2 3 SEP 2004 WO 01/71884 PCT/US01/ 07217 | NTEGRATED Cl RCUI T HAVINS%&AgtEUﬁm*
OPERATI ONAL MODES AND A METHOD THEREFOR BACKGROUND | n portabl e i :
such as _caonmuni cati on devi ces, portable conmputers, and the |ike, the power
for the Y@IMEB8s provided with a battery. Thus, the ef fREFVSEAEZ of a
portabl e device may be determned in part by the Ilength of tine that the
battery can provide power to the device, which is generally proportional
to the anount INTEGRATER CIRGUIT EAMNSWWBRIAYS ORERATEIONAL. MITDES AND
operation. 10 Conventional te@hmEJHID ToIEREPORVE the |ifetine of batteries
have focused on increasing the size or storage capacity of the battery.
However, BAOQKGROegWDI ques are either very costly, or increase the size of
the battery to the point where the portability of the device may be
hanpered. Thus, there i.s. a continuing need.for hetter s to inprove the
ot e and. SREER SEYieThstrD Ao coTIaPRERIE Heres POHREF DESCRI PTION OF
THE DRAW NGS The subject matter regarded as the invention is particularly
poi nt &0 FRRMPEHEES. @ANst thedikey the pevredfarithe eviceris buailidey pitht 4 battefy.t he
specification. The invention, however, both as to organization and net hod
of oper atTtas, thegtfebtiverddswitdpolaiste idevick aadpbe Seterminalivapdraegank her eof
may best be understood by reference to the follow ng detailed description

when readeNthioffife tRGCHPERYL YL A REDoWE BIthE dedice, which is

generally proportional to the amount of current that is consumed by the
device while in operation.

10 Conventional technigues to improve the lifetime of batteries have
focused on increasing the size or storage capacity of the battery. However,
such techniques are either very costly, or increase the size of the battery to
the p'dint where the portability of the device may be hampered. Thus, there is
a continuing need for better wav§ to improve the lifetime and powaer

15 consumption of portable devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out
and distinctly claimed in the conciuding portion of the specification. The
_ invention, however, both as to organization a‘nd method of operation, together
20 with objects, features, and advantages thereof, may best be understood by
reference to the following detailed descriptiﬁn when read with thé

accompanying drawings in which:



2 3 SEP 2004 WD 01/71884 PCT/US01/07217 FIG 1 is a block diagram
representation of an enbodi nent of an integrated circuit in accor dah&EP 2004
with the present invention; FIG 2 is a graph illustrating voltage |evels

~of portivopsyofssan integrated circuit in various operati gausm@dessi n
accordance wth an enbodi nent of the 5 present invention; FIG 3 is a
schematic representation of sonme control logic in accordance with an

enbodi nent of Fidie1 s asrdk HiBYEM reitesaatibl 6f ad enbiREREBREAC
representation of sone additional control logic in accordance with an

al  ef nal ijegRlaU BB \n bcbdnbs G3AMnd UEDNI B0unchgl |t W 11 be apprec at ed

that for sinplicity and clarity of | ‘ements illustrated in
the figures hggcgnzot necessarily been drawn to scale. For exanple, the

di nensi ons of '5dne b & lUSHalPS VRipIDlevels R partiees of paliateniatedo ot her
elements for clarity. Further, where considered appropriate, 15 reference
numer al s argyithe vegpespperationagmptes fri aroovedartoe withianadrebodiatenesypanei ng or
~anal ogous el enent's." DETAI LED DESCRI PTION I n the followi ng detail ed

descr Bpt ipdesent iieir@ies; speci fic details are set forth in order to provide a.
t hor ough understandi ng of the invention. However, 20 it will be understood

by those skil kgl &, LRenalelkNaloLlR AL E P UL SR iy De practiced

wi t hout these spec et al I NSt ances, vwel T -'known et hods,

rocedures, conponents and cj.rcuits have not, been described in 2
P acbordagge w:ﬂ'\ an emq)ocllment'ofsthe present invention; and

FIG. 4 is a schematic representation of some additional contro! iogic in
accordance with an alternative embodiment of the present invention.
10
. .!t will be appreciated that for simplicity and clarity of illustration,
ereme_nts ilustrated in the figures have not necessarily beg:n drawn to scals.
For example, the dimensions of some of the elements may be exaggerated
relative to other elements for clarity. Further, where considered appropriate,
15 reference numeréls may be repeated among the figures to indicate

corresponding or analogous elements.

DETAILED DESCRIPTION

in the following detailed description, numerous specific details are set
- forth in order to provide a thorough understanding of the invention. However,
20 it will be understood by those skilled in the art that the present invention may
be practiced without these specific details. In other instances, well-known
methods, procedures, components and circuits have not been described in

2



2 3 SEP 2004 WO 01/71884 PCT/US01/07217 detail so as not to obscurzegtpﬁp 2004
present invention. Sone portions of the detail ed description which folTow
are presented in terns of algorithnms and synmbolic representations of

operati oNOBH7IEt a bits or binary digital signals wthinpaTasimeier

menory. These algorithm c 5 descriptions and representati ons may be the
techni ques used by those skilled in the datia processing arts to convey the
subst ance d6taik $rbs nabtk obscweltbe pressat ikveatidn, the art. An al gorithmis

here, and generally, considered to be a self-consistent sequence of acts or

operations | eagbfi peHidnsdds itﬁ@@efa?l%ﬂ'descﬂ-ﬁiﬁif?wih%l féﬂﬁvﬂ%e%@énﬁ@b in

mani pul ati ons of physical quantities. Usually, though not 'necessarily,

t hese quantit.l form.of. el ectrical or,magnetic signals capable of
bei ng st o?lt"eljc'i-'ﬁz4 ?f%lhgﬁ@\rrﬁ%g?d33%%8&?”@8%57' s OBHBg’BF‘HB?\RP BRHS Nl at ed.

It has proven convenient at tinmes, principal I)l/_ for reasons of conmon
usage, to 03y digiEhsigRalsevEhignaremaytesimemonial ibese dperithmis, synbol s,
characters, terns,” I5 nunbers or the like. It should be understood,

-~ howeve?, dhstripildnsaindtiepsmsearationsimay de the terhniduest seleyasiReisriied W th the
appropriate physical quantities and are nmerely convenient |abels applied to

these quant ifid ea dbbasigaes 1 oaAkly i Aletamidir R uodseaigrent 1rom

the followi ng discussions, it is appreciated that throu
speci fi cati;Ry H gfssions 20 utilizing terms such as "processing” or
"conput i nggsl or cgfrec%rlﬁ'ati ng" or "determ ning”; or the like, refer to the

action and progesses. of a conputer or conputing system or simlar
el ectronic co Utai?%'ta'é\/'isd‘@,’eftm geRATPIHUI conEidersite hey A Selrgangistent

represented as physical, such as el ectroni c,! guantities
sequence of acts or operations leading to a desired result. These include

10 physical manipulations of physical quantities. L.stuaHy, though not necessarily,

these quantities take the form of electrical or m'agnetic' signals capable of

_ being'stored, trénsferred, combined, compared,@ and otherwise manipulated. It
has proven convenient at times, principally for té'easons of common usage, to
refer to these signals as bits, values, e!ements,:sy—mbols, characters, terms,

15  numbers or the like. It should be uﬁderstood, ﬁowever, that all of these and
similar terms are to b-e a.ssociated with the appréopriate physical quantities and
are merely convenient labels applied to these ql%antities.

Unless specifically stated otherwise, as aippar_ent from the following
discussions, it is appreciated that throughout thie specification discussions

20  utilizing terms such as "processing” or “computing” or calculating” or

“determining” or the like, refer to the action ang processes of a computer or

computing system, or similar electronic computing device, that manipulate

and transform data represented as physical, sugh as electronic, quantities
3




3 2 3 SEP 2004 PCT/US01/07217 within the conputing system s registers
and/or menories into other data similarly represented as physical? 3 SEP 2004
guantities within the conputing systemis nenories, registers or other such

i nf or mat Wéh01&kidfage, transmi ssion or display devices. 5 Pgraisogeter FIG 1,
an enbodi ment 100 in accordance with the present invention is described.
Enbodi nent 100 may conprise a portable device such as a nobile

comuni catihin the terappting systeet's rphisteed and/op ondradvies ipeRBtierdat®r the |i ke.

Al t hough it shoul d be understood that the scope of the present invention is

in  no wayiniilarty treprebenteieseppintdl GRkhafiss Miﬁﬂ%ocgﬂrﬁ?%rﬁno%ggstwﬁé udes an

Integrated circuit 10 that nmay be, for exanple, r cessor, a

digital sj . Qr ' cantrol.ler, or the |ike. However, it
shoul d beh-%n e”regt o%ﬁ ? ﬁs;?r ?%er;é([:’ Bé&(%fm?%‘u I BIOLan {raNFOURRP D A" AP0t
limted tg t.hese exanples. Wien integrated circuit 10 is in operation,

. logic ci 3%‘{5??53 and other digital electronic conponents within integrated
circuit 10 that are 15 powered (i.e., have a power supply and ground

vol tage pot entiHNIng iR FlEdt tan embayiimantt 081N gcopodeswewvifctive prekemtt 0 t hei r
normal operation, but may al so consune power due to | eakage currents.

Accor di ngihyentionds deswribedorEmbpdiment 060 mdyeghairied a (Urfadld dei&: s@h &¢ reduced
not only by reducing operational current consunption, but by reducing

| eakage cainmobiie cemmilidatiohriedfeOeARSEN pHohb), ariPGbEEY ks, bpﬁ'\ezg pr esent

I nvention, this may be achieved, at least in part; by l'owering the

oper at | onle. vainbagPitishoaR! 1 ufidiStdol Warthe SRS Breleheitlvbneh ihien that

no way limited to these applications. |

10 Embodiment 100 includes an integrated circuit 10 that may be, for
example, a miproprocessor, a digital signal processor, a micfocontro!ler, or the
like. However, it should be understood that the scope of the present invention is
not limited to these examples. When integrated circuit 10 is in operation, logic
circuits and other digital electronic components within integrated circuit 10 that are

15  powered {i.e., have a power supply and ground voltage potential applied to them)
not only consume power due to their normal operation, but may also consume
power due to leakage currents. Accordingly, the power consumption of integrated
circuit 10 may be reduced not only by reducing operational current consumption,
but by reducing leakage current as well. In accordance with embodiments of the

20  presentinvention, this may be achieved, at least in part; by lowering the
operational voltage range of a portion of integrated circuit 10 when that portion is
not in use. This in turn, may.result in the leakage current being proportionately

reduced.



not in use. This in turn, may. result in the |eakage current being 3 SEP 2004
proportionately reduced. 4 2 3 SEP 2004 WD 0117188-4 PCT/ US01/072%7
 However, the operational voltage range of portions of integrated circuit 10
may not 'WO 61@#Bded in an indiscriminate manner. Reduci ng RCWUSATZLE7 onal

vol tage range of a portion of an integrated circuit may have an inpact

other portions of the integrated circuit that are still in operation at

t he normal opdtaavehdhe Dpemtioagevaitaag cangemf portiamsiod intédratect @guatiéd circuit

10 provides control or data signals to other integrated circuits within

t he port apdendtde regluced imary insisadeshatamhanner.oRedilcih@the dpeeatiorgi ¢ circuits

and other digital electronic conponents of integrated -circuit 10 that

provi de tvoitage carmjesofat portomef an paegated dicul mdyagRelavglpact deshown in FIG
1, in this particular enbodinent, integrated circuit is 10 divided into at

| east t Wpcpdrisi 6TiBe :rfrti@?rﬁtédﬁlﬂ:uﬂhﬁrh@e 54 lﬁbp@rﬂﬁﬁ@?%é h&%&%&m@ﬂﬁhed l'ine

200 does not necessa y represent any physical delineation wt

|t eatat SRugh e, Y cAaTENPIABBUAARICISIShaLL DaNRRRLLEr | dashed 1ine

Ois used mar cat e ere omal N” regi on

anges| n‘f'%f@é%@éﬂath%ﬁ%sgﬁ%%?g%&ﬁa‘fmaFﬁ‘ve%?' i B LR BB, e

ol e ts‘?éﬁra‘iﬁfa%"tﬁ‘i}sé‘ﬂé Ef‘r‘%@ é*Eérpd gt e;e;:tr'g% RSSO HBASAI. 21, an

arithnetic logic unit processor or central processing uni t

(CPU) Zf'rcﬁ‘ﬁg g"asttp&?\é ‘Prﬁlﬁﬁ'ﬁ’éaléﬁt ngranal ppefatiesal volizgsevelsrenory 21 may

. comprise As shown in FIG. 1, in this particular embodiment, integrated circuit is

10 divided into at least two portions, here into 11 and-12 by a dashed line 200.
Dashed line 200 does not necessarily represent any physical delineation within
integrated circuit 10. As explained in more detail hereinafter, dashed line 200 is
used to demarcate different voltage domain regions within integrated circuit 10
that may each have different operating voltage ranges in accordance with

15 embodiments of the present invention.

As shown, voltage domain re;gion Hlmay include logic circuits or other
circuits such as a phase locked loop (PLL) 20, memory or memories 21, an
arithmetic logic unit {ALU) 22, a processor or central processing unit (CPU)
24, and a state machine 23, as examples. Further, memory 21 may comprise

20 . static, dynamic, or non-volatile memory that may store data and instructions
used by integrated circuit 10. For example, memory 21 may be a static

random access memory (SRAM), a dynamic random access memory (DRAM]),

or a flash memory}. The sub-circuits that make up voltage dormain region 11



20 static, dynamic, or non-volatile nenory that may store data and ? EP_ 2004
I nstructions wused by integrated circuit 10. For exanple,-nmenory 21 naa§ Be

a static random access nenory (SRAM, a dynanic random access nenory

(DRAV) , WS 0H1834ash nenory). The sub-circuits that make uPCVASes@f1Itomai n
region 11 5 WD 01171884 2 3 SEP 2004 PCT/US01/07217 may be referred to as
"“core logic" or "core Vcc |logic" by those skilled in the art. It should be
under st oo@tay s refersed ko ge “gere lpgicsrasseate Vet by thesaskilled imtteed by t he
type of nmenory within integrated circuit 10 or the circuits wthin a

vol t age damaimshagdd de. uriderstoblithapeid scupeast taalpRsidie Mventidntiagat domai n
region 11 includes the nmjority of circuits within integrated circuit 10.

This i's Ofthited ByaREQJp8Df Membly Mﬁh{ﬁkﬁ]}a{e‘a GRIRANRS LRk BOWt egr at ed

circuit 10 may apprecli ate benefits e present 1nventron by reducing

t he opera\tNi.t%pal Vﬁltage ran?e.of a large nunber of transistors. However,
it should e UAYE __E?_% A LICHPRer nati ve 10 enbodi nents of the present

inventjon need nof include all or any of the circuits shown in FIG 1, and
nor eover, nay 'Brhi pattiryae embedispent. veltege dpmasurglgiarh! snadpeesothet he present
invention is not limted in this respect, a voltage donmain region 12 may

r epr esent mjweitpad corotipsiwitHin tntegmted ciratiegOat Bels iCbhlgUhtent@d alsrshown in
FIG 1, voltage domain region 12 includes the sub-circuits 15 and pads

that receyueMioPtPYb@BnsRS PN inSYPREY lcﬁ'%git qgﬁ@ag E@Bf%c@%%'eﬁm( e.qg.,

address, data, control, input | output ( _ to and from

I ntegrate i it . t not ..i nt ended_as limtatipon of the
present i%vteh(r\?térg#&v'é??ré@en Q?'i’géqucmg the operationa voﬂage range of a large

number of trar?sistors. However, it should be understood that alternative
10 embodiments of the present invention need not include all or any of the
circuif‘s shown in FIG. 1, and moreover, may only include one or a few.

_ Although the scope of the present invention is not limited in this respect, .a
voltage domain region 12 may represent the pad output circuits of integrated
circuit 10. As shown in FIG. 1, voltage domain region 12 includes the sub-circuits

15 and pads that receive or provide the power supply and operational signals {e.g.,
address, data, control, input / output (I/0}, and the like) to and from integrated
circuit 10. Although not intended as a limitation of the present invention, voltage
domain region 12 may also include an operationatl mode control logic circuit 35
that may determine, at least in part, the operational mode of integrated circuit 10.

20" For example, operational mode control logic 35 may determine when integrated
circuit 10 is to enter into an idle, sleep, or drowsy mode. |n each of these modes,
the operational voltage and functional operation of the logic circuits within voltage

domain region 11 may be different.



domain region 12 may al so include an operational node control logic circuit
35 that may determine, at least in part, the operational node of 2 3 SEP 200%
vintegrated circuit 10. 20'" For exanple, operational node control |ogic 35
may det S¥RiOWE18%then integrated circuit 10 is to enter inPETASOL/AI2RT sl eep,
or drowsy node. In each of these nodes, the operational voltage and :
functional operation of the Iogi c circuits within voltage domain region 11.

may be diff er ghe drgwsy sogermay ba usey i1 syspesd tRCIpepsinn ofthe Tomhegigr owsy nmode
may be used to suspend the operation of the core logic circuits and PLL

Wi t hi n vdlircdigeand fhLwithiyvaltagedon@it eegiors penBade stspendepeihat i onal vol t age
may be reduced to conserve power. However, the drowsy -'node allows the

oper at i oropecatmat Voltageahapbé adrcett it@EorbaenﬁéagMért iHUWweveE the@drdwsyl rcuits
wi thin voltage domain region 11 to retain their value. The idle node is

sinilar thoddgldiPWeYopErsdn BRBRYRIe at MRtdRlinby bdigitiAY Eﬁ@@g&omi n region

-is left —running to provide for a faster recovery tine: eep node may be

desirgd feeud with'vaRAgaB6R Sid REIOAPAI Blrkemh i vie PO fd R € T LS Bnd

PLL wthin vol tage In regio I'S not on susp ut the state

f | Qg ' A TR )t t Wer. i :
Tabi e’ 1 (atadb sy shide, g, BB PLE Stk alo S 7 A BELR G BRY: ona
nodes that .may_ opti nfal Ly, bte used in _conjunction with enbodi mrents of the
present "r"F'l’\’/BQli(‘? Bﬁ)_wqoe( 0L ASR3IE" BB EMEnder st ood that the scope of the

present invention is not Ilimted to these nodes. 15 )
A sleep mode may be desired for situations where the operation of the

core logic circuits and PLL within voltage domain region 11 is not only suspended,
10  but the state of any logic circuit is lost. This may reéuit in greater power savings.
Table 1 is provided below to give a brief summary of various operaticnal modes
that may optionally be used in conjunction with embodiments of the present
invention. It should also be understood that the scope of the present invention is
not limited to these modes.
15

Mode LL Retention of values Core

— —

Logic V.
idie On Yes

Ve
20 Drowsy Off Yes
<V

Sleep Off - No

TABLE 1
7



20 Mbde PLL Retention of values Core Lo- _VC Cldle On Yes Vcc DBWPO‘@{]M
Yes <vdd Sleep OFf 0 TABLE 1 7 2 3 SEP 2004 WO 01/ 71884 PCT /US01/

. the particul ar enbodi nent shown in FIG 1, the process of changing or

reduci ngvVPW&/7888dr at i onal vol tage range of at |east a portRP@HUSFI/G72k7egr at ed
circuit 10 begins with a software/firmmare instruction. For exanple, CPU

24 may 5 execute an instruction provided externally or stored within nenory
21 that <calls for integrated circuit 10 to enter into a different
operational node (e.g., one of the nbdes shown in Table 1). Al though not

i ntended as alhiie paticalar ehbodimens sbhgen of Fithd, fheereodss ofwubahgiag ort he
execution of instructions may be halted contenporaneous wth changing the

oper at i onaiusifg troeperhtior Vel 8gel fardRrgt at 186841 0Fordibn dfrinielaka%e& hediment,

upon encountering a rmde change instruction, a control signal is generat ed

| t._O ' n.d' ?afc?b%hg dfmgrglfﬂkﬁlgar%'!ﬁ&lr'uétlo%q ES: é)%mple, CPU 24 may

5 execute an instruction provided externally or stored within memory 21 that
calls for integrated circuit 10 to enter into a different operational mode (e.g.,
one of the modes shown in Table 1}. Although not intended as a limitation of
the scope of the present invention, the execution of instructions may be
halted contemporaneous with changing the operational voltage of voltage

10 domain region 11. |
-in this embodiment, upon encountering a mode-change instruction, a
contrg_l signal is generated to indicate which mode integrated circuit 10 is to
enter. These signals are [abeled in FiG. 1 as ENTER_IDLE, ENTER_SLEEP, or
ENTER_DROWSY, respectively. This may be done, for example, by setting a
15  bit within _a-register 30. Of course the invention is not limited in scope in this
respect. This may be accomplished any one of a number of ways, for
example, this control signal may also be provided externally or be generated
from a state machine in voltage domain region 11 or 12.
Operational mode contro! logic 35 may then generate control signals
20 that change the operational voltage range of voltage domain region 11 with
respect to the operational voltage range of voltage domain region 12. In this
embodiment, operational mode controt logic 35 generates the appropriate

signal {labeled, IDLE, SLEEP, and DROWSY, respectively) depending on the
8



enter. These signals are labeled in FIG | as ENTER-IDLE, ENTER- SLIiEg,&Ecﬁ
ENTER DROWBY, respectively. This nay be done, for exanple, by settién 152["]*
bit within aregister 30. O course the invention is not limted in scope in
this re¥P{718%his nay be acconplished any one of a numbRET/HSONIYY, for
exanple, this control signal may al so be provided externally or be

gener at ed froma} state machine in voltage domain region 11 or 12.
Oper at i on@REABAR! (BRG Hhat|igetatas cirayit (19ah tg@nderat Bactiooh theke sigmasd s 20
t hat change the operational voltage range of voltage domain region 11 with

respect t®ayiesudper witageatonualliends changegahe\opleta@MalopRide fRge 1 12. 1N
this enbodi nent, operational node control |ogic 35 generates the

appropri afcttagei dimaain(rbgibg! €dio & BrddetalnbREy Y, respectively)
depending on the 8 2 BQSEP 2004 V\0801/718845fmég%8é\% 07217 operational node

t hat integrat Chliguit . |.S: ter, Each,of.these signals Jjmy result
~-i.n vol tage co(rﬁil(r}bE.llgé}%é\g&%'ugdrg]'g!;'lbgtdg{éﬁgs%%%? 5ﬂb8ﬁ'é?eq}:oqftaab%hf‘%é‘°6f vol t age
domaip region 11 to termned snmaller range. FIG 3 is provided to
11 s Br arreraoe BRBUE e SR S SRRSO SLcsPsanstabyng ¢ he DROMSY,
SLEEP, and DROWSY- OR- SLEEP signals by operational node control |ogic 35

(see FI Goperatianal staslel corsenl logle 3t sed FiBal). kthshopldaseohdésutinap | S not ‘
limted to these circuits as the control signals may be generated in a

variety ahewaysent Mdvertiions nbNkFRe8ltBRRe 8 6irc NTERHINRWR0I R dha @%g wi th the
DROASY_OR_SLEEP signal to ensure 10 that integrated circuit 1 oes not

uni nt ent gl dofaeHaAGL AR VA APURSwnlENTER! Sdep ghgeady Tn one of the
ENTER_DROWSY are gated with the DROWSY_OR_SLEEP signal to ensure
10 that integrated circuit 10 does not unintentionaily change between the modes
while :t is already in one of the other modes.

A voltage controller 25 (see FIG. 1) responds to the control signals
generated by operational mode control logic 35 by changing {e.g., lowering or
raising) the operational voltage range of voltage domain region 11,

15 accordingly. By lowering the operational voltage range of transistors with
voltage domain region 11, the leakage current within voltage domain region
11 may also be reduced. In this embodiment, the operational voltage range of
the sub-circuits within voltage domain region 12 remains substantially
' constant while the operational voltage range of the voltage domain region 11
20 is changed. However, it should be understood that in alternative
embodiments, the operational voltage range of voltage domain region 12 may

also be changed {e.g., raised or lowered).

One effect of the change in operational voltage range of voltage domain
9



A vol tage controller 25 (see FIG 1) responds to the control si gna?sg S ngﬂm

generated by operational node control |ogic 35 by changing (e.g., lower
. or raising) the operational voltage range of voltage domain region 11, 15
accor di né’Y‘s.‘"’Eﬁﬂ owering the operational voltage range of POTAS®IAT20FS Wit h
vol tage domain region 11, the | eakage current within voltage domain region
11 may al so _be duged. I n this_enbodi nent, the operational voltage range
of the sJBQ'SPr{cﬁﬁ asigas vAvidegb v upitage demriomregnr Bhaaysbedoss ant i al |y
constant while the operational voltage range of the voltage domain region
11 20 i s dpgAgdtindetameveste withsespdcd theoltagetsinattrddit 1D hfahlesFdtali Ve
enbodi nents, the operational voltage range of voltage domain région 12 may

al so be clumgid d.eRgferringits FIGOPL, bRVRESH]e mq;@,vesf&é%"%%oﬁ change in

operational voltage range of voltage domain 9 2 01171884

PCT/ USCL/ | I |- | gnal rovi,ded by yol tage domain

- regi on 11Q%§a$g"b¢<’a§ghg?n1[%%ﬁé%%ﬁ%/&?’haééf g’r’ﬁ'\ %%g@?\ﬂd{rﬂe?te‘é‘ptéétpfﬁﬁr\?ol t age

domai Ngre lon. 12 .of integrated circuit 10. Referring to FIG 2, an exanple
of how’si 3’1’%‘5%”&'%;"} pﬁ%‘é‘gﬁg logically indeterninate in accordance with an ,
enbodi rent of the present 5 invention is provided. During nornal operation,
the power suppPyrioginosge! apgratienstte pawver SupphplbRades iaynestas, 3.8t shoul d

be understood that this is only nmeant to be illustrative and that the

scope of biis ivleemievienVieBhbOE HeSuiirsidor thae i ey HEdht @ bfehi S
particul ar voltage level. Thus, in this exanple, the voltage level of 10

al | si gnalirisyatl g ahdarhi Vhebgt:oepjetcn‘qhebp(?e?en%vm\génr%%inclgtnio?%mzliteldot ia%y" 1) or o

way to this particular voltage level. Thus, in this example, the voltage leve! of

10 all signals would idea”’y be either be 3.3v {(indicating a logic “1") or Ov
(indic;ting a logic “0"). However, it is expected that at least some of the
signé_ls generated within the integrated circuit may vary between these levels
(indicated in FIG. 2 with a bracket 40) due to parasitic conditions. To account
for this variation, if a signal has a voltage level ranging, for example, between

15 3.3 - 1.3 v, then the signal may be treated as a logic “1” and otherwise it
may be treated as a logic “0."

In the embodiment shown in FIG. 2, the operational voltage range of
the transistors within voltage domain region 11 may be changed, for example,
so that the voltage level of the signals provided by the transistors range

20  between 0.6v and 1.0v (bracket 41). For example, 1.0v could be a fogic “1”
and 0.6v may represent a logic “0.” However, the operational voltage range

of the transistors within voltage domain region 12 may not change and remain

at O ~ 3.3v. Consequently, the uppermost operational voltage level of voltage
10



(indicating a logic "0"). However, it is expected that at |east sonme of the
signal s generated within the integrated circuit may vary between t he3eSEP 2004
.levels (indicated in FIG 2 with a bracket 40) due to parasitic conditions.
To accoulP017a§84t his variation, if a signal has a vol t agep¢tBUSIv/OT2IIgI Ng,

for exanple, between 15 3.3 - 1.3 v, then the signal nmay be treated as a
logic "1" and otherwise it may be treated as a logic "0." In the

enbodi nenfoBAGIRIIOT 12 @avzbe ehleagptyvinsi hralppeohostgmperztmal obltagdie

transistors within voltage domain region 11 may be changed, for exanple,

so that tleeelvafl tdggeldoredinobgibhel Birgswhs mgdey ded by the transistors range
20 between 0.6v and 1.0v (bracket 41). For exanple, 1.0v could be a logic

"1 and 0. OWERY theRd 68iHiods. |ts Within HBREXEHombhE- ST R5l0aal vol tage

range of the transistors within voltage dormainh reglon may n change

d ' - . ly, th ' I I
Tevel o Fafte ta tostve B BRI bt ol P sl ertie o Vaen n 1 o1 on

12 may. be at |east tw ce the uppernost operational voltage |evel of

vol t age dBRIA "RaigNoh! 1a deteraiprethfditierengsdetwene adogisriditansha Jogit r cui t s
wi thin voltage domain region 12 may not be able to resolve the voltage

| evel of the. Thisgnay becluegehiashi parvnovibletengiee rdngdataiditagededds bl t o
determ ne the difference between a logic "1 " and a logic "Q" This may be

due, at |=gsdls flonpablagd Boinaf Riidd ¢1rramee&fngv@lnaga&eo*'m/ﬁ#éta&fer signal s
fromvoltage domain region 11 representing a logic "0" in the Targer

vol t age rm&%e(rgﬁéé:&ﬁ.gcé%ucﬂtatmhﬁh %Q%Pg%ﬂ%ﬁ;géﬁdgﬁg:i%%#%dn operating.

Thus, transistors and sub-circuits wthrn vo €gion 12 may not

be Thus, transistors and sub-circuits within voltage domain region 12 may not be

10  able to accurately interpret logically signals that originate from voltage domain
region- .11 when the operational voltage range of voltage domain region 11 is
changed.

While signals originating from voitage domain region 11 are logically
indeterminate with respect to voltage domain region 12, it may be desirable to

15 gate these signals so that they remain constant with respect to voltage
domain region 12. In other words, it may be desirable to temporarily inhibit
signals originating from voltage domain region 11 that are within voitage
domain region 12 so that they do not change logic levels. This may prevent
the logically indeterminate signals from causing unintended or unpredictable

20. response within voltage domain region 12. As shown in FIG. 4, in alternative
embodiments of the present invention, the signals originating from voltage
domain region 11 (labeled as Core Ve logic) may be gated with a

DROWSY_OR_SLEEP signal. As a result, these signals with respect to
11



10 able to accurately interpret logically signals that originate from

vol tage domain region 11 when the operational voltage range of vol2t 3BEP 2004
-domain region 11 is changed. Wiile signals originating fromvoltage donain
regi on 1WAPETBEYically indeternminate with respect to volPCIgsotomarn

region 12, it may be desirable to 15 gate these signals so that they remain
constant with respect to voltage domain region 12. In other words, it may
be desi r alPRAFHIPEIFLIEHGN | 2 WiHlibsi drives; tgrmksown isgateat Thig nbt ontyvol t age

dormain region 11 that are within voltage domain region 12 so that they do
not changéedusgs sh¢ esklod miThierpetatipnesfaht sigias begiaagistors iviidigher m nat e
signals from causi ng uni ntended or unpredictable 20 response within voltage

domai n r egolageldomAih &IMI11 2 Miabkled fhd dUtp@ I8l abitVAso EHP@F{HE%@ s of the
0

present invention, the signals originating fromvoltage marn region 11

(1 abel ed re Vaahigl 2 L th DRONBY- OR- SLEEP signal . As
a result, gtﬁﬁggeﬁsﬁgtﬁg?gé‘g\%tWe@%‘é%tﬁ% r‘é\qucze %a'éﬁg %M%%%tf‘f884

PCT/ USD1/ 0.72117 vol.t age dor'rw nregion 12 will be driven to a known state.
This nbdt 8‘9(’?351"86‘?1%8%'0[9’@ Yi'egetgiminpte $tatr pret ati on of the signals by

transistors wthin voltage domain region 12 (| abel ed pad output |ogic),

but al so keepsintasisitéion, agingl thesignels prmivided eweditagendsmamyegiontier r educe

| eakage currents while the 5 signals are in the logically indetermnate
state. | nmagdetuc@nthegask Y sighelshgnatigindleonitBmdydBagkUdndds réQaRiTy 1 egion 11

may reduce the risk of signals that originate within voltage domai n regi on
12 from changing while integrated circuit 10 is in this alternate operational mode.
This, in turn, may help ensure that any signals that are provided to other
10  integrated circuits withiq the portable device do not change while integrated
circuif‘10 is in this mode.
- As shown in FIG. 4, it may also be desirable to optionaily add a latch
B0 that stores the last valid logic value of a signal from voltage domain region
11 before the operational voltage range of voltage domain region 11 was
15 changed. This may be beneficial if it is desirable to allow transistors or
circuits within voltage domain region 12 to continue operation using the last
valid logic value of the signals originating from voitage domain region 11.
Optionally, it may also be desirable to gate the signals originating from
or provided by voitage domain region 12 to voltage domain region 11 while
20. the operational voltage range of voltage domain region 11 is changea (e.g., in
the lower value}. As shown in FiG. 4, the signals provided from voltage
dormain region i2 (Pad input logic) may also be gated with the

DROWSY_OR_SLEEP signal. As a result, the signals provided by voltage
12



fromchanging while integrated circuit 10 is in this alternate operaﬁi
node. This, in turn, may help ensure that any signals that are prév
»other 10 int e?rat ed circuits within the portable device do not change whil e

al
12904
i ntegr at®¥@91¢M48%uit 10 is in this node. As shown in FI G BETV$01HFINTal so be

desirable to optionally add a latch 60 that stores the last valid logic
val ue of a si.rgnal_ frg)g vo%aﬁgqe domai n re?i on 11 before the operational

vol t age PSR 6991091 %ye iz GrBRtant 3t akeo My VltaggaEIueTMiEh may be
beneficial if it is desirable to allow transistors or circuits within

vol t age @@FRECHte dog transistars andrieginuwircojie vdthio nvollagendotae teggian Tal i d | ogi c
val ue of the signals originating fromvoltage domain region 11. Optionally,

it may akiabelbd QtesiVcahbgicl.o Thateay be dekigtdd o AIdUBeRAE ikl thaOfe Or provi ded
by voltage domain region 12 to voltage domain region 11 while 20 the

operatio ; : ' 11 is changed (e.qg., in
p Bﬁ‘kua‘(é)mﬁfgﬁvbgﬁﬁgdefr\ﬁp%e@"&ﬁ} ﬁi?ﬁ%' ﬂ?\&[rﬁ%il&g' ged (e.g

the | ower value). As own in F signal s 'provi ded from vol t age

| domai g region,12,(Pad. | t, 1 0gi c .also be gated with.th

" DROASY- OR. SLEEP s&‘%&j‘ﬁbl‘? p@sj %4 %ﬁgéa)ft‘f?%wga | YT e%?’dxﬁﬁféﬂ“%‘ﬁ\%ﬁ’qaage 12 2 3
SEP 2004 WO 01/ 71884 PCTIUSO /07217 donmin reg\i{ on 12 are substantially

const ant captral RgsAO Jege Bl Vdnawe bigated witdre¥(AKR UhdgpalanBiist or s and

logic circuits within voltage domain region 11 (labeled Core Vic Logic).
The may bgndesiaydid es¢dta eahned ot hegatieske tshgial sdehatdhteguated aiiculti TO vol t age
dormain region 11 lose their value. 5 As shown in FIG 3, each of the

si gnal s gangisaicedodyal gpRratidNAL sABAM indAB! hothd RAAKE BP digea hhfopel) may be
gated with a WAKE UP signal. This
provided by a wake up circuit 36. Wake up circuit 36 may generate the
10 WAKE UP signal in response to an interrupt signal provided from an external
sourceﬂ.v In an alternative embodiment, wake up circuit 36 may wait a
predetermined delay period before generating the WAKE UP signal to give
some' portions of integrated circuit 10 additional time before the operational
voltage range of voltage domain region 11 is returned to its typical range. For
15 example, it may be desirable to allow the PLL of integrated circuit 10 to re-
synchronize before the WAKE UP signal is generated.

By now it should be appreciated that the present invention provides a
method by which the power consumption of a device may be reduced. The
present invention provides for, among other things, the use of software or

20 | firmware to adjust the operational voltage range of a portion of an integrated
circuit with respect to another porti.on so that power consumption may be

improved. The use of a software instruction to control the operational voltage

range allows a programmer to better control when, and for how long, portions
13



signal may be used to cancel or negate the signal so that integrat
circuit 10 returns to normal operation. As shown in FIG 1, the V&K&SE? 2004
~ signal ng 0 ﬁagprow ded by a wake up circuit 36. Wake up circuit 36 ma

y
gener at e WAKE UP signal in response to an interruftCTéVgWar1pr ovi ded
froman external source. In an alternative enbodi nent, wake up circuit 36
may wai t fo enerat i the WAKE UP si gnal
to give fgﬁ@ﬁ?%‘?%&é{%&%ﬂ %ﬁ%’gérdg(ﬁa’%c?tragm ﬁ-ﬁ'f%"%aﬁ Bﬂélmctr?ma before the
operanng# voI raneof vol tage domain region 11 is returned to its
typical Fang %m‘l‘—?ﬁ g"ee'i' FR5pted ‘f'fcuﬁaﬂf‘do@’&éﬁtﬁéﬁp\é’ef s2¥ngdw t he PLL of
integrated circuit 10 to re- synchroni ze before the WAKE UP si gnal is
gener at ed. By V¥ul® ¢artain deatdrdscofaghprieveraicedhaveateantibustrared rindi nvent i on
provi des a nethod by which the power consunption of a device nay be

reduced. déberiber lesreint, nhanvemiodditapbey,i sipstif @lonsadRAL AL BRY ehlivaRSits t he use
“of software or 20.-firmmvare to adjust the operationa voltage range of a

portion ofill ABw BEGSH@! Rdse Glile i 1 4. 138 PRGterbR, 30 BbNHuePALbY ON SO that

power consunption nay be inprove he use o tware I'msStruction to

control rati | ,.vol tage amer to petter

cont r ol &ﬁ%&gg% %‘#‘@Qg RIUTE &R ‘“‘%’b‘f"c"ig%%""ﬁ%\g@ %Cgl‘é‘ﬁgf&g@%'m\m 1/ 71884
PCT/ US01/ 07217 of an integrated circuit enter a dormant state. This may
al | ow f oPPARSS afdlj withiny theseua sririhef tha iyeatied circuit and for greater
power savings. Wiile certain features of the invention have been '
illustrated and described herein, many nodifications, substitutions,
changes, and equivalents 5 will now occur to those skilled in the art. It
is, therefore, to be understood

14



that the appended clains are intended to cover all such nndificatigfzbgﬁﬂ
changes as fall within the true spirit of the invention. 14 2 3 SE 2004
What is clainmed is: 1. A method of changi ng an operational voltage range of

at least a portion of an integrated circuit, the nmethod conprising:
generating a first control signal; and changing the operational voltage

range of a first domain region in response to the first control signal

such that voltage signals fromthe first voltage donmain regi on have an

i ndeterm nate logic value with respect to an operational voltage range of a
second vobhﬁge domai.n region of the integrated circuit. 2. The nethod of
claim1l, sl #i sing generating a second control signal in the

first voltage domain region to indicate time at which the operationa

vol tage range loA méthod of etangimgmhopertional violtageralyge efm iera pertidn vhai ei n t he
operational voltage range of the second voltage domain region renains

subst ant i Q{té#aﬁg@ﬁ-&lﬁﬂtthy\ﬁieh@,dtcgg‘pggﬁ$at ional voltage range of the first
vol tage domain region is changed. | The method of claim 2, wherein

generating ntrol.signal includes executing a software

I nstructi onbﬁ@ﬁgﬂﬁ??ﬂl}@??@@gﬂ# er inthe integrated circuit. 4. The
met hod of claim1, wherei.n the integrated circuit conprises a plurality of
si gnal pads °€W8H=€eth§ Spertona voliage rangetr fitshilemain segion norespmisoth the firster
conprises: gating at |east one of the plurality of signal pads so that the

vol tage stanimil signahsudie thab yoltdge signalsefeeri i Brsploltage domdinakiior habe i gnal pads
has a substantially constant voltage while the operational voltage range

of the TiindbtelfinaRi8 YT W HsPibt b6 art BTl folthePTingt 394 second voltage
domain region of the integrated circuit,

2. The method of claim 1, further comprising generating a second control signal
in the first voltage domain region to indicate time at which the operational voltage range
of the first domain region is to be changed, and wherein the operational voltage range of
the second voltage domain region remains substantially constant while the operaticnal
voltage range of the first voltage domain region is changed.

3. The method of claim 2, wherein generating the second control signal includes
executing a software instruction to set a bit in a register in the integrated circuit.

4. The method of claim 1, wherein the integrated circuit comprises a plurality of
signal pads in the second voltage domain region, and the method further comprises:

gating at least one of the plurality of signal pads so that the voltage signal provided by
the at least one of the plurality of signal pads has a substantially constant voltage while

the operational voltage range of the first voltage domain region is changed.

-15-



5. The nethod of claim2, wherein generating the first control signdl3 SEP 2004
I ncl udes generating the first control signal in the second voltage domain
region in response to the second control signal. 6. The nethod of claim1,
wherein the integrated circuit includes a voltage controller, and changing
the operational voltage range of the first voltage domain region includes
changi ng the operational voltage range of the first voltage donmain region

of _the, i nt corelugd s id il AN S AR HERL B on TGRS PO ©

claim1, and further conprising gatin one vo ST g val

generated in the first voltiage. dongain region wth the first control signal,
the at | ﬁ&?ﬁﬂ%@eﬁrﬁft%gﬂ@%@w&m isﬁﬁ"@%(?&?%ﬁe‘@?m%ﬂ feErTsBIBanEOI thY e
dormain region. 8 The method of claim1l, and further conprising gating at

| east oneesasdicagbrol sigaphal generated in the second domain region with the
first control signal, the at |east one voltage signal being provided to

the first vol tadhe guiiddofebdinOn) wikreid B HRERAY Hoult ifilibed o valtded Ur t her
conprising halting the execution of instructions substanti al %/

cont enpor, I ' - ' LI st s si gnal 10. The met hod
of clai mcﬁaﬁg{%%’ %ﬂ%&%%ﬁ%@&% ‘h‘§° REY §W§§P{A‘eﬁé¥é’9&ﬁ€%‘¥%%? IeEPRgat i ng
the first (io‘ﬂ;tsr I sigafel; and changi ng the_operational voltage range of the
first dom@fiw égﬁ'&ﬂin IPPeriongl yoltagrrangs afthe first veltageariomain sagionfithge

dormain region are logically determ nate with respect to the second voltage
domai n r énjegratedfcinchy witht thg valtagt controllért . 11. The nethod of claim 1, wherein
changi ng the operational voltage range of the first voltage domain region

|288 |4U des | owers, e itthddTchiinOr) ahd YittHef 86mpAANE g ingldd feald dretvolth§e 2 3 SEP
signal generated in the first voltage domain region with the first control signal, the at least
one voltage signal being provided to the second voltage domain region.

8. The method of claim 1, and further comprising gating at least one voltage
signal generated in the second domain region with the first control signal, the at least one
voltage signal being provided to the first voltage domain region.

9. The method of claim 1, and further comprising halting the execution of
instructions substantially contemporaneously with generating the first control signal.

10. The method of claim 1, and further comprising:

generating a wake-up signal;

negating the first control signal; and

changing the operationai voltage range of the first domain region such that voltage
signals from the first voltage domain region are logically determinate with respect to the
second voltage domain region of the integrated circuit.

11. The method of claim 1, wherein changing the operational voltage range of the

first voltage domain region includes lowering the operational voltage range of the first

-16 -



vol tage domain region so that a power supply voltage |evel of the ngﬁb 2004
voltage domain region is at |east twice that of a power supply vol

| evel of the first voltage domain region. 12. A nethod of operating an
integrated circuit, the nethod conprising: halting the execution of
Instructions in a first voltage domain region of the integrated circuit;
generating an operational node control signal in the first voltage domain

regi on of visre doriB9F d’tfjsoct'g EICAJ?'(;' ' ' de st.at us
signal in al?fggcond voltage donm I"lw ?rggﬁlgﬁq%hg%hlg%l?g?{g%%%@eaﬁ}oggg%gw@nand

| owering {he operational voltage range of the first voltage donain region
with respE&oRF&t feﬁ%t Wb‘i?rtg?'iq;a OWFE SERRIK VPlaesdevst of the fugveHagsdomaige dormai n
region. 13. The nethod of claim 12, wherein |owering the operational

vol t age rEaBY¥- i ncl udes | owering the operational voltage range of the first
vol tage domain region so that at |east sonme of the voltage signals in the

first voltage dDrAinfeticDofopetdtinglafditediated il ahe mEtHIA B mMkie! €SPect to
t he operational voltage rﬂanr?ge of the %ﬂecond vol t age }%gna}l]\#ntsirﬁggi on. 14. The

net hod of ca; : :h I .SknNg. enerating a ke- u ignal in
t he second b%]h?gé% ﬁ@%é\ﬁéé@%ﬁ@&ﬁnﬁ %rﬁgYﬂggﬁﬁ%?'ﬁWi fsﬁav o °t‘B§E“’?°&ﬁge of

the first ,vol.tage domain region;, and resum ng the execution of

instructi 9F®% n the first voltage domain region of the integrated circuit,
-17 2 3 SEP 2094 15. An integrated circuit having a first portion having a

first oper ag¢nsrrting.an apggasional mode control signal in the first voltage domain region of the

integrated circuit;

generating an operational mode status signal in a second voltage domain region of the
integrated circuit; and

lowering the operational voltage range of the first voltage domain region with respect
to the operational voltage range of the second voltage domain region.

13. The method of claim 12, wherein lowering the operational voltage range
includes lowering the operational voltage range of the first voltage domain region so that
at least some of the voltage signals in the first voltage domain region are logically
indeterminate with respect to the operational voltage range of the second voltage domain
region.

14. The method of claim 12, and further comprising:

generating a wakc-qp signal in the second voltage domain region;
raising the operational voltage range of the first voltage domain region; and

resuming the execution of instructions in the first voltage domain region of the

integrated circuit,
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range and a second portion having a second operational voltage range, the
integrated circuit conprising: a circuit adapted to indicate an gz 3 SEP 2004
operational node of the integrated circuit; and a voltage controller

coupled to the first portion of the integrated circuit, wherein the

voltage controller is adapted to change the operational voltage range of

the first portion of the integrated circuit such that the operational

vol tage range ,qf .the first.portian is. smaller, than_the operatiqnal voltage
range of the slgcéﬂd“tﬁﬁ'ra{"‘gcﬁlfgﬁlﬁ E‘?Y*Bgﬁiﬂ'ﬁé’ft’gi@ohat‘ﬂ“rg&ﬁ‘?t. °H°6.t1°PHLV‘?OlWBégr at ed
circuit of claim15, wherein the voltage controller is further adapted to
change t hangepad atseeomsl povindnt baying asegend bparteonial valtagp cartgepthe ddtegratedi nt egr at ed
circuit so that the operational voltage of the second portion is at |east

tw ce thg{mmc&ﬁﬁﬁsi%er ational voltage range of the first portion of the
integrated circuit. 17. The integrated circuit of claim 15, wherein the

vol tage controller is,further adapted.to change fhe operational voltage
range of tﬁe““PF'ﬁéfiaPﬁ?fH"ﬁB 1cge apﬁgcﬁahf:%tuéng&?ﬂ%yicgﬁte grctuﬁa?ncg vol t age
signal is logically indetermnate with respect to the operational voltage
range of t Beolagoerntisder ¢aiplegsto thesfiishpertipmobthedntegrated cirtait, Whereinthegr at ed
circuit of claim15, and further conprising a gating device adapted to

mai nt ai nvelthgeapatrsllgriabdapial olhaseohe dPa@ﬁéﬂa@%mgetrmgei ofitRofiRt péttieh bgui t  at

a substantially constant voltage |eve
the integrated circuit such that the operational voltage range of the first portion is smaller
than the operational voltage range of the second portion of the integrated circuit.

16. The integrated circuit of claim 15, wherein the voltage controller is further
adapted to change the operéﬁonal voltage range of the first portion of the integrated
circuit so that the operational voltage of the second portion is at least twice that of the
operational voltage range of the first portion of the integrated circuit.

17. The integrated circuit of claim 15, wherein the voltage controller is further
adapted to change the operational voltage range of the first portion of the integrated
circuit so that a voltage signal is logically indeterminate with respect to the operational
voltage range of the second portion of the integrated circuit.

18. The integrated circuit of claim 15, and further comprising a gating device
adapted to maintain voltage signals in the second portion of the integrated circuit ata

substantially constant voltage level.
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