
reduce overall power consunption of the processor 102. 5At tinme 211,

anot her c%%mﬁ%%aga@ fesetigdeduge averglhpeves senumptian e WoprgRerrBd i s
set to the cache-transaction processing voltage |level and the

processor Adidde BIW, efichdr Reche atb@gé [sab@ach] Oirefionss 8iviBagdeoddDf it iBe
time peri od 212. Upon con‘&ll etjon of %Sdocesm ng of the cache rressage
at time 294" c%ﬁ@ﬂ%@ﬁ@% greBagede st el the ProRsSydi? sk the158e-and t he

vol tage MRlRsicsio g.tocés@mg AR dE &drei dRpatRit2a8e UpSY &mfiQlontdf Brdck ARz RE tHe0d
214. Thus, the 10processor 102 can enter the cache-transacti on

processi nﬁ‘c?ﬁjﬂé“’sﬁ"’fd" Hee ghh theprosresar 4Q2 fowmes otrdevesinr mpagand thache
nmessage i gjh&Cebradset A} thE kdiEnib Yoltdhe TRAELE BRABIR pe JJ ﬂgd %ﬂlt Ofu Sthe

received, indicating that the processor 102 sho ange to
act i vE) rorfecessprd0heraenteh thegechieritingagtion pieesssibg mode adred 9 th@b)pbm

a user Iqﬂbﬁcegéhﬁﬁlgg%aéhﬁﬁ%eggfge EUfxanpl e, a peripheral device nmay

initiate an interrupt causes the node change indicator. In
anot her enbodi nent, the node change indicator can be received in
response Adinndl e piofachnge wilicaopsrecsivedfinditariag thah mﬁ@ﬁ?ﬁ@ﬁ@élﬁ?(ﬁhpwé

mode changigncgikakiie mbdie 1A ARES SR ARGHARAE R, I'egeﬂvﬁgmefg & R

and the operating voltage VDD is again set to eveI
the time yerinpd opeder frazetﬁ!erﬁor pxppde, ﬁlp@lpiseraldehtmky mtagprzawn@frua that

parti g4l af ugmqﬁa%@h?@g ididal g ﬂ%%efa%%@{ne %gg&gpggfagg indicator can

correspon |ng to quency contro
illustrat l@decewfté if resppuenioyhecaupiratiin ofpdetied @B0nd. o resgdese 2o tihemdde nmodul e

305, ati r 2 co 310

fr equencyéﬂg %aggnr %‘gg chssérolgﬁ Cﬁ%ﬁ c[mﬁ fﬂf‘gth? ﬂ%ﬁfﬁa’é g?‘ge

out put tonpDomgimm oltocihkigisisginad] fEltke nrﬁhpertudrmﬁcount er 306 includes
an input to receive the clock signal CLK and an output. The coherency

Tessage GRUBLEL . 43 NEkASS AR | DAL BRS AT PSR ER0EREY L0

t he out put e tinme cou e coherency nessa er 310
al so Ihclmatkde 39, mmsnonﬁmgrtcetbeufmeudnhyecmughmbdd% RED\OfdIG. Bris dubtparkd. The

frequenc 3 ude nect e t he
out put o%lrht%%le% gcc’ennr((:)ij mr?guslg éé%’“&‘%ﬂ%st aecﬁ ‘% d&gu}qs f%““?céég?'\fe t he
MODE_| NDI «GickéNy ShaSidak cﬁlﬂibramﬂ ad pﬁﬁeqﬁ@cpﬁ@t\mdﬁn‘bbﬁe 319 nHte FHREQ rhaodtle
30 Durlng3 frequen

i nf or mat i 9n peﬁ@telf %&%‘fﬁ’ﬂ[‘ %f’@ﬁélf g‘g&a ?211@ m%‘?“t?%ﬂgé‘?%gﬁﬁvsfaﬂr
t he procdsmoio ecdie thd Blollesgthl CLKI @ aBUQuI0 ITheREKedcP hessage counter 310
25  includes an input, labeled RESET, connected to the output of the time counter 306. The
coherency message counter 310 also includes an input to receive the signal M_RCV and an
output, The frequency selection module 315 includes an input connected 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.

30 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

-9.



WO 2008/ 137079PCT/ US2008/ 005692 i ndi cated by the MODE | NDI CATOR
signal. Further, when a coherency nessage is received, the coherency
nmessage counter 310 is notified via the signal M RCV. In response, a
val ue st or ad Joys/hes coher ency nessage counter 310 is adjrust@doostn
addition, the timer counter 306 provides a signal to the RESET input

to reset tnheale@tafe&emanmemmﬁmugmr FiddRr, 3R cOh&Gal ng@rle@sa@@fsl od of
time, based on the cl ock signal In a gartlcular enbodi nent, the

count er 3t6cived, g’e&%?,‘?f%"f?é‘r’i‘?es%ﬁﬁ?‘@im PRt netitigd wa the sigmal MiRCYH Wal ye

and count esﬁiﬁwatvgsuz%ea%&s&cdnerehéﬁﬂekﬁge%mefs1bh§acg&s&rak IS Adin, GEK
When the counter 306 reaches zero, the signal to reset the coher ency

message coUERCOHNEE30GR9YidRs signalie tha RESKRINpe te reselce therehey Betiescency
message C@dﬁ%ﬁﬁm?éf@r h BBH:6? BlHod fodt of nﬁle AR dﬁ?é ?188&91 &0 @:x 3 pifisu
e perio Kper apned]

received In the perio
val ue or emﬁmdagtrrarﬁmmuetevéﬁ@e.a detremprtogurentadsis@rty af amemualyvabe agétounts

based on o] @9AE dfunkliEn Y HEMAUna A3 v A LGOS

executed At the processor se progranmge
t he val uezesd, Oheeﬂilgdaytotrb@t thelelieacy nmg@qmnmouqtmndaila‘hem!medsmatored
t hreshol d b&for it is res nber. of coherency

hat
messages PEoeCUEECRIFRAES ‘{“h%'e?ﬂj rép%'?e ‘f‘r%“%bee%(?%‘é ‘E‘f“f’h‘@eﬁs?ﬁe%s hol d,
t hg lc@thgrl %ﬁﬂYeM&ﬂﬁﬁ@ﬁo@ oimher}"l&]{ﬁnl@bf rimefli:ay hea fikﬁqtm g?gigezﬁimglj;e
ul e response requenc ec rQvi des
oo a1 Gt e SRR RIS Vg Etbg o ostharte B eilos B e debaltly 'For

the processed ocay 1ﬁstﬁﬂ:ﬁoﬂ\ﬂ&:ﬁut’&:@a the MOESSRH ll()ﬁ,Qx? oth8rwike prbgrammed by a user.
cache-transaction processing node. Thus, if the number of coherency

nmessages ed in.a particul ar erlod of hold
The 5007 ¢ it S P kiistine et Bl (isiBeetn  BreneB e & e
processor ree@rltdid:&z&ﬁhgmme nletd&mbeﬂ' @f@:ﬁﬁé&ﬂfcg hikdsakss reteitddan t}ﬁ&aq:rehbcaﬂtstaﬁé :j on
proce no ens t t he coherenc es roc sse
mor e Zﬁ % 93‘13&“‘8 §L}‘ L‘Fﬂﬁ/ﬁo "g{e‘i‘ﬂé“eﬁ?aéﬁé%‘fj“%%?o‘t St F%P Y 8% Eﬁ“ﬁ“t 0

from the ga@he210. af sapbise) rlh@fr@dﬁﬁﬁ@ seREfor! Bodule2 10pko-AWEaT fofiRARN Rthe
conserving power. Referring 4, a flow diagramof_ a partlcular

embodi ment2¥f FRQETRE P Eﬁangff @9 F'&F*ﬁ Feaispe fonige §"—‘t°6538f Wo Ll thes

i 11 ustrat gdeesr 103 RGK t}ﬂngchcatranJcﬁen &B@és@ih% RGd¥ O HATR tleSuBibevdrded to a
processor duri ng a first per| od so t hat processor is in an

acti ve noERBCIRGY TRPSSRSES Maived st Raghopap pes 10&&@“5&@@6%&‘3&13 treshle the ocessor

duri ngp t hgedubfic§teoR®S1inRuleMe0RIRGK 1A QR ek 3pdiB UG tﬁ@ﬁ%g«%sdr'ch‘e(iQB %el'x &e
received. In resgfnse to the node change I ndi cator, at bl ock

ret ent i onProefstoade? isgn fespelgdnpastiohproprspiog 510de. edwmgghaaﬂl@eelm@cmerl od

of time. ﬁst?e s RlcQfdtedt mofe @{?Hﬁf@i&ﬁéﬁ){@ﬁ\gﬁ%%& ol KGR YER gﬁiﬁl'g@ ufnN®

second perio I'n"response, nd operatin age
i s provi dedramtht hechpiroowsdor prdesss mgdeatottirs lpw-posei mdde atd dohspodingliotvert he
coherency nessage is processed at the processor. At block 416, in

FeSPONSE Referring to FIG. 4, a flow diagram of a particular embodiment of a method of providing
25  voltages to a processor is illustrated. At block 402, a first operating voltage is provided to a
processor during a first period, so that the processor is in an active mode. At block 404,
instructions are executed at the processor during the first 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.

30  Atblock 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-



WO 2008/ 137079PCT/ US2008/ 005692 to conpl etion of processing the
coherency nessage, the retention voltage is provided to the processor
during a fourth period. Thus, the processor is able to process
coherency wessmge®7aM t hout entering the active node, thewshys@kéoow ng
the processor to return to the | ow power node nore quickly, thus

conser Vi ng chapetion &f predeyinig NG cdtRret fomeRaged thelrtwntind @ ad® iOprodided to the
alternative enbodi mrent of a. method of rOV|d|n§§voIta ges to a

pr ocessorPIPESIOf fyrigfeuh patjody Thpy, thsgpocessopis gbE4Q B1OCFSE CPREIHCY ow power

node dur Irﬂgss@gﬁi itBdut PR/ ifhe 88 H e LRRAE AR QLR Mokl EFRJ@eS‘é&ltB 2d&mitS the
provided to t processor during this period. bl ock 504, a

coher encylowgoyanBodesmpraickiyd hytipanse Ving@OFFE: st perl od, while the
processor is in the | owpower node. In response, at bl ock 506 the

pr ocesssorr&gatifg & KIes %@hﬁgﬁh@%ﬁﬁ&ér@ﬂw@ LRBESHRD ARG AN pRovidifSt
operating voltage is provided during a second period of tine. At

bl ock 508'oMagfs LhyPIORESSY dt biyeiraiy |f’6(§'?€(01< B2, aifipqessof Hdn plYERREBMAS | n

the cachegfip 9?@3@&)&% Q{d)tﬁ&%ﬁaké"zgrefmﬁ&) vcglﬂge G3rRdARS BRPFodesSor during
processed. At bl ock in response to conpletion of processingthe

cache rreslbla@erlodt Mt bém*.sé@é mohq:remqyrmsqgg ig igecivagwupopshe fing periechavhilhe
retenti Oghé/ gﬂoée%%og léc o QY%L S G ”19 r@s biNe! b '586131% %@gsbﬁ%ﬁhe

bl ock 51 ange in icat of ecelve urlng i

peri o ofcatherteansaghiph Bf@ﬁelnpmmdesmbar fmtsnpemtinbeolltwwmmdeMmg alspcond
response peiby BAGE SdloddBsPARRESRALGATRAS A8 BEI UEpIRARATE Ao
second opera |ng voltage 's ded 16 Prhe' processor
enbodlnenmdw4uma$nmammuawmgmtﬂgﬂhemkhahemﬂ@ssbﬁsanaimnII be appar ent
to those skilled in the art from consideration of the specification

and pr aCtA ga?oc%fs 15 hﬁ Iregh ﬁag Qioﬁ %k L%@gstﬁlg L nt%}ﬂ-: m%fgar%m dlh'lf g(fo%sg(;}e r be

appreci ate circ
depl cted ramdeteﬂlcﬂo\bp@tvasnmbmnéthbedem@no@h@ge icproeded deigreehid pertodef

[ b d dd i,
I usfSr at enq C%t%rlrt?ﬂtﬁZ a 0(?6 c%g%ggemcﬁca? 1y 1se recvr g_nsflglgghe tﬂm(il%edlofihghhek e

el ement s, such as resistors ors
The speciwhikahd pmceaml mtinalw lngsposfeombdb He r@pm&e,dae bixdk 6 kenp pacyssonl y,

and the scope of osure i s accor di n éen ed to be limted
oy by SRRt ettt and RGP FOE ot G

2008/ 137079PCT/ US2008/ 005692 WHAT IS CLAIMED IS: |. A net hod

conpri si rgher embodiments, uses, and advantages of the disclosure will be apparent to those skilled

in the art from consideration of the specification and practice of the disclosure disclosed

20 herein. It will further be appreciated that, although some circuit elements and modules are
depicted and described as connected to other circuit elements, the illustrated elements may
also be coupled via additional circuit elements, such as resistors, capacitors, transistors, and
the like. The specification and drawings should be considered exemplary only, and the
scope of the disclosure is accordingly intended to be limited only by the following claims

25 and equivalents thereof.
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providing a first operating voltage to a processor for a first period
(402); executing instructions at the processor for the first period
(404); in response to receiving a node change indicator during the
first peri oo LddB)o79 Sprovi ding a retention vol tage to Hdraspieosssor
during a second period (408), wherein the processor is in a retention
state during the second period, and wherein the retention voltage is
| ower t haWHATEISIGIrAMEIpE:at i ng vol tage; in response to receiving a
first cache nessage during the second period (410), providing a
second operating voltage to the processor during a third period
10(412), the dedomehapemzrismg voltage | ower than the first operating

vol 202 a0 ouegghe RN KBERESHEILIODNELL O  ANFhGSS 1O L1

first cache n@ssag o
met hod of cl aierachiingdngrueiionstadn eheqaodessonbs siadast periad @@éhe coher ency

nessage. 153. .The nethod of claiml, further conprisin rovi.di ng the
ety on'vor it GreeRince Boft dangd M SRR TR heRoF bl oD 0o
tf) _corﬂ;l e]Ei nghprocp@sidn@_acrﬁteﬁdiml mageetorm@;&a@ﬁsdrdﬂl@gha &corﬂ}&riﬂ&'gfﬂaﬂ of
clalm o, urther co rl sl ng. recelyvin a,secon cache nessage ur i ng

Cha ot e o e aB b th i acos i i il o e R B iSSP aoe

during a fifth periyRéeiniihd RERAHSI{aBe [s86@Er\haddhd 8t SREMIY voRERE
nmessage (208). 5. The nethod of claim 1, further conprisin

providing a clbHERPOEIGRAFCCHIE hirsbearhs Besspaeclirian iy seeond perigst e ®ssor
for the first periggviakeQ)secd@perating voltage to the processor during a third period

10 (412), the second operating voltage lower than the first operating voltage
and greater than the retention voltage; and

processing the first cache message during the third period (414).

2. The method of claim 1, wherein the cache message is a cache coherency

message.

i5 3. The method of claim 1, further comprising providing the retention voltage 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).

-12-




25providing a clock signal having a second clock frequency to the
processor for the third period (160). 6. The nethod of claimb5,
further conprising determning the second frequency based on a nunber
of cache nmessages received. 7. The nethod of claim6, wherein
determ ning the second frequency conprises determ ning the second
frequency based on a nunber of cache nessages received in a first
period of tgne. THR.mefhodViigEa,s, ﬁ@tﬁ&ﬂ:b&hﬁhﬂig dateRi AELHS MeoddiRE)ency based on a
conprising a processor core and a cache; a node control nodul e
(140) confi SHOLCEIE BSPEF "5°KBde of operation of the processor: and
to set the node of operation to a | ow processing node in response to

t he pr OCeSSI,')I’ recel vi %gogclg%c’ehr;ggﬁ t he processor i n a

e. whe S i
retention node: A VSTRgeFaJul'AeEP %gfgﬁgi%ﬁﬁ$ﬁﬁ?gﬁmp5@nmw% set
an oper at i n¢ptarointggie sefond Frequptiaybess or a thont@r §ficadie meghgeagecivad i @Bparsied
to the node Gontrol nodule indicating an active node of the
processor; " set the operating voltage of the processor to a
second voltage lower than the first voltage in response to the node
control nodyle ngg&ggt&ﬂgﬁQH%OM/processing node of the processor,
wherein the processor is enabled to process cache nessages in the | ow
processi ng node;a mprgssor (102) cogpsingyerraspeerapicnnd ¥eokheage to a third

voltage in res p%&ie%@nt%hﬁp&ﬂ?@ﬁ 4 QG&ffgﬁ'&led PGS o bnfddid &%&)er{i‘cg}ntoh@le processor;
processor is in the retention node, the third voltage | ower than the

second vol t &0 set e mpgof@psyition toF Lo PEICAISBE MAREIN EFPOTEHE ivpErsess o itsering
modul e is conbhdahs@ge WRenB prbdigsorRae: @knRRM-ALI on to the retention
node in response to the processor cquIetlng processi ng of the cache
message. a voltage regulator ( 130) configured to;
set an operating voltage of the processor to a first voltage in response to the mode
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 the retention mode, the third voltage lower than the

second vollage.
9. The device of claim 8, wherein the mode control module is configured to set the mode of

operation (o the retention mode in response to the processor completing processing of the cache

message.
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