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| evel of thagé@ IpkilRd by the battery are often stepped down, such as via a voliage regulator.

Another reason a higher voltage may be provided is that modern high frequency silicon
{abrication processes for processors, such as microprocessors, lend to tolerate lower voltages
than the processes employed to {abricate other components. Therelore, typically the regulators
provide multiple output levels of voltage for diiferent components of the system. Furthermore,
as the batteries wear out, typically the vollage outpul level drifts downward and, therefore,
voltage regulators are also employed in this context 1o provide a substantially consistent
operating voltage over the battery life. Recently, more complex requlators that provide the
capability to switch between step down and step up operation have become available and may
be useful in this environment, Such a regulator steps the battery voltage down when the battery
is relatively new or recharged, and steps the voltage up when that voltage has degraded over
time to a level which is insufficient to proper operation of the system, thereby extending the
useful batery lifetime.

As is well known, power consumption is related to the voltage level of the voltage
supply by the following equation: P = C{Vs)* F, where F is rhe operating {requency, C is the
switched capacitance, and V is the power supply voltage. As this equation demonstrates,
power may be significantly reduced by lowering the vollage level of the supply voltage.
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BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly poinied out and distinctly
claimed in the concluding portion of the specification. The invention, however, both as to
organization and method of operalion, together with objects, features, and advantages therebf.
may best be understood by reference to the following detailed description when read with the
accompanying drawings in which:

FIG. 1 is a schematic diagram illustrating an embodiment of a system in accordance
with the present invention;

FI1G. 2 is a schematic diagram iliustrating another embodiment of a system in
accordance with the present invention;

FIG. 3 is a schematic diagram illustrating yet another embodiment of a system in
accordance with the present invention;
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for exanp ut put,
Li kewi se, 53"‘%'@%%%&095%8?"&&% e@ﬂpiﬁmqéh'émm@ computmg power may result in

significant power consumption and/or significant additional power consumption. However, a
hand-held device may not be consistently called upon to deliver peak performance the entire
lime that it is being used. For example, such devices may at limes be operating in a mode
which demands relatively fittle computational capability, such as, for example, dealing with
keyboard inpul/output, such as key strokes. Likewise, as previously indicated, more complex
voltage regulalors have become available, particularly in the form of a integrated circuit or
embodied on an integrated circuit chip with other circuitry. These regulators may include the
capability to both step down the operating voltage or step up the operating voltage for a
paricular component, such as a processor. This capability provides the opportunity to efficiently
provide the desired voltages above or below the battery voltage and, thereby, effectively
lengthen the battery lifetime or time between recharges. More specifically, the capability may be
provided to supply the desired voltage level dynamically, based at least in part on changes in
processor capability utilization, and when these voltage levels are, therefore, desirable, such as
when a particular computational 1ask is being executed at the particular time.

As previously indicated, power consumption is related to the operating frequency of a
processor in a linear fashion and to its operating voltage level in a square law relationship.
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determine the sum of performance demands and deliver the power and frequency for this sum
correctly. Of course, this is just one example ol how this might be accomplished and the
invention is not fimited to any patticular approach. Therefore, in one embaodiment, the execution
of these instructions may result, for example, in the setting of binary digital signals or bits within
specific registers which controt the operating frequency and the operating voltage level, thus
allowing the power consumption to be reduced for those tasks which are not particularly
computationally intensive, while still delivering the desired high computational performance. In
this particutar embodiment, when the computationally intensive task has been completed by the
processor, the processor instructions being executed may then, by setling binary digital signals
or bits, which again control the operating frequency and the operating voltage level of the
processor, reduce power consumption to a relatively low state. In one particular embodiment,
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In this particular embodiment, a control word is provided by microprocessor 110 to vollage

regulator 120 via a control bus 160, although, again, the invention is nol limited in scope in this
respect. Nonetheless, in this specific embodiment, the “control register” may be ‘memory
mapped.” More specifically, one or more selected or designated addressable memory locations
that do not correspond with any actual memory locations within memory 130, may function or
operate as a portion of memory 130. That is, it is transparent to the processor that it is
addressing the control register when the processor reads or writes to this selected memory
address location or memory address locations. In such an embodiment, voltage regulator 120
may be coupled to the contro! register located in memory 130 by a memory bus 140{not shown
in FIG. 1). Therefore, a write operation to the selected or designated locations may signal a
change in the control register. Of course, again, the invention is not limited in scope 1o this
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In one embodiment, although, again, the invention is not limited in scope in this respect,
memory 130 has stored thereon processor instructions thal, when executed by processor 110,
result in the processor being placed in sleep mode before adjustment of the operating voltage of
the processor by voltage regulator 120. In this embodiment, placing the microprocessor in
sleep mode comprises finishing current operations, stopping the internal clocks, and stopping
the microprocessor phase locked loop (PLL) or similar circuit. Once this has occurred, as
previously indicated, the processor instructions being executed by the processor may provide
binary digital signals to a control register, such as control register 125, which resuilts in the
operating voltage of processor 110 being changed by voltage regulator 120. In one
embodiment, although the invention is not limited in scope in this respect, the processor

instructions may result in the processor waiting an amount of time sufficient after this
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particular processor register for this purpose, such as register 112 in FIG. 1. Once the PLL has
locked onto the modified frequency, the internal clocks of the microprocessor may be restarted
and normal operation of the system may be resumed from the point at which it stopped. After
the PLL has been stopped, restarting the PLL and having it lock onto the modified frequency in
one embodiment may take on the order of 10 micoseconds, for example. Of course, this is
dependent, at least in part, on the range of frequencies of interest and the vollage, so this is
provided simply as an example. However, relative to clock speed, for example, this may in
some cases be a time consuming operation.

Once the operation thal resulted in the modification of the operating voltage level and
operating frequency level has been completed by the processor, the same approach or
technique may then be employed to again change the operating voltage level and the operating
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while the phase locked loop continues to operale, the operating voltage of the processor is
adjusted by the voltage regulator and the operating frequency of the processor is modified, as
previcusly described, for example. The dynamic processing‘load. as previously indicaled, may
be recognized or determined by the processor as it executes the stored processor instructions.
For example, a processor may recognize that a significantly more computationally ietensive or
significantly less computationally task is about 1o begin for a particular period of time. For
example, although the invention is not limited in scope in this respect, where the processor is
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period of time to ensure that the desired operating frequency has been achieved or,

alternatively, the processor determines whether the appropriate operaling frequency has been
reached. As one example, possibly through a timer which takes the same length of time as the
nominal lock time ot the PLL under predictable changes, such as, a table lookup programmed
timer, or alternatively, by receiving a signal from the PLL which, based on the activity in the
charge pump, based on information from the frequency detector may send a signal to the
processor, which indicates a locked or not locked condition. Such a frequency lock detector is
well known to those skilled in the art and will not be describe in detail here. However, again, the
invention is not limited in scope 10 a particular approach to accomplish this. In any event, once
the desired operating frequency has been achieved, as previously described, the processor may
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than the l}}e‘!&g lh%%éltaﬁﬁ’btvoqQ# 1'09%(‘?{4 é‘u%r%ﬁo@ rRee rlao frr]xngwen eql)J-E ??Lpégﬁep'lt_l(;

Agai n. Uat
per f orm t'l‘f’ég é"'&ﬁé?ea‘t’h"ﬁr‘l%e Voéwr*@n@qnyv %nsmre made, ise lcng awthe loperatiner at i ng

vol t age hass drelenhk ewee BdstiatediR eIl gs Trﬁ@éio}eeih@proceﬁgﬁ &be@ﬁ&rv%idt@r@scur%:l | have
FIG. 7 |IIustr ere thes eratlons are

been succ te ,
per f or mad& %gér{tﬂdtlrag egﬂelrm &8?‘%&? © SIS ERp %-‘f ﬁg‘a?’ ?/@erim(‘fﬂteg for giample. of
cour se, beyforgng é]es*mnﬁth@ls by gircuh designde bemeintaired @sl mnienfigure dideginoebseasean

t hat bot mr@a@e%mcﬁg&yl&aawtagperforrred for the entire tine, but rather
that the opera]tgl ans east I(E)i..ortlon of the time. It will.

)
furthernore i BTG ?aéfg'go‘ﬂve@n%s iysirgpdi Py the gragh in G 9 theiogerdting  hat t he
par ti cul alrequestyds hsintained beloe ssthaximum enpemylidvehhitimay baryccuaiyly wéliéret he

parti cul ag tﬂeaﬁvken%llatg@ml lﬁay' Mnlﬁﬁuﬁ?h%%gera r%%re%%ﬂ::}( géo@lhxé%\)eﬁgya g\ffenOt her

factors. Therefore, the 1 nvention
parti cul a?PERpY ¥Rge: afﬁﬂﬂuﬁhéi’?\‘ﬁ'ﬂ% of hg migfor(peessefay 'W%d 'él‘hﬁﬂfi“f?éﬁf it may be
desi r abl eemtmdimehit, fityere ishitle @pes ddk ot g IfncimaEbitye ansk rasjoliké citdagry aperoaﬁé ng

vol t age SﬂQHﬁmtﬂcaﬁr{( Mmm%gegtﬁé ﬁem EeAl{en%u\aéq HeTRE Rgl%ﬁc[qﬁlg ntﬂaa%el?l? £i} pl aced

in idl e nod processor 0 re put cl ock

frequency™® ngfﬁ?i?\)reaa@]cy ag ﬁ'ﬁ?eé'é'P%‘G Y"I‘i W'Hﬂﬂp“b@f‘a@dﬁrﬁﬁ?qffﬂ%d Wh BHgoone of a

nunber of nd mekibiigwesperaing At aasedmyno'mweyhmeduh&y@wmﬂe &t tﬁ@éubéh (fefadcfom?dl nput
ependi ng on

sighal a

Cha o 1 i oplatrtonade MpltlLBLSicdnng bt I i) Bl s o oy
ei t her i nlgrel g0 that fhgintqrpgd CWU@B‘E%FC%@FP!V kgep pédei vith ¢hetcloclaitha gaiéular me t o
ensur e t hagerdiing velR:ak 106l. TREERI, Herd & RIS Ho)isk 85a B8 ProdGdRl BY Bk Rick

generator being shorter than the circuitry is capable of performing at the internal voltage.

Of course, in altemative embodiments, these various system components may be
integrated. Fig. 2 is, therefore, an example of another embodiment of a system in accordance
with the present invention. In this particular embodiment, 200, the voltage regulator and the
flash memory are integrated on a single integrated circuit chip 210. One desirable aspect is that
the manufacturing processes employed to produce flash memory allow higher voltages, which is
employed, as is well known by those skilled in the an, at least in part for proper flash
programming and erasing, and are, therefore, more amenable to the fabrication of relatively
efficient voltage regulators. Furher, the additional processing and the nature of thal
processing, specifically the use of two polysilicon gate layers, supports the ability of such
processes to include passive analog components, for example, more easily than a conventional

logic process as is typically employed for microprocessor fabrication. Likewise, employing flash
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alternatively, the processor determ nes whether the appropriate oper @t i¢i 2003
frequenc reached. As one exanple. possibly thr r which
t akes th?é]g?r‘ehﬁength of time as the nomnal lock time of t egoPO]EEmander
predi ct abl e changes, such as. a table | ookup progranmed timer. or
alternatively, by receiving a signal fromthe PILL which, based on the
activity in the charge purrp based on information fromthe frequency

det ect or t %?L QSJﬁ ?cessEr. whi ch indicates a | ocked or
not Iocke o%ﬁlnf’ %ﬁ'g"‘ 8'921‘”?‘598&} TR R 6 ‘hﬁé'?é‘(ﬁeﬁ}saﬁg's WRFRIYRPRIAS t o

t hose skidmeahsichproh@mestoragenid sWiH Handbeld spstates disiilbsirates idBICAR) inltés €. However ,

agai n, t hRdichiBVGREdd@Rent, ToftRd! reglsilr E?Aﬂﬁléh is ﬁ%?aiédgm%mg%é 'l§égc?§ se@RProach to
acconpl i sh thi Sl]ysfl‘ %%/ event, once deSire requency has

been achikbagta BaYS; 2 @@é‘f‘?%’@ﬂ"o‘? ﬁ‘é‘"ﬁ'rﬁ'f&‘é‘% di Pe’ﬁW thegonpd/ 67102
290CT2 903eglstaG§'é¢d@@ﬁU1ﬁ9ﬂQQsameeﬁruhey WHCCRBBAE the Rt Bhdwiite Bperbitak 1SRagmal t he
vol t age rrﬁ&“&r?éﬂ‘f 'ﬂﬂs %B\%F ac}vgﬁta%g(? hd é;%goa}éms‘iﬂgg’d zrddlugré 3 Buss| par 8#%2:* ar

enmbodi nent esira revi ous
is nodi fRTERerSERICAFRE the @ﬁlﬁ’éhé?’/‘"%’é‘ef‘ freirie- 3dfr0'§PP91@ﬂqhh%5lG\fb¥ﬁQat i ng
vol t age, that@raviously descdbesi in @tlich  Gomm@uiegietepio WaEmdrPMSpHERT soaﬂat w{ﬁ hehaat i vel y,

where it H § %L- %ﬁ-ﬁgloﬂré’d fo%ﬁﬁgﬁﬁe QRX}%EIB%Q Elénltlrmgeqltngg usecﬁéJ ro%ram Mhroqta%ee scri bed,

conput ationally intensjve
then it "Ret{aiefe Heweysrdpthis l?"(ﬁ““é'l*"@?fﬁ?ﬂ'ﬁ%!“\i@? F&@“@"\Pe@eq’ bx-aiegtabnmbee to a

hi gher volotageegundodwiBnhesiiagh dlemokyth JdifgliRteBIRE Siftiit Exp. | INGEWRRS fe WRIRgOUL pUL
cl ock fre? ﬂgrymé}:ajﬂs%‘ rgwdeA Srtv5| tes 1g ere{l Q, %hh%d%’rs%?fﬁt aPr\%ev Itage before

t he operattng e y bef ore
t he oper aaccesg WQ’H@F@RW) oaowarraysteml lfadel daviges inradditiorap iflermeenanmeunmerbms Her e,

conmput atlﬂm,egbeado Rlce$:8P5RH inbid. 8. t he vol tage and frequency changes are
curve illustrated in FIG S.

made, n e_opera

Ther ef or &'8 %E % ?g’f—ag&é’é%‘ yﬁbstt'llle?%heéte@{’?‘{"ge’%l pillsirated ntbisy v ol t age
operat i ngertm:deiempmmmaag:rtaheamm%egﬂmorsarmgrbed brpkiegre irtegated or

exanpl e, c:l@Ml Jhﬂf G 1g it RecehARe &9&55\%@@ aRdihét iehG4Hi J‘ler“?ﬁé{ &\qpkg AGyIpi nt ai ned

as in the f ?ure ur Iﬁ{f’g I NCr eases ecreases_|Ln uenc and vol t age.
In this pughef eyt gt inlegrslen thanthe egdodimpqis filksiraled inf)Cs- ﬁé“ﬂ aphihispagicgar 5t he
oper at i ngemfadiagnE pedcessdr BED, MiishinmeenbrpBdo0atdaoltBK iequisiof 33BGUERRYateNBla t hat may

b Ml th
oper at | no 10 CaaR Ee, P bl P, ¥ 3t R PURoaridhy OB Bl 0™ 1

al t hough segestigrehewis fonexema ﬂew%o"éeéepﬁw Haie@tedin Einids %t i cuI ar

e][rboﬁl Wenidvaﬁlhﬁtﬂml§pérhélﬂdr§mﬁﬁdnrﬂ@nlrd :aalﬂ caﬁtmaref;.uap:hlscnnab ﬂctﬁwwlﬁtebrﬂteﬁ he rest

of the ci | u er nal A3 tat e bei ng
ide. Al té?ﬁa@%’e‘fcegﬂrﬁeé clhhf‘ teyrg:[ ol é:uf' hlp yghrrff"a‘%//'mﬁgh?"d?ﬁn f'mg?%'g SF®Ff & ence

f requencythtis!e@ﬁe!t@@%%H@OWMBMWW“PW'&J the)e-prereksor cortre! regigtershaydaed wit h

little orytiif tpesdioPink b&nmg@Bp&mF b8 th SbsiEntbiyRKEARREMARNVR thd)endybEquency

vai | abl |
avai | ab eer%})lo}eg Ffo 9on¥rgﬂh clo rmre:quenc}{ and other power-down modes, such as idle and other

t hat

possible modes. In one particular embodiment, the register used comproses the ARM® co-
processor register (CP) CP-14 register 7, which contains the clock and power management
functions, although the invention is not restricted in scope in this respect. In this register, some

" bits control the voltage state and some control the clock frequency (PLL multiplier). For
example, a change operation may be initiated upon detection of a write to this registerin a
manner which will be familiar to one skilled in the ant. Therelore, a single register may be
employed in this embodiment in which the adjustment of the operating voltage and the
modification of the operating frequency is accomplished in a single, atomic operation, although,
of course, the invention is not limited in scope in this respect. It is noted that the embodiment
illustrated in FIG. 4 provides this advantage as well.
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varying) operating voltage. Mre specifically, the operating frequenz;? ocs 2003
mai nt ai neW®eVEW2a | evel so that the internal circuitry wWPCOTrAsecteEss I
keep pace with the clock at that particular operating voltage |evel.
Therefore, there is little or no risk of a cycle produced by the clock
generator being shorter than the circuitry is capable of perform ng at the
internal voltage. O course, in alternative enbodi nents, these various

syst em cofptrente, asmgtebﬁod;mmtegﬁ%@ﬁbnsﬁrgher&ahs,sygtaﬁraqg,%@eiyagh &xadmp! e of

th t t
U oAt R L oS00 S5 R e e ereee 1) ach

menory ar @EF"HF'e&P&taéG '@f‘i’ %ﬁksa eghract ditkéG)atr ediskétiec In duck b pmBddimefiiae
desi r abl es:a&@ee:tedlua\ rhsy'ﬁave Eth@.d wn%irhl{ubﬁgs&ﬁ QQ m%é&% J%g? huydnd II'f?eI produce

flash rrerTFrrOXe sormvy {: her 3 IS as I's we known by
t hose ski the ard Y ?S‘I'c g'lﬁ‘ “’f‘?f‘ ‘Ei‘ﬁ?"t‘edf"b? sﬁ‘%é\‘c"f%sﬁ'ﬁ inchding@ammi ng
and er asi V@lagamuwoecowhémath@pmem wodifinaticnlol the operking fieqlericg ahd on of
relativel Hd;uﬁﬁfehtfﬁf ﬁﬁ%p&l@'tﬁgﬁgﬁ‘agﬁ%gmte%lto@és%or b, @Qged Ql%sﬁﬁﬂgﬁ qﬁ%aynamlc

processi n%, and Qhe 1at | q't roceSS| ng b eC| I ca use of two
pol ysi | i cOM 83? e 6&3‘? 35'"%8%?31‘ SPrP és"érb"r:“lcf'FS‘?' ‘Ef*m%'ﬁ%ﬁay 'ﬁF‘B@%@F@é@mﬁo i ncl ude
passi ve  afeatuors. emhp@rﬂmae revibgly dexcrivpd end ifustraedbwiti regpetth@ithedigtres\dRAdUgANA

| ogi c prog\gs,%a,ﬁ;od§ deX r fabrication.
ke se, Empliogtnens R s P ttesh b RO 4 iR s B 0700 nomory
is not a e‘f%‘?’ ‘l"d‘? 2Eehpeelirgicing thepgerspnsymation QR prasessar in asgadae as it
is typi CaMtlytl'IBSIBE!nm sugh mmodﬂinn@ﬁﬁ@baaﬂngtr&lilﬁg@ dnB aﬂﬁlﬁfﬂngh%ehﬁhéj systens.

As i |l ustgatadq er'plg‘]:e@s CI:r)n thé ﬁhkmrgiﬁggerdt \ puba re\IIOLéS&( oo sﬁ”55§g SE"PQ%M rol “register

217 which i s integrate 19" G BEEY PPy the same
manner as2heEgh. Ia§§'ﬂ"%W%G@?‘mlteéﬂfr%eﬁem‘}MS rdmestef ore, the control

regi st er whileeeemsRatuiRy oi lh@anﬁélﬂ&n Rave Gbéd iliéradd £ d@%‘:écﬂhéelﬁ h‘ﬁat{ ead and

wite ope Yy ot her avantaeof this

appr oach {:"ghjg g%?m%gu% STQGBL@‘% e§“'¥?li9fsd'§fé‘d°?wﬂrﬁ‘°?’ﬁ€°“ﬁ‘f°c‘F‘Bi?r%‘&‘é%§'or si de
of the sytean lds ﬂiqﬂﬂﬁrstlpae eaflerstooRituat the appendes! cigips aradrtterided & dtiveradll t o t hat
pr evi ous| ¥uclasedificashs af Mahsda a2 (M Ne thESHiRlcPihe ikeni@R T Y Mapped’ so t hat
the nenory bus may be enployed to transfer the BI nary di gital control
signals used to programthe voltage regulator. However, in this particular
enbodi ment, this is acconplished by integrating the voI tage regulator with
the flash nenory on a single integrated circuit chip. Likew se, the voltage
regul ator may al so provi de other voltage signal |evels, such as for
static-dynam ¢ random access nenory (SDRAM or other system | evel devices,
in addition to the operation it perforns wth respect to processor 230 in
FIG 2. FIG 4. is a schematic diagram of yet still another enbodi nent. As
illustrated, in this enbodinment, the processor and and vol tage regul at or
are integrated on a single integrated
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circuit chip. Fig. 3. is a schematic diagramof still another enbodi m§nt
that enpl oys an even higher |evel of integration than the enbodi ment § 0CT 2003
“illustrated in FIGs. 2 and 4. In this particular enbodi nent, processor

310. fJlash nmenory 320 and voltage regulator 330 are integrated on a single
integrated circuit chip. As illustrated in Fig. 3, this particular

enbodi nent may supply voltage signal |evels for external devices, such a
DRAM 340 i | | us¥¥hatis¢lajmedds:g. 3. One advantage of this particul ar

enbodi nent is yhat sQpimlohmBingt €r 315 in Fig. 3 may be integrated onto

m cr opr ocessor 310 di rectlly. Flgaré exan'?l e, ,although the invention is not
limted in scope in® PPRFSCT 8YBLASE requiiqrRNd\ AaPemUhoun ARM architecture, the
CO- processor cont r ovhereigisaitl apitagasggulater isutoupled edsaldoprocessdr ad adjtie thedbperging
operating | evelditagdlosdaisiraitsicr! | y the sane manner as they may be enpl oyed
to control the clock.fre ueQ%y, anpg%jot her power-down nodes, such as idle
and other possi bl eSHbTELOY|H5™E FRURRS 1P SR IPERCeSSAL IR A MEMOTY Byseand ggidgmeimory s ed
conpr oses t he h@frngrstoredtherson pmsasser indyitivhe thal, GREn Slecitdd b ghid pREeséor, debig h
contains the ciOGbaiRatbrdWR ofeing #elthoy {4l dridseor 3hd RAUEI dfiRubdhy gt 1 On

i's not restrictegin SCO\PﬁInthIS res : IS register, So |
control the voPPAgeeraingaltags f syfEroceRtor tased. b leastdr Rart. oa siyeareiy chianges in

mul tiplier). Fihe precessing lead of seidamapessper ati on nmay be initiated upon
detection of a wite to this register in a manner which will be famliar
to one skilled,in the art. Therefore, a single register my be enployed in
this embodi menf in ?WE%Q%TPJSY’?‘@?{P SYP PIORESSHFOMANTes ¢ MBIoPREessaind t he
nodi fication of the operating frequency is acconplished in a single, atomc

operation, altRBoughthe efstdh®bf §fm it Utﬁe&ﬂ\é‘%ﬂtri\%r% Ié?rﬁyﬁt—.eé 4 B}J&ﬁwﬂc {gﬁ@?g&%sé n

this respect. | Lonles lggéﬁd t hat the enbodi nent ustrate
provides this IRTSRE hs well. 11 WD 00/67102 290CT2003 PCT/ USOO 1 0799
Furt hernore, other enbodi ments nay conprise, rather than a system

al ternatively, 4an ﬁ!‘fﬁé §fstem ioﬂlﬂéihkcﬁ. RAd ﬁmﬁér%ﬁﬂﬁsirfﬁ?ﬁééﬂhrﬂlen%ﬂﬁ%h@%a\ %a% Eae‘sﬁa”p" €
a conputer- or pmchine-re g eresgt rage . %I m_ suc arg a irgtr. di sk, a
conpact di sk(CO5 ooy A% 'S KPR e 3t Reptegrated gircly ilage nedi um
may have stored thereon instructions, such as processor instructions. The

processor instrsucti aRé sygim BECHMEE) whértin s8lSocBIRE I4tRd ihtbyrated ¥ sEHns UCh as
one including qme*g{ehacqrgui{ %gﬁl ator coupled to the processor, nodification

of the operating Trequency anhd adjustnent of the operating voltage of the
processor results,. based, at least in part, on dynam c changes in the
processing | oads.of tihe spsief @Ea§iM. 4, WheRinadaOHbdEBNr § tRIAtdgRtddUsiesarfigHet | onal
features, suchag i . | he nd.illustrated with respect
to the figures, a?rtgﬁg§gﬁmﬁ{#e9¢h?\}%’#?%€]ﬁ%% 'ﬁ%’ﬁ“’Y Faﬂ”él 2 vPI%ggég%:éat?rn this
respect. Furthernore, an enbodinent may alternatively include a nmethod of

reduci ng the pdier Cihiesystamiodblaifi 3, avhefelCesicWitade reRAA6T ShANGR processor are
integrated on one integrated circuit chip.

8. The system of claim 1, wherein said voltage regulator is coupled to said processor
to be capable of adjusting the operating voltage of said processor up and down from a
nominal operating voltage based at least in part on binary digital signals provided to said
voltage regulator.

9. The system of claim 8, wherein said memory has stored thereon processor
instructions that, when executed by said processor, result in said binary digital signals
being provided to a selected register integrated on an integrated circuit chip that
includes said voltage regulator,

13



" SSSTBTBTETRERERELEELELELEEEEEEEEESSS

with the invention, such as by nodifying the operating frequency and
adj usting the operating voltage of a processor in the manner descr ildb@CT H03

“the previously discussed enbodi nents, although, again, the invention is

not limted in scope in this respect. Wiile certain features of the

i nventi on have been illustrated and descri bed herein, many nodifications,
substitutions, changes, and equivalents thereof wll now occur to those
skilled in th&0art Thq gysiem of clgior Bfwheesin said ihemem des stored therdvatprachssoappended

claims are int mswetodsothfOWRIn exkiutedStyCaidMEdebids abiRNS sAd Hinal) ASiSsighaist al |
within the trugg

i L. f invention. 12 29 093 What is clained is:
1. A system corrﬁﬁ%)ls"?' lr}égn: 85%&%%5”5?8“ m?”&%iﬂ%‘&&%ﬁﬁ?%fﬁ?@ WHdhe MeERDT v :
wherei n sai d vISFatigne in g seigeted ragistecoupl ed to said processor to adjust the
operating voltage of said processor, said nenory being coupled to said

processor via me . Sal d _nenor. having staqored thereon processor
i nstructions t?}l?i't , Wm%?fg@e@% ﬁjg‘o@’%%'?_ ‘&"%V‘S@g‘gé‘g?ﬁmﬁgé'{‘ﬁﬂf‘)" RFFERSGi fi cati on

of the operati Mg qtigRfBalcyhesfexsetet! P snideraenssatnigsuttan shitl pragessdi beingwiatedof

Zal d oper ﬁtl ngimﬁ_ﬂletrﬁ@; tﬁforéadjﬁktrpérQQF&SCUper?&@aﬂ:ltaﬁtof'sﬁi@%irode&gp trs]aid QBitage f
ynam ¢ change C ai rocessor. 2. e systemo

claimi1, wher e?egh fség:ir% grb g%%s’ﬁ%dﬁdcg@)ﬁp@%geegpeﬁ'ﬂ? g'?%ﬁP?Yc%s?@rP”??”fhe system

of claim1l, wherein said nenory conprises a dynam c random access

menor y( Dml\/) . 42. Thahs yteammiaiairs 1 & whedin emlmém?ﬁ; has stafamlﬁér@dnrwéoefsdoash
nmenory, erei g, : TEARS : e requl ator are,

i ntegrated on ghﬁgaéyﬁ?iih?tnge Cl rc%q ?W%ﬁfgﬂc’&g&q%g s'%_ i cgfsoéfgf‘ﬁ‘"ﬂ,me
wherei n said pPB?:’EE'!?oY"%‘F@ of|saly nronester apd progifyingdhe)orarating ifrgauageplesticti r cui t
chip. 6. The sypsicesscotorchaemiy4, wherein said processor is not integrated on
said one integrated circuit chip containing said flash nenory and said

vol t age regul at 3r. . _The system of claim 3, wherein said voltage regul ator
and said proceddor dNe sYHis(R ahFialcl. whereiRdhe preeagsosinsiiuctipns when exacpted.gesute
system of cl ai rin inodifiireyr the npesating freqiénay) of saittprbadsedr by changd indhd aivider rdtio of
processor to iR pRBaRjcRedbo PSR dighdl of EpRLLAG, VOI tage of said

processor up and down froma nom nal "operating voltage based at |least in
part on binary digital signals provided to said voltage regulator. 9. The
system of cl ai 48, vhersestem ohcldimtiywhereindhe proceseat itstrections) wheo erexsted, result

in modification of the operating frequency before adjustment of the operating voltage.

15. The system of claim 11, wherein the processor instructions, when executed, resuit
in adjustment of the operating frequency before modification of the operating voitage.

16. The system of claim 11, wherein said processor instructions, when executed, result

in modification of the operating frequency while concurrently adjusting the operating
voltage.

17. The system of claim 12, wherein said processor instructions, when executed result
in adjustment of the operating voltage while concurrently modifying the operating
frequency.

18. The system of claim 8, wherein said memory has stored thereon processor
instructions that, when executed by said processor, result in said processor being placed
in sleep mode before adjustment of the operating voltage of said processor by said
voltage regulator,
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I nstructions that, when executed by said processor, result in said binary
digital signals being provided to a selected register integrated orp @OCT 2003
integrated circuit chip that includes said voltage regulator. 13 290CT2003
10, The systemof claim8, wherein said nenory has stored thereon processor
I nstructions that, when executed by said processor, result in said binary
digital signals being witten to selected nenory mapped | ocations that
correspond wi t A%t he Theesstep of claim {8, ovhsreinsaidyeersery dag sored épiedh @racessdr  The
system of cl ai msBuctisanst] WhénddxEoutedByr $4idASceSR Bttt e SRR e P HSFRLAn

e
I nstructions t exegcuted by.sai cessor, result 1 n sal
processor bei ngﬂé?né\gg?aeisﬁﬁ?’mteaqﬁ[o% ”5%“55'2‘ 8 GPeat9etltagss topremitihe vakaghg

vol tage of sai AYIBHBERLS deveheanasudcesefllyazpsomplished. at or and before
nodi fication of the operating frequency of said processor. 12. The system

of claim 11, rei | r as stored thereon processor instructions
that, when ex\ggﬁ't ed‘?%%?s}ss%mggf g‘:‘r?‘“‘ (')%égswi'\gfemr?é T?m?rﬁifﬁétg’ﬁggl?é?gﬁ“&iﬁ%st i ng
the oper ati ngnstpctiaRgetheli when exepitesiciyssaisrpregesisanoesuityn thg prdeessopaftat i ng

frequency of sabjdstmphtQs &ses gerfting Goltage Nelitying 1t the ot ' g 11,
wherein the prggl(g‘c%g_.%?i st?ﬁéb%ﬁlns,abv\henwggecaged, t?gzﬁl{%%frt\h%g%%yi ng the

operating frequency 0 s"&?‘BPB cessor by a change in the divider ratio of
t he phase | ocked | oop (PLL) input signal of said processor. 14. The system

of claim 11, whor ef mhé Bt OCGSAA whélshisilrhisy fémﬁ\ﬁrincﬁme&wfoeééﬁorr esult in
nodi fi cation of_:fhe. rating frequency before adj ust ment of the operating
vol t age. 15. Tﬁ"ét’g‘g‘gﬁ?gg‘?%? the zﬁ"r%ﬁa_?'l‘?h%eé?%’it#?yhﬁf‘ ‘?%‘i‘?é%‘o’?“l“rf@f‘?"ﬂ% igp of
when execut ed, thecRgrating fraqueapeftsaisrarocsssor bp aphdewn frerm af nominakopeyatingf or e

modi fi cati on offreqliency psyedl atngasyalgarOéh dyhBmic TdhendeY St @u@p%efskr?“&ﬁd@hsaﬂ"er ein
sai d processor pir&gg%pctions, when executed, result in nodification of the
operating frequency while concurrently adjusting the operating voltage.
17. The system of claim 12, wherein said processor instructions, when

execut ed resul t22. i n Tadjsysémentiainf 21 WherdiR Qaidtmdhbry RitharGRiuebE pRcsgmcurrent |y
nodi fyi ng t he ' r . X of claim8,  wherein said
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regulator. 14 gperation of the processor at the modified frequency.
23. The system of claim 1, wherein said system is incorporated in a hand-held device.

24, The system of claim 23, wherein said hand-held device comprises one of a
personal digital assistant, a cell phone, and a hand-held personal computer.

25. The system of claim 1, wherein said voltage regulator is adapted to be coupled to
a battery for a device weighing no more than approximately a few pounds.

26, An article comprising: a storage medium, said storage medium having stored
thereon, instructions that, when executed by a processor in a system, said system
including a voltage regulator coupled to said processor to adjust the operating voltage of
said processor, result in modification of the operating frequency of said processor and
result in adjustment of said operating voltage of said processor based, at least in part, on
dynamic changes in the processing load of said processor.

27. ' The article of claim 26, wherein said instructions include the capability, when
executed by said processor, to result in said voltage regutator adjusting the operating
15



290CT2003 19. The system of claim 18, wherein said nenory has stored |

t hereon processor instructions that, when executed by said processoz ,Q'UCT 2003
result in-the processor waiting an anount of tine sufficient after

adj ustnent of the operating voltage to permt the voltage adjustnment to
have been successfully acconplished. 20. The system of claim 18, wherein
said menory has stored thereon processor instructions that, when executed
by sai d proces¥irge efeaig arodepsor he apdt devesfsam a nafinal Opemﬁpwsdplmmseﬂ at least in

operating vol t pgeon iRéry igita Gighbid proviagd Y@ieﬁ@@ﬂta?éﬂé@ﬁibﬁ?”t has been
successfully acconplished. 21. The systemof claim1l, wherein said nenory

further includes processor instructions stored thereon that, when executed
by said proces3br, Fhesatiae piclaim7f whetein said dfstruetioes, aﬂenakewgpdfhvaquency of
isal d processor pragesadtdred@iva sEHQ:maay AGBi a@tansowgadrbmd th E.Psfaléag&xa %?éecj at
east in part sing | oad of sai
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processor by p fogessor in s
successful |y nh%&%s@ §9§{" mQ %rf’%etsf?{gadt??ﬂ"?j'beoo%fﬁg%l ‘gmﬂ? 8&?&95?“5‘7%"{'? ating
operation of tﬁ‘@d'bﬁ"‘ls %gwatatg frequenep @f paie dropessoieancyrentl8. The syst em of
claim1, wherein said systemis incorporated in a hand-held devi ce 24 The
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adapted to be operplirgdioltspe ¢t sBidtpréveysor 6f siid 46NHEgE Fegiitdd tnd Beldfe MBYiRalidhod
approxi mately g, cf‘?ﬁg”ﬁ%ﬂgﬂ’e“% ofspﬂ & | e conprising: a storage medi um

said storage ne ore reon instructions that, when
executed by a processor in a system said system including a voltage
regul ator coupl3ad tcrhsa'rtndlemf@raesamrwrteeeua@kjwsttrﬁdﬂensomérabid&gedw& tage of

sai d processor;, rcfo@@#:l' tredufl ,{TQQ& Fo‘&@s%%m@;ﬂagg@  sleep %&d@%ef rreegtg'?sgﬁéﬁtg tgéa' d

processor and Tresu N ad

processor basePe@ling yeiage ¢ nsaﬁla?’f"’esfﬂ‘i by(f?'ﬁa’ﬁlt‘t‘?edﬁ%@saqdrpeﬁ%mﬁ?'ﬁfé’é%%%g
| oad of said priteepesating fri@quendihef saict prodessonf cl ai m 26, wherein said
i nstructions include the capability, when executed by said processor, to

result in said yoltage 8‘9 ator ust i gﬂpthe _[(P)Hperatl ng 152 9 0 CT 2003
vol tage of sai d%pr odtPelpd g reﬁ'ﬁ%" YV SRNYMRERR PR POPESA R M t age
based at |l east in modifying the operating frequency of said processor; and
adjusting the operating voltage of said processor;
wherein said modification and said adjustment is based, at least in parnt, on
dynamic changes in the processing load of said processor.

33. The method of claim 32, wherein adjusting the operating voltage of said
processor comprises adjusting the operating voltage of said processor up and down from a
nominal operating voitage based at least in part on said dynamic changes.

34, The method of claim 32, wherein said adjustment of the operating voltage and
said modification of said operating frequency occurs concurrently,

3s5. The method of claim 32, and further comprising placing said processor in idle
mode before adjustment of the operating voitage of said processor by said voltage
regulator and before modification of the operating trequency of said processor.
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part on binary digital signals provided to said voltage regulator. 28. The
article of -claim27, wherein said instructions, when executed by sapd QCT 2003
processor,; result in said binary digital signals being provided to a

sel ected register integrated on an integrated circuit chip that includes
said voltage regulator. 29. The article of claim26, wherein said
instructions , when executed by said processor, result in the processor

adj usting the ¥per akhenethadl of slpim 32, andifeither cewsisiog paoidg s50 rdcydsBgint dhp
operati ng freomediCeidé a&jﬁétﬂerﬁ%@ﬁﬁ%ﬁ@ﬂ’aﬂ%ﬁéﬁeﬁﬁ @Eadziw%cégsor Iﬂga@%i{ag«!} e of

claim 29, wher sai en execut

result in sai d'%ﬂﬁﬂ%tg o?e?%%ﬂ?g‘%ﬁ?%%t“? [P¢reling fFPBH‘@%é‘f i Pﬁ’afsﬁg't rrent of t he
operating voltage of said processor by said voltage regul ator and before
nodi fication of the operating frequency of said processor. 31. The article
of claim 29, wherein said instructions, when executed by said processor,
result in said processor being placed in sleep node before adjustnent of
the operating voltage of said processor by said voltage regul ator and
before nodification of the operating frequency of said processor. 32. A
met hod of reducing the power consunption of a processor conprising:

nodi fyi ng the operating frequency of said processor, and adjusting the
operating voltage of said processor, wherein said nodification and said
adjustnment is based, at least in part, on dynam c changes in the
processing | oad of said processor. 33. The nethod of claim 32, wherein
adjusting the operating voltage of said processor conprises adjusting the
operating voltage of said processor up and dowmn froma nom nal operating
vol tage based at least in part on said dynam c changes. 34. The nethod of
claim 32, wherein said adjustnment of the operating voltage and said
nodi fi cation of said operating frequency occurs concurrently. 35. The

met hod of claim 32. and further conprising placing said processor in idle
node before adjustnent of the operating voltage of said processor by said
vol tage regulator and before nodification of the operating frequency of
sai d processor. 16 290CT2003 36. The nmethod of claim 32, and further
conprising placing said processor in sleep node before adjustnment of the
operating voltage of said processor by said voltage regulator and before
nodi fication of the operating frequency of said processor. 17
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