WO 2004/ 095247 PCT/ US2004/ 003352 REDUCI NG CPU AND BUS POVNER WHEN RUNNI NG | N
PONER- SAVE MODES BACKGROUND OF THE | NVENTI ON [ 0001] An apparatus contai ning
a processor nmay have different nodes of operation, the different nodes

repr esent i NYO30Mi0PR2&t ent trade-of f bet ween power consunRGTAF2)4(§03352
performance. [0002] In one exenplary node of operation ("performance" node),
internal resources of the apparatus, including the processor, may be
operated for high performance that may result in high pover consunpti on.

[ 0003] In anot her exenplary node of operation ("power-save" node), internal
resources of the apparatus, incl ud| the rocessor, ma be operated for

| ow power con®FRHE WA@%V%PQ JVHEN RUNNING B@R‘@%ce for
this node of operation. [0004] A proq\q@ypfs may conprise a core constrained
to have a | owest of core clock signal frequencies no | ower than a
predeterm ned nultiple of a |lowest of bus clock signal frequencies of a bus
coupled to the processor. As higher bus clock signal frequencies becone

possible, this raises the pReKGROTND OF THH AVER®IGR" € ¢l ock signal

frequenci es can be reduced in power-save node, thus hanpering the efforts

to reduce pfﬂb@f ] AR953HREI Ataidify PPWMREssSaM S MRAQliffdr 3 Orded b Ybkiidn DBe

benefi ci al reduce power consunption whi'le the apparatus operates in
power - save fibgeent \Mﬂdle% repipsentEngn i ndjfferent; igdecnfl hgtweie noBier sensimpton And\D

2004/ 095247 ,Bell 1152004/ 003352 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The
subj ect mat Per regarded as the invention is particularly pointed out and

di stinctly E082niBcbne exengany onaslewd iopgatipor(tpediarmdnce hipodg) civtefriat eesowees ofhe

nventi on,  BR'EKSu., 1R9dnf FeliBo B8R AR SRRt PRI BlmBBETA h)
result in high power consumption.
[0003] In another exemplary mode of operation (“power-save” mode), internal resources
of the apparatus, including the processor, may be operated for low power consumption
while maintaining a predetermined performance for this mode of operation.
[0004] A processor may comprise a core constrained to have a lowest of core clock
signal frequencies no lower than a predetermined multiple of a lowest of bus clock signal
frequencies of 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 foll ow ng
detail ed descri ption when read with the acconpani ed drawi ngs i n which:

[ 0007] FIG is asinplified block diagram of an apparatus conprising a
processi ng 93?%‘14’8% #h accordance with sone enbodi nents JCTHHROWI0ESENt
invention; [0008] FIG 2 is a sinplified block-diagramillustration of a
processi ng system in accordance with sone enbodi nents of the present
invention; and [0009] FIG 3 is a sinplified block-diagramillustration of
an apparatus conprising a processing system in accordance with other
enbodi nents of the present |nvent|on and f 010 ! FIG 4 is a sinplified
bl ock- dlagramlllustratlw E' WINGSe with some

enbodi ments _of the present |nvent| on. 0011 It will be appreciated that for

sinplicity H996kThe pybjechmatter segerdsdjasrie é‘!"éﬁ%‘?& & paticery poipled qut giides have

not necessaﬁis{ﬂcﬂp%ﬁﬂnég 'k éo‘ﬁcl%@ﬁé Fortlgﬁ’f)f tﬁé%*ﬂ@atl&nh%gﬁd%ﬂt%noﬁbﬁw&ér sone of
the el enments may be exaggerated ative to other elements fof clarity.

Further, whetheasclorpsganigation apd m@ﬁmdagfeopera@p@rtggﬂil@er riviithe pbileets,niggtutge aﬂépeat ed

S s BB B AR R BRI il BRI R ?

I n the fol | descriptioterhen read weithstbe aqyompamedrdmngms vdpehci fic details are set
forth i d
Hovever 1 ¢ 0B B2 R A Ratd BO0K AReHRCH B BRSKRS Qe TYREMRE |\,

t he present sjrstmeintabmdamgwhh sqnnaahbadeﬂentmfttﬂrmésehhﬂmusmec| fic details. In
ot her insta - known roce onponent s and CIrCUItS
nave not el ORREE ik, Hihatlies RlockBeRRo N Ghin 7 BrechBig, DGRy 0

i nventi on. El&ﬁﬂcﬁ]lce'\I/ltlﬁ%ﬁwdﬁlﬂ@&mwﬂfé%lfﬂfe@%ieﬂtm%ntﬁﬁb@ﬂi ments of the present

i nvention may be used. in cgg{) Ius h n rocessor. Although the
present i nv&fOPLHG S S‘mp ig¢ glofkrdiagram il ?g@’&to A ARPBHE CHNPRSMRY be a

portabl e deyjgeessinhaystdi®in R oRIRME ith dier 3mBadiinefity of $He Bresent invention; and

[0010] FIG. 4 is a simplified block-diagram illustration of a processor, in accordance

with some embodiments of the present invention.

[0011] It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other elements for clarity. Further,
where considered appropriate, reference numerals may be repeated among the figures to

indicate corresponding or analogous elements.



limting exanples of such portable devices include | aptop and not ebook
conputers, nobile tel ephones, personal digital assistants (PDA), and the
like. A ternatl vel the apparatus may be a non-portable device, such as,
for exanpl eYO3'4d %% #op computer. [0014] As shown in FI GPCT/USQ@’&@PQF%Q to
sone enbodi nents of the present invention, an apparatus 2 may conprise a
processi ng system 4 and a power supply unit 6. Apparatus 2 nmay optionally
conprise an antenna 8. Well-known conponents and circuits of apparatus 2
and processing system4 are not shown in FIG 1 so as not to obscure the

i nvention. [0015] Proce55| ste essor 10 and an
interface controller Aﬁﬁgﬁé@f: e‘gﬁﬁfém& is not limted in
this respect r SsSO for exa , a, proc i.ng unit
(CPU), a di i g]Ins @rﬁ%llio“ﬁﬁ‘%g%é‘é cSEsEHpn, nyme csB?F‘fC‘i H%tf“ Su%rF|56tnfeg’§tgtmcorrput er

(RISC), a cont & prévadd ucmb@ngﬁ%d&amﬂgebf(ﬂg fivkentind tERvelveK @ willMBg eover ,
processor 10 may be part of an application specific integrated circuit

(ASIO). Al tlw&ﬂfgwdtbw«éhw eé@rﬁtnarmmthfrm that ey Presen ingeatipymey pe pragticsé et |
interface C%Sﬁ'th&fecfpgclﬂ@xaetahg Th Oth&@ XAMRIcEs, WelOHRDWAT ind@6ds, gr&%&drpéjef al

conponent i nterconne north bridge, a PC south bridde, an

accel erat ed cgnmnnte sndp@rcwtf( notireer Q@Crﬂa@dn@ﬁ%@l!ﬁq a5tnot foanbecudethe preserdnd t he

|l i ke, or ? dJiation thereof. Mreover, interface controller 20 nay be
part of an app I'cation specific |ntegrated circuit (ASIC) or part of a chip
set. 3 WO 20@4ADPBSAN Wﬁdbﬁﬂ)@@ﬂﬂaﬁ&ﬁwﬁmrﬁﬂrﬁlﬁ] praeotmssmuon iy rayseddnpri se a

core 12 and, SRRy STk ORyS B s PR R SRS, 20, O
18. [0017] kyspegshesppiinamehyi b’ttaepcfrﬁble devied thed 1ha3/rbe21£bwemd onpatiese Nonbus
e i Barml AP 2E 02 SERERh Yol oAl TS AT L2
Processor 1hoBDél tdléph6hidsap@ssiantiipithl S%istdfls TRPAY, G Ithé ¢ika bUterftilel}Sthand a bus

apparatus may be a non-portable device, such as, for example, a desktop computer.

[0014] As shown in FIG. 1, according to some embodiments of the present invention, an

apparatus 2 may comprise a processing system 4 and a power supply unit 6. Apparatus 2

may optionally comprise an antenna 8. Well-known components and circuits of

apparatus 2 and processing system 4 are not shown in FIG. 1 so as not to obscure the

invention.

[0015] Processing system 4 may comprise a processor 10 and an interface controller 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 system cl ock signal
18 to generate clock signals 17 and cl ock signals 27, respectively. Bus

interface 13 and bus interface 23 may use clock signals 17 and 27,
respectivelYO 20040%ater ate and sanpl e data, address and PESHSPE/OEBhal s of

bus 30. [0019] Since they are derived fromsystem clock signal 18, clock
signals 16, 17 and 27 nmay maintain fixed phase relations with system cl ock
signal 18, and consequently with one another. Moreover, the phase relations
bet ween cl ock signals 16, 17, and 27 may be wused to generate and sanple

data, addr e@?l@%o&%} rl@'mzfy: SrRe AfcolRUB AR a QO Fhse! ochtd! boP 12N RUECT at ed

by persons I nary ski in the art that the performance of "processing
system 4 maGob@Liecldmey gensrath enger morergoric elods signadic s ussd byocorsyhd &nmnamy be

related to i nge of core 12, which nmay be related to the
frequenci esyél?m%ﬁcegrggﬁock signals 16. The performance of processing system

4 may al so 19617Tdiradessr 16 andhénterface gomtrodler20 gy whrnptisechabus, intedfdeeebsamdnal cont r ol
signal s of pus .30 ar ener at e | i f ormance
node of ope B a,'ceizs ’ Igrsé{’eg%ebdg%@g%/dust% o) at\((;j ene(%% ggrgﬂél En'aa aga ’ &%{r&igﬁgnd 27

osci | | ati ngcoatrohvigalsfofeued®i es. [ 0021] In contrast, in a power-save node of
operation, | be desired ta have cor cl ock si gnal 6.0scillating at
"ow 11 equentoPbliBiecsins T GhEimerdies SHErIBh b Pey SrEpss s BRI AL 8ELR b | o

| ower than Py bherefiRbfRIyTEBEGEPIIDAS apd bEIIaLs tay uwdiysenbElotl signubp®rd i ng a
predet ermi ned performance of prqQcessin ﬁystemA for. this rmclg of _operation.
[0022] Howegdrrateieck emalsi Totndcdork $ErlnaY; respratiysle o Bum dyteréacel @pd bug) ock

signals 16 feYfacdss mapald dbdkaderdaR anaty) @@%&ﬁmypEcegm@ferradaesdmfmldaiap! e of
the | owest frequency of clock ~signals 17. For exanple, core clock signals

16 may be cw¥ideess androatrelsignalsiof bust®- at at least six tines the | owest
20041 005247 B s BB S R e T ok R T i el s 17
were to oscinky awintain fixerbphagereeldtions wéth oy ssem block sighal qﬁeaﬁ@m@nth‘o\d@gand in
power -save phdg mth el\r&oﬂ-egve?,otﬂ@E)ﬁa%@}(eqatgﬂggetwge?lrc?ocﬁls%%}aﬁs 16, 17, and 27 may be

used to generate and sample data, address and control signals of bus 30.

[0020] 1t will be appreciated by persons of ordinary skill in the art that the performance

of processing system 4 may be related to the performance of processor 10, which may be

related to the performance of core 12, which may be related to the frequencies of core

clock signals 16. The performance of processing system 4 may also be related to the

frequencies at which data, address and control signals of bus 30 are generated and

sampled. Consequently, in a performance mode of operation, it may be desired 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

4



signals 16 would be constrained to oscillate at frequencies that may | ead
core 12 to produce higher performance (and hi gher power-consunption) than
necessary to support the predeterm ned perfornmance of Qc i ystem 4
for power - SUVWOHBIR7 [ 0023] Therefore, in order to enab éT/ggfoy/@g%%k signal s
16 to oscillate at |ow frequencies, clock signals 17 (and hence cl ock
signals 27) may be generated at even |ower frequencies, if that is possible
while still supporting the predeterm ned performance of processing system4
for power-save node. If the frequencies of clock signals 17 and 27 are
reduced reIlahitademtthistdaﬁectrHcplrEkcsigaslsﬂﬁaterettb@yciHIae/et the spee frequamnicsebotinde, thi s
may reduce. the pr nsqutlon associ t tﬁ th bus interface Jg] bus
interface 2% BHQ dPiRPFCT VY HHES Y H}ep%‘@?rf%}“f’rﬁ}‘?g% 54

operation. {igkiie E@nldebf@a@is&amdsdﬂtoomlllambaoﬁda;aértcle@fthithxﬁaypﬂ@ﬁeﬂ@te inwenti on,

system cl ock gnal 18 may osc te at a | ower, frequency in power-save
mode t han ili’fo%@?fhéﬁhﬁhﬂ?f@r%‘&fé (a@i ‘H r pewsrc%néqr@wapﬁl% necEFsaph 19 SHPPott o
derived frofgp 5&3&@&&lﬁédq&kfoﬁhﬁeabfpx&esﬁﬁgesvystem fSERIvRrhidmody st em cl ock

signal 18. For example, systemclock signal 18 may oscillate at 200MHz in

per f or mancelOABHer hawéoratm mwzemawe SeRReEtock sigaalyrbtito ostillate|ap lgasfrequersifsency of
clock si gnﬁbcklzl ohBY e (%Qohéﬁ%el&odkeglmmw%amé @REkar@O&veh NgRgier - save

nmode, enabling cCore clock signals 16°to oscillate at as | ow as 600MHz in
power - save figsenciesy ifithy is possj de oiilbsuppentiag dlsr predatepiined; pgrfarmangg ef

gonst ral ”eggrkﬁlgﬁ%és g-f (E%O%P%Vg%kgslfﬂ@ﬁé@%ﬁt&%mcﬁI @3&1& ’Fﬁtﬁr}&gg | ovest

frequency si gha wever
processi ng &'ysecbmcﬂredﬁibmgesha‘ fr@cmem hhaclbe}t ba\f&notméprmarhemmdﬂﬁ&lishea)a peri od
of time until

ucg owe 3l {jo oc. aged ﬁ'l s teéc K 18”%0 F%aeanngw

frequency SRUE ?%rﬁ'élc%f% gy ’h?F 185 WP HEFBESr 8 RGP EY gl e
duri ng t hi s3d setseve foahat uethawﬂﬁ&madwmcmg otfb@rittblnock time, processor 10 nay not
be able to d to interrupt ‘??fd) |mt t he occasions
where a swi WBFHIDSF GUEHPInAT Pis HEREEbALOS RiFns BiER iBa it terk grab
perforned. hhy beupk d Beowdr &%gikincy IRMWet-Sive irdde tan lil perfoelaric mddbli Sint€spect ,
in sonme cases the relock time of PLLs 18, 15 and 25 nmay. be approximately 5
to 30 mi cr odeskosgnals 16, 17 and 27 are derived from system clock signal 18; they may scale with

system clock signal 18. For example, system clock signal 18 may oscillate at 200MHz in

performance mode and at 100MHz in power-save mode. The lowest frequency of clock

signal 17 may be 200MHz in performance mode and 100MHz in power-save mode,

enabling core clock signals 16 to oscillate at as low as 600MHz in power-save mode,

using an example where the core clock signals are constrained to oscillate at frequencies

no lower than six times the lowest frequency of the bus clock signals. However, in this

embodiment, as processing system 4 changes from one mode to another, there may be a

period of time until core PLL 18 and bus'PLLs 15 and 25 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 preseht 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 WD 2004/ 095247 PCT/ US2004/ 003352 [0025] In other enbodi nents of the
present invention, described hereinbelowwith respect to FIG 2, the
frequency of s(}/stem cl ock signal 18 does not vary between erf ormance node
and power - YQ@0048%247 [ 0026] Power supply unit 6 may proVCIESPEHEP% core 12
via a power trace 61. Moreover, power supply unit 6 may provi de power to
bus interface 13 and to bus interface 23 via a power trace 62. [0027] It

wi || be appreciated by persons of ordinary skill in the art that the power
consunption associated with core 12 of processor 10 increases as the voltage

on power tgo@gs:] BlothéICERBERGentavd thd Grezemeivanion U dRiclissl Besabdlal editwi t h bus
interface 13, bus 30 and bus interface 23 increases as the voltage on power
trace 62 i nePrest e Fl@opstgulssaueney of sysiemyclgek aigasl, Bydess nwery brdeen| t age on

power tracegefimand nfde WEsovRRAahde. 2 is in the power-save node of
operation. In order to enable lowering the voltage on power trace 62, bus

interface 1003¢lPdyies supplerundce may pryldecboss ity et 49 Mis@ powes\irage|Glage | evel
for alowf S . | : - and a
p@gée&@%&ggggglrppguﬁ& 3 ?IF‘} %;oﬁasaﬂmeﬁ-‘ to LS i g@{e FR4Ag fﬁ‘?%ﬁf o

hi gher vol I gh equency node, suc or exanp t he
per f or manceintarfdee 23 via appwer tiage 6bpr eci at ed by persons of ordinary skill in

the art tha |l ower the fr ies e Gho i.anal s.16 he | ower
power suppl ixooéﬂﬁtt Vgﬁen%eyaprp é?fbaé%qp’ﬁ@%@gqst g%(e)rdgl(r%{:yp(s)lglvielrlﬁ KP? gge%%tlt.h%ﬁogef arly,
t he | ower t bensiimpiipmesssiceasedowitic bae k2 of groatssorllD iamdas2y as theevoltapeem pooweer

supply unit 6 y. reduce e voltage on.power.trac 2..[0028]. Lt will also
Do Bt oci ol GyniErEnRas J Ris APy PRAR AR, b edos Pty
changes in gddlﬁis ilﬂéxﬁtabﬁ iricl?eéf @és\aetmrmafgetc?@otdezaidem iﬁdr%es.g(ttﬁﬁsﬁlﬁla’ftf;/, \Ithen
processor 10 changes t requency of clock signals,17 and core cl oc

D onal o 16 A RRR TS ov1eh b YohGte CpAYeD hess 69007 B2 BibahaePels & Sduoncy of
cl ock signathg pdter-tdv€mBodeB dprafiorRel Sder ©f enbblEBovIRIzEE RBIt{ge @AYRMEE €S and
phases of clock signals 16, are naot _synchroni zed and therefore

are i nadequi#e @o?ustiﬁérf%fﬁé?é{‘ﬁ? Bﬁ?ﬁr}gﬁerzfgﬁ?@@@ﬂy be|desiBnegHo pafer low voltage level
for a low frequency mode, such as, for example, the power-save mode, and a higher
voltage level for a high frequency mode, such as, for example, the performance mode. It
will be appreciated by persons of ordinary skill in the art that the lower the frequencies of
core clock signals 16, the lower power supply unit 6 may reduce the voltage on power
trace 61. Similarly, the lower the frequencies of clock signals 17 and 27, the lower power
supply unit 6 may reduce the voltage on power trace 62,
[0028] It will also be appreciated by persons of ordinary skill in the art that frequency
changes in clock signals involve some stabilization time. 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 may be
a few system clock signals equi val ent in sone exenplary processors to
apprOX|natelﬁé10 - nanoseconds. Consequently, it will be desirable to

have a hand¥ %Eoﬁgfﬂeen processor 10 and interface coftTOf &% %hen
changi ng the frequency of clock signals 16, 17 and 27. 6 WD 2004/095247
PCT/ US2004/ 003352 [0029] For exanple, processor 10 may send a signal to
interface controller 20 to indicate a change from perfornmance node to
power -save node. This signal nmay be a new sideband signal from processor 10

to interfacg OQWFJrQB(L%e ZBocefNot 26 RAY 4Rl AsignalNtoStbiFide REntrdlied D@lo ihAiRAR:
I nterface controller to processor 10 may be nade bi-directional to

support the chagget fr@naqerfpsm@ﬁe mogde d8 pewerrsive mideat Thig signabbway daamaevt o
interface Cgﬁgéﬂaﬂé' B ESOVER] 10 lhg}fbcepcfoﬁﬁ&i%? 90, %Qteg&gvéw r &6

controller Franp rom usi ng for a predefine perlo% of time
fol | owi ng t kigsal |ﬁmn m@rﬂacmcmtrolédrlwmp brotéssqarl@ eaydermatle birdidectional éo $uppert

controller g3 hRcERMRY 3k Prddlst o n@'Inﬁggggg%@adhagge % iR Yo thBEGR and

send transactions IS a si
bl ock- di agr Muore¢dven) $bﬂ1qiro<mssonﬂ0 pnad iree face) gorstpHerelt may raﬁramafmrn ndiapbas 80t h sone

0 may  compiiHeTiesBks S g CpAol aPpe gl § SR Pl 1o

whi ch may bénteifee codt@lleemigdotnplddy inkifalichinged agietobd eady 19 eoeHake] ﬁaﬂal sanpl e
control, address and data signals, respectively, over bus 30. [0032]
Slnllarly @F%%%“§F§H3?§m@7m  interface controller 20 may conprise clock

signal  27A[003bPEIG. I Wal sidpiicanelotk-Giagrami Batatidd Gf pibéesdingrBystdie 415ed, for
exanpl e, by bus interface 23 to enerate and sanmpl e control, address and

data si gnal @ccopdsagsetith W&ef*mbéq'&en thegipsentiysntiongy ock signals 17A, 17B and
17C may haveodhieidok ERAHENT e HRIBIHONS i ompR® IANOHERI 17K0H08XAERI e I ock

signal 17C na oscillate at twice the frequency of clock

and clock signal 17C, which may be used, for ‘example, by bus interface 13 to
generate and sample control, address and data signals, respectively, over bus 30.
[0032] Similarly, clock signals 27 of interface controller 20 may comprise clock signal
27A, clock signal 27B and clock signal 27C, which may be used, for example, by bus
interface 23 to generate and sample control, address and data signals, respectively, over
bus 30.
[0033] Clock signals 17A, 17B and 17C may have fixed frequency relations with one
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

7



signal 17B, and clock signal 17B nmay oscillate at twice the frequency of
clock signal 17A. Moreover, clock signals 17A, 17B and 17C may naintain
fi xed phase relations wth one another. [0034] Simlarly, clock signals
27A, 27B an¥O2¢/0ARY7 have fixed frequency relations w tH¢TORR0MABBMer . For
exanpl e, clock signal 27C may oscillate at twice the frequency of clock
signal 27B, and clock signal 27B may oscillate at tw ce the frequency of
clock signal 27A. Mreover, clock signals 27A, 27B and 27C nay nmintain
fi xed phase relations with one another. [0035] Bus PLL 15 of processor 10
may conpris \ 153.
Bus PLL corglp%%wsn%y ?gr%ga{tgg%lscfke af L 1o it gmn?a’df“\ﬁnga?g%é%ﬁ has%aﬁtg’%g/ 095247
PCT/ US2004/ mwsztemiqicpnkt signadl lﬁmpdg@ﬂeme glagk signelk 16 gRlock shzhal Wi ohy may

mai ntain fix h I | a core
cl ock si gnapg%kge. aq%feeos S éﬁ?y T\éng}f?r%@%%%rgg(} 4ngtq%p®l’eq{l§v rég(}reégbf rgbhlgncy I n
per f or mancePhbderedid mag rq:mam tockaie syemﬂmclodomgdahw ti?rsqueﬁltngmldem 115052ay

remai n | ocked s stem cl oc Fr e | Vi de i 151 and
153 nay rec&?Q/L ci%%ﬁecgll"&ﬁgqc{éf g‘nﬁé aﬂgﬁ‘lae{. ‘gﬁgeeqﬁ%{ gf%erﬂgﬁ KB, @%{ si gnal
17A, | cl OCkc%lgﬁ%hhall7B aAd eloei ggrkaflsvgmipedtmy I’Iéhstfﬁﬁ’é Ic‘Y(QllQSlgnIlhmﬁgvﬁiled g | ock
signal 154 I C I S generate ro ys ock sigha I vided in
order to geffeseaetated f E?Eksﬁfegh%lf’g( K]lg ‘é{’r‘ila‘!' {yrder ﬁeaga@&?wga@@a an

i nt er nedi at ¢7&] poKad OT@ | mayBeOsosigérodan inletthediifB)tIRR sighbler ORkk bigndlus4 PLL 15,
al though the present invention is not limted in this  respect. C ock

si gnal s 17Amay7m igkemal tcbus §LhelSs elheugh |tbFeHreEﬂﬂh§B’e?t&natslWﬁélweflﬁnéhléck

si gnal 154, uhth éhb%fc SiEhAl P2 187!3%@'17@5%@%%&%@5&59 lrérab'on§ hWaRaloek 16.
[0036] As an exanple, in performance nodé, clock signal 154 may oscillate at

1600MHz, analgﬂalééﬁe)n&wyerpmuca@k§lgm§1l8 and with gere ¢logk signalll6si de cl ock signal 154
b ei ht t spe lg B and
1¥C osgi N at[(seﬁég]t ﬂpdarne\(%gae éigegl ggﬂf%rgls%\{ﬁﬁz%ﬂ%oﬂhzlg %@51 86%35 roéélghet%ga Fvel y.

Core cl ock d4b¢Mitlz abd freguency dividers 151, 152 and 153 may divide clock signal 154 by
eight, four and two, respectively, so that clock signals 17A, 17B and 17C oscillate at

frequencies of 200MHz, 400MHz and 800MHz, respectively. Core clock signals 16 may

oscillate at 3000MHz, which is more than six times the frequency of clock signal 17A.
[0037] It may be possible for core 12 to support the predetermined performance of
processing system 4 in power-save mode when core clock signals 16 oscillate at 600
MHz, and for bus interface 13, bus 30 and bus interface 23 to support the predetermined
performance of processing system 4 in power-save mode when clock 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 possible for core 12 to support the

predet ermi ned perfornmance of processing system4 in power-save node when
core clock P gWAPS24% oscillate at 600 Mz, and for budCTAPEPFA¥S?13  bus

30 and bus interface 23 to support the predeterm ned performance of
processi ng system4 in power-save node when clock signal 17A oscillates at
100MHz. [0038] Therefore, in power-save node, clock signal 154 may still
oscillate at 1600MHz, and frequency dividers 151, 152 and 153 may divide

cl ock si gnakesgefivdly, if ?&Welegave @lodbt AltBoughfthdipresene fpestionve hyt, limised iakis cl ock
signals 17A, 17B and 17C oscil |l ate at, freguencies, of 100I}4Hz, ZOOME_;'Z and
400MHz, r esfrepectvibF yidlecine 1p | whigh degdigitd Heupaey (KR e qhpaged may be
frequenci es,as. iiﬁh\sfegﬁ 2600Maock Witle§ oftdybtbmSabéls bighd1018, hQusanst idisbhet hat the
frequenci es o? core clock signals 16 are at least six tinmes the frequency
of clock si gxramplary procgorsy] aprraxinagtelsicy20dwnesesindsi gnal 156 of processor 10

may be coup iWeffdSis 1oL 1imted i 34BN sed to
change t hei k@?@gh‘%‘?gqﬁg*ﬁ%ﬁwg@ﬁ"@én ellmgq:]tEt ,1. Pﬂ%géger?d t wo, ree pergt ively,
i n per f or mapreessingsystemaf FIGt % dire, fresjugivies i glotk signal 2§ Angloglo signa 3B 4md

PCT/ US2004/ Q 5 ,esp | ' r : t esent
nvent on 1 & ORoRER! A Eie iiEh e tRBRISTT SRUE BRI 7 LLR B 7R RIS

di gital freaquweksignai ViGQjeespectivelyc bathgiedherpsrfdrmancappodex amininethg fower-gavel ock
cycles of systemclock signal 18, equivalent in sonme exenplary processors
to approxi oélP'y 1- 20 nanoseconds. [0040] Although the present invention is

not |im ted[d0a1] BisPLEIEs  inteificet duntreNee M0l sy corrise @SkisRLIS y6feeds0chd FI G 2,
e e L ehonsT A 2 L o 0 0 e il i) 20
signal 17C, 186$RRGAHuY Bhd mah)PeRerhtd at dISckPESHaPD SR RAFCHREP nuifaih ik hiaever - save
node. [0041] Bus PLL 25 of 'interface controller 20 may conprise a bus PLL
core 250 andelations with system clock signal 18. Clock signal 254 may oscillate at the same

frequency in performance mode and in power-save mode, so that bus PLL core 250 may

remain locked to system clock signal 18. Frequency dividers 251, 252 and 253 may

receive clock signal 254 and may divide it to generate clock signal 27A, clock signal 27B

and clock signal 27C, respectively. Therefore, clock signal 254, which is generated from

system clock signal 18 and divided in order to generate clock signals 27A, 27B and 27C,

may be considered an intermediate clock signal. Clock signal 254 may be internal to bus

PLL 25, although the present invention is not limited 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 system
clock signal 18 as an input and may generate a clock signal 254, which may
mai ntain fi xed phase relations with system cl ock signal si gnal
254 may oscVPPY¥H@93247 t he same frequency in perfor mncePﬁﬁﬁ’éZ%’ﬁ/g&F

power - save node, so that bus PLL core 250 may remain |ocked to system cl ock
signal 18. Frequency dividers 251, 252 and 253 may receive clock signal 254
and may divide it to generate clock signal 27A, clock signal 27B and cl ock
signal 27C, respectively. Therefore, clock signal 254, which is generated
from syst e[OOM]oAIfreqhgmalcoﬂt&lai‘gihamiﬂ d‘eirlte'rﬁaceomﬂxerbllércimgmlerbatcemfebtad ko si gnal s

27A, 27B ang 27C n_internediate i ck
signal 254 HEJPeBY <§“§‘?é‘§2§ ngg mayebe useqd PG etﬁ%r %?aé’g% tCFYlﬂ\(}%ntl on is
not | i m t edbétivednhéight/ RBPasd twd;lrévpkctﬁrelgriﬁlpsrfé’rmnce Addk, andl sikien,neight Ad Nt ai n

fi xed phase_rel ati ons with clock signal 254, with system clock si gnal 18
and with cl GUKISSPISHYGLY mppRyer- 1378“5148 17C of processor 10. [0042] In

per f or mance Eom n dnl Aekhatel @RI ol BY¥ passeit! ihdinBordtin b@@%mmﬁ@sl nlogquency
di viders 25 2 and 253 may divide clock signal 254 by ght, four and

two, res peaad Redey-savggnadsafiequerrdividenadl, éizxandcli%dn%sﬂlgﬁalcloglv sead5%1 ock
signal 27C 3?%[‘%023? rénd WS @&lv‘éﬁy %B t%&OMEBn RN a@ﬁ%%@ﬁﬁ%r at

respectlvel I'n power - ave o cl ock signal ™ 254 may st
osci | | at e atl60030vHAockapignalf F queney signali HE gng seocko Bignalnt7 @ B8ciliaiy atli vi de

cl ock signa &h%[ﬂ Nieyr ti cl ock
signal 27A, krg%l OCK ‘Qgslloglr%é(?ﬂgg an claga(;(%ogl gnafesée?épe%sc%%*a e aflé%a?faquenm es
of 100MHz, #oQichizy amdomg}wl-ltﬁ methlpcatﬂtmaxe bmboc@mtﬂm Ra0wr, 09 p@wét-save mode,

PCT/ US2004/ 0033 r 1 Gang T gqn f.inter.face
controller 'H’gyf ﬂ%gﬁh d‘?gg all%%ar%clgAdlaw dggnsagigli%n% ok afid' 253, and
may be used170 tehptlgeetdieakr s@ﬂﬂﬂlﬁﬁﬂﬂgﬁnglatlfBequénmdSe(bﬁl\EGﬂMHZ,gﬁ(DOMHDlahd and two,
respectively

espect Vel Yo MeBOLLSTRC o\ (e, a0, Shae LAl and Lo ganecti vl

invention, iwhicAQdpesRETcidek FRMSE 1MRIETB and 17C to use, based on the mode, to produce
clock signals oscillating at frequencies of 100MHz, 200MHz and 400MHz in power-save
mode.
[0046] In this alternate embodiment, in both performance mode and power-save mode,
frequency dividers 251, 252 and 253 may divide clock signal 254 by eight, four and two,
respectively, so that when clock signal 254 oscillates at 1600MHz, clock-signal 27A,
clock signal 27B and clock signal 27C oscillate at frequencies of 200MHz, 400MHz and
800MHz, respectively. There is no need for frequency 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 divi de cl ock
signal 154 by eight, four and two, respectively, so that when cl ock signal
154 oscillates at 1600MHz, clock signal 17A, clock signal 17B and clock

si gnal 17CWOaM0%24” at frequencies of 200MHz, 400MHz AGd/EBHRAL3IS2
respectively. There is no need for frequency control signal 156 in this

al ternate enbodi nent. Rather, in power-save node, bus interface 13 nay
further divide clock signal 17A, clock signal 17B and clock sighal 17Cto
produce clock signals oscillating at frequencies of 100MHz, 200MHz and

400Mz, resaﬁﬁémey%xyncﬁwn%%ck\é@nm,17hua§1dldmcﬁrsi 627310 Ve WSRsiFRASHed | 0gi C

to deC| de which’edges of clock signals and 17C to use, based on
t he node, tohqspwzr@eshlnweibkac@ogwm S OSCi I I atl ng at frequencies of 100MHz,

200M+# and Qy¥ieh tRAYEiLl 048 kyskdin EIBLISsigal i}a:g eagdi nent,
I n both per c‘é]&rfegde and Sohé#-savqélgngé ys%}equesﬁg‘{a Slgv %Ies 251, 252

and 253 may tldtl ascidletial Beguendygrialock 5ipnblyl 76 gtdtclodl@mahhﬂﬂ,tthﬁre matyé:@pe@rt:l vely,
so that whe I [

cl ock si gnalﬂm%?%g og{lgogkggﬁalﬁz bé glgscl?r}all %?%9%4{3@ trag ﬁ%ﬁ ?Lésgr}gl%n OM—Iz
400MHz and “ﬁmowsmm cla@pagmalvle& yForThmmple; systam ekl signal 18 eqpyesscijlatecatt r ol

si gnal 256 | t l.t er nat e save bus
i nterface 2§ t“ﬁg?w?:fl's\%ed'@n% Sfc?%?mgﬁlal ﬁé‘ %Roc%flg%ﬁzﬁxd?ﬁl OSH‘;% ®and
cl ock signalat md pEqu@eloelk @rgkalslng:waids(:lmcslgdaaizmgaaai maintﬁqﬂﬁl‘sm:cnes of
100MHz, 200 400 pectlve . rpative nterface 23
may use ms%&p@%f tiogsh E‘]ﬂ"%ﬂ@@iﬁgft FB’&?k‘JéI‘BR F’ét PAPNIR 4nd
27C to use, r&aﬁ%lmmcrﬁeﬁ@en tRcPE Q¢A_ch@@16cl§ IslgﬁalzsAomaélI etﬁ/mg: at
frequenci es of 200MHz and 4 i n_power - save 0047] When

the osci | | a@nb3n/R retiinsndy oger tysst @ﬁIfE‘F‘bEII@S% F“é‘ﬁ’é’ﬂ bi'B"eF% CIOéIS §‘g't’*HdﬁAc?Pd equal to

the oscilla (0,%/5Q th I ¥ LM at hen
there is notdog!a 5%082004%15)9%22{;5%%% B%%ooﬁs/%’gﬁé(ﬁg‘q f:’llp?&{é?:sg ?g%%aozsslsdnchr oni ze

cl ock si gnalsigngiAneishown)de intesfagp eqntroliex 209vhiea phangingdhe freqyenqyyad glock signal
17A. This signal may be part of the handshake referred to hereinabove.

[0049] As shown in FIG. 3, according to some embodiments of the present invention,
apparatus 2 may comprise a processing system 4 comprising a processor 10 having a PLL
35 for generating core clock signals 16 and clock signals 17 from system clock signal 18.
As shown in FIG. 4, PLL 35 may comprise PLL core 150 and frequency dividers 151,
152 and 153. As with the embodiment described hereinabove with respect to FIG. 2,
PLL core 150 may receive system clock signal 18 as an input and may generate clock
signal 154, and frequency dividers 151, 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 systemclock signal 18 is higher than the oscillation
frequency of clock signal 17A and cl ock signal 27A, there may be nore than
one way for YO WM nal 17A and cl ock signal 27A to nai HtEPRWYYER?2 phase
relations wth systemclock signal 18. For exanple, system clock signal 18
may oscillate at 200MHz, and in power-save node, clock signal 17A and cl ock
signal 27A may oscillate at 100 MHz. Even if clock signal 17A and cl ock
signal 27A each maintain the same fixed phase relationship with system

cl ock si gnaly5k8y thvbifty-foud] tvefveldahd stif é?e@t[uelyt ok dMURSRnak VAl IS pE
possi bl e between cl ock signal 17A and cl ock signal 27A, nanely 0, ir/2, it,

and 3n/2 radiseiflate af freqyerpdss of d0AMHz,49@Miz,apd 8 & '80PiVElIn bet ween cl ock

signal 17A go@sl]%sozﬁ#eﬁdnmé}l in2pofvet-SavREmbdia el R g8 15 nidyOGAS SicNBresySt em 4,
processor 10 may send a signal gnot shown) to interface controller 20 when
changi ng t heA80PMiiaesr jhabPLEI essk 180 giaarl remaipAockerite systemaflodkasignst 18asnd of the
nandshake I et&ERd diftadlessy Babanide LRAB] s thal BAURIAR Jardr 18 0s8RGEL A NO T O
sone enbodi nents Of the presenht invention, apparatus may conprise a
processi ng HP6MEm. AFrequepey dividgrsal Spr beanslols3 miayhdivide gloak Pighal 138 Hyoforty-

generating cor I i 6 C j ; r te ck

o onal 16 R ol EhRRe PBESLOTE BBl sibhels 10X, IR FTIC
frequency diostitlete at fidiencics®? 100MHZ,280MAE. andl #00NHe respbaiielyent descri bed

her ei nabove W espect t .G .2 PLL core 0 receive st em cl ock
signal 18 aswg#?il:% ncgn@nﬁg signal 1%t %tLB’iofi%sﬁor ]iqsg}?ﬁl el%%‘,p?eélntt? ?‘%/Gélﬁﬁ%'ncy

di vi der s 151divid&? 18nd 5223d 153, ahé ey be usddae khangg mlir fidudertndivisioy betiveende it to

generate clock signal 17A .clock signal, 17B and cl ock sjgnal ,(17C,
respecti vel f.“’e@?ﬁfg‘?{et"f%‘@ Bh584 F"r?ﬁ??f‘%]%s‘e PF‘E@H’aﬁ@r‘B? a%i/gr%ef LtWeH¥ct to

FIG 2, PLL fodOandBieldé,SOpe&iRlyl mpodef-548 wRIdE.Y SEMiMHGES fretendyQoh@SiQigngl Cl ock
signal 154 and to divide it to generate a single core clock signal 16. If
there are motd6 afipagreesae 10 gray ke eouRled ite fraquency) gividen sy to ¢hange imfrequsnidr i se a

corr espondi ngyiGeAB&ved! 1 I RAAMYe Mbdd HR16Sin hOwErRaHd MEde. CH OCK signal 154 and
to divide it to generate core clock signals 16. [0050] As an exanple, in

per f or mance (A9 In g ebinate gmbpdinsat ofethe presdnt inyertioat in both performance mode
and power-save mode, frequency dividers 151, 152 and 153 may divide clock signal 154

by twenty-four, twelve and six, respectively, so that when clock signal 154 oscillates at
4800MHz, clock signal 17A, clock signal 17B and clock signal 17C oscillate at
frecjuencies of 200MHz, 400MHz and 800MHz, respectively. There is no need for
frequency control signal 156 in this alternate embodiment. Rather, in power-save mode,
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 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, ZOOMHZ 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. Frequency dividers 151, 152 and 153 may

di vide clock signal Il WO 2004/095247 PCT/ US2004/ 003352 154

t went y- f our WO W¥4and six, respectively, so that cl ocI?CSTi/'éﬁ%ﬁq“é"’?E’?% 17B
and 17C oscillate at frequencies of 200MHz, 400MHz and 800MHz,

respectively. [0051] As an exanple, in power-save node, clock signal 154 may
still oscillate at 4800MHz, so that PLL core 150 may renmain | ocked to
system cl ock signal 18, and frequency divider 355 may divide it by 8, so
that core clifgltesh@BRler P sﬁbﬁ%&dlﬁ@aﬁ&saénd cRERA s falt VRS B shirflOf the151, 152
and 153 may divide clock signal 154 by forty- eight, twenty-four and twelve,
respecti vel ynvesidon: hat cl ock signals 17A, 17B and 17C oscillate at
frequenci es of 100MHz, 200MHz and 400MHz, respectively. [0052] Frequency
control signal 156 of processor 10 nmay 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 performance node, and
forty-eight, twenty- four and twelve, 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

per formance 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 dividers 151, 152 and 153 nmay divi de cl ock 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 cl ock
signal 17C oscillate at frequencies of 200MHz, 400MHz and 800MHz,
respectively. There is no need for frequency control signal 156 in this

al ternate enbodi nent. Rather, in power-save node, bus interface 13 nay
further divide clock signal 17A, clock signal 17B and clock signhal 17Cto
produce clock signals oscillating at frequencies of 100MHz, 200MHz and
400MHz, respectively. Alternatively, bus interface 13 may use masking | ogic
to deci de
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whi ch edges of clock signals 17A, 17B and 17C to use, based on the node, to
produce clock signals oscillating at frequencies of 100MHz, 200MHz and
400MHz in power-save node. [0054] While certain features of the invention

have been illustrated and described herein, nmany nodifications,
substitutions, changes, and equivalents will now occur to those of ordinary
skill inthe art. It is, therefore, to be understood that the appended

clainms are 12 WD 2004/095247 PCT/ US2004/ 003352 intended to cover all such
nodi fi cat iWhgt acthimbdisges as fall within the true spirit of the invention
13 What is clainmed is: 1. An apparatus conprising: a processor core to
receive a first clock signal having at least a first clock frequency; a bus

interface to gefipphRnARGmpABRAEE Signals on a bus coupled to the bus
interface, the bus interface coupled_to the processor core to receive at

| east a second acPWESSOSERRAC Kesivhg Hist (clogktsignat daving &) lsest & fieyudorky

wher ei n th?ﬂ55ﬁﬁt clock frequency is constrained to be no |less than a
multiple of a [olwest one of the at |east second clock frequency; at |east
one cl ock frequebwyintkéridcdep genemievamk sanye asfignabast askwsonaipdddotk ther Bguency,
SO as to maj ntai substantially fjxed ratio between the first clock
Frequency st e hu ERERE FOaed toche BRes g Gt kepseend itne
frequency @nat R&vihg ableasl GKconddN&dk BEqueddy, [VaREdin tthe iR stk fbarkeypisgnal ;
and an interface controller to generate and sanple signals on the bus, the

i nt er f ace copgried] tode nnidsadangy Bulidoatiadosest wne of dieat lsastsgeangdecleck
pIuraIitng%u&P%rd clock signals having third clock frequencies and a
plurality of clotk frequency dividers to generate the

at least one clock frequency divider to divide the at least second clock frequency,

so as to maintain a substantially fixed ratio between the first clock frequency and the
second clock frequency regardless of changes in the frequency of the first clock signal or
at least the second clock signal; and

an interface controller to generate and sample signals on the bus, the interface
controller including a second bus interface to receive a plurality of third clock signals
having third clock frequencies and a plurality of clock frequency dividers to generate the

third clock signals from an intermediate signal generated from a system clock signal.

2. The apparatus of claim 1, comprising a phase locked loop to generate an
intermediate clock signal from the system clock signal, wherein said at least one clock
frequency divider is to divide the intermediate clock signal to produce the at least second

clock signal.

3. The apparatus of claim 2, comprising a second clock frequency divider to divide

the intermediate clock signal to produce the first clock signal.

4, The apparatus of claim 1, further comprising a frequency controller to change a

frequency division factor of said at least one clock frequency divider.

14



third clock signals froman internediate signal generated froma system
clock signal. 2. The apparatus of claim1l, conprising a phase |ocked |oop to
generate an internedi ate clock signal fromthe systemclock signal, wherein
said at |east one clock frequency divider is to divide the internediate
clock signal to produce the at |east second clock signal. 3. The apparatus
of claim2, conprising a second clock frequency divider to divide the
internedi ate clock signal to produce the first clock signal. 4. The

appar at us 9f clThiempparatugrdthdainc dpheimgaid fagaencg namtrobet 1sodol éangeotiechange a
frequency division factor of said at |east o e cIocH&%re uency divider. 14
5. The appHia4ensy dbrisign S an respRe forp <hnee i Glieshelge Bf-er is to change

the frequency division factor in response to a change in the first clock
frequency. 6. The apparatus of claimb5, wherein said frequency controller is
to change & he The eappanatiy afi ¢lpigi n whareiro paid rfrqqégtmmtrpberawcﬂcraﬁgege thean

oper et on ARy ivid R cRRR ALl PUBRRL B o iBGRbPp5Rke o f east one o ock
wherein the S|gnals on the bus conprlse at | east a control signal, an

address signal,_and a dat The, a parat claim?2, rein the
system cl 073 K si &ﬁaﬁppﬁ@t% g’égud‘é’tf“’l“h said %Wlﬂﬂ‘ frawency. (ﬁm

appar at us @fnpfk&! 41 1éast \m@é %toektftt%uatcyl Babrs! Q{cﬁ@/h%&cﬁlefsﬁ?ﬁ'rke&@(hed‘bdé' ders
are to output the second clock signal and third and four clock signals

each havi ngmprixea ledst @cpnrot igaalcansddrces sighadtandaslatagsgnal.t h each other. 10. A
nmet hod for providing a core clock signal having a core clock frequency and a
plurality of bus clock signals for a bus coupled to a core, the bus clock

si gnal s hayi ng The appdrat@é oDeISint2, aeterdin e@ueneh ebck kizRalnetdincredguediin i Ng:
generating the bus clock signals at the set of bus clock frequencies so as
to maint ANt al |y fixed rati o between the core clock frequency
and the bus cl ock .

9. The apparatus of claim 7, wherein the at least three clock frequency dividers are
to output the second clock signal and third and fourth clock signals each having fixed

frequency and phase relationships with each other.

10. A method for providing a core clock signal having a core clock frequency and a
plurality of bus clock signals for a bus coupled to a core, the bus clock signals having a
set of bus clock frequencies, the method comprising:
generating the bus clock signals at the set of bus clock frequencies so as to
maintain a substantially fixed ratio between the core clock frequency and the bus clock
frequencies, regardless of changes in the core clock frequency or the bus clock
frequencies, wherein the core clock frequency is constrained to be no lower than a

predetermined multiple of a lowest frequency of the set of bus clock frequencies.

11.  The method of claim 10, wherein generating said bus clock signals comprises:
generating an intermediate clock signal from a system clock signal; and

dividing the intermediate clock signal to produce said bus clock signals.

12.  The method of claim 10, wherein generating said bus clock signals comprises:
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frequenci es, regardl ess of changes in the core clock frequency or the bus
clock frequencies, wherein the core clock frequency is constrained to be no
| ower than a predetermined nultiple of a | owest frequency of the set of bus
cl ock frequencies. 11. The nethod of claim 10, wherein generating said bus
clock signals conprises: generating an internediate clock signal froma
systemclock signal; and dividing the internediate clock signal to produce
said bus clock signals. 12. The nethod of claim 10, wherein generating said
bus cl ock si gnaeseraiomga fissemtermediagahwkaignalgfran aiisygemichicksigpali; at e cl ock

signal froma system.clock signal:.  djvidi the first internedi ate cl ock
signal to prod %dﬁg&Fﬂﬁghﬁﬁyg8$m§ééﬁk8%“?3?8?’ 8?%?%“%?%% egfgnals; and
usi ng naskhRenédge clotsigdlgGhdwhi ch edges of the plurality of second

internediate clock signals to use to produce said bus clock signals. 13.

The nethod of diERMaskingdegie Heveleshivpich &igrg o§ Bisdrlwality odsesnad teraiediaife core to
an interf3ce & 'élfs&@hé&%g?&dﬁ%? dBﬁ’sélQ&@%ﬁ do indicate a node change,
t

wherein the core and interface contr er are to refrain fromusing the
bus for a tinme period following the signal. 14. The nethod of claim 13,

further copprisin ndi .1 ignal as.a sideband signal.. 15. A system
conpr 1 si ngboa et g De Pibe ioniBisfhergties &%endl ity B 168821 ock
f requenci egterfdcdoRfEHEQousled B Be bidtotifdcay & e bithge Witerdlh @agsoindhavi ng at
| east one processor core to operate according to a plurality of core clock

frequenci 8¢ injgitace Fontepllsniars tarpftiain frgm using ghe uafore thae pred follewipgthe ¢l ock
frequenciqﬁrﬁpd the bus clock frequencies is to be mintained regardl ess of
changes in ¥Re core cl ock frequencies or the bus clock frequencies, and a
first bus interface coupled to the system bus to receive bus signals having

the bus cl ek TGRS Sradhds! Ruder SnmprRing Yendi g e SighaPith Sucdlind "€ SYstem

signal.

15. A system comprising:

a system bus to operate according to a plurality of bus clock frequencies;

a processor coupled to the system bus, the processor having at least one processor
core to operate according to a plurality of core clock frequencies, wherein a substantially
fixed ratio between the core clock frequencies and the bus clock frequencies is to be
maintained regardless of changes in the core clock frequencies or the bus clock
frequencies, and a first bus interface coupled to the system bus to receive bus signals
having the bus clock frequencies and to generate and sample signals on the system bus
using the bus signals; and

an interface controller coupled to the system bus, the interface controller having a
plurality of clock dividers to divide a second intermediate clock signal into a plurality of
second bus signals, and a second bus interface coupled to the system bus to receive the
plurality of second bus signals and to generate and sample signals on the system bus

using the plurality of second bus signals.
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using the bus signals; and an interface controller coupled to the system
bus, the interface controller having a plurality of clock dividers to

di vide a second internediate clock signal into a plurality of second bus
signals, and a second bus interface coupled to the systembus to receive the
plurality of second bus signals and to generate and sanple signals on the
system bus wusing the plurality of second bus signals. 16 16. The system of
claim 15, wherein the at | east one processor core is constrained to operate
at the corg. cl ol shEte@UIREIRSI S, Rakred Bebplelf oRe pt&essol Ba ifcndtrhingd & of a

| owest frequency of the bus clock frequencies. 17 The system of cl ai m 15,
furt her cd??ﬁfat%atnf@e £ors ¢lpel frequepsies fhat Rrertp rgurniess thianiaderkiple of mlwvesice t he
bus si gnaliés c@&ﬁcﬁ/cﬂ'tﬁé%&%l&cﬂ?re phstantially fixed ratio. 18. The system of
claim17 r conprising ase |l ocked | oop to generate an

i nternedi ate cl ock signal fron1a system cl ock signal, and wherein said clock

f tp.d th t | d
the bus. 3 Uhal sirersernt Bty S BpbaPmen B Sl g cF  BRE rEniin bt Cl ek

signal is to@rdRicelineibdesighdls a@oREMES the SBE@ntEdIgTIkedirgiidal having the core
clock frequencies. 20. The systemof claim 17, wherein a frequency division

factor of said clock frequency dividers is to be changed in response to a

change 1 fe ey SliClt JREAYPIEHAS, conf ALY Blkel o OF | DS Akl 11 xed

ratio. he system o a|n11 wher uency actor of
said fr eq Lneteuyedlate viatkrsggnakfrom d)systehadgddmgmnl,r aslpmhmantsaldaclcﬁaﬁgmencry an

oper ati on giode, BTG IALRe e ia Y5 BN B o LR 21 R 1T

19.  The system of claim 17, wherein the intermediate clock signal is to be divided to

produce a core clock signal having the core clock frequencies.

20.  The system of claim 17, wherein a frequency division factor of said clock
frequency dividers is to be changed in response to a change in the core clock frequencies,

according to the substantially fixed ratio.
21.  The system of claim 17, wherein a frequency division factor of said frequency

dividers is to be changed in response to a change in an operation mode, according to the

substantially fixed ratio.
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