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PONER VHEN RUNNI NG | N PONER- SAVE MODES BACKGROUND OF
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processor may have different nodes of operation, the
di fferent nodes representing a different trade-off
bet ween power consunption and performance. [0002] In
one exenpl ary node of operation ("perfornmance" node),
internal resources of the apparatus, including the
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anot her exenpl ary node of M@PE&t i on (" power-save"
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per formance f oBACKERQIADEIF dpd BXYENTIODD04] A
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frequencies 6f a bus coupled to the processor. As higher bus clock signal frequencies
become possible, this raises the lower limit to which the core clock signal frequencies can
be reduced in power-save mode, thus hampering the efforts to reduce power consumption
in power-save mode.

[0005] It would be beneficial to reduce power consumption while the apparatus operates

in power-save mode, while maintaining or improving the performance.



advant ages thereof, may best be understood by
reference to the follow ng detailed description when
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FIG 1 is a sinplified block diagram of an appar at us
conprising a processing systemin accordance with
sone enbodi nents of the present invention; [0008] FIG
2is asinplified block-diagramillustration of a
processing system in accordance with sone
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limting exanples of such portable devices include

| apt op and not ebook conputers, nobile tel ephones,
w@engoyah7 di gi tal assistants (PDA), and the | iR&I/US2004/003352

Alternatively, the apparatus nay be a non-portable

devi ce, such as, for exanple, a desktop conputer.

[0014] As shown in FIG 1, according to sone

enbodi ments of the present invention, an apparatus 2

may conprise a processing system4 and a power supply

uni t 6. ApPETAIPED’DESERIPRIONTGF IMHE PIVENIZOA!
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may be part of an application specific |ntegrated
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core p oop
applatatuk® By c@apréseal Focs3sing sysnai ¢ agdh poWérOﬂmbpls'l Lglitaﬂ. SApffaratus 2

used b ore 12 froma te | ock signal 18. 017].
may RSN TOmBieE ARt BRHELS coNSIBRIOBN 9 ﬂﬁgﬁn@oﬁiﬁ -Cgr@'llts of
appaliass 2 Bltld3 fRERir %38}@1@91 R ardist sholRA #8€. 230 as not to obscure the

.respective may use themto generate and sanple
m@aﬂam-address and control signals of a bus 30. [0018]

[0 9FERRRLing &0 4 ALCLEAGRGAMERL: Y0 8 oo RRIPIh S ler 20

Although the present invention is not limited in this respect, processor 10 may be, for
example, a central processing unit (CPU), a digital signal processor (DSP), a reduced
instruction set computer (RISC), a complex instruction set computer (CISC) and the like.
Moreover, processor 10 may be part of an application specific integrated circuit (ASIC).
Although the present invention is not limited in this respect, interface controller 20 may
be, for example, a bus bridge, a peripheral component interconnect (PCI) north bridge, a
PCI south bridge, an accelerated graphics port (AGP) bridge, a memory interface device
and the like, or a combination thereof. Moreover, interface controller 20 may be part of

an application specific integrated circuit (ASIC) or part of a chip set.



PLL 25, respectively. Bus PLL 15 and bus PLL 25 may

use systemclock signal 18 to generate clock signals
wda Zo0ameb2¢1 ock signals 27, respectively. Bus i nP@r/isame4/003352

13 and bus interface 23 may use clock signals 17 and

27, respectively, to generate and sanpl e dat a,

address and control signals of bus 30. [0019] Since

they are derived fromsystem clock signal 18, cl ock

nals 16, 17 and 27 may naintain fixed P ase
[Oeled%d%rowrth may pempiisect 6tk K gidar caig phaprylocked loop (PLL) 14.
t
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bul &th: BN Cl%spe@{lvé?? Q8 $5dyNde S651 18 Hefor 8 Yind Sarfifth ahte hdbfss and
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oscillating at h frequenC|es n contrast,
addrespanspeiokugnalsAides 89- operation, it may be desired

{) A& tﬁ«g}é fre d%h@&i‘frﬁ oth é'igckos?l a!l hgt Lok ﬁé&%@({ﬁ, 17 and 27

quenC| the powe Consurrpt of core
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tian, whil il [ det j
ong Bo Bitraloisdute fe gbesae OB e A TSR g b g7 may be
us@@ﬁf%%he@fb anl QBB daeVeMREss afldlCorit@] SIeSdIO6F K@BBL I ai nt s,
requenci es of core clock signals 16 may be

[08Ndt wall heaprrecigfed ky peesgay ofprgmayetkd} i e @rtrfmttth@p@rqufnance
o g5 Pkl POTRPYBE ) 8F b Bl St Rl B0, yhi moy e
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frdgibiscidsesPRfifch data, Ca{dqféss $hd rb@hﬁollglgl\m{ of s BBChrle! 2dnBraddd and
the sane frequenC|es both in ormance node and in

sappledy -Cmsrauspidpe in tawérfomanﬁ%\mie SAPBeIRYRTe it Bay be dpsiked to have
clock signals 16, 17 and 27 oscillating at high frequencies.

[0021] In contrast, in a power-save mode of operation, it may be desired to have core
clock signals 16 oscillating at low frequencies so the power consumption of core 12 of
processor 10 is lower than in the performance mode of operation, while still supporting a
predetermined performance of processing system 4 for this mode of operation.

[0022] However, due to design constraints, the frequencies of core clock signals 16 may
be constrained to be at least a predetermined multiple of the lowest frequency of clock
signals 17. For example, core clock signals 16 may be constrained to oscillate at at least
six times the lowest frequency of clock signals 17, although the present invention is not
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signals 16 would be constrained to oscillate at

frequencies that nmay |l ead core 12 to produce higher
w@eeohovizence (and hi gher power-consunption) the@r/US2004/003352

necessary to support the predeterm ned perfornmance of

processing system4 for power-save node. [0023]

Therefore, in order to enable core clock signals 16 to

oscill ate at IOM/frequencies, clock signals 17 (and
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save node, enabling core clock signals 16 to
[O@ﬁﬁ{or SXARJe> 1B one swba@me@me PigsI sientaety sysigrelock signal 18
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constrained to OSCI| requencl es
clagkysignplyd$, 1 hand b?/mtdeﬂvﬁqun cystah clokk sigusl 1(8| drrebi may scale with

as_ progcessi
oy SRR el LR, o bty SR o b By Bele skl in
petferm?anc@ @fdde dnd)ﬁt 100MEHZ i pdwetGhee Mble. 1@h@[b@ve‘§#ﬁec1u€ﬁd-ysof clock

d 25 r onto the new frequenc of s
Sl%f‘laloili I%%ygh%ﬁoglgﬁzaﬁdpetrf?é‘?’éﬁcﬁr@0%@%@0 z ’@epqvéﬁréave mode,

enQﬂfn‘g%ré Blogk tsigﬁ?ls 1606 os@?ﬂ@f@pa{t%s 1{5’@&%0&&% fnef)&é(r-save mode,

time, processor 10 may not be ab to respond
usingiag rep@‘pplg whergdthe m:grmcslockTShgrEalslmy constrained Itreosmurllaaesatdkﬁsluenmes

erfor C
no%@tﬁhé}a \%lgtrm tge P frgaélre?ca/r %ﬁ %Nm)lﬂglh @1ﬁn§lﬁ eHBWS‘é,eéﬂW this
embndlmeht @B prctessirig dyisf(ﬂnt £6hdnges frbihSonk @SRRGH anbtherS Q{E?e may be a
es. t he relocg gf PLLs 18, 15 and 25 may
Peré‘b(i?g%”flﬁﬁ{lféh Gpras L]g d82nd husPloke boais25 relock onto the new frequency
of system clock signal 18, and therefore bus 30 will be idle during this time. For
example, during the relock time, processor 10 may not be able to respond to interrupts
and snoops. This may limit the occasions where a switch between performance mode and
power-save mode may be performed. Although the present invention is not limited in
this respect, in some cases the relock time of PLLs 18, 15 and 25 may be approximately 5

to 30 microseconds.



5 WO 2004/ 095247 PCT/ US2004/ 003352 [0025] In other

enbodi nents of the present invention, described
wheooeiosdze ow with respect to FIG 2, the freqrenty2004/003352

system cl ock signal 18 does not vary between

per formance node and power-save node. [0026] Power

supply unit 6 may provide power to core 12 via a power

trace 61. Mbreover, power supply unit 6 na¥ provgde

ower to bus interface 13 and to bus interface 23 via
[ngﬂol\ﬂePt?l?‘i g@go@gl_entsogfz-ﬂ}e Presgiit] INveiogy Fslpg:élibgql é)d:rq;lg,below with
f Homi iJel ekt I h

ot 05 s henBlof; ypom, PR Slank 88 dobf sBPUY betveen
perfeemenssegodgsingd pewersiavagwden power trace 61 increases,

he power consunption .associated w t.h bus
OB Pc BUBETY L BSERY LB AT of oot v e race 61.
Mageov e pookt agsplpuinfiof\ehiayt pReRlebgowdrClbeRseihterface 13 and to bus
. Consequently, it nmay be desired to | ower the voltage
lnﬁﬁg Y2 @ POWELtIEe 04nd 62 when apparatus 2 is in the

[ODDVYEE Wil VI BRSIEciftd BRep&bdreor dRiRASKiLt B &Rt Shat the power

| owering the voltage on power trace 62, bus interfac
copgumapitbnassodigiecewith cere2 afgrobessateld) igorsases @s tiwevaltagown power

Mol el .. for | ow frequency. node uch as, for

e e ang dhbo T A ER RGN G P Prgg 3, ous 30

andebue lintérfice 23 Hh@basty &qtie RolageRd owetiGiceds, iné@iseeX 86iNeuently,
t he perf.ormance will be appreciated by

. de. It -
it Y LB RG5! 0,1 FTePs VKGR oniP e Baces 1 eheL 62 pHien agReetas 2 is in
thé PEwEI-@QE eRCdeest Hlerati®R! eInQJr@é}ktoséngﬁlélléwéxﬁueg {nl evo'lt\%%)fSn power

power supply unit 6 may reduce the voltage on po
trace 88 bus inteidpaei I3and pus irtiestace 8 maythe desigepden vbes layf voltage level

I I , | ower, power supply unit..
bl LAl S 3L PR s BB A i
volingd leatisfor HRigh Fryeaicantddepyuch as, Sonskadipld b peafoym&iek nhode. 1t

SEXIO S A T
coB O16618 §ighald 96, GBANGESHIWE sl}gﬁﬂ UER SYm&Y r&ih@é:ﬁlesdogtggéa(z% power

17 and core clock signals 16 and instructs 1nter
trage Al r Sinpitarlypthe d@ves emizequencies ofedpebisignalsfl 7ahd 2k, the tpwak power

TR AR Gl e 1o
[06283 Ihofll abyrbe ppretiatd Wnpbridne loffopdigargrskill Madearahs kduency
chgrtl]gees ?r? ‘Sfofé'lﬁ isi?ggalg Env% vsé S%Pn'e s@b&lnggg§ tigng.e Therefore, when processor 10
changes the frequency of clock signals 17 and core clock signals 16 and instructs
interface controller 20 to change the frequency of clock signals 27, there may be a period
of time where the frequencies and phases of clock signals 16, 17 and 27 are not
synchronized and therefore are inadequate for the operation of bus 30. Although the
present invention is not limited in this respect, this period of time may be a few system
clock signals, equivalent in some exemplary processors to approximately 10 — 40
nanoseconds. Consequently, it will be desirable to have a handshake between processor
10 and interface controller 20 when changing the frequency of clock signals 16, 17 and

27.



present invention is not limted in this respect, this

period of tinme nmay be a few system clock signals,
weowiwed2ent in some exenplary processors to  PCT/US2004/003352

approximately 10 - 40 nanoseconds. Consequently, it

wi Il be desirable to have a handshake between

processor 10 and interface controller 20 when

changi ng the frequency of clock signals 16, 17 and

27. 6 WD 2004/ 095247 PCT/ US2004/ 003352 [0029] For
[083Qnksr exarpplocreesssor 10 mapysend ngigaakioghigifacesroniiplder2Qde indicate
2 SR WS 8ol ik MR L 0B LI der CTLOUER TBOE: o new
mdﬁbdﬂadaalgdalsfr(gm dkockssoml P o dresfae c])ﬁtrdilbzr I20t eﬁm@ﬁa&lvely, an existing

rol]er_ 20. Al tively, eX|st|n .Sl nal from
sigad ﬁfpma}e@rfe%?qngpharr%zf@ Hr%cesﬁoeﬁ@%r & 1Ay Ectipgakto support
th@'fuﬂ’dtlbﬁﬂity %@roée@so? lll@pi‘ﬁﬂfcatlﬂé"@ rﬁd&céh'aﬁ’%ba{d inYethEe controller 20.
rocessor 10'indi cating a node change to interface

Vet bt rpro@ssor weraédveﬁerfammtrpﬂm@s@@y reffgpim frgm using bus 30

fo gltp?%c{eﬁﬁ@d e?ﬂ)tdr thn§d fo%lgwﬂfgv Tthgseﬂla]?étﬁ ffb%@o%st}]olﬁg pg)légssgr 10 and

red per 0
intenfidte atrltmﬂelt 20 & tcmplbetihiteiab clesges anHOtoajweadyntoeat&QjIemd send

control]ler 20 to conplete internal changes and to be
trangaghions 1 e RYPMOdfd send transactions in the new

eocatel QO%O]& Sinflified %%cﬁ-&dg’ﬂ@ﬁ'ﬂlhﬁﬁtl@ﬁ FKprbAGHANMystem 4, in

illustration of processi g system 4, in ‘accordance
acgprdpnce gyt somscinbediaantsef t mremnéwmthnnvent i on. [0031]

7 S
1005 0o SRS 12 yrFro RO SRTEy EchyPRRe GROCIERS, (70 5bel signa
17 Eh and cloaly s@ahﬂ;é@ whch exabplwed, bipr bramplat by foac éntdiFadeol 3 to
en rate an l e, control, address and data l's,
SRt S P cORTRr e 307 Cite BEH S SrREreDy ot RS
[O@Bﬂr&hﬂaﬂy @bk gy @P@f GO |cbﬁ3t[~oll%9 ZUﬁlYayCéBHHriss, Qlock signal
cl ock si naI 27A, clock S|gna 27B and clock "si gna

272’%@100\}%1@1@1 AEB apé clesk bigneb? 7 Gxwhish anayphe wed, for exemplaciy bus
L IR FLRLE, AL LA Rls s B ARt Rl v

buwsi3gnal s 17A, 17B and 17C may have fi xed frequency

I T A AL AR

another. For example, clock signal 17C may oscillate at twice the frequency of clock

signal 17B, and clock signal 17B may oscillate at twice the frequency of clock signal
17A. Moreover, clock signals 17A, 17B and 17C may maintain fixed phase relations
with one another.

[0034] Similarly, clock signals 27A, 27B and 27C may have fixed frequency relations
with one another. For example, clock signal 27C may oscillate at twice the frequency of
clock signal 27B, and clock signal 27B may oscillate at twice the frequency of clock
signal 27A. Moreover, clock signals 27A, 27B and 27C may maintain fixed phase
relations with one another.

[0035] Bus PLL 15 of processor 10 may comprise a bus PLL core 150 and frequency
dividers 151, 152 and 153. Bus PLL core 150 may receive system clock signal 18 as an
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signal 17B, and clock signal 17B may oscillate at

twi ce the frequency of clock signal 17A. Moreover,
w@b@ekoRignal s 17A, 17B and 17C may nmi nt ai n f PEETUS2004/003352

phase relations wth one another. [0034] Simlarly,

clock signals 27A, 27B and 27C may have fi xed

frequency relations wth one another. For exanple,

clock signal 27C may oscillate at twi ce the frequency

of clock signal 27B, and cl ock signal 27B may
inpetcind| mew generatpiacelogkhsignal dgdewbichgnay meinain ﬁxgﬁ ahage7iglations

7
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T e T T
ard008/ A9p 24 &ivBCTdKIZRAN 9D 3RDAay I INAME 113D heNBMte AN A& 17A,

a clock signal 154,  which may maintain fixed phase
clpekl sigrabhgB andl elock gignalnh7€), seskectivgkyal Thewfaradelogk figrabd 84, which

1s ef?é‘}léteé ' tehP clobk Q%Eals 0 didada BY¥rde C.énkﬁgeeclgék signals
P } ShR o

sane quency | n-pertormance mode
lmvxlé’B amlv B/ Gronkey, bes oonsfdatedbamsmteﬁhhdlaie roeockaﬂgmay Cﬂc&:k&;hgml 154
| ocked to te 18. F enc di vid
map ps Tishh 3 LS BEE, 05 ol tne Pcent SRARY iShot ity mis
regbew d€lotk sicRalg eMA! BB ad PRK md Gikddtaih Fhed ﬁés@qlslaﬁmmaﬂth clock
17B and cl ock si naI 17C, respectlvegg here ore,

signah i, Q’YI@rﬁé(ﬁteIIIS‘JPCkmnéhlg angl widheqraeleek sigeals £§st em
064Ky SRSl B JoOUAED 008, Raf 1382k, Ui o
1600VH zyedld dtesjuedoycdivelegnEll, 162 can& IsBgnayl divide clody sigeal 154 by

ol R 3 iRootrspsrrsoto ful fBER Ve B AS G A0S o

fr Bnaéwoﬂzmm 40BVIRzan D SDOMER, REFREVIS! BbictlsckWidls 16 may
ock signal 154, with systenlclock signal 18 and

owlkaw aéép cwhigh isrmors thap siy pogwhe Asaugrcefbeiptiesignap 17A.

DT 55 R (2] 25 7 b e G G B Ripance of

prdcessidg s_lgttankél & goabr-shSd niode ehephtare febigk s&gmdlst hﬁ)pscﬂlate at 600
MGGRRE b 8L e Y3 U250 S SRS 20 AR bl
peififivhizce b PRRBESINE lsysterkO4 €n Cﬂ)@(&‘df s§¢eg RS WherMRlock signal 17A
oscillates at 100MHz.

[0038] Therefore, in power-save mode, clock signal 154 may still oscillate at 1600MHz,
and frequency dividers 151, 152 and 153 may divide clock signal 154 by sixteen, eight
and four, respectively, so that clock signals 17A, 17B and 17C oscillate at frequencies of
100MHz, 200MHz and 400MHz, respectively. Core clock signals 16 may then oscillate
at frequencies as low as 600MHz, while still satisfying the constraint that the frequencies
of core clock signals 16 are at least six times the frequency of clock signal 17A.

[0039] A frequency control signal 156 of processor 10 may be coupled to frequency
dividers 151, 152 and 153, and may be used to change their frequency division between
eight, four and two, respectively, in performance mode, and sixteen, eight and four,
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oscillate at 3000MHz, which is nore than six tinmes the
frequency of clock signal 17A. [0037] It may be
w@omgiod2¢7 f or core 12 to support the predet er nPCEUS2004/003352
performance of processing system4 in power-save node
when core clock signals 16 oscillate at 600 Mz, and
for bus interface 13, bus 30 and bus interface 23 to
support the predeterm ned performance of processing
system 4 in power-save npde when clock signal 17A . =
reéBQ?FlV‘FI&»t iagpoxfer-spEVRpde. | HBlBieh the preseit dnvephorpisviat lignited in this

I .ok 4
SPE, o8 AR BRI o bl WAL ol LRIy b
amjr@oina@l}g Ral- 8 5dodky cwilest e€systengtlock argiaf A8y equivalent in some

t hat | k si | 7A, 17B d 17C
ASERIT Blossspts P SpyBRmelY £ e 0N and

[O@)@@N’Eﬂhodgﬁ&ﬁ@ Pirdser@! Mverftdhbs GoPGknited G his rdPedBin iﬂ'éeékemplary
oscillate at frequencies as |ow as 600MHz, whi |

Progsssg Sxstefafiflg. £hide disaumcis of closksignple2 74, e“éﬂ?lirﬁégf@b 27B and
clgék Gha 2%0;?15 aginaths ﬁ%gllxéi‘l%%%% ié)gl@gﬁg i‘ 1;‘7At Ioieg G881 178 and

requency ck sl gn équenc
clodnsigodl Ei1Qnaspeth&lnfbath dc ¢iss perfokhanaeymbde andiph ek power-save
frequency dividers 151, 152 and 153, and may be used
gpchange their frequency division between eight,

[Ob@U]rBﬁmHLLVES off ﬁﬁ@@@& ictdller 20 RS E/HPMRCE LIPUEL @AEI250 and
Si Xt een, d four, 8 WO 2004/095247

fﬁ@?ﬂﬁs@w&ysg’éé 8%’522 and23p e By PEIyore; 250 seactieced s 4y steptdock signal
188 BO YN E @J.IateJ Q\éﬁﬂk'siﬁ?}ﬁi §?141 Q{/C}uwlsﬂ mapqﬂalhﬂmt Rk phase

respect, Ime in whitc requency
redfitiohs avith wstaent Nm@eiligmh)l 8beC1<mb pil@"bal riﬁ# ghgy Bscill8e cit alik same
cl es. of sten1c equi v Nt LN _Somne
fre gﬂ%ﬁ lgr%;r%?(g%rbcg glbci, ailg I%E%W?f)gaﬁ%{né)ﬁ? s?%ila% s PI'L core 250 may
renano&ekmcts:sys&&%%]ok@ignhp ugh Fré’tﬁleﬁcf}e&ﬁmerd msae 5D Odhdi 253 may
not Iimted in this respect, in the exemp

regeive elock signad 2ot and wpy FhV@.le ipto &eﬁ@raﬁ%@@ab %bfd‘éqkééﬁ@al 278
I a |

N T ey 2?*‘6%?%9‘??%%%@ 235 WP isgelio R fom

sy@tegh@lbclmigwéril an¢ Idn@dcdsn gr@t toléé@prateedgfé«;ﬁglmﬁ 37A,126Brand 27C,

mlfga%, ?«Tens ged%r?qg% 08(2 1s1§8agl tdg?ﬁ_kf signa ?53? %Bﬁl 1n‘%ernal to bus
Pbap;dlteugh thkiq:)ré?,hlhi 1ﬁ®efn01012 SOncamighited in this respect. Clock signals 27A,
27B and 27C may maintain fixed phase relations with clock signal 254, with system
clock signal 18 and with clock signals 17A, 17B and 17C of processor 10.
[0042] In performance mode, clock signal 254 may oscillate at 1600MHz, and frequency
dividers 251, 252 and 253 may divide clock signal 254 by eight, four and two,
respectively, so that clock signal 27A, clock signal 27B and clock signal 27C oscillate at
frequencies of 200MHz, 400MHz and 800MHz, respectively.
[0043] In power-save mode, clock signal 254 may still oscillate at 1600MHz, and
frequency dividers 251, 252 and 253 may divide clock signal 254 by sixteen, eight and
four, respectively, so that clock signal 27A, clock signal 27B and clock signal 27C
oscillate at frequencies of 100MHz, 200MHz and 400MHz, respectively.
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frequency dividers 251, 252 and 253. Bus PLL core 250

may receive systemclock signal 18 as an input and
woreon4gen2er at e a cl ock signal 254, which nay naPCet/EE1004/003352

fi xed phase relations with systemclock signal 18.

G ock signal 254 may oscillate at the same frequency

in performance node and in power-save node, so that

bus PLL core 250 may renmin |ocked to systen1c|ock

i, gnal,. 18. Frequenc i der.s 1, 252 and 253

(OPAHCR it G Sk 56 s AU 20 o glrninaegied to
frgd;l@ﬂéy &VBRI252,7552 46K, I bedkBd tPeHdngd BEi ﬁ%hﬁ!é?fa& division

C respectlvel y. Therefore, clock si gnal 254,
batweesesightafase and dwp, wsectvily imerfamgnes mode.cand S@Ixtwnd exght and

foLunre ﬁ{,d% I%g,[r,‘bgég\teem&lleock signals 27A, 27B and 27C,

e co an I nternmediate clock signal. C ock
[Ogﬁﬂﬂrialan%t@rnmelhbaodmer&rofahe presbtsnvetion,Zb bod pdrfatglance mode

t resent jnyention. s, nof_lipjite n this, respect.
org S hd Soen D it g b T hd e i o agnal 154
byplase fddk adndofiso, WebecVals K s itBRalvheP 4lock §1§na‘-}y§§4e%cﬂlates at
clock signal 18 and with clock signals 17A,

1609k ‘ﬁ?%é’@@@ir 114, clogh4signal n17@erafld)rcﬁmkcélgmidé7cc¢sodlate at

@%# te a (ﬁ?% Nk%z fr enc

fr VI ers %g¥?ﬁ55§ anggfgg %%y I’vi de c g@%%éﬁxﬁgfaiﬁ”

frégpemiygionirof Hgmal 66 irt this, altermaspantddiraént, Met hﬂtpowleﬂsﬁ(/e mode,

oo R st 1 et vl ok FerBhdrk, A6do B Tand clock signal

1780 @d/tizoduce sPeskt kighdly osbPRE at ffrdaﬁe\!iﬁie’ssélﬁf@omﬁ% 2600, and
SI nal 254 may still _ oscillate at 1600VHz,

é?ﬁpyctafely dalignatiyely, pupinigifacod3 m?afyusaurms&mgdpg;@ko decide
wﬁ‘lblg@ s%@%l& néfsqgﬁ _}ZB%P 0. JSQ as%d%ﬁtc‘ dntl It(iproduce

so that cl oc gnal
cl@kgqxgjals@%@llaﬂ%:atlfteqhmctﬂs off ﬂ@WHﬂpI(E)MId:i addO0NIE z 20EDMHE-save
and 400MHz, respectively. 9 WO 2004/ 095247
/ US2004/ 003352 [0044] A frequency control signa

[084d 16fthis nltembR centoa thén®] ot Perf@ihalee ﬁn@ﬂ@ Qﬂd ggwétosave mode,
frequency dividers 251, 252 and 253, and e used

frqqyeryHgaers Rel r252aed den &Py dhiviris plopk Sigeal wSd Y &ighhtiour and two,
reip‘%gt{iveﬁ Cie,oetly%’t wﬁ&sg@a% 5 ﬁ&%’%ﬂé@g@?!a{t/éé{%%ﬁm(%g%l_ocﬁrlggnal 27A,
clovisciégnal D038 ¢lnclasiged] 28 Crmcidlate b Geliuranies of 20MMHpr 406BTHZ and
SOON/ﬁ‘Ie ntresggdtlvely b[?xere if50 Bgedntap frequengy control signal 256 in this alternate
embodiment. Rather, in power-save mode, bus interface 23 may further divide clock
signal 27A, clock signal 27B and clock signal 27C to produce clock signals oscillating at
frequencies of 100MHz, 200MHz and 400MHz, respectively. Alternatively, bus
interface 23 may use masking logic to decide which edges of clock signals 27A, 27B and
27C to use, based on the mode, to produce clock signals oscillating at frequencies of
100MHz, 200MHz and 400MHz in power-save mode.

[0047] When the oscillation frequency of system clock signal 18 is less than or equal to

the oscillation frequency of clock signal 17A and clock signal 27A, then there is no
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and power-save node, frequency dividers 151, 152 and
153 may divide clock signal 154 by eight, four and
wo dw4/09edpecti vel y, so that when cl ock signal BEGHUS2004/003352
oscillates at 1600MHz, clock signal 17A, clock signa
17B and cl ock signal 17C oscillate at frequencies of
200MHz, 400MHz and 800MHz, respectively. There is no
need for frequency control signal 156 in this
alternate enbodi nent. Rather, in power-save node,

bus
diffiquity i senchipnige,clocls signad 1dA\and slaskigaak2ih4e havere desired fixed
}5% &%uﬁhgﬁ Qmiégjgﬁﬁ clock signal 17C to produce
C

Is osc ating at frequencies of 100MHz,
[OQQS)]I\HZWM wmamscumsp émQuemy pf s;@ltdme cloak sigadlyl3 1k)hgher than
interface e . maski ich
o LA R RS A 17 lor e 8 wire e e more
the ohd@ayielock @lgaaloﬂmald dddkCHgnai mk@maﬁl@dlﬁ firdd pisételations
frequenci es of 100MHz, 200MHz and 400MHz in power-save

witb dstelpogiad| sigpelt - s Far estnplecsysippb glosk rmignal 48 yemh oscillate at
2 Qraﬂﬁ'?ﬁgl 8% ang@%\g&‘ﬁ( stgtaf 178 ﬁd ¢ of:lg E%Haﬁ%)&l may gscillate

ividers 2 di Vi sl gna
atbl;f)OeM@izt Evenuif chool signel 174 emfie:hickvsegn)al 2%@ dabiatna%ha’n the same
k signal .254.0sci || ate i gnal
s ISR AR S5 R Tl P preso B BB e phase
reitiohsh@umisibR betheed QUVkizigndDOMian@Bidck SIBRAIZA, namely 0, /2, m,
re ectlvel There is no need for frequency contr

Facingg, finofdht o 35 fhsy e cPhssa O DR SRAIRE AlEnF 7A and
cl@&é’"ﬁ fial DR {BogeethapH%lﬂe@tb%rﬁﬁgéflﬁg?gﬁang@ énltr ﬁsoi:l 1\'5'[9% send a

clock signal ock “si gna
sigad(itod siprved de érterfase koiadlen? whet thanginigrige fiequency of clock signal

re S of 10 20 and 400
ﬁ;Ae sgﬁe{c P v@lfK}ay g% gweoﬁzgen eﬁﬁ? gl_r%gl@léovfs my use
[00%SkA ghdvaginCFI® Ijectdi@inphb GBme dgeddiientd OCHe Pr&BA Svention,
27A, 27B and 27C to use, based on the node, to

APRGHI IR GRERPISE GREICSSTREIYSIeRt 4 pRMRHSITE wRfaesssqrd§ heving a PLL
351@9 %at%%QWcl@&dsﬁgngan'drbl&? naﬁéw%rdﬁ? tei(ng ngéllz;l.lfgnal 18.

Wien the oOscillation frequency of” systemc
A3 ghaven IneKl§3. t4h hLotS mauabmpiise Rlhle corsci 0l andi fmquénc@’qilmdely 151,

O 5 RSB b A0 0k 8 93k ST URERRETE i
PIIIO coNSormay Zkeivt @pdter icitkl signdA 186l af lidRk abid @3 geddite clock
51gna1 q?X t{jeeq%lé:nrcgddlélldérsdlﬂ 152 and 153 may receive clock signal 154 and
may divide it to generate clock signal 17A, clock signal 17B and clock signal 17C,
respectively. Unlike the embodiment described hereinabove with respect to FIG. 2, PLL
35 may also comprise a frequency divider 355 to receive clock signal 154 and to divide it
to generate a single core clock signal 16. If there are more than one core clock signals
16, then PLL 35 may comprise a corresponding number of frequency dividers to receive
clock signal 154 and to divide it to generate core clock signals 16.

[0050] As an example, in performance mode, clock signal 154 may oscillate at
4800MHz, and frequency divider 355 may divide it by 1, so that core clock signal 16
oscillates at 4800MHz. Frequency dividers 151, 152 and 153 may divide clock signal
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phase relationship with each other. [0048] However,

when the oscillation frequency of system cl ock signal
waooumofzsgher than the oscillation frequency PET/UE®OK003352

signal 17A and cl ock signal 27A, there may be nore

than one way for clock signal 17A and cl ock signal 27A

to maintain fixed phase relations wth system cl ock

signal 18. For exanple, system clock si gnal 18 rray

oscillate at 200MHz, and in power-save

134 pngrentyriRupigelye aeqk% KgrRectivein spabat glack ISlgaﬁlé 17ét 1713)@nd 17C
oMite A%\ﬁ%ﬁuérfaeel Eﬁéfom{g fwfomiﬁarﬂ%oﬁh@f Fea?é&il"l, 27A

each tain e sane I xed phase re fonship with
[09§ &}t Asnao| a@knpdd, gn atowkg-saveherode,acleck signaldi§4 magns;tllf oscgldate at

rel at S osSi bl e.bet n clock signal 17
+ QIS Soptndt BRECSD T8 Ry TorkRE o Syt oS 18, and
freq@hendivided I35d@kY WEvidett BB, kb ted dRaSRCk %'1 i @8 oscillates at
bet ween cl ock S|%nal 17A and cl ock signal A to be

6QOAZ g Esgavereyivisris clod s | g ard, §2 b may divi elegls@@iqlolw forty-
e1§1?chWéht Shgnald Mb‘l)ste §&g¥\5’&vehp br{h@(r 198@51%9{15 rl?é '7}.?%19%1 17C

when changlng the ffequency cl oc
osgiligteadt ﬁﬁ:ayenlws ot QOMHz,tZQ@Mf&m@H@QMHzemmo@delyo
ccor dj

(OBSHEEBRRENT b Do R PE Bl TR P eSSyl freauency

diRidemyl 5¢ p 1F0 k158, pid 6RS Bk NFed 1SdhangAthei@ rmqu@icsa @ivdsion between
‘Y@’F‘ E’ ssor 10 having a PLL 35 for generating core
U tRLYP 8nd BiXaFrgpectively, i @#arrganfv nqdgngng) fertumeight, twenty-

G .
5B SR O AR IS b Y o

[198essoxs] Ginajt betreupled delifrvawncyl akdértsd taeshengeaiofrequency
r t. PLL, core 150 ecei ve
dl%fO?&r%ﬁ% B bghiiamad i ¢ Rttt T Ganer at o
[0053]0]& ansalgnaite &ﬂilégdlﬂlﬂﬁk dfrthelpessent ioverntioeria bbhl erf&&aﬂé@mode

53 may receive clock SI nal 154 and _may |V|de it
‘tlﬁ’é??&eé‘ts%vedp%@( %ﬂ‘(‘ﬁ?ﬁl’ iiders ElodR2 andyhid m&W élVéF}?dﬂ‘?ﬂko%&lal 154
b}s’w&'ﬁ@}i fohf GwelVeSRREHL 'ré’s%leéfrvefjg ké K Wagn eITRe gifﬂ?l”{ﬂ osglélates at

descri bed herei nabove Wt h spect to FIG

480R)1H7, sddodonignpls 474, fclaskusigen) HZB/laaiérclec% stgoalr ¢2@i ewillate at
4 a

fr%ugﬁ‘lﬁe cg ?gb ¢l 6t 1%6@?[5% at o ééd%?gz W@?eé: u eée ¢} 8 need for

frmmenqoa‘oatrol mgﬂralﬂﬁ@ hathds alfebnatd &rabodihbnt3 Ralﬂ&y i Wéf-&ﬁfe&node

car r espondi f frequen dividers to rece
bug|IReads Bﬁq Y f‘gﬁﬂea brides e sig i Ay glogletignaltldB cofelock signal
1%t 96 kpr§dt&83$1§ck1§1 nﬁl@o&@ﬂllaﬁ?g 3 f?é&ﬁ%& of M0GGELONEBVEE. and
node,” cl ock signa may oscillate at
400MHz, respectively. Alternatlvely, bus interface 13 may use masking logic to decide
which edges of clock signals 17A, 17B and 17C to use, based on the mode, to produce
clock signals oscillating at frequencies of 100MHz, 200MHz and 400MHz in power-save
mode.
[0054] While certain features of the invention have been illustrated and described herein,

many modifications, substitutions, changes, and equivalents will now occur to those of

ordinary skill in the art. It is, therefore, to be understood that the appended claims are
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4800MHz, and frequency divider 355 may divide it by 1,
so that core clock signal 16 oscillates at 4800MHz.
wo-e@guoeney dividers 151, 152 and 153 may di vi deCTUSIOR4/003352
signal 11 WD 2004/ 095247 PCT/ US2004/ 003352 154 by
twenty-four, twelve and six, respectively, so that
clock signals 17A, 17B and 17C oscillate at
frequenci es of 200MHz, 400MHz and 800MHz,
respectively. [0051] As an exanple, in power-save
infanded tocgayekaly Pephianodifaatiny aed Phangesasi fell avithimthe true spirit of the
in% %y&t, so that PLL core 150 may renain |ocked to
system cl ock signal 18, and frequency divider 355 may
divide it by 8, so that core clock signal 16
oscillates at 600MHz. Frequency dividers 151, 152 and
153 may divide clock signal 154 by forty- eight,
twenty-four and twelve, respectively, so that clock
signals 17A, 17B and 17C oscillate at frequencies of
100MHz, 200MHz and 400MHz, respectively. [0052]
Frequency control signal 156 of processor 10 may be
coupled to frequency dividers 151, 152 and 153, and
may be used to change their frequency division between
twenty-four, twelve and six, respectively, in
perf ormance node, and forty-eight, twenty- four and
twel ve, respectively, in power-save node. Simlarly, a
frequency control signal 356 of processor 10 may be
coupled to frequency divider 355 to change its
frequency division between 1 in performnce node and
6 in power-save node. [0053] In an alternate
enbodi nent of the present invention, in both
performance node and power-save node, frequency
di viders 151, 152 and 153 may divide clock signal 154
by twenty-four, twelve and six, respectively, so that
when cl ock signal 154 oscillates at 4800MHz, clock
signal 17A, clock signal 17B and clock signal 17C
oscillate at frequencies of 200MHz, 400MHz and
800MHz, respectively. There is no need for frequency
control signal 156 in this alternate enbodi nment.
Rat her, in power-save node, bus interface 13 may
further divide clock signal 17A, clock signal 17B and
clock signal 17C to produce clock signals oscillating
at frequencies of 100MHz, 200MHz and 400MHz,
respectively. Alternatively, bus interface 13 may use
maski ng |l ogic to decide
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whi ch edges of clock signals 17A, 17B and 17C to use,
based on the node, to produce clock signals
woeihdael ng at frequenci es of 100MHz, 200MHz BEIUS2004/003352
400MHz i n power-save node. [0054] While certain
features of the invention have been illustrated and
descri bed herein, many nodifications, substitutions,
changes, and equivalents will now occur to those of
ordinary skill in the art. It is, therefore, to be
[A9heeMebis¢laimed ist he appended claims are 12 WO
2004/ 095247 PCT/ US2004/ 003352 intended to cover al
LAgtetheddompeisingons and changes as fall within the true

per st 05 sk APt BBy Gne! BiERIPLIAG & e cigec signal o

meh lapphratospaviiisd aiprocgssrer at i ng an i nternmedi ate cl ock
system cl ock signal of an

si gnal ile |locked to, a,
apg.alpa ﬁgt HWF@@V]QI% @g@ ggqgfn:eg]ia’ﬁ %{f)qlq wgqa?,%(g@t}erate one or more
dibué BloB8lsigRd18ati a ¥y TBSH GHer ﬁio@@gu&c*ﬂr&]fﬂ_@ﬁciéscfo9§ Bﬁ"s; &tgﬁleed to said

one or nore bus clock signals at a first set o
oiPraggssenisnd frequencies for a bus coupled to said

pr ocessal.; | 0 Ay divi.di.n ai d .
e o oo SR, AR RE AN Sy B LR Wl Wb seid one or
moicge bus chcbclgnsisginal scaid et DE0n8 Gr $¥dre Glus BRQuEiciiDWRerein a

bus freguencies, wherein_a | owest_ of said second set
i O‘H?SE?T@W{] HeeoTicsel 13 et An a doveest pfsgid Ritseto  The
thod of claim1, further conprising: in said first
2&@@é§“@¥&@?ﬁ¥@ﬁg T SFURfSIE: core clock signals at a
firsh saRtidf medy %enefréftﬁ%ucfﬁl@ S)g Gord Bbre Q:l(ﬁ:ﬁrsgn?fs of @leflst set of core

processor, wherein sal t set of cor requenci es
aifiequengics daves corafisagd progekeore mieregdsaidifitst pit@f obrefeiqdencies are

l Qéelye ftha%ag dpr&ielie%}ninsegt mgftipPeu%f sztirde l\'zlveegtCio SsétidaHr(:slt set of bus
frequencies; and

in said second mode, generating said one or more core clock signals at a second

set of core frequencies, wherein a lowest of said second set of core frequencies is

lower than said predetermined multiple of said lowest of said first set of bus

frequencies but no lower than said predetermined multiple of said lowest of said

second set of bus frequencies.
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in said second node, generating said one or nore core

clock signals at a second set of core freqguencies,
wob@redn4a | owest of said second set of core PCT/US2004/003352

frequencies is lower than said predeterm ned nultiple

of said |lowest of said first set of bus frequencies

but no |l ower than said predetermned nultiple of said

| onest of said second set of bus frequencies. 14 WO

2004/095247 PCT/ US2004/ 003352 3. The nethod of cl aim

3.Theipethed pf ¢Jaire?.avhaiein gawatmesa@row g pereslaskisignals at said

fitsk $BALS cBe ﬁ@%t%nmfeé rcﬁ}ngﬁg géne&ﬁflg (s deﬁfé? rh%{ BF core frequencies

conpri ses generatin
sufficiquibndighsto sudbie <sa1dnpﬂoyeslsmgto B@p«artah)II&g}malpérformance of said

HEBHR &ﬁ%@th%ﬁ%gﬁé‘ﬁ%ﬁiém%sq% Shedt i FabieRy oot dof

e f 4. The nethod, of claim?2, where
4-3@Wé?%%5?<ﬂafe daim rsteir Shusraingoris Qe e mate a?rawgocgtmgglahs @t said
fifst st of e&or@ffr&]l Qékidsr ﬁﬁ:ﬂﬁl@@'cﬁﬁdin@céﬁﬂj atefthadisle "dod@istnal and

i ntermedi ate clock sig and generating said one or

SeRSFasing Gpid @leovikmeregerae §10&1< sigiialy eseisihetcemt safofmore frequencies

u&ﬁﬁ @Oﬁﬁﬁﬁﬁhlﬂ@t %ﬁ% gk%kggﬁg said intermediate clock

I'm 1, wherein d|V|d|ng

i t ock ener.at e
R e R SR
saﬁd etLEmeore Su&ﬂm:kr digreds at sald \eddnd getodbds frefuRheTeioRRises:
cl oc erate said one or nore bus cl ock

i gn e
Si gn‘gT’"Qm%t S%i"éer%eg’s‘lfe clagk gigndl fe Fepargigesaid are onpgre bus clock

USighls BRskd £t 4eP8f Bustieqa&l Gt atthi ch edges of said one
or nore bus cl ock si nals at’ said first set of bus

f r eqisingoneskingdogis o saecprbithedgesaifdaidose or mowr wistslsk 51gnals at

Clséﬁglﬁr& 'sgcrlﬁ’lbg ﬁ%quefi@ilegtosu%g ? u}%rtoﬁete sglfgr?glg?)g%ge ul}es% Qg Isagnals at

segidRetond 8¢t of duphequengier | ower voltage to an interface
to said bus than that which supports said interface

6.1 The dtitbdl dictim MO A ther confprisaidhod conprising: in a
power - save node of an apparatus having a processor and
a bua sa@es[q%qréit qnﬂ%e supplying a lower voltage to an interface to said bus than

that which supports said interface in said first mode.

7. A method comprising;:

in a power-save mode of an apparatus having a processor and a bus, generating
one or more bus clock signals having a lowest frequency that is lower than a lowest
frequency of one or more bus clock signals in a performance mode of said apparatus,
so as to enable a core of said processor to have a core clock signal frequency that is
lower than a predetermined multiple of said lowest frequency of one or more bus
clock signals in said performance mode even though said core is constrained to have
core clock signal frequencies no lower than said predetermined multiple of a lowest

of bus clock signal frequencies.
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one or nore bus clock signals having a | owest

frequency that is |ower than a |l owest frequency of
wWo@p@409520mr e bus cl ock signals in a perfor mancECHOS®04603352

said apparatus, so as to enable a core of said

processor to have a core clock signal frequency that

is lower than a predeterm ned nultiple of said | owest

frequency of one or nore bus <clock signals in said

per f ormance npde even though said core is constrained
8.t bhey aeghodc oF eladn obkWhergHageIerbRg SAldi eae AH myadtust Hegk signals
cotfprflepredetermned nultiple of a lowest of bus clock

si'gnal frequencies. 15 WD 2004/ 095247

PCT/ 4¢821001¢ a0BeSmedBie clvk sigaahidan efsystémicinck signaleped n

gener.ating said one. or re. bus cl ock signals

Sonr PR E Bl o SieBt oo cPBLRMS prmare bus clock
f sipgAmla. system cl ock signal; and dividing said

i nternedi ate clock signal to produce said one or nore

9.bUBe eletid of Al B. wherethhgeneRitil® daidf ofd 8t Mhote BMRSIIEIKNsignals
generating said one or nore bus clock signals

CEYHPIPY-ses: generating a first internediate clock

Si ONRher il Arct YRL AR fé'teoc[qgckssii%ﬂﬁgbm%i Y@M RAdhal,' T St
i ntefnedi ate clock signal to Pproduce one or nor
secohdidingnsaid fedi atemediotkcletlys@hal; toapcbdusd pge maskibregsecond
l ogic t.0. sel ect ich edges of said one or nore second
iHﬁEPHQHWﬁﬁ 3%1%%@%§?%nals to use to produce said one

or ning Buski Olkicsit@NRlest wileh HALes™F Qs QneCbRimdré: second
further,conprlsing: supplying a | ower voltage to an

i Hterpred g qlockesignalsyayisq amoduga saidane or mers s clock sigaals.

interface i n performance node. 11. An apparatus

10 dhpmediod 9f claimp /ofsthetonpsising: coupl ed to a bus, whose
COor e ' e . e re .cl.ock .
Py FRTEAE Nl R B e R SR s s
midtérifaek én pdrfaamance mode.

11. An apparatus comprising:

a processor to be coupled to a bus, whose core is constrained to have one or
more core clock signal frequencies no lower than a predetermined multiple of a
lowest of one or more bus clock signal frequencies for one or more clock signals
of said bus,

wherein said processor is, in a power-save mode of said apparatus, to generate
one or more bus clock signals whose lowest frequency is lower than a lowest
frequency of said one or more bus clock signals in a performance mode of said

apparatus.

12. The apparatus of claim 11, wherein said processor further comprises:
a phase locked loop to generate an intermediate clock signal from a system clock
signal, said phase locked loop including one or more digital frequency dividers to
divide said intermediate clock signal in order to generate said one or more bus clock

signals.
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| owest of one or nore bus clock signal frequencies for

one or nore clock signals of said bus, wherein said
WEe@emesRdT IS, in a power-save node of said apper/H$2084/003352

to generate one or nore bus clock signals whose

| owest frequency is lower than a | owest frequency of

said one or nore bus clock signals in a perfornmance

node of said apparatus. 12. The apparatus of claim

wherej n sajd processor furthe oppri ses: a phase
1%@%3@1%% of Gleariar % %feglrﬁafcﬁff@fﬁié)&ﬁ%ffg’oel%@@%P@H%ﬁeS one or
mloFed Bl dtiS4$ l@Rak IfRkGHencs | iddrs 16 AiFldP RAA EinlePhkBEte | AR signal in
including one or nore digital frequency dividers to
oigpy/fogenesalie Pnp Af éworﬁeqslir%wlegwwks %1 spidcoten order to

enerate said one or nore bus clock signals. 16 WD
lfg-d?bl&/ag%@nsrommrmmmmc@sor furkerapparisasus of
cl ai ej ' locked | oop further .
oot pARETS b BORRG: bRCHS A28 ALy s cor
difsondsaid syistendéloclddgisdi d i nt er nedi ate clock signal in ~
order to generate one or nore core clock signals for
15 altapparaeus cdhpriding: apparatus of claim 12, wherein said
processor further conprises: another phase | ocked | oop
to geMeressiagsreinoting #dgast:cl ock signals for said
core famagai d system clock signal. 15. An apparatus
conprising: a processing systemincluding at |east: a
bus; aAdreEessobe@Pdrto said plisavhose et & doustraivddas daeoome or more

1 et Bk gt SallheFondR oy BRLF ersiRfBn sl G op lowes

a | oofest or aforobes dockBgieal Begudikies Kordng dlmdré SIAVIE BIGhAS of said
for one or nore clock signals of said bus, wherein

said“ﬁrocessor is, in a power-save node of said
appar atysreird RidIFd6Es841Ss, in a power-save mode of said apparatus, to generate

one or more bus clock signals whose lowest frequency is lower than a lowest

frequency of said one or more bus clock signals in a performance mode of said

apparatus.

16. The apparatus of claim 15, wherein said processor further comprises:
a phase locked loop to generate an intermediate clock signal from a system clock
signal of said processing system, said phase locked loop including one or more digital
frequency dividers to divide said intermediate clock signal in order to generate said

one or more bus clock signals.

17. The apparatus of claim 16, wherein said phase locked loop further comprises one or
more additional digital frequency dividers to divide said intermediate clock signal in

order to generate one or more core clock signals for said core.

18. The apparatus of claim 16, wherein said processor further comprises:
another phase locked loop to generate one or more core clock signals for said core

from said system clock signal.
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one or nore bus clock signals whose | owest frequency
is lower than a | owest frequency of said one or nore
whem4o92¢k signals in a performance node of saPdI/US2004/003352
apparatus. 16. The apparatus of claim 15, wherein said
processor further conprises: a phase | ocked |oop to
generate an internediate clock signal froma system
clock signal of said processing system said phase
| ocked | oop including one or nore_ digital frequency
195 Thepparaiis ofiFlpiHdS s‘ﬁlilf‘dem Feid PrRsgsitessyetermdiither gREmPripas:

or de, lﬁls%tgﬁﬁger t@tr&:e?\/%' Q%Q %igfor%%l&k% é‘ﬁlﬂ‘ﬁc k signals.

e apparatus of rein phase

2(5 ofljl%eag)ﬂolu?% o Ul 85, fﬁﬁg& ﬁ@ﬁs@?e or nore additional

requency divi vide said internediate
cl ocd<pcszvegrsa;bply nnit ar sipplytadoyenerlage tooraél mrs imerfeceaharethat which
cl ock SI aI for saig core. 18. The apparatus of
cl 'éﬁ’%“ié %?ré‘?aﬂc%g’l ‘processor further conprises:
nother hase |.ocked | oop to generate one or nore core
MSUWP§@ &PUPFHPEsai d core from said system clock

Si gn@ antehfia,\J¥3d2004/ 095247 PCT/ US2004/ 003352 19. The
apparat us of claim 15, wherein said processing system

f ur thRspcessing syEes inchudingsatilessier f ace to recei ve said one

or norgbﬁy%'alock signals. 20. The apparatus of claim

19, furthér conprising: a power supply unit to supply

a | ower pwakssag eaoLtpdzedsta isald bus whobeedra dseconbtedindditahavdvnelor more

supports sai d or mance node arat
congRrS g ieaf] Hraiem odR chhh & 26l TSy Srdagle of a lowest

i ncl 48 @r tort B@SElock Hgll Freq@didied fR R RE %ere eRUPLBHaI Of said
sai d bus, whose core iS constralned to have one or

noréﬁmcore cl ock signal frequencies no |ower than a

predet %@eﬂlegaiwlréée@o? ié)gbl@, fnoélng\;ver-save mode of said apparatus, to

generate one or motre bus clock signals whose lowest frequency is lower than a
lowest frequency of said one or more bus clock signals in a performance mode of

said apparatus.

22. The apparatus of claim 21, wherein said processor further comprises:
a phase locked loop to generate an intermediate clock signal from a system clock
signal of said processing system, said phase locked loop including one or more digital
frequency dividers to divide said intermediate clock signal in order to generate said

one or more bus clock signals.

23. The apparatus of claim 22, wherein said phase locked loop further comprises one or
more additional digital frequency dividers to divide said intermediate clock signal in

order to generate one or more core clock signals for said core.

24. The apparatus of claim 22, wherein said processor further comprises:
another phase locked loop to generate one or more core clock signals for said core

from said system clock signal.
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of one or nore bus clock signal frequencies for one or
nore cl ock signals of said bus, wherein said

wEe@eesRer is able, in a power-save node of saPdI/US2004/003352
apparatus, to generate one or nore bus clock signals
whose | owest frequency is |lower than a | owest
frequency of said one or nore bus clock signals in a
performance node of said apparatus. 22. The apparat us
of claim 21, wherein said processor further conprises:

2% Prapparpie kEelaingdb whereie prid atosesing systemfadheicemprisssk
3 0B BYSLRTLEHAGE or BbANAL Bl Sithtls P OCeSS1 10
system said phase | ocke Poop i ncl’Udl NG one or nore

i-g.t I i i . i vide said

m?n gﬁ%é%?g?§9g§g§25§$éﬁgﬁ5§ﬂﬁﬁ?ger to generate said
one agsowan sepdyl snic toostiksplyiadoweérsvolta@e toael tap tedideshaf that which
claim?22, wherein said phase | ocked | oop further
c SHRpPrts sid gerdorgiancempde- addi t i onal digital frequency
dividers to divide said internediate clock signal in
order to generate one or nore core clock signals for
said core. 24. The apparatus of claim 22, wherein said
processor further conprises: another phase | ocked | oop
to generate one or nore core clock signals for said
core fromsaid systemclock signal. 18 WO 2004/ 095247
PCT/ US2004/ 003352 25. The apparatus of claim 21,
wherei n said processing systemfurther conprises: a
bus interface to receive said one or nore bus clock
signals. 26. The apparatus of claim?25, further
conprising: a power supply unit to supply a | ower
voltage to said bus interface than that which
supports said performance node. 19
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