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WD 2004/ 063916 PCT/ US2004/ 000092 MEMORY CONTROLLER

CONSI DERI NG PROCESSOR POVNER STATES FI ELD OF THE
wORMENGDB [ 0001] The present invention rel at esCrawskdva/000092

field of conputer systenms, nore 5 particularly

relating to nethods and apparatuses for reduci ng power
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everyt hing from 10 small handhel d el ectroni c devi ces,
such as personal data assistants and cel |l ul ar phones,

FIEE Y THIEINENTPER, &) © Carerne.  and of her  consunmer
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t few years, there have been many advances

in EdmpERIMsysRAwst or technol ogy that have resulted in the
devel opment of inproved electronic devices having

integrated circuits (1 C) operating at higher
frequencies and supporting additional and/or enhanced
BAGKGR@YNDMi | e t hese advances have 20 enabl ed
har dwar e manuf acturers to design and build faster and
[OOﬂﬂ]eCosrupnessyatamcare Peprasive Bytheamer|d, tlh@ydiﬁl@\,@/%]/ﬂ;lmg from
nposed a di sadvantage in hi gher power consunp

srr@;llplwdaeld/elreglrowgtdeyrqeswum ag p@&ﬁﬂﬁl élﬁt%§§$l§lﬁﬂts and cellular
oo oS S LS e o
caffistam iR BT S Eco iR Ran s B a0y Sizd iapie,systems such

aswﬂé%a@%%éfﬁ%@%ﬁ AETaneS PorBhath @ thrton REHERS. "

worRLBY %e(?%"rs Wth respect to processors used in
comnpu er Sys f our

[0003] Over the last few years, there have been many advances in
semiconductor technology that have resulted in the development of improved
electronic devices having integrated circuits (IC) operating at higher frequencies
and supporting additional and/or enhanced features. While these advances have
enabled hardware manufacturers to design and build faster and more
sophisticated computer systems, they have also imposed a disadvantage in

higher power consumption, especially for battery-powered computer systems.

[0004] A variety of techniques are known for reducing the power consumption in
computer systems. For example, the Advanced Configuration and Power
Interface (ACPI) Specification (Rev. 2.0a, March 31, 2002) sets forth information
about how to reduce the dynamic power consumption of portable and other

computer systems. With respect to processors used in computer systems, four
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1 WO 2004/ 063916 PCT/ US2004/ 000092 processor power

consunption nodes (CO, Cl, C2, and C3) are defined in
woOhen4/066R6 Speci fication. For exanple, when theCcT/US2004/000092

processor 105 is executing instructions, it is in the

CO node. The CO node is a high power consunption
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tency. 1 ower no ers i nproved power

plaead iin@he Of the IdW p&lePBYRSUMPEEh mddestte, €2 cPOET ARNBISSrating
the processor is still able to maintain the context of

Sysfeen (O8¥ireteccorigster $YsteBmagwiyhanvcslyotdresitorsthd idle
| ower power consunption conpared to the Cl and C2

prqueseor hdE o theibpprspriateyloer pewet cordienplort trexdet he C2
and Cl power nodes. In the C3 power node, the
processor 105 may not be able 15 to mai ntain coherency
of the processor caches with respect to other system

[0005] i Vheilkpopeoosldeibithe progessetnewer prsier Witlh tha lgytass fatency.
nodes defined by the ACPlI. Specification ﬁn(aﬁnoyvn
Th?%ﬂPWQEQW%WPWm%§aWM%Ver@ g CbRewRLMRAe. In
e T eSS et B4 e et of e
ov SRR ] e e BAGRPO b5 Bt Bapbhoton
| F
coBfEpHl EErBLer S8%:2 ok o, nEF B ¥Ry n e 02
and &1 BiRePHIRAS T 1% £ ddiferthBaE he ArBYENdrS Bay not be able
pur poses of | | ustrati n only and are not intended to
to MafAthint dhetERBEoLhe PriGedddy @BERES with respect to other system

activities.

[0006] While the reduced power consumption modes defined by the ACPI
Specification and known fechniques have many advantages, there is a continuing
need for ways to further reduce the power consumption of computer systems,
including power consumption of individual components such as, for example, a

display, a disk drive, an integrated graphics processor, etc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The following drawings disclose various embodiments of the present
invention for purposes of illustration only and are not intended to limit the scope of

the invention.
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2 WD 2004/ 063916 PCT/ US2004/ 000092 Figure 1 is a

bl ock diagramillustrating an exanple of a conputer
woeyelmasoicFi gure 2 is a block diagramill ustraPCngsam4/000092

exanple of a chipset in a conputer system according

to one enbodi ment. 5 Fi gure Is a block diagram
|IIustra|| gan exa, Ie of % I%pcs controll er,
'%treér'a@né% a” af @ somputeypystem.
diagramillustrating an exanpl e of a process used for

reducing 10 the power consunption of the nenory and
Fichfig P YEBIOER SRSl S AT pRatPid g Bl BEREE O Bbter

Sysrtgﬁ»,t gr;b(g}gmgj{% 5@8&1‘6 am:j {e graphics controller to a

accordi ng to one enbodi nent. 15
DETAILED DESCRI PTI ON [ 0008] Met hods and systens are
di scl osed for controlling power consunption of

Figt@818is&f bRYR dfGranTiflusipatheab esdampiy of aMyedpHcd EOReSIRI!
of a conputer system is in a |ow power node, power

aceordibgriptonenembodingerir nore conponents of a 20 nenory
coupled to the processor and of other system
conmponents that have controllers associated with
maki ng requests to the menory may be reduced. [0009]
Figuretdis g towsliwgrgnuidusiraling am exampleaf ppsecessfused for reducing
expl anation, numerous specific details are set forth
thej powelRanNsUSRion\@Tdhe Mmemerbanth thena@pbicsermieplisr, aggerding to
resent 25 invention. It wll be evident, however, to
ONRREOGIMEBY in the art that the present i nventi on may
be practiced wi thout these specific details. In other
i nstances, well- known structures, processes and

Figlb e o e GRRTERuothed iRk Bt PEtori Y flagtliand the

grapifts &MrdiBY to a normal power mode, according to one embodiment.

DETAILED DESCRIPTION

[0008] Methods and systems are disclosed for controlling power consumption of
computer systems. For one embodiment, when a processor of a computer system
is in a low power mode, power consumption of one or more components of a
memory coupled to the processor and of other system components that have

controllers associated with making requests to the memory may be reduced.

[0009] In the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present
invention. It will be evident, however, to one skilled in the art that the present
invention may be practiced without these specific details. In other instances, well-
known structures, processes and devices are presented in terms of block

diagrams and flowcharts to illustrate embodiments of the invention, and they may
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3 WD 2004/ 063916 PCT/ US2004/ 000092 not be di scussed

in detail to avoid unnecessarily obscuring the
wanaarssandi ng of this description. [0010] AsPAsa82004/000092

herein, the term "when" nmay be used to indicate the

tenporal 5 nature of an event. For exanple, the

hrgse "event ' A occurs when event "B . ogccurs" is t

nofe ikCussrdindetal th@unid ECeseIY RbREY AL IR Uisrsfanding of

.during. or after the occurrence of event B, but is
”“%ﬁﬁ%?ﬂ%Pass associated wth the occurrence of event
B. For exanple, event A occurs when event B occurs if
event A occurs in response to the occurrence of event

[oogoﬁfAé' Usé@ﬁ@%(]ﬁ,ethb%ﬁng@/vﬁ_@ﬁ* niag‘rjd%m dfd“‘éb fnﬂﬁiatc—f %rgelﬁh%@ral

as occurre I'S OCcurring, occur. 1]

naftir@ of &n bvieht aF 6} gdmPied HephidsbUslEmt ANGcalts sRsbveriti B’
a conputer system he conputer system 100 may

octuret 1808 e inesTbretbd o asRssihag evanit A (EBbcaur bEfore, during, or after
processor 105 and a system nenory 115 that is coupl ed

thend¢durtdneepfavens Br bldis nonethdless assocldiedanittptiteenccurrence of
system 100 may include a display unit 124 (e.g., a

evéntoBl Hoceyamale, dgivept AyoocuEDivhen exeohBrasgars gvenbs occurs in
(CTR)). Data (e.g., text, graphics, etc.)_ displayed

respENsAdo e preyrenviea ofievenii onia respenss 10e3 signakindicating that

graphics controller [esidin? in a chipset (not
eV%‘l‘kﬁﬁ?.S OFRUIMBENISRGSHIMiEL CEMILBBCYRmy 20 further include

an al phanuneric input device 20 (e.g., a keyboard), a
cursor control device 25 (e.g., a nouse) and a disk
drive unit 30. [0012] The disk drive unit 30 nay

i ncl ude a machi ne-readabl e nedi um (not shown) on

o0 58S g 5G4 Ba o g BB Systm.

or a

i B e A e B R P GEDYor

prdeé%SHP"l 05 BRAD dystdip méﬁﬁ/r)ﬁ"l 1BithH i8 cblleRr Wise §ROprok@8sor 105

he instructions may furthernore be transmtted or
via' &Lt 5. etheicanigieengystemk1 000 brelyfincladd evdisglag unit®t (e.g., a

conputer system 100 may
liquid crystal display (LCD) or a cathode ray tube (CTR)). Data (e.g., text,
graphics, etc.) displayed on the display unit 124 may be controlled by a graphics
controller residing in a chipset (not shown). The computer system 100 may
further include an alphanumeric input device 20 (e.g., a keyboard), a cursor

control device 25 (e.g., 2 mouse) and a disk drive unit 30.

[0012] The disk drive unit 30 may include a machine-readable medium (not
shown) on which is stored a set of instructions (e.g., software application)
embodying any one, or all, of the embodiments described herein. The instructions
may also reside, completely or at least partially, within the main memory 115
and/or within the processor 105. The instructions may furthermore be transmitted

or received via the network interface device 35. The computer system 100 may
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4 WO 2004/ 063916 PCT/ US2004/ 000092 al so include a
network interface 35 to connect to one or nore

waebmekdas The conputer system 100 nay be poweceaSkop4/000092
an alternating current (AC) power source or by a
direct current (DC) power source using one or nore

a|s$ T B ot Risrtacs: el (R OFE Br.ahalg nitenis. "l

corfipdip ?"a?%t? [ 108 bubls pBRRre P%%@ﬁ’%ﬁ%@*‘?@éﬁ@lﬁw@r
soufB ob R SRt ot iRnTTRIcS BOREE poiies iy ot ohihiie SRS

sl ave deV|ces) need i nvol venent of the processor 105.
Al t hough not -shown, there may 10 be other controllers

[0018] t/%oagﬁm& %hoﬁMSﬂfénbdé)@S'fﬁﬁ\} inelLRIeCARABI Moké of alliR®s bus,
turns th the processor 105 at nmaki ng access

bug @@rﬂﬁtﬂ@%ﬁa@s bhe dzebuy ahdifor eVens maynorgldopwoller that arbitrates
controller to drive the address bus and the control

betaiegnadllsmemarphactess fguests. T provelssomt @3 went cantrdyhe bus 15
t he processor 105. For exanple, the processor 105 may

which rbearys qmnﬁmmatgamtbﬂweeamttdwputc(um cleviceg (or elavae
bus 15, or the 15 processor 105 may be idle in a | ow
devieag mesddneolvamenhof tiel precassor @i Alihqugh reirshown, there may

processor _or mcrocontroller or engl ne that 3 Erates

be pﬁmn@@ﬂyokl@fsméh%ﬁmpyterﬁygtem1994 Abgeaa takjng turns
troll nd t d
witls i Bisceasor gl feking scteesapaueds U mesmonl (o This may

o LA 5 G B S s Bl Vs 1
wntriWilﬁ%ﬁfﬁﬁr‘?tgrveq{h%ﬂrﬁrﬁﬁlegtﬂg{:%%dreIrOS'TEWor%aV@:ﬁQ i tBcessor 105

cont i's capabl'e

el B SRRy B e fef AR I TR B orfe

pro%béédreﬂ)t‘i ﬁ‘laﬁl% @Té invé |dw PS\‘R/@BQ’!&I@ N@}ntr‘dﬂér H%'fycédrﬂéth& own

al so bé applicable to other controllers.

prob@%&]orﬁh@rw@nxrdnér ar bh@ink tHhtegErRITaids! r@quéafsltagh@memory
exanple of a chipset in a
115. A controller may be, for example, an Ethernet controller, a sound transducer

controller, a universal serial bus (USB) controller, a graphics controller, etc.

[0014] In the following description, for purposes of explanation, an integrated
graphics controller may be used as an example of a controller that is capable of
controlling the bus 15 and accessing the memory 115 with minimal intervention by
the processor 105. One skilled in the art will recognize that the description may

also be applicable to other controllers.

[0015] Figure 2 is a block diagram illustrating an example of a chipsetin a
computer system, according to one embodiment. The computer system 100 may

include a central processor 105 and a chipset 200. The computer system 100
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conmput er system according to one enbodi nent. The

conputer system 100 may include a central processor
woQeo4aasbia chi pset 200. The conputer system 100CTH/USED04/000092

2004/ 063916 PCT/ US2004/ 000092 nmay al so include a

menory 115 The chi pset 200 may be an integrated

malih el e T h{‘igfge @épéeﬁga@ &HY?%; ok ApdBIcorBisd;araphics
nt a arlr,a |

chlbﬁétglsTé}e or { t%%&xgmqleﬂtéégm Q&e@%&ﬁlr&&%md graphics
b '.ﬁ{e é%%ér%tl&r\ O SR LRI eafithfiEC §PRAbLet M0 may

SO I'n a graphics interface

incitiié ér?rn@eqraext gﬂaﬁhf&%ntr@llépmﬁ% Eth\}idé |({:§7@|§Eg\%h%?bort.

to suppor graphi ¢cs cont I'er :
Thé ehipREYa00 6k 05180 M A BRABDhICS ntefiBos 200 e% Aeagpidisd

controller may have own T ocal nenory

GragHies Pbrt%ﬁ@ﬁﬁbite@fa%@%tdﬁup&&t @xt@ﬁ@?famﬁé b@hir@ﬂergj(ﬁot

that interfaces the nmenory 115 to satisfy

shoveddionadvancezbgrephicsf capabllig  Anaxtsrsal gidphicsitentroller may
menory 115 nay be, for exanple, dynam c random access
haveeawnyogdbRidory. synchr onous dynam ¢ random access
menory (SDRAM), double data rate (DDR) SDRAM etc.
The chi pset 200 may al so include an I/O controll er 214

to interface 15 with heral devices (not shown
(00481 1T eipaek A0 ey aIdi inchiciens mamphcRisr 2108hantertaces

Wit e BTGy T haelo SRt WG SO RRIS T B e Bregserb i ar The

e AT 5 GRS o sk AT AP,

Syﬁcﬁf G BB emE T8l g P B ST AR, oo 6td Fate (DDR)
hétES Hlﬁiéteioozﬂﬂégaaﬁ%oh%ﬁjdﬁﬁ)ﬂb ColmediBY 24 %8@ iMBrface

erence ma cl oc generator

witﬂ' ?@nﬁhé‘r@l‘ Ué‘?lcéQQﬁéQHcﬁ&n Z%athob@ﬁ FlgﬁP@QYIILFs@ﬁéttéQ{H@ﬂSrocessor

2 he nenory 11 nay al sd i nClude del ayed | ocked
104 8@ different module from the graphics controller 212, one or more of the
processor 105, the graphics controller 212, and the 1/0 controller 214 may be
implemented in one module or in multiple modules. For example, functionalities of

the memory controller 213 may be integrated in the processor 105.

[0017] The graphics controller 212 and the memory 115 may receive reference
clock signals from a clock generator 205. The graphics controller 212, the
memory controller 213 and the memory 115 may also include delayed locked loop

(DLL) circuit(s) (not shown) used, for example, to control timings, etc.

[0018] The graphics controller 212 may perform computations to get display data
from the memory 115 and to output the display data to the display unit 124 via the

video out port 220. The graphics controller 212 may also control other operational
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(DLL) circuit(s) (not shown) used, for exanple, to
control timngs, etc. 25 [0018] The graphics

woaoni4roesdier 212 may perform conputati ons to gepCuiusploayoo092
data fromthe nenory 115 and to output the display
data to the display unit 124 via the video out port

be*azﬁzw?férrsgigla? : %Tévﬁﬁnifg%b%@ﬁg o568 nelor o580 k9 Gaopeakiiont
orighfAeh 8 133 P e 2Rl Miad BeloBfige bR R Athice Sharroye 212

ma& c}éﬁ roqq?g t@%ﬁb%ﬁ%ﬁ;&ﬁ{ {)B?%x?%h{pﬁgt QQ%BHC the system 100.
[Ooﬁ%f-'ilﬁlrg@ l@saeﬁlo%QQi Qr‘rﬁ“uét%,r@yéﬁ @Qéﬂﬂﬁfé of & §F4H 6 co controller

a bl oc diragram il Fustrating an gxan‘p

accdréingRBidhe %Béﬂl%érﬁr Tht':a gﬁﬁﬁfcglcﬁﬁtrb%m ﬁfggﬂﬁblﬂlﬁéta dlsplay
The graphi cs control may i ncl ude a displ ay

buffaf 38 to3hOrd mesdlgplaytda@a dirReldisplalabatierTt0 hsmawssociated
buffer 310 nay be associated w th a display streaner

with BSJisag strieamerdP ) 805shdt taydet esed toedetkemineovhen te sequest
the display data fromthe nenory 115. The displ ay

theldi§play datdfromytheemantary 415i T hefdisplay buffe¢ Bl B0payp befaefrirst-in
The display data may be fed fromthe display buff

firsoot (RIFQY bafter. pheyliamiay deteamay ba duan tmmgls@iemmféer 310 to
illustrated in Figure 3 refers to the

a disphai apginecihdo rliought theexapple Jiisirgied mrfdgumé ieersds the
D283 sepbrete,ampatertnit TR DS RAEGIe00R 16 PE SRS
fungliGalie “r'aéip%ﬁﬁéérﬁb' h BlsBwnsTa Siih enlor Ak, HAhE°
mefiflth sBhBler fo0 gtle AR bERS Eont RIS 14T, P 1S5 rnar S s,

the graphics controller 212 nmay have its own nenory
controller 300 to initiate own accesses to the nenory

[OOQbilt%éWBého@éd Bk tl’?é’gﬁdpfﬂlcsoéoﬁtﬁﬂlep DP9 FEthe M&PoryBdntroller

consi deri ng uni f menory ar chitecture

21:|§ ghﬂtﬁ‘%tlrélbd s Fi%m‘letﬂ) @Rditht s HeapREeasGPTIR)MEap_ham hermemory
s case the nmenory controller 213 and the

115. That is, the graphics controller 212 may have its own memory controller 300
to initiate own accesses to the memory 115 without direct control of the processor
105. For example, considering a unified memory architecture (UMA) chipset with
integrated graphics controller, in this case the memory controller 213 and the
graphics controller 212 in the chipset 200 share the same memory 115, and the
power consumption of the graphics controller 212 and the memory 115 may be
reduced. When there is an external graphics controller (not shown) that has own

local memory, the power consumption of the chipset 200, the memory 115, and

the external graphics controller and its local memory may be reduced.

[0021] The memory 115 may be more efficient when it can provide the display

data at a high rate. The display data, however, may only be processed by the
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graphics controller 212 in the chipset 200 share the

sane nenory 115, and the power consunption of the
wgnreceaecontrol l er 212 and the nmenory 115 naycCibais2004/000092

reduced. Wen there is an external graphics controller

(not shown) that has own |ocal nenory, the power

. consumptign_of the chipset 200, the nepory 115, and ..
disBRN a4 D45 G4 P GNEE Hibe EreaKs OF Isruribnsts Tpeiiag he display

oSSt TSI 02T BoTHRES 0 Ryl
oty PO S0 24y ke MRl o AR ey

omP\SB) RS 508, 5ol eripeg i ySisair Blap e 05 05

ma9id%%: @Mifﬂ%‘r‘érﬁtes”etl%moﬁﬁolt\fﬁuég P leR¥h /IEHI B¢ mbde S®ported by the

fesult 1 n visua artifacts such as, for exanpl'e,

graphicsksdrirofier R12alesdisplaly/ifodé Aily iadiuBie! f?exbhtidi $Bbbination
unit 124. As such, control values may need to be used.

of displagxmvitecresbhtioRScAObdEptmeyr pigel depdh frefreshtratest andl system
control values for each display node supported by the
configapdtiars control l er 212. A display node may incl ude,
for exanple, a conbination of display device
resolution, color depth or pixel depth, refresh rates,
and system configuration. 10 [0022] The contro

[0022] uie erntralvebigstRay Biowdhe > 486 de defrrmipe whe to retrieve
ol 8 i T P R e T B i oy
114 Sl L LA o P BB 4 2 o
oo, TRy S A P T UL G40 B
T #48 Fis BYy HPRTE vl B gERR Hi of
bufgéi%*ﬁﬁt Thé BTt NendtR %Msgaoré%?réébréeh't ﬂ% ARbudt @Iadli(&elgy 'lj)gfta that

I splay node. The DS y use the watermr

theaDd 30%emByY requéS TN thidhietndrg 11%04te ikl B 8'Pdricular display
control how and when the display data is fetched from
motibe TeDBY305 may use the watermark value and the burst length value to
more efficiently control how and when the display data is fetched from the memory
115 and presented to the display engine 315 to display on the display unit 124.
This may help eliminating visual artifacts or display corruption seen on the display

unit 124.

[0023] The display buffer 310 may store up to a certain number of display data
fetched from the memory 115. When the amount of display data in the display
buffer 310 drops below the watermark value for the current display mode, the DS
305 requests more display data from the memory 115. It may be noted that other

techniques other than using the water mark value and the burst length value to
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115 and presented to the display engine 315 to display

on the display unit 124. 20 This may help elim nating
woieMak3asti facts or display corruption seen ORCTHS2004/000092

di splay wunit 124. [0023] The display buffer 310 nay

store up to a certain nunber of display data fetched

mthe 5..Wien the anpunt of display da
COf?t th@rH?é%FvimEéW gispiay dafagode @eﬁeqraﬁh@ FI@“«'XOW i may
| ter k value for the current display node, the DS
alsg %%{Jests nore display data fromthe nenory 115. It

may be noted that other techniques other than using
the water mark val ue and the burst |length value to 8

o 5384, A A2, g
wa?érﬁ%ri@ %aHr%%% é{ %@ﬂﬂenﬁﬂ?vé’lb% ?&S&ﬁﬁr@@ dﬂédlé&sﬁfo@lbg Qhéﬂnay

Figure 2 ynam cal’ly conpute t 5 wat’er mar k

resuitlften dﬁr&ehué@iﬁglu%twd@ dfahedesnipuitedéysténertn. dh sphayuration
nodes that may result fromdifferent configurations

macyfbet kg .¢ amparticuiasyerhbimalion of Auliiléidisplays, etsplapyesuiutions,
e.g., a particular conbination of nultiple displays,

coldf de;bﬁmys, refeashuiaies) ©verlay soalindepdriditionss fvideshcapttiessconditions,
overlay scaling conditions, video capture conditions,

andfod bther slystem sosfigurations.i gbe procgssor TA npa)opmam Qs of the
may program one of the 10 waternmark val ues as

watﬁrmaéhwamﬁmpurreat wetesmaripMalugranchena gf the bl@ﬁglelﬁlgth values
val u as a current burst length valu

as gr%m@uesdﬁwgihg@#udezmo ey or@PBIGSCoN; b4 i ﬁ@” g
124.
procesaisn tei sHAReRaHP BEuRtEYeR on e Rty Phittde my *be

in a menory refresh 15 node and its contents may be
refreshed or recharged at every nenory refresh

0023 B AR BHREE, AT R IT A Rt

I
L
intdr08f, fSTO¥Mple. For one embodiment, the memory 115 may include features
that enable its components to refresh on their own (or self-refresh), independent

from the processor 105 or external refresh circuits (not shown).

[0026] According to the ACPI Specification, when the processor 105 is not
executing instructions, the power consumption by the computer system 100 may
be reduced by placing the processor 105 in a low power mode such as, for
example, the C3 power mode (or C2 or C1 power mode). When the processor
105 is in the low power mode (e.g., the C3 mode), the DS 305 may still need to
fetch the display data from the memory 115 for display refresh based on the
control values (e.g., the watermark value and the burst length value). This may
occur when other controller may or may not desire to access memory 115. When

all the controller devices’ contributions to memory access latency can be taken
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20 [0026] According to the ACPI Specification, when

the processor 105 is not executing instructions, the
woauwaroceansunpti on by the conmputer system 100 pay/usb®4/000092

reduced by placing the processor 105 in a | ow power

node such as, for exanple, the C3 power node (or C2

S A s e Sl o
o U T L 2P P AT Eltpgngr moce

values (e.g., the watermark value and the burst |ength
value). This may occur when other controller nay or

[ooﬁ?xF&Dc%qéjsﬁf b@lrﬁQnta%%ﬁSthlé‘gﬁ@ ¢dssbi205 W theably pd\Ber mode,

EVI ces” contr trons to nenbry access

thel rAEMBEY 1 ¢8MAALals8RDIcMPIRI MW PodREPnode. That is, power
PCT/ US2004/ 000092 into account, the techni ques

corfdemiptiopest drey & mor@gompobkemtsesf thé engrosesE maldse réduced.

in the C3 power node or in the C2 power node or also
This manhkav@ nhoiwesi effedeon pfdiEasbr perfomnancanb otibmemmpleh e
the processor 105 is in the | ow power node, 5 the
powenaonsublgioneyf the snemenpl ¥ athyi e eedusadinvelacimgdbe memory
That is, Tpovver consunPtlon of one or nore conponents
115in a elf-HefiestyMods. Ssi-ritasbdnade a wn@ﬂWar@nHQVbaccess
m ni nal effect on processor performance. For exanpl e

memesy (HBAM) Raweiiosiices statewhieradhe mematy rieayirgs no input clock
and,GHETPG:A oy ARKE oty Fasambynd iRalifed: @Eéé&ﬁé&ieerﬁ@w states.
uced. st at

ThiZdiey PeloRs tasserin b BEedaf PRIl dlirRbdne memory

1155?. P’Earcn@ﬂ%%‘gh{ow 1?%?:‘1‘98 thg s}eﬂ rEES%Q'? 'Srﬁsqjqér‘]'?gﬁgréﬁa%ﬁé‘ﬁg%ontents
to t?eeéévéoewhgépe FFBH% y 115. Placing the

nDde may enable its
contents to be saved whi | e redu0|ng power
consunption. 15 [0028] One skilled in the art nmay

[0028F08BIskRictAth®bRehay fsdtyniecthalBiherltéchriigues may also be

used to place the memory 115 into the low power mode such as, for example, by
placing the memory 115 in a pre-charge power-down or active power-down.
Precharge power down is a DRAM power reduced state that still requires system
clocking, and that all DRAM memory pages are closed before it can be entered.
Active power down is a DRAM power reduced state that requires system clocking,
but not all DRAM pages are closed before it can be entered. Generally, the lower

power states may have longer powerup or wakeup latency times.
[0029] For one embodiment, when the processor 105 is placed into the low power

mode, the power consumption of the memory 115 may be reduced by reducing

power to a delay locked loop (DLL) circuit associated with the memory 115.
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used to place the nenory 115 into the | ow power node

such as, for exanple, by placing the nenory 115 in a
wonerpazge power -down or active power-down. PCEQIS2003©00092

power down is a DRAM power reduced state that still

requires system 20 clocking, and that all DRAM rrermry

rooffigs GisoeoBa et a0uRr rPascoRSIrRIGH of e Malfiowe1s s
BT, e
corﬁﬁoﬂé?ﬁ‘lg?(elu;‘%l%g]deg%gﬁﬁe@o n%‘% r%fﬁﬁ@m‘p@h@ﬂfsyof the graphics

one € ment

corRfcEF8§2 rméfﬁnclu’%iepécﬁﬁ[?ﬁwéd’t& ehate!RYBAMS run 'ﬂﬁéj%erﬁ&? 115.

power consunption of e menory 115 may be reduced

This %’é&ﬁbl%ﬁe tn@wpm@s doisiebIRy 2120k edo érDhbHeCérdemlay have
assocliated wth the nmenory 115. 10 2004/ 063916

miriGal $IFEaGH HRRESSor féitifanter Forexanipisli thisnhaywhelnde heducing
power consunption of the nenory 115 is reduced, the

poweesuck asshpingoff tie Dhe) to a mietay looke toamt (HLdS) airoeit
graphics controller 212 may al so be reduced. The one

associated withdhp graphiss ebntrokerg o sbuttingraff thel decking terthe
i ncl ude conponents that are needed to run the nenory
mempsy fronTHesgiappios eapdrollae242.a Redesingdawel wrsum@quﬁ%used
| ow power node and (r%?/ohave m ni mal_effect on

herginoray d¢luge Poverng Qif oiHsdugingRAET froma ayyentamayat to a

reducin ower h as shutting off the DLL) to a
lowgéﬁggpqrg ?%'gp' E%_L) circuit associated with the

graphics controller 212, or shutting off the clocking
to the nenory fromthe graphics controller 212

[oo?sﬁﬁ orgdr fbo?"é‘?fucgciﬂé#ﬁ@mé'll%‘b e ot %"3@ ioRESr2h8 JORY uter system

epovverlngo rrfroma c

10(‘?‘?%%& 8s g SéIBP@eE rﬁQ%HBt q%\ 9%'f6ﬁ%%eh%@§%5'dhd the

er tor UCG { era r consunpti on of

ragﬁm%t&cﬁftroﬂéﬁkmo 30 |ﬁ~°¢héﬂtﬁﬂﬂgéﬁ/epﬁ&ﬁ1ebﬂo¢ asilbndgray ﬂb%snble Of

dvant ageous for thé menory 115 and the 15 graphics
coue8} tddree pdikd, \B/legga,bp the rhémonpwi panertherdeptiios caatroller 212

long as possible
may be necessary to allow the computer system 100 to operate in an acceptable
manner. For example, at some point the amount of display data in the display
buffer 310 may be reduced to the watermark level and a memory burst is required.
In this situation, it may be necessary to wake up the graphics controller 212 and
the memory 115 and restore them to their normal power mode. Waking up as

used herein may include powering on or increasing power from a low amount to a

higher amount when applicable.

[0032] As described above, the watermark value may be used to determine when
a memory burst is necessary, and the burst length value may be used to
determine the amount of data to be fetched from the memory 115 each time.

Typically, during normal processor power mode (e.g., CO power mode), the
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course, at sone point, waking up the menory 115 and

the graphics controller 212 nay be necessary to allow
woOher4oesmpet er system 100 to operate in an acceptamisen4/000092

manner. For exanple, at some point the anmount of

di splay data in the display buffer 310 nay be reduced

méﬂ&fﬁ/ﬁﬂ%@ﬁéﬁéﬁ%ﬁ'@ Shepefcimet ot ThShed e

. [ 2 :

o e B Gh ETHEbh FE2 CTR EaTRE B
RS TN TE I 0% 87 e
so &Rftithe Ao r%%%g b‘ésloﬁgéf%ﬁéég?awﬂﬁthér 'é%artgn time. Of

wat er mar k val ue may be use erm ne when

colifeBDPIhis Ridysdepgehd&re BRSAIVentalishlay enddid Sid tHRNEILE of #hdldisplay
may be uséd to determ ne the anpbunt of data to be

buff@t 31GdAChangngyttre mentrolvaldés aanhaliowrthe wakeies ltéiycy time to be
during normal processor power node (e.g., CO power
shonbetdhan tthe titie WPra06ds De3ditplaPCBtaBL didispiag IRiffemSidr yThe
bursts may be smaller and spaced closer in tinme. Thus,
walep lateacy fimeowsy diclide fimedolregiopewewerrial the eng or more
Cl/C2/or C3), it ma%/ be advant ageous to change the
comprepls afdhe aierparyyl15 and ohihesgrapbins sonitllge23Add t he
wat er mark value) so that the nmenory bursts nmay be
| onger and spaced further apart in tine. O 5 course,

rod3) Bighire, 41 N eiptraf il Sty S SRam R BT firtotea iesd for
et e W) ot 4P codbdhiid W gtebyG.contiaper
ac‘?%@i”@ dté%rf’ey n%mpgﬁﬁﬁelf’(l ht bgg& 4(‘5@,‘3?%? %rb@és‘%’&?ﬁ 0! i?@ld&\ﬂ in a low

O restore power e one or no

powe L&s Béséﬁt%d'%ﬁg@/ teke Ay b@fwélfé%pgiémca%sociated with

contro I'e_r 212. 10 33] Figure 4 1s a f i agram
redtrint tHedfneftbriin 188 PhErMl pRviRl 966SS frefed 10w hower mode. It

reduci ng the power consunption of the nenory and the
mayrppossiblechat wherthe processor 105 is placed in the low power mode,
the buffer 310 may be partially populated with existing display data such that the
wakeup latency time may be temporarily longer than the time to process the

existing display data in the display buffer 310.

[0034] At a next memory burst, the display buffer 310 may be populated with more
display data (e.g., as dictated by the burst length value), and the wakeup latency
time may be shorter than the time it takes to process the display data now in the
display buffer 310. This may allow the memory 115 to be in the low power mode

for a longer time.

[0035] At block 405, the power consumption of one or more components of the

memory 115 is reduced. Reducing the power consumption of one or more
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according to one enbodi nent. At bl ock 400, the

processor 105 is placed in a low power node. As
wdesoockad above, there may be wakeup | atency PCT/US2004/000092

associated with 15 restoring the nmenory 115 to a

nor mal power node froma | ow povver node. It rray be

ol 5 S A A
A e D G R e
vy A A i

t he displ ay buffer 310 may be popul ated with nore
di splay data (e.g., as dictated by the burst length

[00‘36! @ blodk ¥ G, ke \@@w Roh3tapadn of bAB oforeecamdriatts of the
han the time it takes to process the display data now

grafhldsf‘tﬁ)ntr@ll_épﬁw idrddueed 3 This iaysnotage alor exatripte, retmatiing down
15 to be in the | ow power node 25 for a |onger tine.
thel @685 toAhebiong knd 08dudihg tipepewec cossurppiien obtheokl @ircuit

nore conponents of the nenory 115 is reduced.
asReinied mgth the grephics controligrt i on of one or nore 12 WO

2004/ 063916 PCT/ US2004/ 000092 conponents of the

nennry 115 may include, for exanple, placing t he

115 in a self-refresh node. ?ptherre

(00375 Ridure,535 adion sasraum fl4siadhs Siigeeot brrRsionne g thé memory

and e icR CHILGURT 116 normal PONEF Moss BREHI & SBhe. or

enPRhnd PAHEAS 505 e aralhBR ShRitoighA t s i BivRd gy pode. A

blolgk 38} 411581 15 BePBTRe (G terffi ke bR Ebntralier 212 needs to

exigﬂw%olmr\lsnﬁ ?Pr‘h’b%' Hor k8O 3hk t€ {HHES verif fﬁfref \rvg’r’érmark level
ustrati Nng a process reStO

hagfsrfﬁéy noPBQeﬁ iea e hl'r?étéé@ Mdyobé perfbAméd @@rtrrar thecgr@pmcs
e, according to one

controller 212 can exit the low power mode at an appropriate time before the

powerup latency time is going to be longer than the already buffered display data

can support. If the graphics controller 212 does not need to exit the low power

mode, the process stays at block 510. Otherwise, the process flows to block 515.

[0038] At block 515, the power to the memory 115 is restored to the normal power
mode. This may include, for example, taking the memory 115 out of the self-
refresh mode and powering up the DLL circuit associated with the memory 115.
At block 520, the power to the graphics controller 212 is restored to the normal
power mode. This may include, for example, powering up the DLL circuit
associated with the graphics controller 212. It may be noted that the graphics

controller 212 may drift in and out of the low power mode. For example, the
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enbodi nent. At bl ock 505, the graphics controller 212

isin alow power node. At block 510, a test is
woeodsmesrd to determine if the graphics controbPCEUS21D2/000092

needs to exit the | ow power node. For exanple, the

test may verify if the watermark | evel 15 has or has

not been reached. The tes be perforned so that,
OrepRioSGOTNIERE T2 Gia BF uf Obind lu Pl MBS Whsl ok Hisplay
nmode at,_an ropriate ti. efore th Qwer u
datfis Beeyed PRl e R it Blo PR Bkor i oF RS pigek 525.
buffered di splay data can support. If the graphics
controller 212 does not need to exit the | ow power

OO Fp B4R o815 nBhagh i ST omar

valli®PaRoysdd A s aRBHINgE4T0liNcre8sé B meanbhthe ey 115
power node. Thi's may include, for exanple, taking the

anm%baphk% SuHtrolbr R sk} in-the 8dw eRivaTeredatHe o vBhiroldvalues
up the DLL circuit associated with the nenory 115. At

malneed o2 rastmrefddustheit original galapsinosmaliynused Wenh2 precessor
restored to the normal 25 power node. This may
105 iscihutbe nofmrl peaaphwdepdvetei thgt itphayhlee Detesdary ¢ wait for the
associ ated with the graphics controller 212. It may be
menmrgd 16and theegrgphissicestroden? tata pewen pp pejorertekingithe
and out of the | ow power node. For exanple, the 13 WD
proggsegiol¥naet eidhe Ieyy BoAVeIdeds graphics control ler 212
may be out of the | ow power node when nore display
data is needed and a nenory burst is to be perforned,

RO LTNOU A N
e o LR RS B
e 8B o Y B L e
capei&ef hc eemehitty R18GRESENdehRf of the Prddé%s?@? @g?.' It may

power node. te that it nay be neceSsary to wai

alsbite notedeRhat ditfoughRché hecttigudy gsscribedraidverrefdrdotdisplay data,
power up before taking the
one skilled in the art will recognize that the techniques may also be used with any

data including, for example, time critical data.

[0041] Techniques for reducing power consumption in computer systems have
been disclosed. The power consumption of a computer system may be reduced
when the processor is in a low power mode by reducing the power consumption of
the memory and of a bus controller associated with the memory. Although the
techniques described above refer generally to the graphics controller and the
processor sharing the same memory, when the graphics controller has its own
local memory, power consumption of the graphics controller may be managed
using the same technique. In addition, aithough the techniques described above

refer to reducing the power consumption of the DLL circuits of the memory 115

14



10 processor 105 out of the | ow power node. [0040] It

may be noted that although the processes described in
woigureesrdeand in Figure 5 refer to the graphi e61/US2004/000092

controller 212, one skilled in the art will recognize

t hat those processes may al so be applicable to ot her

and REcorep g:%%'n rﬁﬁ%béﬂ%éﬁ?ﬁ?“]‘w&? b e B0 Tpguce
po B corfbiptR, A0tEr E0RbgReh G R hAFRLE M 00., 1

the art MA|| recogni ze that the techni ques nay also be
used with any data including, for exanple, tine

[00‘212’1 tAlﬁ”%'tuggﬁtﬁé rﬁ)rgébr{t(?%’]tioﬁm éeéé?[)ee & fg? ;ég?réﬁgﬁb

conputer systens have ose

spe-U"ﬁ% &@’Pﬁblaﬁ@@ﬁ‘ﬂ&ﬁrh@ﬁtsoft vAll BETEUHERT tiFAtS/RIBUBBModifications and
reduced " when the processor is in a | ow power node by

chdrfdganag behafe e thexenarubodinmente vithbbedepanting feord tieé beoader
bus controller associated with the nenory. Al though
spitihand segpmdfithesinderstion de detfonthean tied elaimenéxaabordingly, thee
graphics controller and the 25 processor sharing the
spedificationrandydrawtiegs arestogvenpegarded oman dlusénativiasathes thama
| ocal memory, power consunption of the graphics
restfifiivesiengée. may be managed wusing the same techni que.
In addition, although the techniques descri bed above
refer to reducing t he power consunption of the DLL
circuits of the nenory 115 14 WO 2004/ 063916
PCT/ US2004/ 000092 and of the graphics controller 212,
the techni ques nay al so be used to reduce power
consunption of other conponents in the conputer system
100. [0042] Although the present invention has been
described with reference to 5 specific exenplary
enmbodi nents, it will be evident that various
nodi ficati ons and changes may be made to these
enbodi nents wi thout departing fromthe broader spirit
and scope of the invention as set forth in the clains.
Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a
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restrictive sense. 15 WO 2004/ 063916 PCT/ US2004/ 000092
CLAIMS What is clained is: 1. A nethod, conprising:
wohen/oazgasocessor i s placed in a | ow power nodeCT/US2004/000092
reduci ng power consunption of 5 one or nore
conponents of a nenory coupled to the processor and of
Lﬁ@ or nore conponents of a controller device needed
C n the menory. 2. The nmethod of claim1, wherein
reduci ng the power consunption of the one or nore
conponents of the nenory includes placing the nenory
Vwkﬁigcéﬁhgaﬁ_fresh 10 node. 3. The nmethod of claiml,
er él n reduci ng the power consunption of the one or
nore conponents of the nenory includes placing the

1. TERRERDd, Rofhgtishediar ge _power down node or an active
power down node. 15 4. The nethod of claim2, wherein

whef dgioagssdieis prasid iﬁ@WFé\}véﬂn@ﬁeQ Fsduing POWer consumption of
conmponents of the controller device needed to run the

on&erpiorei cobhpuieshts bedusémorypcowpled tmthepiocessorf ard dEbag or
| ocked | oop (DLL) circuit associated with the

mate congdnentsieiva centr@lerievideeneaddtbid i theanemary.
wherei n reduci ng the power consunption of one or nore
conmponents of the controller device needed to run the
menory further includes reduci ng power of contro

2. Jihgrmpthoghef daigt ks wheke redusingiienPewear cersumiplioneef the one or

devi ce. 25
more components of the memory includes placing the memory in a self-refresh

mode.

3. The method of claim 1, wherein reducing the power consumption of the one or
more components of the memory includes placing the memory in a precharge

powerdown mode or an active powerdown mode.

4. The method of claim 2, wherein reducing the power consumption of one or
more components of the controller device needed to run the memory includes
reducing power consumption of a delay locked loop (DLL) circuit associated with

the controller device.

5. The method of claim 4, wherein reducing the power consumption of one or
more components of the controller device needed to run the memory further
includes reducing power of control signals and clocks associated with the

controller device.

6. The method of claim 1, wherein the controller device and the processor share

the memory.
16
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6. The nethod of claim1l, wherein the controller

devi ce and the processor share the nenory. 16 WO
waQw/es3816 PCT/ US2004/ 000092 7. The net hod e€Taisai0a000092

1, wherein the controller device is a graphics

controller. 8. The nmethod of claim7, wherein an

anount of display data to be retrieved fromb5 the

menory is determned based on a wakeup latency time

& TN AT E e —

process the display data retrieved from the nenory is
at |east equal to the wakeup latency time. 10 10. The

8. M eid (ﬂélm ¥; whefdif %Qsé?ﬁdg@rg'x??'tdi% iayY gatd ¥ B rétﬁ@@ed from

the contro deVi ce nee ow power

thed@efidty id aéfef?ﬁméwbémj @ﬁ‘éﬁﬁa@&lﬁﬁl@f@ﬁdﬂﬂn@%s&ﬁ@ia@ﬁwﬁﬁ the
nore conponents of the controller device 15 .

meRdriyathd m@@éFﬁic@g;onn@néprm ng a first menory bur st to
retrieve display data froma nenory, the nenory
coupled to a graphics controller; 20 reduci ng power of
one or nore conponents of the menory and one or nore
9. dhepoethudsofutlainm 8, yhedin dimectonpnosesethe displayrdataseltieyed from
to run the nenory; sending the display data to a
thesmematy ie slilsiasticgeakindhe wakeupdatepay EB19.er; and
restoring the power of the one or nore conponents of
the menory and the one or nore conponents of the

phi c&qqg&t rl%llglb tr&@ggé&%rrlrﬁn a_subsequent 25 nenory

verlfymg that the controller device needs to exit a low power mode before
increasing the power consumption of the one or more components of the

controller device

11. A method, comprising:
performing a first memory burst to retrieve display data from a memory, the
memory
coupled to a graphics controller;
reducing power of one or more components of the memory and one or more
components of the graphics controller that are needed to run the memory;
sending the display data to a display coupled to the graphics controller; and
restoring the power of the one or more components of the memory and the one or
more components of the graphics controller to perform a subsequent
memory burst as they become necessary.
12. The method of claim 11, wherein the power of the one or more components of
the memory and the one or more components of the graphics controller is reduced

when a processor coupled to the memory is in a low power mode.
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12. The nmethod of claim 11, wherein the power of the

one or nore conponents of the nenory and the one or
wouno@/esrponent s of the graphics controller i spcease®d000092

when a processor coupled to the nenory is in a |l ow

power node. 17 WD 2004/063916 PCT/US2004/ 000092 13.

The nmethod of claim 12, wherein the power of the one

or nore conponents of the nenory and the one or nore

138 ﬂn% g@‘ué)gjsﬁfclé E]e1 % r\ﬁﬁ%elﬁ‘?th% D&S\X/&l J)ﬁg)e'o%eggrs@gfﬁﬁo%‘éﬂents of
the"r“?lte% %fndoth? oﬁ’?leI i &?th(t)lf:]é‘rﬁsfo‘Pﬁ@@Féth@é‘ bhthSler is

S con are e nenor 15. The net hod

res%re%i'v@héﬂﬂl’i'e pifRBESHMs n‘?ﬂ'&é?!oWJ bWer rpeer of the one or

conponents of the nenDry conprises placing the
nennry in a self-refresh node, a precharge powerdown
- node, or an active powerdown node. 16. The net hod of
14 C Thierméathodvwdfesiginn 1) whémein tHeeproesssgr and thesgiaphiosfeosdioller
node i ncludes reduci ng power consunption of a delay
sharectkednémopy.(DLL) circuit 15 associated with the
menory. 17. The nethod of claim 11, wherein reducing
t he power of the one or nore conponents of the
graphics control |l er conprises reducing the %omer of a
15dér hgymethaskelclaignp1(\wherein redueing H@smwg& el ﬁmﬁ% @W@Ofe
graphi cs controller 20 .18. The nﬁthod of clai m
comwen@nﬁ ofdhg @%0%%0'68%?3 Blec r{eemowﬂ% s8lFréfresh mode,
onents of gna h ICs qpntrol furtg
2 REGHIA oAU B SR e e PORovt o8 hal s and
cl ocks associ at ed MAth the graphics controller. 25 19.
A conputer readabl e nmedi um conpri si ng execut abl e

16, b Micthb8 23 piinClb, WHLeBin AXERYYAE nhdnBrPhor 8t difesh mode
system causes the’'procéssing systemto performa
includes reducing power consumption of a delay locked loop (DLL) circuit

associated with the memory.

17. The method of claim 11, wherein reducing the power of the one or more
components of the graphics controller comprises reducing the power of a delay

locked loop (DLL) circuit associated with the graphics controller.

18. The method of claim 17, wherein reducing the power of the one or more
components of the graphics controller further comprises reducing the power of

control signals and clocks associated with the graphics controller.
19. A computer readable medium comprising executable instructions which, when

executed in a processing system, causes the processing system to perform a

method, comprising:
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met hod, conprising: 18 WO 2004/ 063916

PCT/ US2004/ 000092 when a processor is placed in a | ow
wopauwewocsaede, reduci ng power consunption of  ONeCTAUSRMAB00092

conmponents of a nenory coupled to the processor and of

one or nore conponents of a controller device

associ ated wi The, co

whiB it SRatis wacet o X (B Wawdr Atids; RS9 EBPEer gansumption of

on B e NTHTRI e ' A6 B TN gpaz%ggs%ﬁd B one or
mo?@'cfon{ecﬁfr{e%?@of@%ntral dé}r c?é%l?é %&%ﬁ@g%ﬁ%g 5 r md? an

ower down no bl e
nedlun1of claim 20, wherein placing the nmenory in a
sel f-refresh node includes reduci ng power consunption

2001Tha étshputel esdkiblé asliutldfldaini 19 Wﬁe@ﬁﬁ%u@h@dtﬁéﬂ pdwer

the nenory. 22. The conputer readabl e medi um of clai m

coadumptien ef ther @tiior neré bonmponents ditheansmopy inetudyfs slaeing the
or nore conmponents of the controller device includes

meneohydn regseibredreshanedepa prechaiga pdekayown otctte, loo@p active
(DLL) circuit associated with the controller device.

powgrdomie masigput er readabl e medi um of cl aim 22, wherein
reduci ng the power of 20 the one or nore conponents
of the controller device further includes reduci ng the

21 Hbecsmop e evadsle Bitian of phams rﬁ‘%‘cé?rf'@?aﬁ&tvemetrﬂemory ina
. h

Seﬁ%r%rpbwgiwclyﬂ% 56%9?@%%9305%5 At cfaytpeRed loop

U R B b ity 'er . 1 e contro o

22. The computer readable medium of claim 21, wherein reducing the power
consumption of one or more components of the controller device includes
reducing power consumption of a delay locked loop (DLL) circuit associated with

the controller device.
23. The computer readable medium of claim 22, wherein reducing the power of
the one or more components of the controller device further includes reducing the

power of control signals and clocks associated with the controller device.

24. The computer readable medium of claim 19, wherein the controller device and

the processor share the memory.

25. The computer readable medium of claim 24, wherein the controller device is a

graphics controller.
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WO 2004/ 063916 PCT/ US2004/ 000092 26. The conputer

readabl e nedi um of claim25, wherein an anmount of
wdizeploayicdata to be retrieved fromthe menoryPCE/US2004/000092

determ ned based on a wakeup latency tinme associated

with the nenory and the graphics controller. 5 27. The
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29. The conputer readable nmedium of claim 28, further
conprising: verifying that the controller device

27neR@scdrapeer re@d MV nisign sfsinb26,onkerbin fhesteretédy/the
restoring the power consunption of the one or nore

aneump of éisptayodatatretrievedtfrarh ltles nignoyds aBkashegualk orthe wakeup
conprising: a processor; 20 a menory coupled to the
latenoctimeor ; and a controller device coupled to the
processor and to the nmenory, wherein the controller
devi ce and the processor share the nmenory, and
wher ei n power consunption of one or nore conponents of
28t Hhenegropyter serdalile grrdigm ofgilainme: H9puheeins ther ong er more
control | er. device is reduce en 25 the processor is
COMPOQGPW‘%BWV‘FFBH%( deyjce ’ﬂ?g-’ URPRIents @%ﬁfjg forunthe
wherein the one or nore conponents of the nenory
MEMRNudes a del ay | ocked | oop (DLL) circuit associ ated
with the menory. 20 WO 2004/ 063916 PCT/ US2004/ 000092

29. The computer readable medium of claim 28, further comprising:
verifying that the controller device needs to exit a low power mode before
subsequently restoring the power consumption of the one or more components of

the controller device.

30. A system comprising:

a processor;

a memory coupled to the processor; and

a controller device coupled to the processor and to the memory,
wherein the controller device and the processor share the memory, and
wherein power consumption of one or more components of the memory
and of one or more components of the controller device is reduced when

the processoris in a low power mode.

31. The system of claim 30, wherein the one or more components of the memory

includes a delay locked loop (DLL) circuit associated with the memory.
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32. The system of claim 30, wherein the one or nore

conponents of the <controller device includes a del ay
woacekmd3dieop (DLL) circuit associated with therPCT/US2004/000092

controller device. 5 33. The system of clai m 30,

wherein the power consunption of the one or nore

conponents of the nenory is reduced by placing the

menory in a self-refresh node. 10 34. The system of

cl-aim erein,th cons t [
sz e b em S a0 SRS eSO UER S gl B REY
cobfIATRRI MEldeh ST RESSRIYoh PDLEL N on AR A o
coRRSIR d : cohponents of the 15 cont}oller devi ce

are needed to run the nenory. 36. A system conpri sing:

a processor; a nenory coupled to the processor; 20 a

controll er device coupled to the nenory, wherein when

33t Mthepsyat@psefrcldim 30|, vwhérew theqyewenaustsunpstiver of the one or more
consunption of one or nore conponents of the

conmponentd afrthe desinoey ishatueed by edating the memanyen mesedi-sefresh
is reduced. 37. The system of claim 36, wherein the
mquswer consunption of one or nore 25 conponents of the
menory is also reduced when the processor is in the
| ow power node. 21 WD 2004/ 063916 PCT/ US2004/ 000092
38. The system of claim 37, wherein the gnpe

34c JisoRisie ficaImL3GubRTpn ihechaRiConsIaIRliph Sihednemepy and
or U P HelBS 35 B e B seagng o rerove
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35. The system of claim 30, wherein the one or more components of the

controller device are needed to run the memory.

36. A system comprising:

a processor;

a memory coupled to the processor;

a controller device coupled to the memory, wherein when the processor is in a low
power mode, power consumption of one or more components of the controller

device that are needed to run the memory is reduced.
37. The system of claim 36, wherein the power consumption of one or more

components of the memory is also reduced when the processor is in the low

power mode.
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5 conponents of the nenory is reduced by placing the
menory in a self-refresh node, a precharge powerdown
wouo®/oeerican active powerdown node. 40. The sySCEMISOG04/000092
clai m 36, wherein the one or nore conponents of the
controller device includes a delay | ocked | oop (DLL)
CUIt assqci ate 10 controller deV|c

385 &%%SJ%% AR WbSrelit fre die BB Mo cofiipdtBhts S memory
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controller deV| ce. 15 42. The system of claim41,
wherein the data is retrieved fromthe nenory at a

39f 'Tﬁé sydtem Maaint B2, RhEER$ &Y powel ordifnptii BPHR one or more
nmode. 43. The system of claim42, wherein the power

coffpthients bftheaheinaey (S"h%dgbembly?laéiﬁg HEAREIRGySin &f séifRefresh

menory and of the controller device is increased when
made, issprechargespowetdowreodey er dhactieé potvecdowmenadsnor y

at a subsequent tine while the processor is in the

| ow power node. 22
40. The system of claim 36, wherein the one or more components of the
controller device includes a delay locked loop (DLL) circuit associated with the

controller device.

41. The system of claim 37, further comprising a buffer coupled to the controller
device, the buffer is to store data retrieved from the memory using the controller

device.

42. The system of claim 41, wherein the data is retrieved from the memory at a

first time when the processor is in the low power mode.

43. The system of claim 42, wherein the power consumption of the one or more
components of the memory and of the controller device is increased when it is
necessary to retrieve the data from the memory at a subsequent time while the

processor is in the low power mode.
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