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MODES AND METHOD THEREFORE BACKGROUND I n general, the use of a portable
"~ communi cA¥PEHIES2conputi ng device r cell phone, a personalpdingdoladsso
assistant (PDA), etc.) is limted, at least in part, by the anmount of power
that may be provided by a battery. A conventional technique to reduce the
amount of power YHHMRBHUBYHAVING AMIST ARV OPERSTIONADWRODEBAPer at i onal
vol tage range of at |east a poMEGHOROTHERERERPoOrt abl e devi ce when not in
use. For exanple, it may be desirable to place the processor associ ated
with the portable device into a standby, | ow power node when the processor
is not in use. Alternatively, the operational frequency of the processor
may be r &RUECERMMNDt he processor is not in use. However, wth
conventional 15 processors t he execution of instructions by the processor

is halted whil C red so.that the roces or does not
| ose s?/nchronl ?a%?@%ra ?:d’ggt%e .ng’ LRy UG Ofs P, Fr_l|5|qg| “ffg"‘i?f t he
processor rocessor and create

i nconveni gﬁquaresdlv EBPe,t%Beragar;ng]ngﬂ!§gmsta;.t {(PDA]}, etc.} is limited, at least

in part, by the amount of power that may be provided by a battery. A

conventional technigue to reduce the amount of power consumed by a
portable device is to lower the operational voltage rangs of at least a portion

10 of the portable device when not in use. For example, it may be desirable to
place the processor associated with the portable device into a standby, low
power mode when the processor is not in use.

Alternatively, the operational frequency of the processor may be
reduced when the processor is not in use. However, with conventional-

15  processors, the execution of instructions by the processor is halted while the
frequency is lowered so that the processor does not lose synchronization
while the frequency is adjusted. Halting of the processor may reduce the
throughput of the processor and create inconvenient delay for the user. Thus,
a need exists to reduce the power co'nsumption of a processor while reducing

20 the impact on ‘th‘e processor’s efficiency and the amount of inconvenience

created for the user.
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OF THE DRAW NGS The subject matter regarded as the invention is

particul arly. point ed out and di stl nctly claimed in the concluding portion
of the sE TIOThEF Ty BRAWRGHowever, both as to organi zati on and
nmet hod of operatl on, together 5 vvlth obj ects, features, and advant ages

thereof, mmy DiesbubjecUndercs oGy as ief FRERGS bl hEL LAl p\%'tg(%og tailed

descrlptlon when read with the acconpanyi ng dravvln s-1h IG 1is a

bl ock di aﬁkﬂaféhh@ﬂ{}%%:@kétuh‘%ﬂe%né’i{]?%g%%ﬁjﬂh es&,eﬁgﬁ%@gggf with the

present invention; 10 FIG educi ng power

consunpt j a articul ar enb di rent of the present
i nventi ofn%ﬁ'@ fgo%és’veg, E%ocﬁs %Pﬁaf'gﬁ?ﬁgé‘?\?@f’ Sh operatipnategatien i ve
enbo ment f, e_present |nvent|on FIG 4 is agraph illustrating the
i mpr over'r’élllltf‘I ‘?%r‘ue‘ﬁﬁ t‘&ﬁ’ﬁsﬂ%@%ﬁ‘taﬁﬁs thesgof nEnpydest beatpdierssdodpypar ti cul ar

enbodi ments of the present invention;
reference to the following detailed descnptlon when read with the

_ accompanying drawings in which:
FIG. 1is a_b!ock diagram representation of an embodiment in
accordance with the present invention;
10 FIG. 2 is a flow chart of a method of reducing power consumption in
accordance with a particular embodiment of the present invention;
FIG. 3 is a block diagram representation of an alternative embodiment
of the present invention;
FIG. 4 is a graph il‘lustrating the improvement in power consumption
15  that may be recognized by particular embodiments of the present invention;
FIG. 5 is a graph illustrating the amount of power that may be
consumed by various applications; and
FIG. 6 is a graph illustrating the improvement in power consumption
that may be recognized by particular embodiments of the present invention.
20
It will be appreciated that for simpi_icity and clarity of illustration,
elements illustrated in the figures have not necessarily been drawn to scale.

For example, the dimensions of some of the elements are exaggerated relative
2
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FIG 5 is a graph illustrating the amount of power that may be co&s&n@ng_@M
various applications; and FIG 6 is a graph illustrating the inprovenent in

- power con$QfpETSh that may be recogni zed by particul ar eppefjsgBMssy Oof the
present invention, 20 It will be appreciated that for sinplicity and
clarity of illustration, elenents illustrated in the figures have not

necessari fty obieeneleinams 100 ceeal).e Furthef, WXeERasidbhe é%! fﬂ%ﬁ}%tgns of sone of
the el enments are exaggerated relative 2 k FE WD 02/ ?0 2 PCT/ US01/ 25539 to

ot her el erEetghckeOiurbblyd Adte B:ééﬁtrgﬁéatem%cﬁrg%%zigﬁ%se% ARRLQPY I at e,

reference nuneral s have been repeated anong t gures to indicate

correspondhig fRabP DETAI LED DESCRI PTION I'n the fol | owi ng
detail ed desc?ﬁqti on%3 %ﬁﬂg?%usggg%tgéﬁl c details are set forth in order to

provide a thorough understanding of the invention. However, it wll be
understood by those skilled in the art that the present invention nay be
~ practiced without these specific details. In other instances, well-known

10 npt@odép.s[ﬁr!;q;ﬁggrs@ Pﬂgﬁonent's and circuits have not been described in
detail s _ the present invention,
In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the invention. However,
it will be understood by those skilled in the art that the present invention may
be practiced without these specific details. In oth‘er instances, well-known
10 methods, brocedures, components and circuits have not been described in
detail so as not to obscure the present invention.

Some portions of the detailed description which follow are presented in
terms of algorithms and symbolic representations of operations on data bits or
binary digital signals within a computer memory. These algorithmic

15 descriptions and representations may be the technigues used by those skilled
in the data processing arts to convey the substance of their work to others
skilled in the art.

An algorithm is here, and generally, considered to be a self-consistent
sequence of acts or operations leading to a desired result. These include

20 physical manipulatioi’ls of physical quantities. Usually, though not necessarily,

these quantities take the form of electrical or magnetic signals capable of

being stored, transferred, combined, compared, and otherwise manipulated. It
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descriptions and representations may be the techni ques used by those
skilled in the data processing arts to convey the substance of 'their work

to ot hers heaskirbb@dcomverientarntiimés) @lrgqialiy hoh deSsHRr 85 cARFhILBRIR), by,
considered to be a self-consistent sequence of acts or operations |eading

to a desi rigfbr e 3hdde sighesQsith& %%egpelgﬁﬁéﬁisﬁz%bl{rﬁgw‘, RUL AL 8RS 1 G Physi cal

gquantities. Usually, though not necessarily, sé quantities take the
form of el ‘Fr'itférg }tﬁl'@gﬂe&ﬂ% b le of eln r ed
t ransf errenSJ, congl ned,I (:'orrparoe(lif,S grq'gh%ts Ogofdf/?m?]géver‘{ﬁ'ﬁit 61 3'?83%9?5[3 W9 02/ 17052
PCT/USOl/255§9thas grovep convenient_st times, principally for reason,,. of
cormon us&YBTAIE™S BF% IO P 2P RRRted; With tae grpigpriate RNYSIFA duanitienerd
synbol s, characters, terns nunmbers or the like. It should be understood,
howeveP, GRaMetly convengaelahats annlisd tathessrgranaitiest o be associated with the
appropriate physical quantities and 5 are nerely convenient |abels applied
t o t hese quant Mniegs spenifiesity stated bilwalise, st appeareat frenwiise folksviagpar ent from
the following discussions, it is appreciated that throughout the
speci fi catdiseosslbss us s anereciatdd iHait MBrobghoBt HidGpedSicaon epstisHigns
"conputi'ng," "calculating,"
utilizing terms such as “processing,” “computing,” “calculating,”
“determining,” or the like, refer to the action and/or processes of a computer
10 or computing system, or similar electronic computing device, that manipulate
and/or transform data represented as physical, such as electronic, quantities
within the computing system’s registers and/or memories into other data
similarly represented as physical quantities within the computing system'’s
memories, registers or other such information storage, transmission or display
15  devices,
Embodiments of the present invention may include apparatuses for
performing the operations herein. This apparatus may be specially
constructed for the desired purposes, or it may comprise a general purpose
computing device selectively activated or reconfigured by a program stored in
20  the device. Such a program may be stored on a storage medium, such as, but
is not limited to, any type of disk including floppy disks, optical disks, CD-

ROMs, magnetic-optical disks, read-only memories {(ROMs), random access

memories (RAMs), electrically programmable read-only memories (EPROMs),
4
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el ectronic, quantities wthin the conputing system s regi sters an

menories into other data simlarly represented as physical quantities
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i nformati on storage, transm ssion or display 15 devi ces. Enbodi nent s of
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operations herein. This apparatus may be specially constructed for the

desired pYRASAR: mergbﬁor‘igiyar@O ab%eJauDe%EQ%L%le(?% I”cliosyest %rr%t%tl ng device

selectively activate reconfigure rrogr am st 9%t he devi ce.
Such a prggrrngm"qs)éebe stored on a storage madl um such as, but is not

I imted to &6t di sk i ncl udi ng fl oppy disks, opti cal di sks, CD
gﬂgnet | C= o tical disks, read-only nenories (R(]\/B random access
nenor i 8s ( RAMBIN Br%eﬁ?%anw S GrraATRIPE heedri asnngt | frentlgseleRRROMS) , 4
WO 02/170 1 52 PCT/ US01/ 25539 el ectrically erasable and progranmabl e read
only nmenotd esy pEERRENE)IOMPutidevice or othet mpparatas. dVarious gayerolt her type of
medi a suitable for storing
. Purpose systems may be used with programs in accordance with the
teachings herein, or it may prove convenient to construct a more specialized
apparatus to perforh"l the desired method. The desired structure for a variety
10 of these systems will appear from the description below. in addition,
embodiments of the present invention are not described with reference to any
particular programming language. It will be appreciated that a variety of
programming languages may be used to implement the teachings of the
invention as described herein.
15 in the following description and claims, the terms “coupled” and
“connected,” along with their derivatives, may be used. It should be understood
that these terms are not intended as synonyms for each other. Rather, in
particular embodiments, “connected” may be used to indicate that two or more
elements are in direct physical or electrical contact with each other. “Coupled”
20  may also mean that two or more elements are in direct physical or electrical
contact. However, “coupled” may also mean that two or more elements are not in
N

direct contact with each other, but yet still co-operate or interact with each other.

Turning to FIG. 1, an embodiment 100 in accordance with the present

5
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el ectronic instructions, and capable of being coupled to a systenﬂbdsrﬁgrdg
conputing device. 5 The processes and di splays presented herein are not

i nher ent yyoroghagsed to any particular conputing device or Ip(%’ﬂ'ﬁé ﬁggsar at us.
Various general purpose systens may be used with prograns & ance
with the teachings herein, or it may prove convenient to construct a nore
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are in dig pggysi cal or electrical contact with each other. "Coupled" 20
may al so nean"that two or nore elenents are in direct physical or

I i cal Ho, " | ed"”, l, S¢ that two or nore
ol enent s ar e novEER Mty DY hece iEsan i SBLRAR Pt 10 tat mpscoRwrpe.
co- oper dt i_nt eract r ni ngsto FI.G 1, an enbodi nent
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100 in acleseFaimpie: @ WFr?WQCﬁSégeq]glg: al signal processor, a microcontroller, or the

like. However, it'should be understood that only a portion of integrated circuit 10
10 isincluded in FIG. 1 and that the scope of the present invention is not limited to

these examples. Integrated circuit 10 may include core digital logic or core logic

50 that may comprise one or more transistors. Although the scope of the present

invention is not limited in this respect, core logic 50 may comprise the transistors

that execute instructions such as, for example, the instructions associated with a
15  user program or appiication,

Integrated circuit 10 may also include a voltage reguiator 40 adapted to
provide power to core logic 50 while integrated circuit 10 is in operation. As
shown in FIG. 1, voltage regulator 40 may be integrated into integrated circuit 10.
For example, voltage regulator 40 may be formed on the same portion of

20 semiconductor material as integrated circuit 10, However, the scope of the
present invention is not limited in this respect. In alternative embodiments,
voltage regulator 40 may be separate from integrated circuit 10. Voltage regulator
40 may be used to control or step-down the voitage potential provided by a power

source 80, which may be, for example, a battery, although the scope of the

6
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m crocontroller, or the |like. However, it should be understood that only a
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| nt egr at ednthodimieht, 11tagy régilttided Gy oMpabé &lcoh®gi gler 491t Y e 50 that
may conprise one or nore transistors. Al though the sCope of the ‘present

i nvent on sesonplogkamivie@doiitiitdts $hd RARRE botdifliaf th P fromBedrBYoCONPr i Se the
transi stors that execute instructions such as, for exanple, the
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ator 40 adapted to

circuit 10 may al so include a vol tage regul provi de

pover to GQ foltR@ SoteRiabid Be Fmv%@dm;a‘/b%gé%att&%d.%é B AREea] jon. As

shown in FIG 1,7 voltage regulator egrated Tmto ||Lﬂegrated
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regulator 40 may be adjusted depending, at least on part, on the desired
10 frequency at which core logic 50 is to operate. For example, the voltage potential
range provided by voltage regulator 40 may be lowered to save power if core logic
50 may operate at a lower frequency. In addition, the voltage potential range may
be increased if it is desired that the frequency be increased.
Integrated circuit 10 may also comprise a phase lock loop (PLL) 20. PLL
15 20 may be used, at least in part, to provide a synchronizing clock signal while
integrated circuit 10 is in operation. As indicated in FIG. 1 in accordance with this
particular embodiment, the clock signal provided by PLL 20 may be provided to a
feedback divider 25 and a clock divider 30. PLL 20 may compare the output
signal provided by feedback divider 25 to a reference clock signal and make
20 appropriate adjustments (e.g., increase or decrease the voltage potential applied
to a voitage controlled oscillator) so PLL 20 provides the desired clock signal as
an output signal.
For example, PLL 20 méy comprise a phase or frequency detector that

may be used to compare the reference clock signal to the output of feedback

7
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the present inventionis not limted in this respect. In alternative

- enbodi memta92/17¢sd t age regul ator 40 may be separate fromiptg ircuit
10. Voltage regulator 40 may be used to control or step-domﬂjrsleﬁ%ggg(c)ltage

potential provided by a power source 60, which may be, for exanple, a

battery, dilideogin bhecdtnrpareihgtient KchiiB:QUb/BeebECGIELR0RERRR39 present
invention is not limted in this respect. During the operation of

i nt egr at est ddoreasd thkOsoltige bpgked AN EHaGE cHRYOIREDSEHSor BAEE), MAGEIR50 Wi th an
operational voltage range (e.g., Vdd-Vss). In an alternative enbodi nent,

vol tage rtegylaafjusts e dayk SigNFINPr6@déd BRPLL 2b. AeghSen M. hake cﬂ%ﬁ{utbe 5> set
or programmed to indicate the voltage potentials to be provide For

exanpl e, &PE. POH BothifBlbVIMeUS fdbdbRBE BRIt s 508 bFRA iSter 41 to
indicate the voltage potentials to be prO\{/ei ded by vo??agéde{dggu ator 40. As

expl aisnecsiod digiaeP adckfiich, AALMnay M Me!(BaRIBSh A hyidBRs OV ded (o

core logic 50 by voltage 'regul ator 40 may adj us pendi ng, at | east

s Sflodded IRAHE RIT 6. IUIEARE g@g;&@?rﬁg digeid © operate.

on part, %él@%f&@§1 iS
For exanpl®, the voltage potentia range provi dge regul ator 40

AL TS T e R R
| clack signal) that have different frequencies and that are provided to different
portions of integrated circuit 10.

10 In contrast, conventional PLL's typically include a single feedback divider
that not only provides a feedback clock signal that is compared to a reference
clock signal, but also provildes the clock signal that is used to synchronize the
operation of the core logic clock (e.g. a microprocessor). Thus, the feedback
divider in a conventional circuit not only provides a clock signal to the core logic,

15  but typically provides the feedback clock signal that is used to control the
operation of the PLL. Since the clock signal provided by the clock divider in a
conventional PLL is aiso provided to the core logic, the operation of the core logic
may be halted when the voltage or frequency associated with the PLL is adjusted.
Since the operation of the processor is halted when the frequency or voltage

20 potential range is changed, the efficiency and throughput of conventional
processors may be reduced.

However, particular embodiments of the present invention in accordance -

with that shown in FIG. 1, may improve the throughput and efficiency of integrated

circuit 10 because core logic 50 may remain in operation when the voltage

B
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integrated circuit 10 is in operation. As indicated in FIG 1 anayé’!xé%rdance

with this particular enbodi nent, the clock signal provided by PLL 20 may
be provi degotential afmdied hafkL @Gi0vs dajusRl. ames i@ cakoske sty gat, BRaufd L 20 may
conpare the output signal provided by feedback divider 25 to a reference

cl ock si gnéividen30makye p@Ridenjor® Rigiab @ witk b USdoRB/Hng! 48118 volthBE hERFBaO!
decrease the voltage potential applied to a voltage controlled oscillator)

so PLL 20 pppiisiddesitlhe0 tesoitaze rebolalor s0goaljuged. A8 iEALE isE@NA thd or
exanple, PLL 20 nay conprise a phase or frequency detector that my be

used t o, coopiputcibblesiablgerreste by Sockidair 309s hbEyraubauto pLL hegdRack 7 WO
02/ 170 PCT/ US01/ 27339 divider 25 in a feedback arrangenent. A charge punp

nmay be Susethetdpdrawdreacdre MoidiSEREES Aot KtecoHRlrki el ge
controlled os?i IrI at or (\r/eC@g,I whi ch i ?1 t(l:Jr n,rgi’gjgSi?gk%f%%fboﬁﬁ\bg?%ﬁal

provi ded bsigihilpra@ded\dy sduanack BivideP251 in 5HiGe %H%Hhergg.tdgﬁﬂguéﬂ)g{ﬂs not only

provi ded to feedback divider 25, but is also provide ock divi der

et ore 11 e araut au T e o Mo T R kBt hePe °Pock
slightly out of phase with respect to the output signal of feedback divider 25 or the
system reference clock. Consequently, in some embodiments, it may be
10  desirable that core logic 50 comprise asynchronous buses and use asynchronous
input/output (1/0Q) signals.

Particular embodiments of the present invention may be used to reduce
the power consumption of an integrated circuit while the integrated circuit is in
operation. For example, if a user is executing an application that may be

15 executed using a lower frequency without an appreciable degradation in
performance experienced by the user, the frequency may be reduced to conserve
power. Referring now to FIG. 2, a method of reducing power consumption in
accordance with an embodiment of the present invention is provided. To begin, if
the new frequency to be used by core logic 50 is less than the current frequency,

20  block 200, then core logic 50 (see FIG. 1) may send control signals to clock
divider 30 so that clock divider 30 provides a lower clock frequency to core logic
50.

Note, this may be done without affecting the operation of PLL 20, and thus,

the frequency of the clock provided by feedback divider 25 may remain

9



" divider 30 may be used to generate nultiple clock signals (e.g., nbrie Rifants
one clock signal) that have different frequencies and that are provided to

- di fferentwopmitospns of integrated circuit 10. 10 In cont r gty 9/9¥£5|tional

PLL's typically include a single feedback divider that not only provides a
f eedback clock signal that is conpared to a reference clock signal, but

al so pr ovisdestant@lyotapsians bynadhanbed. LikewsediHeocisgkfedyi@nty erdvitRed per at i on
of the core logic clock (e.g. a mcroprocessor). Thus, the feedback

di vi der i glogkeibideriil manbechaogad white camliygipE0vs stisinapetatiels (giggnal to the
core logic, 15 but typically provides the feedback clock signal that is

used to cemecuingtigtruaipes)atSiose pbwehs Blded T BEE sy ChAsKe B GRG! provi ded
by the clock divider in a conventional PLL is also provided to the core

| 0gi ¢, t headpier atd ©U20IWHRE 1 601 bRFkfing MRYubSNE &%e%&&e‘&e vol tage or

frequency associated with the PLL is adjusted. '"Since the operation of the
' d ' : | tial '
Changes.  CREarreg: 2oy sidf pRRETSEREY Birat8 s B hiBiestisid Tay be
d Ho . ' nhodi { f..th t ] ti '
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efficienc f integrated circuit . because core.logic 50, may renmain in
operati Ong?\ﬁrgﬁla{%ag\?ﬂw 5@89‘—‘1'3% benejﬁ?m power consumption gy reducing txe

frequency of core logic 50.
Thereafter, core logic 50 may send control signals to control register 41 to
10  reduce the voltage potential range provided by voltage regulator 40. This, in turn,
may reduce the voltage potential range applied to all, or part, of core logic 50.
_Since power is proportional to the square of the voltage potential, the amount of
power consumed by integrated circuit 10 may be reduced dramatically by
lowering the supply voitage. Note that no work is missed by integrated circuit
15 10 since ciocks are continuously applied in this example.
If the new frequency to be providéd to core logic 50 is greater than the
current frequency, block 200, then the voltage potential applied to core logic 50
may first be increased. Accordingly, core logic 50 may first determine if voltage
regulator 40 is stable or changing, block 204. For example, if voltage regulator 40
20 is already in the process of increasing thé voltage potential generated, then there
may be no need to increase the voitage potential once it has reached the new
value. Thus, if a signal (e.g. Vstable) is de-asserted, this may be used to indicate
to core logic 50 that voltage regulator 40 is already in the process of increasing

the voltage potential. Thus, core logic 50 may wait until the Vstable signal is
10
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adjusted. This is due, at least in part, because divider 30 nay provide
" core | ogi o¥v602/wicsh a cl ock signal as the voltage potenti al C%HR%% ggéo PLL
20 by voltage regulator 40 is adjusted. As indicated in FI&. 1 1€~ out put
cl ock signal generated by clock divider 30 is not provided to PILL 20 and 5
t he oper at ia@sertdd, ook 203gi ¢ 50 need not be constrained or halted due to the
out put signal provided by feedback divider 25. In sonme enbodi nents,

al though not n#aessge idgyizaddis stbee, PARRGR i i gmal. nrovided by
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signals. Particul ar enbodi nents of the priéesent invention used to
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interrupt in coré logic 50 to indicate that the voltage potential range is now higher
10 and that this thread may continue execution, ailthough the scope of the present
invention is not limited in this respect. It should be noted, however, that there
may be no need to halt the execution of other processes that were being
executed by core logic 50 at the lower voltage potential. If the current voltage
potential is sufficient, the operation of' core logic 50 may continue, and thus, the
15  operation may not be not appreciably affected while the voltage potential is
increased. This, in turn, may increase the overall throughput and efficiency of
integrated circuit 10, because the number of processes that are halted may be
reduced.
Once the voltage potential has been increased, core logic 50 may send
20 control signais to clock divider 30 so that the frequency of the clock signal
provided to core logic 50 is increased, block 208. As shown in FIG. 1,
embodiment 100 may inciude a memory device, such as a dynamic random

access memory (DRAM) 70 that may contain the instructions for controiling the

sequence of events use to raise or fower the frequency and voltage potential of

1"



\20 bl ock 200, then core logic 50 (see FIG 1) may send control si dn&l §EBo28
clock divider 30 so that clock divider 30 provides a | ower clock frequency

to core | 9§l &/17852Not e, this may be done without affecting .atj on of
PILL 20, and thus, the frequency of the clock provided bygﬁfggﬁ%gddi vi der

25 may remain 9 WO 02/17052 PCT/ USO1/ 25539 substantially constant or
unchanged. intgdcatei drepitti0avisileoinlopbra@rency provi ded by cl ock divider 30 nay
be changed while core logic 50 is still in operation (e.g., executing

i nstructions). FEfeathgAvRTtd BIG, &, aheghddidhbs: S68 e he
famliar P = C/f, where f is the operati F\g frequgb\%g(,\!&%'%i%sm}t&ﬁékgw tched 5

Ty reaul C o o R AP R e e O FRbS e o o

may result in a linear reduction Inp rrpfclu rat ed

circuit 10 iate a nearly i.nmediate bepefit in power consunption
by reduci n'S'EBta e @P %ﬁr&e\ﬁ)gtf S °5%?'B¥?%Ej?scg§313%ﬁ1eT@%PP@ﬁaF'OE?Jr‘@'ﬂaSQi c 50 may
send c%ntrol signals to.control register 41 to 10 reduce the voltage

pot ent i*al fﬁaﬁaé"gﬁPB\H%'é%“B?g'\?B? 24303 guavaasy with respest td erchuather. nay
reduce the_ voltage potential range applied to all, or part, of core logic
50. Si ncd PAXEMAIY thedprsistormithin voltagegleanain oégibhe02ombage pot enti al ,

t he anobunt of power consuned by integrated circuit 10 may be reduced

dr amat i calgowdygd with a Vdd voltage potential of about 3.0 volts relative to ground,

while the transistors within voltage domain region 303 may be powered witﬁ
a voltage poten‘;iél of about 0.9 volts relative to ground. [t should be

10 understood that the scope of the present invention is not limited to these
particular voltage potentials, In alternative embodiments. the voltage
potential range of voltage domain region 302 may range from 1-5 volts while
the voltage potential range of voltage domain region 303 may range from 0.3-
1 volts.

15 Although the scope of the present invention is not limited in this
respect, PLL 20 may be connected to a separate power supply source so that
the voltage potential range of voltage domain region 303 may be lowered
with respect to voltage domain region 302 without affecting the operation of
PLL 20. Integrated circuit 10 may include a level shifter 307 that may be

20 used to convert the voltage potential range of a signal from voltage domain
region 302 to the appropriate voltage potential range of voltage domain region
303.

Particular embodiments of the present invention may recognize a

12



| owering the supply voltage. Note that no work is missed by integrhtledEB 2200

circuit 15 10 since clocks are continuously applied in this exanple. If the
new frequ¥its§2/t785pe provided to core logic 50 is greater tp@%gﬁgﬁssﬁurrent
frequency, block 200, then the voltage potential applied to core logic 50
may first be increased. Accordingly, core logic 50 may first determne if
vol tage rERuibEes:inggr ifrgayeaty endsaedranmivivgitabé eeluc?iOd imbesveeyanmh e, i f
voltage regulator 40 20 is already in the process of increasing the voltage
potential Bewer acrshmptien vitier the crmyplietiovl Bde@@NHOs IdVEr BRS BrdcBSsorol t age
potential once it has reached the new value. Thus, if a signal (e.g.

vstabl e) i souer assdyhettagkNibisd RBYodaneBed et Lohdlih GilrE mdPoE Wfiirhl ¢ S0
g e

that voltage regulator 40 is already in the process of 1 ncreasin

vol t age po¥igrokadare FIHS] ' i il the Vstabie signal is
10 VIO 02/ 17072 as""srf?,frteol'jm‘:’fflwéghléJ 'g’lg.gsﬁ%?’ %/Eg?(’tf’ﬁ%éttf‘g%%ﬁ'&‘?e*f%q”f{‘%I"é,a but is

not gener afiighie Sl I .%igﬂbvolta e otential, then core logic 50
may prograrr\ﬂL cont'r01‘|I reegln??]tearsﬁm 1 86 ??%HE"(?'\')‘& $%Ed%t'”9 BYUPAY 4PCR0 rai ses the
vol t age pq%}gt”al r Qge, bl ock 206. \Wile the voltage 5 potential is
i ncr eased 3 VOB &yttrapuatepally nteagveesk ésheginntiagt makaet bite
execution of the process or thread that pronpted the increase in voltage
ot enti al ,WHIERCHNGIoh GYh the peeratigh dresgenewarrhtthte pdheeesamly voltagd, t hi s
particular process until voltage regulator 40 is stable. The signal
Vst abl e megfiobéngisieel poovegenesamptian to be lowered for any given task while still
delivering the desired computational performance. When the computationally
10 intensive task is completed, the same mechanism may be used to lower the
supply voltage and frequency to a very low state. During these transitions,
the clock may be continue to run, allowing useful work to be performed.
FIG. 4, is provided to illustrate the performance of a processor as the
power consumption is adjusted by changing the operational frequency and
15 voltage of the processor. FIG. 5 illustrates how the power consumption of a
processor may be adjusted to provide the performance desired for particular
user and system applications. FIG, 6 illustrates the improvements in power
consumption that may be recognized by adjusting the operational frequency
and voltage potential range.
20 While certain features of the invention have been illustrated and
described herein, many modifications, substitutions, changes, and equivalents

will now occur to those skilled in the art. It is, therefore, to be understood

that the appended claims are intended to cover all such modifications and
13



interrupt in core logic 50 to indicate that the voltage potentialjrénééﬂiéﬁ
now hi gher 10 and that this thread may continue execution, although the
scope of Wieoyp@riesent invention is not limted in this r espethss b&s§§ould
be noted, however, that there nay be no need to halt the execution of

ot her processes that were being executed by core logic 50 at the | ower

vol t age pottemgealas fisfl wihieincthe ntert spidd dfage inpaftemti al is sufficient, the
operation of core logic 50 nay continue, 'and thus, the 15 operation nay
not be not appreciably affected while the voltage potential is increased.
This, in turn, may increase the overall throughput and efficiency of
integrated circuit 10, because the nunber of processes that are halted may
be reduced. Once the voltage potential has been increased, core |ogic 50
may send 20 control signals to clock divider 30 so that the frequency of
the clock signal provided to core logic 50 is increased, block 208. As
shown in FIG 1, enbodinent 100 may include a nenory device, such as a
dynam ¢ random access nenory (DRAM 70 that nay contain the instructions
for controlling the sequence of events use to raise or |ower the frequency
and vol tage potential of 11 NN* 0 0 2 /17 0 5) 21 integrate circuit 10
while in operation. Referring nowto FIG 3, an enbodinent 0-00 in
accordance with the present invention is provided, As shown, integrated
circuit 10 may be divided

14



into one or nore voltage domain regi ons 302-303. The operational v&l%d@ﬁgg&m
range within domain regions 302-303 may vary with respect to each ot her,

For exanple, the transistors vvithin voltage domain region 302 may be
powered with a vdd voltage potential of about 3.0 volts relative to ground,
while the transistors within voltage domain region 303 may be powered with
a voltage potential of about 0.9 volts relative to ground. It should be 10
under gthapid ckingdd id. he scope of the present invention is not limted to these
particul ar voltage potentials. In alternative enbodi nents. the voltage
potential range of voltage domain region 302 may range from1-5 volts while
the voltage potential range of voltage donmain region 303 nmay range from
0.3- 1 volts. 15 Although the scope of the present invention is riot
limted i thig respect, PLL 20 nmay be connected to a separate power
supply solrce SHRPAETS PHBSISH t age potential range of voltage domain region
303 may be lowered wth respect to voltage donain regi on 302 w thout
affecting the operation of PLL 20. Integrated circuit 10 may include a

| evel shi 4 stefic r3aftoln ddaads mayorg@neised to convert the voltage potential range
of a signal fromvoltage domain region 302 to the appropriate voltage
potential range of voltage domain region 303. Particular enbodi nents of

t he present invention may recogni ze a 12
a processor coupled to the static random access memory, the processor comprising:

a phase lock loop adapted to provide an output signal,

a first divider adapted to receive the output signal from the phase lock leap; and

a second divider adapted to receive the output signal from the phase lock loop and provide an
output signal.

2. The apparatus of claim 1, wherein the second divider of the processor is further

adapted to provide the output signal to at least two transistors.

3. The apparatus of claim 2, wherein the first divider of the processor is further adapted to
provide an output signal and the phase lock loop is adapted to receive the output signal of the first

divider.

15



F, WD 02/17052 PCT/ US01/ 25539 conbi ned |inear frequency and squaréd frankB 2003
vol tage reduction inprovenent in power consunption when the conputational
demand is |low. The processor power supply voltage, and hence, the power
consunption, may be controlled via software running on the processor, as
wel | as the operating frequency in a 5 dynam c, on-demand fashion. The
controlling operating system upon determning that a conputationally

i ntensive task is beginning, nay set bits which control both the operating
frequency and the power supply voltage, allow ng the power consunption to
be | ower el f or Trerappgiatueef tlaigks, witetets the phase laklidopef the grachssodie Siot @idipted

conput ati onal performance. When the conputationally 10 intensive task is
conpl E‘t"%?f"’et“l’"?emg%ﬂ"ré‘g?1%8H5?1F%°ﬁ?qrﬁ¥/d%e used to |lower the supply voltage and
frequency to a very low state. During these transitions, the clock may be
continue to run, allow ng useful work to be perforned. FIG 4, is provided
to illustrate the performance of a processor as the power consunption is
adj usted by changing the operational frequency and 15 voltage of the
processors. Fl Ghebappalatist sfadl@s 1ONherdI® tHROYREesROMNRBHAG doRiprisds & IPEOSHESOr May
be adjusted to provide the performance desired for particular wuser and
syst etnugipptd tbaphasa dock KoGgandthe lseapsd digkles t he | nprovenents i n power
consunption that may be recogni zed by adjusting the operational frequency

6. The apparatus of claim 5, wherein the level shifter of the processor is adapted to

receive the output signal of the phase lock loop and to provide the second divider with an input signal.

7. The apparatus of claim 1, wherein the phase lock loop of the processor is adapted to
operate in a first voltage domain region and the second divider is adapted to operate in a second

voltage domain region.

8. The apparatus of claim 7, wherein the processor is further adapted to adjust the voltage
potential in the second voltage domain region with respect to the first voltage domain region while the

processor is in operation.

16



ry o ank
and voltage potential range. 20 Wile certain features of the invéhﬁi&ﬁg L
have been illustrated and described herein, nmany nodifications,
substitutions, changes, and equivalents wll now occur to those skilled in
the art. It is, therefore, to be understood that the appended clains are
intended to cover all such nodifications and 13 WD 02/17052 changes as fal
within the true spirit of the invention. PCT/US01l/ 25539 14 -LL; Wat is

claimed is. 1 e ARBRALBLHSIaRONVHeRiIMBe procsisE fufthdr DM 6GARRe TRYIRAY: and a
processor coupled to the static random access nenory, the processor

conpr addpteg):to p@viph ars Btdrmoptisidnelop adapted to provide an output signal; a first
di vider adapted to receive the output signal fromthe phase |ock | oop; and
a second divider adapted to receive the output signal fromthe phase | ock

| oop and provide an output signal. The apparatus of claiml, wherein the
second divider of the processor is further adapted to provide the output

signal to;at | Gask LM JrE@AShBRMGS -

a phase lock loop adapted to provide an output signal to a feedback divider and a clock divider,

wherein the phase lock loop is adapted to receive an output signal of the feedback divider.

11 The integrated circuit of claim 10, wherein the phase lock locop is not coupled to an

output signal of the clock divider.

12. The integrated circuit of claim 10, wherein the feedback loop is adapted to provide an

output signal that is out of phase with respect to an output signal of the clock divider.

13. The integrated circuit of claim 10, further comprising core legic coupled to receive an

output signal from the clock divider.

17



3. The apparatus of claim2, wherein the first divider of the progeéso¥dl 0
further adapted to provide an output signal and the phase |ock loop is
adapted to receive the output signal of the first divider. 15 | The
apparatus of claim 3, wherein the phase | ock | oop of the processor is not
adapted to receive the output signal of the second divider. The apparatus
of claim1, wherein the processor further conprises a |level shifter coupled
to the phase | vEXintegiedadiauit SresiHa CIaN@hdléiN itketore bhR i RRALAJISS10Che Blit tm S5,
wherein the |l evel shifter of the processor is adapted to receive the output
si gnabkigedl of the feghileask ldopck | oop and to provide the second divider with an
i nput signal. 7. The apparatus of claim1l, wherein the phase | ock | oop of
the processor is adapted to operate in a first voltage domai n regi on and
the second divider is adapted to operate in a second voltage domain
region. The apparatus of claim7, wherein the processor is further adapted
to adj ust44 he Xﬁkhﬂg%mﬂ fgtial in the second voltage domain region with
respect to the first vo tage domain region while the processor is in
operation. 16 The apparatus of claim1l, wherein the processor further
conprises a vol tage regul ator

reducing the frequency of a clock signal to at least a portion of a processor while the processor

is in operation.

16. The method of claim 15, wherein reducing the frequency includes reducing the

frequency to at least a portion of a processor while the processor is executing an instruction.

17. The method of claim 16, wherein reducing the frequency includes reducing the

frequency to at least a portion of a processor while the processor is executing an user application.

18. The method of claim 15, further comprising reducing an operational voltage range to at

least a portion of the processor while the processor is in operation.

18



adapted to provide an interrupt signal. 10. An integrated circuit! L FED 2003
conprising: a phase |lock | oop adapted to provide an output signal to a

f eedback divider and a clock divider, wherein the phase lock loop is
adapted to receive an output signal of the feedback divider. 11. The
integrated circuit of claim 10, wherein the phase |ock | oop is not coupled
to an output signal of the clock divider. 12. The integrated circuit of

cl ai m 10, 19vher ehembtied beasihack fuitBeitompriddfbading 8 cREIOYIGKEE P cloel dbiersi gnal
that is out of phase with respect to an output signal of the clock divider.
13. Thed & feedigpch tieiderciithanhesoibckdben. m 10, further conprising core logic
coupled to receive an output signal fromthe clock divider. 17 14. The
integrated circuit of claim 13, wherein the core logic is not coupled to

t he out put signal of the feedback [oop. 15. A method conprising: reducing
the frequency of a clock signal to at | east a portion of a processor while
the procegsor +s, | 4 Of3. ; | ai rel educi ng
the f requgcf'lcy T%CTgtggd’;Si(gé ﬁl}gli@hgﬂ"fﬁrﬁ]g-l;?@g%g%gﬁe@%mgt&It@aéc?ckf\{ggglrIﬁ %Elghr? gof a

pr oc erAGEing/dH duoLt Eigndd bIaRES8SdIdivider.executing an instruction. 17. The net hod
of claim 16, wherein reducing the frequency includes reducing the frequency
to at least a portion of a processor while the processor is executing an
user application. 18. The method of claim 15, further conprising reducing
an operational voltage range to at

21. The method of claim 20, wherein reducing the output signal of the clock divider includes

while substantially maintaining an output signal of the feedback divider,

22. A method of reducing the amount of power consumed by a processor, the processor
having a phase lock loop and a clock divider, the method comprising:

reducing the frequency of an output of the clock divider while substantially maintaining the

frequency of an input signal to the phase fock loop.

23. The method of claim 22, wherein the processor includes a feedback divider, and
substantially maintaining the frequency of the input signal to the phase lock loop includes substantially

maintaining the frequency of an output signal of a feedback loop.

19



| east a portion of the processor while the processor is in operatﬂoﬁ.Fa% 2005
19. The nmethod of claim 15, further conprising providing a clock signal to
a clock divider and a feedback divider with a phase |ock |oop. 20. The

met hod of claim 19, wherein reducing the frequency of the clock signal

i ncl udes reducing an output signal of the clock divider. 21. The nethod of
claim 20, wherein reducing the output signal of the clock divider includes
whi | e subsgt.ant Tied iytho@bfitiaah D2, IGtHRNCEMBIHG mSin@iMdly cBkratidieor beiesipaghmich vi der .
22. A nmethod of reducing the anount of power consunmed by a processor, the
pr oc e §egrodessar whilearegivirgdnd fomikerncy opthandpa ot the ckelddividesler, t he net hod
conprising: reducing the frequency of an output of the clock divider while
substantially nmaintaining the frequency of an input signal to the phase

| ock | oop. 23. The nethod of claim 22, wherein the processor includes a
feedback divider; and substantially maintaining the frequency of the input
signal tos4 he i E%EP 1.al | I i ni e
frequencyz%f aﬂnﬁﬁfgh?%gF%ﬂngo?E%ysgi backk?%%%ELfémﬁgﬁﬁﬁﬁghggpﬁgégof

cl ai npéon dfitie fredes€®NPri Si Nng nai nt ai ni ng operation of at |east a portion of
the processor while reducing the frequency of the output of the clock
divider. 25. The nethod of claim 24, further conprising reducing a voltage
range to at |least a portion of the processor.

26. The method of claim 25, further comprising raising the voltage range to at least a

portion of the processor.

27. The method of claim 26, further comprising generating an interrupt signal to halt

operation of at lest a portion of a first process executing with the processor.

28, The method of claim 26, wherein generating the interrupt signal further comprises

substantially simultaneously executing a second process with the processor.

20
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26. The nethod of claim 25, further conprising raising the voltageirgnEkBtQm‘
at least a portion of the processor. 27. The nethod of claim 26, further
conprising generating an interrupt signal to halt operation of at lest a
portion of a first process executing with the processor. 28. The nethod of
claim 26, wherein generating the interrupt signal further conprises
substantial ly sinultaneously executing a second process with the processor.
20 29. An2artiah erticlorphprisingga staragé @leags HEGIAG Borcd aneratd iSOt es, e AR
instructions, that, when executed by a conputing platform results in:
reduc?ﬁ@u¥ﬁéyﬁﬁ@qm@n@ybwﬂmamﬁwbmk di vi der; and nmaintaining the frequency of
an out put signal of a feedback divider. 30. The article of claim 29,
wherein the instructions. when executed, further result in lowing the
vol tage r ortlon f the conputing platform 31. The
article d?@&ﬁgt&a%%me é%%cﬁ Vldera?ructions, are executed, upon receiving
an interrupt signal froma voltage regulator. 32. An integrated circuit
conprising: a phase | ock | oop adapted to provide an output signal to a
f eedback maintaiiay tratebqaerel ofdn dlitput slgial of avb@ibatkiidde phase | ock | oop is
adapted to receive an output signal of the feedback divider, and the clock
divider is adapted to provide at least two clock signals of different
frequency. 21 33. The integrated circuit of claim 32, wherein the clock
divider is adapted to provide the at

30. The article of claim 29, wherein the instructions, when executed, further result in lowing

the voltage range to at least a portion of the computing platform.

31. The article of claim 29, wherein the instructions, are executed, upon receiving an
interrupt signal from a voltage regulator.

32. An integrated circuit comprising:

a phase lock loop adapted to provide an output signal to a feedback divider and a clock divider,

wherein the phase lock loop is adapted to receive an output signal of the feedback divider,

and the clock divider is adapted to provide at least two clock signals of different frequency.

21



| east two clock signals to different portions of the integrated cﬂréufgg 2

34. The integrated circuit of claim32, wherein the feedback |oop is
adapted to provide an output signal that is out of phase with respect to an
out put signal of the clock divider. 22

33. The integrated circuit of claim 32, wherein the clock divider is adapted to provide the at

least two clock signals to different portions of the integrated circuit.

34. The integrated circuit of claim 32, wherein the feedback loop is adapted to provide an

output signal that is out of phase with respect to an output signal of the clock divider.
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