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WD 2004/ 063916 PCT/ US2004/ 000092 MEMORY CONTROLLER

CONSI DERI NG PROCESSOR POVNER STATES FI ELD OF THE
WORNEEPEO® [ 0001] The present invention rel at ePQIHUII2E/000092

field of conputer systens, nore 5 particularly

relating to nethods and apparatuses for reduci ng power

ARG TR G STIERIE PROCESS I iR S TaTES

everything from 10 small handhel d el ectroni c devi ces,
such as personal data assistants and cel |l ul ar phones,

FIEL‘?DWWI—%NVEI\%‘EP%W fic electronic devices, such as

set-top Xes, I'tal caneras, and ot her consuner

[00D14CTHh® Pr&sont irfvaiBiEh elates ROhETHRIH ©F 8¥Fpate $/dtdms afore
not ebook, sub-notebook, and tablet conputers, to

padiesidriyoreimtisigetoamethods ksidedpparatusesdos eduelrsy pdwet 668 Imption
Over the last few years, there have been many advances

in compstamsysteduzt or t echnol ogy that have resulted in the
devel opnent of inproved electronic devices having
integrated circuits (1 C) operating at higher
freguenci es and supporting additional and/or enhanced
NDphi | e t hese advances have 20 enabl ed
har dwar e manufacturers to desjgn and build faster and
[0G0: evé%W¢%$y%%§@r% ORPYASEYE gﬁ@@mclgtlﬂﬁwdm\feﬂ g from
i npPosS i sadv.ant age i n ,hi gher power .consu i on
smglBaanfeft SeEfoua S tes, Buat af Pebsdial Tt SESERRYS Bht celtular
0 A i et - ique e for, i -
phoriee, b ABP YTt s SRR it SUE Bo - O E RS Higita
I - Lauratl QR : :
o PP P G LS RGBT ) BBl syfems suon
' ' he
== BT TR L TRMGERorrpU, B B
Woﬂ@mﬁﬁgﬁg;aﬁmgkgﬁﬁs_VWth respect to processors used in

conmput er systens, four
[0003] Over the last few years, there have been many advances in
semiconductor technology that have resuited 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
WPRA04/0&6H6 Specification. For exanple, when thd@CT/US2004/000092
processor 105 is executing instructions, it is in the
CO node. The CO node is a high power consunption
9 | n " .
protalBor BRiEr ESRRhBRAT Rtes 150, £ 1542 SHETS1 A% defined ip gne

ACH\SRARIBAN FEFRikaRIHIETIRS He Pl@?ce%o@@s @b@tﬂtﬁbi ng

System (OS) 1 n the conputer system may dynam cally
instriationd, 08 il ige COlAod®r ThesSO mddbisl ahght fever consumption

appropriate | ow power consunption node. [ 0005] The C1
maoaevneVhendRe ipsoddszsopr 06 ¢s Aot exasutingrinsteustions drlidie, itweay be

| atency. 10 The C2 power node offers inproved power
plesadiimgseaydne idve pGlvep comsumptien modest G¢, C2 qré@@&r And@perating

the processor is still able to maintain the context of
Systes (@3 ireiheccarnpuier systemsmeyvinamidallyolrarsitor the Idle

| ower power consunption conpared to the Cl and C2
ProseReer &do g pppEepriale) oy Pawef cpaswnBljon made:he C2

and Cl power nodes. In the C3 power node, the

processor 105 may not be able 15 to maintain coherency

100351 ; §fip e B5RB0 b2V e Prord <=BE Robr i Wih 158 Fpta etency.

o e A 090 AR BB .

thedS2 @%%rfrﬁédd‘@%é FQodddbl RELHIF Q4 %6 rﬁ#\ﬁtg‘ﬂ?w context of the
consunpt i on of pgnpu; Sr Syt ens. e Uding poner
sys‘fé’rﬂmbbp "'I'I'%_f CB PR didde Sﬁgﬁa"é’tﬁﬂbgﬁﬁ PBWe?%oné@hption

exanpl a display, a disk drive, ntegrate
corfipardtl ©SthBIOT 86§ T2 p{_@\hér mididesb PR ShighbPPatéhEy than the C2
W NGS 25 [0007] The foll om ng draw ngs di scl ose

any &rli pawgeempdds mmtte 08 goveerpmedenthe provesdordnsf@ay not be able
purposes of illustration only and are not intended to

to maimtaintdobeseragyeofdhe préeessov eathesmwith respect to other system

. activities.

[0006] While the reduced power consumption modes defined by the ACPI

Specification and known fechnique_s 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
WaaMAGII6 Fi gure 2 is a bl ock diagramill ustralPCh{S3pP4/000092
exanple of a chipset in a conputer system according
to one enbodinent. 5 Figure 3 is a block diagram
: r [
Fire i EIoPR RbrEAIRG ko &n BIGRME §r S ol pvstem.
diagramillustrating an exanple of a process used for
reducing 10 the power consunption of the nenory and

Figute 20i5aPbioeR ggvﬁgbﬁfatir@:_éﬁ esthRpid 6f a eRMserPgicERiputer

Figure 5is af iagramillustrating a process for
systesi, acéardirighie oresempodnitettie  graphi cs control ler to a

nor mal power node, according to one enbodi nent. 15

DETAI LED DESCRI PTI ON [ 0008] Met hods and systens are

di scl osed for controlling power consunption of
Figtiweduis & blogk diagsamAbusteaisgean exampla of algerphice contseliar

of a conputer system is in a |ow power node, power
accopdisgripaneLebodmendr nore conmponents of a 20 nenory

coupl ed to the processor and of other system

conmponents that have controllers associated with

be, reduced.

Figﬁg It"ﬁg aFtﬁqCW glswfgsﬁaﬁﬁgé eqt&%%?éxgg%l%a 3 gg@c‘sesgfusécp t%?%l)ducing
AP PHLTAY LA ePhd A . 48

Oneoéﬁﬁ)%@h%@di nvention. It will be evident, however,

one’s in the art that the present invention nmay
be practiced without these specific details. In other
i nstances, well- known structures, processes and

Figtpe 1508 & v dRIPaRNN@strating ﬁgi’@cé&% 8 ASforin B RIEP@AY&Nd the
flowcharts to 1l lustrate "enbodi nents of the invention,

graphigstdoeyrofi@yto 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 pfocessor 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, o 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 illusirate embodiments of the invention, and they may
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3 WO 2004/ 063916 PCT/ US2004/ 000092 not be discussed
in detail to avoid unnecessarily obscuring the

WOyt HAdi ng of this description. [0010] As PEJdi2004/000092
herein, the term "when" nmay be used to indicate the
tenporal 5 nature of an event. For exanple, the

nob6 BiCusSYE I el 8 SRy HRARS AV pbeByring Hie Uide!sTariding of
thifuek&sbtigy after the occurrence of event B, but is
nonet e‘ ess associated with 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
[0 0)rAs Dsed bipasis cthedeamsnpieal nmiaybe ased o irfidatéd @he vernporal
B has occurred, is occurring, or will occur. [0011]
natirg of an evieat.aFbl examgleadna phidsed'svent A gcaursexkap eecnif ‘B’
a conmputer system The conputer system 100 nay
octurst isde be interpreted jo oraysihag event A (eRUpceur kigfore, during, or after
processor 105 and a system nmenory 115 that is coupl ed
thaweuriense s &yest By bubis nafieiheless associaledawithp theepccurrence of

o Bt D0ael, ShY % 2y SRERLN b 28 S  oour i
s RBh o Sl e oS, S Bt S g

j r.al | si di .n.a2 chipset (not
e"%ﬁﬁﬂ%‘%ﬁ;ﬁ@ﬁ%&g&"gp” t°gW8{5%y 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
[0 Figlife 319080k 8Rigrath illdﬁﬁdtih@térpéﬁarh?léoﬁ a e8hipifsrasystem.
appli Cation) 25 enbodying any one, or all, of the
The ebagiuie iy talAsSIOD hed ihsluéé a.cehnel pRsdgseRig @is (CPBY or
al so reside, conpletely or at least partially, within

procbesored 05 amadrargysickh memadho 15ihdtiie cobpledrwitte soprab@ssor 105
The instructions nmay furthernore be transmtted or

viahesel Sy ethe camphde mststemki GOnmay fiscledel awisplag anitTi24 (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., a mouse) and a disk drive unit 30.

- [0012] The disk drive unit 30 may inciude 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

4
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4 WO 2004/ 063916 PCT/ US2004/ 000092 al so include a

network interface 35 to connect to one or nore
WRSOMHIRE1S The conputer system 100 nay be powdE@AUS)04/000092
an alternating current (AC) power source or by a

direct current (DC) power source using one or nore

| alspﬁrécflﬁ% %Snetélo[‘lg%gllga% ég g%}g@nﬁ‘é)% tg I&ﬂ\éﬂ)r ﬁ'nBFe FgﬁY&ﬁs "4he

_ one or nor bus
corﬁhgfé"f‘l @ 1884Aa P rQ{I b?"é?ﬁai?erﬂ?n %%uﬁ%m t géwer
|trat es en all “menory access reques

soUrB8 oPbYGLarest ol%rﬂmcq oRWerlsotiRg @élﬁ? Hhe dthi6he PEEGes.

comuni cat1 ons between’ i nput/output (T/O devices (or
sl ave devices) need involvenment of the processor 105.
Al t hough not shown, there may 10 be other controllers
[00r3] tAlthoughmateshosws tleeb® A Strhay irvlede epalor enare dfadddngss bus,
turns with the processor 105 at nmaki ng access
bus eonlesltsignals ahd dedanbuyg ahtlbor cueinsa mamop ¢avraller that arbitrates
controller to drive the address bus and the contro
betyiegnaallimemaryi@ceess 1IUSsS. hThe presasspnd 6 vaay p@ﬂtr@lythe bus 15
the processor 105, For exanple, the processor 1

whigh means WW% haiweeRdrRUQyipU dieW_%QﬁJé)qré‘kN?e
delin nesddnuONaMEsh B quére%%%aéor&ﬁ Y Alifiough fighthdwn, Were may
- B A 4o IR 7
witlf i Bickesdtr 1058 Oftluk Rhddbs Bhyods B 4 mieBRON TS This may
alic%lé3 Q%hfrﬁ!léi%tqlﬂ}é e adthEss Bﬁs Ea%]tﬂé chtrBf‘ﬁgﬁQis' cﬁ"’tﬁ@ %us 15

scription, or purposes o ['anat1 on

with Pdlﬁi@r’ia?‘i|‘gf§rv&ftr%ﬁrbgﬁﬁeg:?ﬂbﬁé‘édrelroWort&dﬁﬁﬁﬁ fife Bfbcessor 105

exanp e a contro IS capab e o

ma§ ®etHuly! pditbr BHferkhsiathaf 6680t réquitd haBHIDN B, éﬂﬂ’le
with mniml intervention by the processor 105.

prosésddreids may e idid inva [dw pewegsiate, Ahedntidiier mcmrmaimts own
may al so be applicable to other controllers. 25

prof€€xbE jor Anigroenroller ar ehgink tatagpreraids| regtiests toghamemory
exanpl e 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 chipset in 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
WOOBHIE9% chi pset 200. The conputer system 100PCI/WE2004/000092
- 2004/ 063916 PCT/ US2004/ 000092 may al so include a

menory 115. The chi pset 200 may be an integrated

ey ABAHIER BaSENY N Son AR RRE pHOTESY ok L EHSqTRLeH oraphics

e TRLARRL 290 iy TSR B 7 L5 nbted grapice

o 5t RIS RRER S Sl ), SN 0, HOBor 200 may

incRRf 4 irﬁeg?rafétf B RhidsLebntfIIRP 2230 ?ﬁ’é&idé@%’bhib@hﬁfé‘cﬁé&ﬁ)por‘z.
to support external graphics controllers (not shown)

Thé ehipdeéy 200efawaRpIhEIadEe phids)inteffacext e c}fea% glcaglRred
controller may have own Tocal nmenory. 10 [0016] The

Graphips PorQEPpintataoe) fo slpplert @xtenalrgraphitsraonietieZl®iot
that interfaces wth the nenory 115 to satisfy

showadionedvanced gepthics capatiiig. pmoexdeswal gidshics hentroller may
menory 115 nay be, for exanple, dynam c random access

havgeawnyjocahgIory.synchr onous dynani ¢ random access
menory (SDRAM), double data rate (DDR) SDRAM etc.
The chi pset 200 may also include an I/O controller 214

ooy BS540 Bt B AL g B A rices
wit e, Siefion Tiblo s Bl tdasnlode b ed P dprPe SPhedests BB, The
moftkfy 133dnaY Be- for <iaiig, et talBmifod SRMETBR BSRARY,
syncHR oS e Faftom! e BE TREHaRPBBRBNG, ol Beka Pote (DDR)
SDRPAR BES A rggtétezoo%%ygérb IR /D ddmrdIRY 21898 iN@rface

reference signal s om a cl ock generator 205.

with perighiéRhHevice s (hatadown)2 WihoUBR Figere® 2)llearted eprocessor
213 and the nenory 115 may al so i nclude del ayed | ocked

103 a®p different module from the graphics controller 212, one or more of the

processor 105, the graphics coniroller 212, and the /O controller 214 may be

implemented in one module or in multiple modules. For example, functionalities of

the memory controlier 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 controlier 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

6
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(DLL) circuit(s) (not shown) used, for exanple, to
control timngs, etc. 25 [0018] The graphics
WO E3PIer 212 may perform conputati ons to getPIVE§0e000092
data fromthe nenory 115 and to output the display
data to the display unit 124 via the video out port

veffaviars o g Pf 3200 oo ety Bes8RpBis, paskiont
bri@‘%@g% hd tﬁ ikde Tﬂb%ﬂ@%le‘e‘,gﬁf&rﬁ.{‘éd t{y:ﬂh\é%rgghlcg‘%fontro ler 212

resh rates and
o TS S B A b 00y o 10

[00°19] Fifurels RseblotRQUiagrdnPilubirstiny ah exabiifle of bQﬁ*éBﬂncs controller,

Figure 3 is a block diagramillustrating an exanpl e of

accorgingptol arie embbdiphérel , THe grapbicd conttollenAe? endpoitictoriet a display
The graphics controller 212 may include a display

bufiberf 3 ) tegiore thesdisplaytdata diThipl digplewnbaffeTA#0 anaypbeaypssociated
buffer 310 may be associated with a di ;&éay st reaner

with Las;hsaw atmnem(;aaae?(lﬁstbat maydea ussmi ted mlna;wh@qdegequest

the dis ¥datafromthe menory 115. The disp iﬁ
theilisplay ey theemgmary 4i15; The dlﬁ@kaydmffe(r =L chars first-in

frsbogt (760 Batfars Sha iy Heteomsy be AU adilanBiter 310 to
a diggia¥ ahdh E%ﬂ;@ tch egrepiip dlstted ?S@&g%rﬁ?@e@o@ the
Dsaétﬁé%? e 5‘%&"3’@5&%@5’“ Rl B8 phlplenBRr g SaHgAd fs
fun@:ﬁ %@W’hﬁg b&?ﬁ‘édr éd %?se%rwlﬁg[s%ﬁ(% hHr é@nﬁ@ fohed

i CS roI

rc%h{r%fler é’ﬂ@ggﬂe r%‘ébgﬁ:g%n'tr‘ﬂﬂlgf gype 2) ( and t hus

t processor re the nmenory 115. That is,
the graphics controller 212 may have |ts own Ienory
controller 300 to initiate own accesses to the nenory

[0020FIt whdyhBe hothd #et tieogiapblicsodorititiepa2esricthe h@mory-eontroller
exanpl e, considering a unified nenory architecture

213 ([iMgtratad jrs Eiguvet2) (2fd ithie theapedegsaptiT)snapshard ther memory
11E|> nTLQtI 13 fhaesgragﬂizsn;)rrz?rgﬁef .’g‘? é 21(1)5!13} ﬁerwezég oevrlltdmtepn%ry 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 if can provide the display

data at a high rate. The display data, however, may only be processed by the

7
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graphics controller 212 in the chipset 200 share the

sane nenory 115, and the power consunption of the
weraptiicdsiccontrol l er 212 and the nmenory 115 mayydydus2004/000092

reduced. Wen there is an external graphics controller

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

cispRR;afiBts S35 e et feBs Trsaks br iniemRISTY o PaH e display
PP ST b N Bl o
artfibcr8 siof hsf Brioxahiife HiSBSr (76 MM (il oI DR s Msplay
unidi 28! A6 SR, RBNFSPv e MBMRSed & 15 uBEgaKFSr @kample, the DS 305

interruptions in feeding the display data from'the
madi 5 avifferéihiteget D Cohfrol Viluds farlerichaligplag rddde BBYported by the

result in visual artifacts such as, for exanple,
graphicsceordralier Bri Balésdisplayhmolie nady inghuplet farexanepld] aombination
unit 124. As such, control values may need to be used.
of dHeplagxavidearesthidioDScA06 dBpinegr pixel depdhf fadreshtrades, apdd system
control values for each display node supported by the
configusalians control l er 212. A di splay mode may i ncl ude
for exanple, a conbination of display device
resolution, color depth or pixel depth, refresh rates,

o033 By B0 o 83 BB RRi i o v
el B R R R TS0 i Wtor
114 BBl AL L5 SO B S gV s
L e R S

mirﬁrﬁuﬁ%ﬁﬁér @él}@e gﬁﬁgﬁ Righkhuhemetdr \)éﬁlé{?igg%%‘\gf;r@n%@%%‘&ize of the

t he anmount o I splay data that the

buffet @5t THE BOYSt RhgIR WBIUS b répredeht IR Avbunt BREIspRY dita that
di splay node. The DS 305 may use the waternmark value

thedD® 30Bamayredudst gk theahaendrg 1180ates Bkl for anddriicular display
control how and when the display data is fetched from

motlee Timend8\805 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. |t may be noted that other

techhiques 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
WOi28044163Hpt i f act s or di splay corrupti on seen ofGIHE2004/004092

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

store up to a certain nunber of display data fetched

oot Bl mbER SIAEY o4 EiodPB e BB RhoR? 75 may
alsé(gieeﬁ%.k value for the current display node, the DS
requests nore display data fromthe nenory 115. It

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

[0004] 2D pRf38a6r RIT (IUSREA in(Kghre 20R8Y H?haﬂdﬂ%l{aﬁiﬂnmﬂwme

much display data to retrieve fromthe nenory 115 may
watdramrk ealiesdnd @24 lenjitte values desdiffedditt display madesdhatmay
Figure 2 may dynamically conpute the 5 watermark
resulflftors diffetebucanfigueaiiprs efdtheesniputetsystemetR0.d Asgandiguration
modes that may result fromdifferent configurations.
mayfba, Iged.c srgRutiaHasganbination of Kudtpleidisnlays.olispladyesautions,
e.g., a particular conbinatjon of nultiple displays, ..
colgy 89!@?: refERshuratess overlay sealing:penditions Midamcapiugs conditions,

B L
bR PSS o et Bt BB o sy vaes
a5 SR O T e 5 e BRIV J0106L 242 G
oroSgighepdilipiivade Bisthtedean b disBlanpd 120,

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

[00’25!5 BHg ndririal Dpardion, tid mePheryeMIPfiafi in 4 ReriBefresh
115 may i nclude features that "enable’its conponents

motie arefitssdnientstingy bedefrebhéd o réchizefied 2b pvehynthepesrgdesfresh
fromthe processor 105 or external refresh circuits

intefvalt fartexam)ple. 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 insiructions, 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

9
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20 [0026] According to the ACPI Specification, when

the processor 105 is not executing instructions, the
Wy 06dtGsunpt i on by the conputer system 100 REGT/US3804/000092

reduced by placing the processor 105 in a | ow power

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

i B leg PASBAAAL BB RSP puclioh o B 105
s A S0 R0 5 8 B2 B 0t EGRIG oy mode
values (e.g., the watermark value and the burst |ength

value). This may occur when other controller nmay or

[002FYFoobné efibcRiihenteiresthegirecyssbF 5105\ e thetldw pbwer mode,
controll er devices' contributions to nmenory access

thel sty 1¢8mbe alsakenplc¥@ir? @0dw@ddsrinode. That is, power
PCT/ US2004/ 000092 into account, the techni ques

corcespticdnet drer ef mona zomgpokentscof theangmoce $35maywse reduced.
in the C3 power node or in the C2 power node or also

Thisnmanbac noimal afiegbon prowssspr perfoamanesrh oBPheramplsh die
the processor 105 is in the | ow power npde, 5

h
POWEeIEUIIBIORGY BeBOMEN, [ 46 S Pb Eo9URs pavBIaCHgIEe memory

i e e A R A = B RIS R BESLS
me{ﬂp&{r ?@Bﬁg\ﬁ)f ﬁ@vﬁ{gﬁ%gﬁ% 518[ '%Tﬁgﬁ% nﬁ?@@%‘g{ Ee%yir%)éan%oijn%ut clock
an ST oL ARG SHOEpye Keabod i3 Rbbp IS heRt sees.
TIFEHRR! ¥ O torR i o Y REtindl S arhatesh bR ER(ole memory
1 15?(;??(3%?%%}&&? 118GHic B sfeﬂ’-r%ﬁ'%@h irﬁédé'ﬁ’\'ﬂgf &haig 8 contents

one; for exanple, by Issulng

to&@éévé@hﬁ%&wﬁdmpcbhﬁ;mpm.y 115. Placing the

menory 115 into the self-refresh node may enable its
contents to be saved while reduci ng power
consunption. 15 [0028] One skilled in the art nmay

[0028]0geiskitiet th®blanay eadvgnizesthatathexltechiigues 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 fimes.

[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

WE 280446391 §e power - down or active power-down. FEERELYE00092
power down is a DRAM power reduced state that still
requires system 20 cl ocking, and that all DRAM nenory

[ooggg@r GhE eRRRiteAt WHdh ihe ;S%ﬁ{?erb&dr%gthgﬁ% of thelhé@ory 115 is

down I's a M power ‘reduce te that requires
redBirel SMePpERdY dtthsuriptionéttord br ABAVLeRPBReATsColtthe Y dphics
before it can be entered. Generally, the |lower power
corifcliee 210BHaP alsd o raiicedoVEaIEN® b widfe wonipdremty of the graphics
times. 25 [0029] For one enbodi nent, when the
coriralee 24 Brmay indiwdeptampdnentisdhatard meedsnderrunrthdenemiosy 115.
power consunption of the menory 115 may be reduced by
Thiseiay plage thegsaphios sodisblisr 2 6tieal ldvoppweDmodecand miay have
cassociated with the menory 115. 10 WD 2004/ 063916 .
mirioal effedioan puwessor perfymance: fpreexamplgi i maninelvderrgducing

ok he UL e ot OGS
S S e e
melrgy o RCBRIR s e 2fen SRER S nbYEr oo ag ueed
hergf B9 e IR FRRIladE o Aol vl EhrBfit amoynt to 2
o R B i rowi 1 assoct ated w th the
graphics controller 212, or shutting off the clocking

to the nenory fromthe graphics controller 212.

[00BeHwMcirder RMRIucedns wvetalopowesr csrestindtidresfethe oomyputer system
i ncl ude powering off or reducing power froma current

10(asunich as possibles it may betadvaetagaousi fontileemepilg 115l and the
order to reduce the overall power consunption of the

- grapbicsuoatrofigs 2 ¢2rto $tay indherlmih pawep ossdefos asilongay massible. Of

advant ageous for the nenory 115 and the 15 graphics
couremtataidnes peint, wakisgalp the mamory /16 &nerthadtiaphies cgatroller 212
| ong as possible. O )
may be necessary to aliow 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

11
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course, at sone point, waking up the menory 115 and

the graphics controller 212 nay be necessary to allow
WORB0WAYGt er system 100 to operate in an acce@CAHFR004/600092

manner. For exanple, at some point the anmount of

di splay data in the display buffer 310 nay be reduced

|
Sy A 0P S R . Tkl g
prédd@seF RARILIBWOSHWEObEE (812, @W:ZIBP@S%‘;W% b'eléd@é?ﬁageous to

restore themto their normal power no king up as

chavsgsl tHeec @i irol valudsiel gl dihepisuret lengttpraloe dntictheagated mark value)
power froma | ow anbunt to a higher anount when

so dpydl the aéraon2burfsGOB2)y b%lodgecanbsﬂaa@«bﬁﬂth&rr@art in time. Of
wat er mark val ue may be used to determ ne when

courseothis maysdepandet §eseuyeniadisplapendre snd thengzk ofathe gisplay
may be used to determ ne the anbunt of data to be

buﬁf@t THydChapgingHie weniplvalugs @mauovwﬂwe waypup éateycy time {o be
uri gnormal rocessor power % gﬁj

sh%%rjn\ “tth%t'ﬁ.rP r@@@as 6@3@%@'3@ t@sztiwh@g@a ffq:fém yThe

tinme.

walfps 1B G RaR s el ost R et sahe g or more

cofBhiPHE it merbelis Sﬂ@%@%ﬁ@ ShyefRRRs s,

wat er mark value) so that the nmenory bursts nmay be

| onger and spaced further apart in time. O 5 course,
10033 IPS /8% Mo Sl ShSRLATBAS A0EkdGeca o
redt@inéethe TEBWG% doMdubtioNRfaHe nhahBREYNd HE lta‘bhhfé controller,

shorter than the tinme to process the dlsp ay data 1n

acddrdingi ts reyerhbbdigert1 At bldsk 40@kRE Pproedoe v 06 igPldtRd in a low
include tine to restore power to the one or nore

powenmooentAs désdribedrabovey tHerd mayg befwidleripdatpityessociated with
controller 212. 10 [0033] Figure 4 is a flow diagram

restaringstheanemypran 16 taepee powerooeds frosea [dw power mode. |t
reduci ng the power consunption of the nenory and the

may hgppessible dhatrwher the 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 1o 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 consumpﬁon of one or more

12



10

15

20

25

according to one enbodi nent. At bl ock 400, the

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

associated with 15 restoring the nmenory 115 to a

normal power node froma | ow power node. It may be

; o )
ot 1 Ren o, g 51 o
11PRPH BELEEAR Rie. SVhea tlglé Memvnaa @liﬂﬂcéﬂ stifpéfrédie mohde,

wakeup latency tine may be tenporarily |onger than the

poWein® the DIIocieast Adedcigtsd titthedinenlory 1d8traay betraduced.
di splay buffer 310. 20 [0034] At a next nenory burst,
the display buffer 310 may be populated with nore
di splay data (e.g., as dictated by the burst |ength
[0036] ¥d block i Q, itlke wanen conaumpdon of one aragoleccampeneits of the
than the tine it takes to process the display data now
graphicsreentrigilen? b3 isigdueed3 1ihis maydnalgdeafar gxaimide nenilingg down
115 to be in the | ow power node 25 for a |onge i ne. .
the[qb@@@towewaeﬁms@qucgﬂs R REWEE 6RREHIPPIIM op ko R L gircit

nory 115 is reduced.

t f th
-BS%g'éfﬁ?%ﬁgﬁ@%Hg%R@Psesﬁ% tion of one or nore 12 WD

2004/ 063916 PCT/ US2004/ 000092 conponents of the
menory 115 may include, for exanple, placing the

1003TEPidiure’8 & 2 Bpf F8ofert s 3lng 2 pmct iy or REIEFEHE memory

| ancg{r{eco%‘gwE%%&?\itr%ilgndtz?‘i‘%hﬁpﬁgPg@%@Pﬁ%dé}éc&@rﬂir@eﬁ Gflced.

t bl oc ower consunption of one or

emBBAPER TR MEHISE®S, thE §raShiad BbAFONGTETOKIR A I8h2pdWer mode. At
reduced. This may include, for exanple, shutting down

bloth810) 8¢t i perfeimed tRadigremus ifiige Hrptiesesntroller 212 needs to
consunption of the DLL circuit associated with the

exigthenbiwvgovwearmhode.) Eor exQmiplé) 3k téstanay verifysf thef Watgrmark ievel
diagramillustrating a process for restoring the

hagwemivay/ notrekrt femchedp Mitestesbntaydid perfomed aorthal thpagaphics
node, according to one

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

powerup fatency time is going fo 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 normalt

nower 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

13
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enbodi nent. At bl ock 505, the graphics controller 212

isin alow power node. At block 510, a test is
WP2004416388 t o deternmine if the graphics controlRCEYUSZQM/000092

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

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

graﬁgﬁcsb cﬂlgﬁﬁtl‘ﬁq'nag B?I uf %ﬂ?ﬁﬁ O\H&r ﬂ}%ﬁl@%ﬁhéﬁ nidBldisplay

rap I'Cs™ con I'ow power
dai‘éqg%eéﬁeé%n@pé) ﬁ%bﬁfttﬁlrﬁi rg'%okb‘:é vaPrn bjock 525.
atency tine is gol ert r’rthea
buffered di spl ay data can support If the graphi cs
controller 212 does not need to exit the | ow power
[00393¥/henhbemopties sakics)(e.cat thel ekt BAGth WAihe andsthe wdtermark
process flows to block 515. 20 [0038] At bl ock 515,
valuapamowssd and they amnchangetiZoiiscrease dhe tinteothiah hennremedry 115
power node. This may include, for exanple, taking the
angriirographics eantrafier £A2 stay mtheéowmam‘dede;mepe\mntmbvalues
up the DLL circuit associated with the nenory 115. At
marsrrr@@rd todw resteregddadheir erigine! yaldpainesmalivused ivéierptheg precessor
r. node. This may

105 il 3@5910?'%@ g&\&%—ﬁﬁ@%ﬁi@@ tﬁet bmaee D@Ee%‘rwarv wait for the
meflirad 11t Prtabaintoatolgs r%rr ér?w'gx‘iépl "&Lf@rmiyfhe
F 13 WO
probEsatiosdul dhint Bl RO ARl LT LS Lot er 219

may be out of the | ow power node when nore display
data i s needed and a mermry burst is to be perforned,

[oo?ﬁ] @rr@mﬁ @92‘?‘5 gﬁ@ g{%ﬁ% %&é@or@?ﬁiwigg% Weshd in

Figupé 'Serbfér“té th’é BfapHIgs E;Bﬁh‘olﬁ!r@ 1N QHG%%IFeB ih?§& %@ﬁﬁrlltr@@ognrze

time that the nenory 115 and the graphics control

thabihdse ipdycédseshaayl alsgoibyvepphitdlss td bERe cepfblel dé’ﬂbé@mat are
may need to be restored to their original val ues

capabieval dgcessing thieanetmioey Pt b dredependeh@ of she prddessop1 0B It may
power node. Note that it may be necessary to wait for
alse he notethtivaf attbhbughdhe bechmiquss describetradidverrefAotdisplay data,

power up before taking the
one skilled in the art will recognize that the techniques may also be used with any

l.D

data including, for example, time critical data.

- [0041] Techniques for reducing power consumption in compuier 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, although 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
Wﬂzﬁﬂﬂ/@?’?ﬁﬁand in Figure 5 refer to the graphi ®T/US2004/000092

controller 212, one skilled in the art will recognize

that those processes may al so be applicable to other

RN T T
poWBY coﬁ:lb gcgnoﬂ%ﬁl@r Eﬁﬁ‘{poﬁgl Sp Qﬁey&ﬁ?ﬁépgyﬁé

descr ve refer one s ed in
the art MA|| recogni ze that the techni ques nay also be
used with any data including, for exanple, tine
[00212] tAlttadugthetha. préfertdfvdrtiohaedmbaste debabacdithirefprenveto
consunption in conputer systens have been discl osed.
spadiféc exevaplary esbgutimentsoft vell Gerpudent thgsvanousamoliications and
reduced when the processor is in a | ow power node by
chargesonay benvage e thessnembpdineents withowe dﬁeadm Taora tbe tmoader
bus controller associated with the nenory

h
smﬂh@nd seepe Phthesingeriion ae gehipstndn the glaigisa e‘mqrsimgg/ the

hics contraqller the 2 roces har i t he
spifetabscaiess er 2l el iman hstraing el togma
hﬁ% nenDry, power consunption of the graphics
resyiive Sener- may be managed using the sane technique.
In addition, although the techni ques descri bed above
refer to reducing t he power consunption of the DLL
circuits of the nenory 115 14 WD 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 fications 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

15



restrictive sense. 15 CLAIMS What is clainmed is: 1. A
nmet hod, conprising: when a processor is placed in a
| ow power node, placing a nenory and a graphics
controller in the | ow power node to reduce power
consunption of one or nore conponents of the nenory
coupl ed to the processor and of one or nore conponents
Clé#MI he graphics controller needed to run the nenory;
and i ncreasing an anmount of display data to be
retrieved fromthe nmenory prior to placing the nenory
W R clald 4% aphi cs controller in the | ow power node,
wherei n the anount of display data is determ ned
based on a wakeup | atency tinme associated with the
1. nenoﬁywﬁﬁ@<?ﬁ@“ﬁﬂaphics control | er and wherein tine
to process the dIFE ata retrjeved fromthe nennh%
i's a\f"hﬁnéa‘g‘i?ce%%rh'alpa Etdd B 1 RRARELY®! %?Céfﬁc?;}“ec'ﬁ"ﬁba“d? grap
n reduci

con rc‘iler m th? fow rﬁzow?r mqr]%ie to reguce Ipc:wer consum t%‘B gﬂ oenrt]etog mg?e ctorﬂgonents of the

méﬁﬁﬁ){%%lb@faltﬁédﬁéce@oagﬁm mlt)é]&' nfBrdTO; \;‘\%pohé}ltsaof §1% Fapﬁlgg tgoﬁﬁgller

The nethod of claim1 ereln re ucing t

neBRGRS rub ARIAEMRK: & of the one or rmore conponent s of
the menory includes placing the nenory in a precharge

POVEhEHeMYihgER AR oGH: oﬂﬂsplaﬁ‘lgﬁtb Y HOMBd @A tHE08honpriod B Qlacing the
nmet hod of claim2, wherein reducing the power

meRdnSand e gpdphioé caafr6llebih tHENSVE povad P ad) 8Aérsin Gfe dident@f Afiniyeista is
controll er needed to run the nenory includes reducing
defpoviesd bacmitevpkeriatefcy dme edsaviated witettle meopy @Ml the graphics
circuit associated with the graphics controller. 5.

coftfpder mad worieip imeloayasess, theygepiayidataretdryed fign tha @rependy at least equal
consunption of one or nore conponents of the

to {bg wekeyPp falsneyliNA- ce needed to run the menory further
i ncl udes reduci ng power of control signals and cl ocks
associated with the controller device. 16

2. The methed of claim 1, wherein reducing the power consumption of the one or 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 piacing 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 graphics controller needed to run the memory includes reducing power

consumption of a delay locked loop (DLL) circuit associated with the graphics controller.

-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.

16



6. The nmethod of claim11, wherein the graphics
controller and the processor share the nenory. 7. The
nmet hod of claim 1, further conprising: verifying that
t he graphics controller needs to exit a | ow power node
before increasing the power consunption of the one or
nore conponents of the graphics controller. 8. A
6c onpliteenethadpficiiind. wiaktinire owaites coptraferapdthe pegbdssor share the

i nstructions which, when executed in a processing
M§f8¥em causes the processing systemto performa

nmet hod, conprising: when a processor is placed in a

| ow power node, placing a nenory and a graphics

7‘30”t ﬁ'l%rll&ﬁod'o??!gnlel fuh#?é’r"a@ﬂé!}%fngmde to reduce power

consu nponents of the nenory
cou pb@ﬂ/lngtﬂ%t 1B QrRhieC&ARQIr ARMs BfexPRwPowlDHidle before increasing
component's of the graphics sharing the memory with the

thdF oM SR UNiptiG e tHeldhE BaRdra dorddn&Dbiie dPdphids Sikraller dat a t o
be retrieved fromthe nmenory prior to placing the
menory and the graphics controller in the | ow power
nmode, wherein the amount of display data is
8det er n*nedRYiLs daadghle a’"ﬂﬁ%’é UEPMPETIREN Gectipbie IRYRIBONa L vdiEh, when

th dth h [ I
oA ] PR WP P GeUes (AT g,ggg{p;ﬁ?@gargggo@dmpﬂsmg
- f t h I t | to th
Whe g BIRESPoRT HfRRCed 1 Sl P%ﬁ%ﬁ%? PRsaaBTey ﬁ@doﬁwﬁarﬂ?%ﬂ% el e
Iom?ﬁgower I%SC?G tQ reds ce g%wg o‘S ﬁﬁ@c%m@ Emecé)rrr]nsoye Iggnenpsl of the men{oH( coupled

es pla

| to{ﬁemwssbrranao{s&b of &kl @rﬁﬁbngmggﬁth@graﬁﬁcggnﬁlﬁgﬁle%%m

node, or an active powerdown node . The computer
prdceadabhe nmedi um of claim 9, wherein placing the nmenory
in a self-refresh node includes reduci ng power

CONSKYIFEsnG Bn Shoudt Stallspity 1R85 rdtRABd rdabdhd memb&hibr to placing the
associated with the menory. 17 11. The conputer

mah@adab tre gepticsicandllecih &ienovl fhwerdhedes ivieréis the @miaght bhdisplay data is
power consunption of one or nore conponents of the

detgmzinsdli besedeo atwaléupdatericy ih e deseciatediwith theymeraane and the graphics
consunption of a delay |ocked [oop (DLL) circuit

conjrolles @p wl@delwlr@mtotpﬁ)@esgrt%p@g datg mtrlaqg«pq fggm the memory is at least equal

to the wakeup latency time.

9. The computer readable medium of claim 8, wherein reducing the power consumption of
the one or more components of the memory includes placing the memory in a self-refresh mode, a

precharge powerdown mode, or an active powerdown mode.
10. The computer readable medium of ctaim 9, wherein placing the memory in a self-refresh

mode includes reducing power consumption of a delay locked loop (DLL) circuit associated with

“the memory.

17



12. The conputer readable nmedium of claim1ll, wherein
reduci ng the power of the one or nore conponents of
the graphics controller further includes reducing the
power of control signals and cl ocks associated with
t he graphics controller. 13. The conputer readable
medi um of claim 8, wherein the one or nore conponents
of the graphics controller includes conponents needed
to run the menory. 14. The conputer readabl e nedi um of

el ai FeLFompYet Hé?daé'énﬁ?q%'mngd C‘@'E'rl‘fayl Wber?‘ﬁaf“'d’f"f‘f@ the power

t | ds t
coffupBi BECtUBHE I PPEEE Y T SPRE SUPIRE JURp (SPtsno pover

cor?sfu m{btlﬂﬁ F;p&‘e!a?/ i%ﬂgcr Igog) )/(BFE %Pc%ﬁ %93508;1:8(5 \b ﬁ\ tﬁ’er %QJHCS %ontroller

con
menory coupled to the processor and a graphlcs
controller coupled to the processor and to the nenory,

12.Wher fien cbhsutgr Apbaks el offl @5imand WhGrepr RUBESPOthe power of
share the nenory, and wherein the graphics controller
theaorek driveoraenmponests ef Pleagrahics rRodtrol@viuewricluoadeddchg the power of
reduce power consunption of one or nore conmponents of
contipksignelyengclenkel assbeigpewitly thermerhics sangoleent s of t he
graphics controller when the processor is in a |ow
power nmode and an anount of display data to be

t d f t
TRy o e e o PR et  BF | &8 o, e
corb&oWerHQmﬁ q’rﬁs Mr%lreg'ingluﬁ&%orﬁ lélr&g nQJdegj{oSrQA tﬁg merqg‘%a s

eterm ne ase on a wakeup a ency t1ne assocl
with the nmenory and the graphics controller and
wherein tinme to process the display data retrieved
14.f r onTHehecdRS Y réslabld 8 mddidneast egual 180 fiBerakenpasing:
| atency tine. 16. The system of claim 15, wherein the
verifyvey bat the greplienotdint seed$ tot drdl anfemrpoyeri male bese subdeiuently
| ocked | oop (DLL) circuit associated with the nmenory.
resfoying i govwey SIEWMRIPN & the PRE1E MotRFeMeents REthe prephins camftolier
conponents of the graphics controller
15. A system comprising:
a processor,
a memory coupled to the processor; and
a graphics confroller coupled to the processor and to the memory,
| wherein the graphics controller and the processor share the memory, and
wherein
the graphics controller and the memory are placed in a low power mode to reduce power
consumption of one or more components of the memory and of one or more components of the
graphics controller when the processor is in a low power mode and an
a.mount of display data to be retrieved from the memory is increased prior to placing the
memory and the graphics controller in the low power mode, wherein the amount of display

data is determined based on a wakeup latency time associated with the memory and the

- graphics controller and wherein time to process the display data refrieved from the memory is
18



i ncludes a delay | ocked Ioop (DLL) circuit associ ated

with the graphics controller. 18. The system of claim

15, wherein the power consunption of the one or nore

conponents of the nenory is reduced by placing the
atpaptaayal iththe wakdup lateskcy tiséy  node. 19. The system of

cl aim 15, wherein the power consunption of the nenory

and of the graphics controller is subsequently

B g g 58 b G R bl Pab s & b AR @ g
0% 18 (B ErRIRBAGE! findhe hBRugr aPhi cs controller are
neede e nenory.

run

17. The system of claim 16, wherein the one or more components of the graphics controller
includes a delay locked loop {DLL}) circuit associated with the

graphics controller.

18. The system of claim 15, wherein the power consumption of the one or more
components of the memory is reduced by placing the memory in a self-refresh

mode.

19. The system of claim 15, wherein the power consumption of the memory and of the

graphics controller is subsequently increased when it is necessary to retrieve data from the memory.

20. The system of claim 15, wherein the one or more components of the graphics controller

are needed to run the memory.
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