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WD 2004/ 063916 PCT/ US2004/ 000092 MEMORY CONTROLLER?®

CONSI DERI NG PROCESSOR POVNER STATES FI ELD OF THE
WOREMNDHIMS [ 0001] The present invention rel at esPETUSIN84/000092
field of conputer systens, nore 5 particularly

relating to nethods and apparatuses for reduci ng power

HEORY Chriol B e Pﬁ?&é‘%ﬂfﬂ‘?r«%@{iﬂ%mﬁs

-everything from 10 small handhel d el ectronic devices,
such as personal data assistants and cel |l ul ar phones,

FfEl[ﬁ‘ ﬁ gfic electronic devices, such as

top boxes, digital caneras, and other consumer

THRMbESent By @R@B 0496 tHPRLIIIR6M §y§% a
notlbook r%%eg [ HiBisted 33 ﬁ%rlet eocfon'p SiitBr Ems2fnore

p@i@iéhibﬂz éé%ﬁh? L1 metN@d&éﬁ@bEﬁﬁﬁatu@é@fo? @é&t@élﬁg pé@eﬁ' @8Astmption

Over t few years, ere have been nany advances
|mcMn@ﬁﬁrg@ngm@tor technol ogy that have resulted in the
devel opnent of inproved electronic devices havi ng
integrated circuits (1 C) operating at higher
frequencies and supporting additional and/ or enhanced
BAEKGREXINDVi | e t hese advances have 20 enabl ed :
har dware manufacturers to design and build faster and
[0802E Cemphiessysiemaiaopgiasivediy sheworld: inejuding evellydiing from
osed a di sadvantage in higher power consunption
Sreggbem@wlsi efeqtropia deviges Suehas Wﬁgualedata@ﬁ@mts and celiular.
0004] A varlety of te hn| yes are known for reduci

PHAESpEVRPPICSHSISREF R Elor lesﬁwe%rs@sassﬁ%t-mp@oxes digital

CERs She RSP Saet PRt ”f' i &y B et Figbl systoms such

A TGy, B |

W&‘Rg{élﬁ%)ﬁg ﬁ@%&%mwm respect to processors used in

computer’ sys four

- [0003] Over the last few years, there have been many advances in

“semiconductor technology that have resulied in the development of improved

électro_nic devices having integrated circuits (IC) operating at higher frequencies
and supporting additional and/or enhanced features. While these advancés have
enabled hardware manufacturers to desi'gn and build faster and more |
sophisticated compuier systems, they have also imposed a disadvaniage in.

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

[0004] A variety of technigues are known for reducing the power cohsumption 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 W0 2004/ 063916 PCT/ US2004/ 000092 processor povver‘°
consunption nodes (CO Cl, C2, and C3) are defined in .
YRSV 6 Speci fi cation. For exanpl e, when t hePCT/US2004/000092
processor 105 is executing instructions, it is in the
CO nmode. The CO node is a high power consunption

m%so?ép&!i}er E‘&réﬂ( %?ﬁ%déggcg CE Qféﬁg‘éér)%e defined in, the

I nstructions or | ace one

SPMTCBORS FHR kamplD WterChe 6?%08&5&3?050@ e%%pﬁﬁg ng -

Acpy
System (OS) in the conputer system nay dynam cal

instragtonhd, MNistim ehd GDenodk. OFTRE U mbffe: it mghgﬁwer consum tion

appropriate | ow power consunption node

nodee rWitedehé pradesspr 008 &Saot m&enngwmrumbhs bhrﬁfé orrvafety be
| atency. 10 The C2 power node offers inproved power

pleaed igsnewthe ey fawpoeeisumplion hodeshel, G2 po@3 Amdperating

the processor is still able to maintain ‘the context of
System 8) bvtheaoinputeThstad pawelynaoieallyftifarsitiot thielidle
| ower power consunption conpared to the Cl and C2 '
pigsaesOmHeinio tha appropriaighew power censumgtiarhaedehe C2
and Cl .power nodes. In the C3 power node, the
processor 105 may not be able 15 to nmmintain coherency
rocessor cache with respect to other system

I0§95f b6 A SOUBOBPoNT Ihe PiRces et ieaueT,BAge VAbH G wesHiatency.
THE fﬁ%ﬁ%ﬁﬁ%@*ﬁ%w st PSS soivis o 1 v mgde. In
ngL2 el Blodss ¥@%§1§1?F§?°f 08 il B T ineP RS smppext of the
Y5 <ERheE" ThE G BB RS BEN Gyt i@ eqrsimption
cd%.*&%ﬂ@ﬁeéfﬂ%@qe%éﬁ?rﬁf@r iipies, IIEHER tidheMofiafeidey than the G2
aneCh Powed TeghdTeRt the @3 EB eP hfsti)the EFB’c"e%%bP‘i‘Oﬁg‘T a/not be able

pur poses of illustratio y and aré not Inten
toImathtain beherpy oPthe plaResUCEIdNRS with respect to other system-

activities.

[0006] While the reduced power consumption modes defined by the ACPI
Specification and 'known t'ech'niques 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 foliowing drawings'discl_ose 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 : _
WOHUAGIA gure 2 is a block diagramill ustrat PEEUSH4/000092

exanpl e of a chipset in a conputer system according -

to one enbodiment. 5 Figure 3 is a block diagram

i ' - ] i '
Fler o s bR B tring e bR e of € By svstern.
diagramillustrating an exanple of a process used for

reduci ng -10 the power consunption of the nenory and

‘Flgure 5 is a fl'ow diagram’i [ lustrating a process:
systenobtosrdinteio®miembadindnite  graphics controller to a
- normal power node, according to one enbodi ment. 15 '
DETAI LED DESCRI PTI ON [ 0008] Met hods and systens are

di scl osed for controlling power consunption of

Figowe 3t isra blpsk diegramoiusiratingrdroekarepte, ofd graghics corgrsier,

of a conmputer system is in a |ow power node, power
acoondingpieione embodiant. nore conponents of a 20 nenory

coupl ed to the processor and of other system :
conmponents that have controllers associated with

making requests to the nenory may be reduced. -[0009] .
Figrire dds oliow diasieandlivsiialinoan exanpleusiz prasess used for feducing
expl anati on, numerous specific  details area%ﬁt forth

the Poyred SonsyMplign i dhe ey 5K thearaRDigs Goryoller. aggording to
Ongegé%gnﬁ, 2% invention. It will be evident, however, to:
REITEY- in the art that the present invention may

be practiced without these specific details. In other

i nstances, well- known structures, processes and

] : . . .
FIBRYS S8 iy BieBF A filstiofing 2 oot RrEkiorfib Bt HiBmBfand the
grapKick RentrBA¥r to a normal power mode, according to one embodiment.

 Figife® RRNbRRK @f&f@jréﬁi i!I@étratﬁ‘@%lﬂ’lf gké‘rglglé’of é’E‘.ﬁi&%E’Pﬁldé E?@Puter

DETAILED DESCRIPTION |
[0008] Methods and systems are diéclosed for controlling power consumptfion of
_computer systems. For one embodiment; when a processor of a computef syétem _
is in a low power mode, powef consumption of one or more compbnents 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 descripﬁon, for purposés of explanation, numerous specific
details are set forth in order torprovide a thorough understanding of the present
invention. 1t wiil be evident, howevér, to one skilled in the art that the present
invéntion may be practiced without these specific details. In other instan'c'es, well-
known structures, processes and devices are presented in terms bf block

diagrams and flowcharts to illustrate embodiments of the invention, and they may

3
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3 WO 2004/ 063916 PCT/ US2004/ 000092 not be discussed

i-n detail to avoid unnecessarily obscurl ng the _
WRIeHA6EHEI ng of this description. [0010] As BQWS2004/000092
herein, the term"when" may be used to indicate the -
tenporal 5 nature of an event. For exanple, the

581 ng o SR OB qeas@ng_,_ng ‘o

'”’ﬁéjﬂé?‘%@ﬂ" after the occurrence of event B, but is

none ess associated with the occurrence of event
B. - For exanple, event A occurs when event B occurs. if

~event A occurs in response to t he occurrence Of event

-. [@1@_] AdusEs penss, the térms HanReh” ﬂnﬁ?'beaﬁéétgtd .harcai&trfé/t]cémporal

B has occurred, is occurring, of wll occur
né&luge!bead event fbd)loé)le Iégﬂ'@nphrbbéséﬁéﬁtl ‘AUo@rs ¥aEp éA/e‘Pﬁ ‘B’
a conputer system he conputer system 100 may
otawrs'ligdo dedatdrprbited tomessi that everit A BRly) osvur before, during, or after
processor 105 and a systemnenory 115 that is coupl e :
thsi adeutieaceodesesb, MiitSs nohethalessléssotisted twmbnm«aroccurrence of
system.100 may |ncI ude a display unit 124 (e.g., a
every 3. dFer gxampled eventaly ocC@B)when evenit B odeunsdf eventeA occurs m
(CTR)). Data (e.g., text, _graphics, etc.) displayed
resRoR$R tatheppegurignce Of@z«eﬁhﬁ a5én resnansElted signal indicating that
‘germ%whl cs contragller residi nﬁl in a chipset (not :
e as QREITRMhI% PEFUrENg @WHIEIECHRY 20 further incl ude
an alphanunerlc i nput device 20 (e.g., a keyboard),
cursor control device 25 (e.g., a nouse) and a dlsk S
drive unit 30. [0012] The disk drive unit 30 my =
i ncl ude' a machi ne-readabl e nmedi um (not shown) on

o8P a0 gy VR Ao AR vt
BTN P RS R G

proBEsdHR 105 BHIPA ‘égéﬂaﬁ m%’i‘l‘i’élﬁﬁ 14 thit cﬂﬁalé’cﬁ %’tﬁstﬁgrpr&%sor 105

The instructionS may furthernore ansmtte

vid BosiBedrng @omb@terﬁ @ywwowy memdéey dRPIARPuNifNL4 (e.g., a -

- conputer system 10
liquid crystal display (LCD) ora 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 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 interfac_e device 35. The computer system 100 may

4



" 4 WD 2004/ 063916 PCT/ US2004/ 000092 al so include a
‘network interface 35 to connect to one or nore
- WO 863916 The conputer system 100 may be powePETUBZ004/000092
an alternating current (AC) power source or by a
direct current (DC) power source using one or nore

 aRBAEEES nchb AR gg&eb Bt 1B Wi ORs e

I nclude one or nore US contro

| ot Syaah 0 s ABHER(d naﬂeﬂl?émgycmﬁt (AL Gower

that ar |trates rmry access reques

R “sOLree BF BY eSGiRsct EPreARIDGPPowET sddie %ﬁ]gl&'le gﬁw el @ﬁes

10

comuni cations between 1 nput/out put
sl ave devices) need invol venment of the processor 105

Al t hough not shown, there may 10 be other controllers
[00rl31 wethougbmtoeshewal e 3015 haly incladeapebdranefe bb4ddress bus,
turns wth the processor 105 at naki ng access
buseeprdeal signals aied dateobys and/or Ehes amagmony comtraller that arbitrates
controller to drive the address bus and the control

~ bejwgaalaY reemoneaserssIsquestsh Thierproeessort K5/ mayicontrolthe bus 15

t he processor. 105. For exanple, the processor 105 nmay
wilgh mIRRNSRAMBIUAIGRIOBS hetweels KUY aripUE §/@pdeviggs(orsiave
r the 15 processor 105 may be idle in a | ow

. 5,
deamgnseﬁﬂrévoimsa 31316 BroaassOr 4B ARNPUEN Gk Shown, there may

o fiGEERErae . Hediom it el 16 el re canafion triag tums

o RS BT BB ARRRIITE! g may
 RATIBES e o s 30 AR TSRS Bbus s

o wnth%ﬁﬂh%F @?erv@ﬁﬁ&*ﬂ bg?q&pmcﬁg%&e{ Ode‘ogﬁ ﬁﬁe %%e Pfbcessor 105

15
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25

exanp e a contr IS Ca

.meﬁpﬁé baky b@ﬁohﬁﬁg%tﬁeﬂt’ésﬂé‘%eﬁ% 'rBSuﬁ‘é‘%éTBﬂgr% Enlﬁ‘le

mnimal 1.nf'ervention by e processor
pr@deslsbﬁ 405 indynse &lé im idw powes %talé Wé‘ént?dl%r‘i’ﬁég%brﬁ’chlrﬁfb own
may al so be applicable to other controllers.

prg@R$61 ofFinieroeortrolier ar bhgirk tHabgsimstatdd rerjueats mnarmemory

exanpl e of a chipset in a
115. A controller may be, for example, an Ethernet controller, a sound transducer

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

[0014] In the foliowing déscriptioh, for purposes of explanation, an integrated

gfaphics controller may be used as an example of a controller that is capable of

- controfling the bus 15 and accessing the memory 115 with minimal intervention by

th_e processor 105. One skilled in the art will recognize that the description may

also be applicable to other controilers.

~ [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

5
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“ conmputer system according to one enbodi nent. The 9
conputer system 100 may include a central processor
WOR0eHE3U6 chi pset 200. The conputer system 100PETAISR004/000092
2004/ 063916 PCT/ US2004/ 000092 may al so include a.
menmory 115. The chi pset 200 may be an integrated

"%ﬁ%% Pl Biton Gy b8 aﬁ@ﬁégﬁﬁ)@a%ﬁ? boSiRBRAEH araphics
chi E§ b@ét'ﬂfh %faysgigte?(aﬂ i @I’S@;‘- inld§tated graphics

Ilg,
psSet an | egra graphi cs

” orask fﬁcl%%te?éz‘éaéé’raﬁé f Santl BRI CELIEASD. SYRRHibserP00 may

pset I'so 1 ncl'ude’ a grap sin er ace
inéRidle(ch Btegradtl Eﬂ%%on@oﬂ@h‘??@ td) deVIdéﬁ@ |6§J\ﬁﬁé@%ﬁbport
- to support extern graphics controllers ot

The chidgetP0® tha APHikcudaaaphphicy mtéﬁa@é‘QQE f(é g
controller may have own |ocal nenory. 16] T e

GedphiesPo (AGRY) Nl a0e) ficsuisiroextema )gramﬂég @bhi%[le?é $not
that interfaces wth the nenory 115 to satisfy

sheven)/ far adeancequirsphickroaapablity. pAo eséanal dr@phicBrooniroller may
menory .115 nmay be, for exanple, dynam c random access -

haxenowy lc(aaRm@rnorysynchronous dynam ¢ random access
menory (SDRAM), double data rate (DDR) SDRAM etc. -
The chipset 200 may also include an 1/0O controller 214
interface 15 with peripheral devices (not shown)

[OAﬁ fhd lhgrchms@i r80may p 'F‘ﬁ'l’-‘é'@ & menyy cengeler mm inferfaces
ol & S R sainiE ot T o Foorepon 1 me

m%%*&w@ﬂ%ﬂia@g?eq F P chaEl Etom AoesSpeor (ORAM),

o PUBE PSS h T ok BoBERIST ISR, g B ote (DR)

SIORARNIES ?ﬂ&%g@e?boélﬁajggo .H&u %WVoJc?aﬁtHBpé( égzggi ihterface -

reference clo roma ock genera

| w:tZTfigerﬂiiﬁ?ﬁﬂ cfeﬁnéé@@fo%h@ﬁvrrglﬁlt M@? FIGITRr Y (:I'J&?fiéf 't'-:@ &rocessor |

and the neno aye
10608Pa different module from the graphics controller 212, one or more of the

processor 105, the graphics controller 212, and the /O 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 cohtroller 212 may perform computiations 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



£

(DLL) circuit(s) (not shown) used, for exanple, to

control timngs, etc. 25 [0018] The graphics

WOorrovHopEs 212 may perform conput ati ons to get PATABLAY/000092
data fromthe nenory 115 and to output the display

data to the display unit 124 via the video out port

TR TR e L
L bﬁ@ﬂﬁ%#é? éﬁ e H&% ?g? %lcﬂViB Lj{erfazﬁ'ﬁeﬂi g?ltHﬁ 9?%&!6% Egnttr%ller 212
o n"la’g‘i?mtr tflgr i‘(g?llléé’ bBwEFc@r?er gtll?é/ cﬁiﬁgeﬂﬁéﬁ’ﬁhﬁ the system 100.

cont ower consune

| [d?M ol PRyuTEI Pieed bl%@Q d?dbﬁ‘aﬁly Iléé’[ﬁatﬁmsér?@kélﬂﬁle oﬂé’@ﬂa‘ﬂhlcs controller,

gure 3, ts a block diagramillFustrati ng an exanpl e

' a@foramgftéﬁiﬁecénﬁ@aﬁrﬁéﬁt' The drapisiedc8hitglidr2 teay include a display

enbodi'ment. The graphics ‘controller 212 may include a

beffes Hyto diofd tie #dflay datt.oTke displali buifeyd thtay Dehessociated
di splay buffer 310 may be associated wth a display

- with wedisplay 6BEpNRAFDS) 8051thst hay beareddodistermineavireto request

to request - the display data fromthe nmenory 115. The

* theidigplay datsf frem theonemprpé15, Thestisplay btffess? ama;(m a@rst—m

buffer. The display data may be fed fromthe dis

 firsipHGFIER) butfenOTee dispiav:gatermanbedas from thﬁ)qlgﬁlay@ﬁer 31010
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exanple illustrated in Figure 3 refers to the

 a gisplavengina &1 5 MioHBhihe Frample MESE%@HBlFéQHF%@ releds to the

DEAGh g Sopatae SOMHRENL g Do aseil B 0B and i

B S T By o M LR RS P For BHAmpl ip the

- mBr7 EBab ORI b s Bonedib 202 1y Share the

menory 115. ‘That is, the graphics controller 212 may
have its own nenory controller 300 to initiate own

15 | '[oeggﬁgrﬁ%?eﬁsé; ié%tﬂsﬂmwgrééﬁ:cwcbh%tlerdz’{?%d@ﬁé‘Héfho fcontroller

105. For exanple, considering a uni

| 2TR(IMIStrSBEE M FiRfiird 29 (48HuscthieRsi6Eeddor 1 0BY mdyt sieirattRe memory

graphics controller, in this case the nenory

11 nThat is ethej3phies coheoller 212 may have its own memory controlier 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 c.ontrol]er 213 and the

graphics controlier 212 in the chipset 200 share the same memory 115, and the

‘power consumption'of the graphics controller 212 an_d the memory 115 may be

‘reduced. Whén there is an external graphics controller (not shown) that has own

local memory, the power consumption of the chipsét 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

7
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<~ interruptions in feeding t

gra‘phi cs controller 212 in the chipset 200 share thé

ane nenory 115, and the power consunption of the
Hpazﬁ?ﬂ’%éméontrol ler 212 and the nmenory 115 nayPE&US2004/000092
reduced. When there is an external graphics controller
(not shown) that has own |ocal nenory, the power

ORS8RI g i
IR thBiday BASEsh0 {OOI%JJISCPTQ)E eﬂﬁﬁgéﬁ Slljrﬁg'@&éﬁ’fn visual

nmore efficient” when it can

 aalfads Bueh asatcR exﬁh?!@“fﬁrﬁie@é’ o?' BenksnA 0 d Jﬂgggﬁ&é’@lsplay

‘processed by the VO 2004/ 063916 PCT.

unit $p4 2 senghp eoBitsl \aliuds h@ﬁ@fegﬂgtgﬁg l%eg)grzop?%arﬁtg)le the DS 305
i spl ay

maly sseay diffeférirsed 0P controlhaltissior apck eigd ﬁib’éie'm)pported by the
result in visual artifacts such as, for exanple,
grephiceseontiofieb2 €2k 4 displai enddmaiaydmmde fon ekampit, sptayibination
unit 124. As such, control values may need to be used.
ofidisplay deice, resalatios, Gier depthyor pixe! degiff, refresh rates, ad system
ntrol. values for each display node supported by the
‘ﬁ&@Hﬁi@@ controller 212. A display node may incl ude,
for exanple, .a conbination of display device
resolution, color depth or pi xel depth, refresh rates,

[Oggﬁiéafpg{,ﬁ]trgf oAt ?‘” AR g'ulqOQLo‘g(g(fEe Tg@r%\k%n to retrieve
tné S, Fotg, L GoFnEih PR iy 28 CPquévegggﬂgﬁhg%sxw
11%523%?%{3%?{5!?"@1'9 Wﬁfg@%&w@ { er r AR gggqeeggqta burst
St ML

a nmaxi num bu

mlﬂaﬁn@ﬂfﬁtﬂfer%iﬂje Jﬁ@abﬁé Fnuln?B Ff@r Véﬂ{%@ W&ﬁ%ﬁ@%z& of the

t he amount of display atat

* buffer8¢5t ThewurshengerRilve Fdy I%Jpr@sérit “Pﬁe Bfoumt B?Eﬂépf'cwu@éta that

di splay . node. The DS 305 ray use the waternmark val'ue
theaD& 30t may requbshipdr thiemembey 118aea difid for @badticular display
~control how and when the display data is fetched from
madee TeDS/305 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 {o the display engine 315 to display on the dispiay 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 displéy data from the memory 115. It may be noted that other

techniques other than using the water mark value and the burst length va'lue to
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Figure 2 may dynam cal _ _
- ragaiftdesam diffetebucatiigueatiging of sheseomipaterdiyisternelno. dh sphitguration

115 and presented to the display engine 315 to display

on the display unit 124. 20 This may help elim nating
VO94/0639%6i f act s or di splay corruption seen onPCHAIS2004/000092
di splay wunit 124. [0023] The display buffer 310 nay

store up to a certain nunber of display data fetched

Yt 0, OB W6 RSt SR Fromay

I'n the

i
o geetpy nesk value for the current display node, the DS
-7 305 requests nore display data fromthe nenmory 115. It

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

[002430D4¢ PARREEOIPIDY WESRXGHGR HGEre 2 PRy 8 né{Vﬂ%ﬁugeer#@% the
‘much display data to retrieve fromthe nory 115 may

walermaie vatues. arfdbi4i leﬂipm viloes feraiffdiént dlspls! matied that may
' y ‘conpute the 5 watermark

nodes that may result fromdifferent configurations
maty hﬂa@_.@oﬁ‘mﬁréw!@tymr&lh‘natb@] orediipié gispiayiso display rdselutions,
a particular conmbination of multiple displays,

) C‘ﬁb%@éﬁtysr wigshtptass overtay sealingmangjtionst vidsh captwe, conditions,

10

15

over | scaling conditions, video capture .conditions,
angiay eiessisien Genfigurations. glheprasessomies mayrogmmioe of the

wEHmBH, Vol A e amiads s s naeine Hakgilangth values

247 shfteot Biishicdis Ehlug 3lorbe cFaBhes SOplrBleta et bee n

robESuRY 7R el BRI of Rl HishBp (Mt Body b

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

eI TS co

[0S DN g peRi, 1 B AEAFEL B e

may. i nclu tures

‘méde bAd it ddniEhts hedy be Yfrdshedss! rEc_ﬁﬁrfgre%Sé‘t)eve'g‘ ?fﬁﬁ??er@fresh

fromthe processor 105 or external refresh

_intemzﬂ, fehexample. For one embodiment, the memory 115 may include feétures

" that enable its components to refresh on their own {or self-refresh), independent

o _ ‘fr_om the processor 105 or external refresh circuits (not shown).

20

25

[0026] According to the ACPI Specification, when the prbcessor 105 is not
executing instructions, the power consumption by the computer system 100 may
bé reduced by placing thé 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

oceur 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

25

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

the processor 105 is not executing instructions, the
wowex/ocine unpti on by the conputer system 100 neyr/Uke04/000092
reduced by placing the processor 105 in a | ow power - =
node such as, for exanple, the C3 power node (or C2

ol ShoBE i TR RS8R or 10

Tl G BBlher Bpoh efhaelce pEuRP bl loq e G pager modee.

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

TOT2AMR arsbEalfurGRER i BRIckssdp1041ER thélldw pBfer mode,

evices "~ contr Ions tOo nenbry acc

e R R nB AT B Rl AL PRREPmode, Thst s, power

coﬁ‘éﬁﬁlﬁ'ﬁbﬁ@f BAE &Ir indRRYCOMIbdnaMs Bf HiREmRhR9II8' AP e reBuced. -
in the C3 power node or in the C2 power node or also

THig\nialyehdvk inial tisist.on hrdkdgdorfiamanesbodomextimpidighe

the processor 105 is in the | ow power node, 5 the
poveEronstihhtionf tHemdeony ! fdSanay beaedaeeg bylacingl ¢he memory
That is, power consunption of one or nore conponents

 116fin areelimeftesh made.nSelfrefresh madbe athinemiayaimdm access

m nimal_effect on processor performance. For exanple,
memery (RIwaM) ponen neducad sipta weeresiher empsy reguires no input clock

reduced by placing the nmenory 115 in a self-refresh
angritemids ¢ opb havshpeigr ernsurgRtioanieguirad do kear disgpemery states.

e
116y ﬁé(ﬂﬁg e %&9 15, %%%f-keﬁ%h@ﬁp%@ In3bi8'i& contents

1o R e MR TR SRS PBERR ey enabl @ i 18

45

contents to be saved while reduci ng power
consunption. 15 [0028] One skilled in the art may

[0023) 29} S&Idd R the Hmal FeESYIHHE thalDihé ©ehRGues 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 powér—down.
Prech.arge power down is a DRAM power reduced state that still requires system
clocking, and that all DRAM memory pagés are closed before it can be entered.

Active power down is a DRAM power reduced state that requires system ciocking,

but not all DRAM pages are closed before it can be entered. Géneraliy, 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, _

10



used to place the nenory 115 into the | ow power node

such as, for exanple, by placing the nenory 115 in a
WPatwasde power-down or active power-down. PPEBHE0§4000092
power down is a DRAM power reduced state that still
requires system 20 cl ocking, and that all DRAM nenory

(0830 or s EinBoGingt, Pt pEAr B BpHoh pL ¥l Koy g151s

e bR gy b by M ensgn e e

- contrBli&s2 MR Ynd1ANS0 bRNeslicdR WeRs I@;n@ror\’iﬁ&@kﬁbmﬁgﬁé}% of the graphics -

 asgpciatackwith the gEarhicsgontrales

10

= 'Iov&eerl apgjo

times. 25 [0029] For one enbodi nent, when t processor

coh@bllés2 1 asBdntiide dohthdreitd et are RBdeed t furPthaEmemory 115.

consunption of the nenory 115 may be reduced by

* Thisehegi plgce tieyvgraphicsacalitoliyr o2 ked Ibwqrowddirhdde andunsy have

.associ ated wth the nmenory 115. 10 WO 2004/ 063916

- miRiTalSEan 4hQDo6esor petdfhafos. Borecrmnpbl, dieis mawhnstudehreducing

power consunption of the nmenory 115 is reduced, the

" pomenésucivas shpttingrofblheddid_)do andelay desheshienp <DbL) cineuit

graphics - controller 212 na&aalso be reduced. The one

Bherehuttiog offdhe slocking fedie

i ncl ude conponents that are needed to run.the nmenor

memery iomHhe graphips eatrelifs ZiZa JRe¢uciog REWST ICQF‘S‘QTI'@ﬁP% ag used

1 Qqw power de and nma m ni mal _ef f ect

- *-havg . aon
hepgig Biclysis: PRV RRRE 8T oESpduGing pPwer fiefts a prent amaynt to_a

reducin ower (. h as shutting off the DLL) to a
F@EWEB“F‘&BE@E{ L) circuit associated with the

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

roma cu

o R RrOHE  rP Bafty ORI LE fputer svstom

€ POWerI ng

1008 4Alich @sossEit m&vwa?quagga s R Memenliy 14 dnd the

20

25

order to reduce the over r consunption

QrapHEHIEStrGIET a2 to K24 MIhBUSH @@Qﬁé@@f(ﬁ, ad fong®s psssible. Of

advant ageous for the nenory and the - 15 graphics - -

cowss} apsdme pbliat, Wakingayp the neendrpwiBawet theogiaphios amtroller 212
| ong as possible. O

- '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 conftroller 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 deécribed 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



course, at sone point, waking up the nmenory 115 and

the graphics controller 212 may be necessary to allow
VRS Uber system 100 to operate in an accepPabiUg2004/000892
‘manner. For exanple, at sonme point the anount of

-display data in the display buffer 310 may be reduced

oSS IRk RGeS

e pEdtRs86AR T &S0 ﬁ/grﬂf & rh8le féné[,%‘ﬁcz%lﬁc %K%Sacﬁr%tageous o

' restore ‘them e|r no ower nodé
chiast tr@r@jmrdmwmaqblgdeth@%ﬁﬂ IBH rhr\;a%e bﬂeftﬁéweﬁsr mark value)
~power “‘froma | ow anount her anount

N s@mtrth@hrano@bmﬁr@%aahy&@ Idﬁg@ﬂérﬂﬁgp@ééb/ﬁrﬂhbhépart in time. Of

wat er mark value may be 'used to determ ne

COEBD/ tyusbmagrtdepmndememarwrerﬁrddsméyemd@énd ﬁmiai?e vatheedisplay

may-be used to determine the anount of data to be

© bufiercdtdli Changingdhereanirel velesaly dliowethe Wakbupalatancy time fo be

nor mal processor power node (e.g., CO power

. - durin :
' _ shﬁftﬁ)tﬁam e imevio mocewmegﬂ@rmatasmme/cmma%ufreeamy The

15

-~ Cclc2f
: C%ﬁ?m%ﬁg@ﬁ%ﬁme@@”&w plutheigrephigs coptplier 2R t he

s ob35EF GpYe 45 il ﬁiﬁt&%aﬁﬁnis{tFaEﬁ)@%?ﬁ%%P@EodﬁﬁP%@ﬁﬁWd for
| 'feéﬁ%“ﬁ BT Phuitr llsbBadE IR, %\%@fﬁ%@%’(}ﬁ?@tfaeh'aargﬂrfﬂ"ef

‘bursts may be snmaller and spaced closer in tinme. Thus,
wakeyp atenqy imprpe nehids iime fo sestore power toibereoymore
y be advantageous to change the

wat er mark value) { so that the nenory bursts may be
| onger and spaced further apart in tinme. O 5 course,

aci‘ctggqiﬁg%’bﬁé é?ﬁééc% frilOAt itk 4‘6%2%‘3%} 8#1@%@158% in a low

O restore

sQies‘chSeH% %,] t}ré?e ﬁ‘ﬁ% 5 wtanéu Fegcgvﬁgf §ssoc:|ated with

controller 212. 10 Fi gur I's a

 reblotingithehéion M BXRMherabl BoWEOFREs HIRS bW power mode It

reduci ng the power consunption of the nmenory and the

- may bp fposs:bﬂm_tﬁaﬁ o¥Hegrthe processor 105 is placed in the low power mode,

. the buffer 310 may be partially populated with exiéting display data such that the

20

25

‘_“_\'rvakeup latency time nﬁay 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

dispfay 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

12



10

- the Gtk mememanbsducing herawersinsHpation it
.. _hore.c ents of the nory 115 is reduced.
,aSﬁee'a&Cﬁﬁﬁhn%e 6%@1'0%9@ ion of one or nmore 12 WO

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

vg%ocessor 105 is placed in a | ow power node. As
HH{9¥4 above, there may be wakeup | atency PCT/US2004/000092

associated with 15 restoring the nenory 115 to a 7
normal power node froma | ow power node. It may be

RASSHENLS of i m @Hﬂ!t?'}qﬁhs AP RN, 1d0exdrfiple! ?Fé%ihg thet r'ﬂ@mory

Iow power node e buffer 310 may be par

D Sbipse e BNRS VIREN ﬂﬂéﬁie@ﬂor‘}aﬁ% i8Weh s*élﬁteff‘é%ﬁ mode,

wakeup l-atency tine may be tenporarily |onger than the

- povrereiotine DLOCE Rt dssocieted Withdhdinsgthaty T8 malyrbé fetduced.

di splay buffer 310. 20 [0034] At a next nenory burst,

'_ the display buffer 310 nay be popul ated with nore

‘display data (e.g., as dictated by the bur st | engt h

: .[0036115\} ’pmhdHtOh thaxpdeeepcorausngtion of one anmobe components of the

than the tinme it takes to ﬁrocess the di splay data now
graphica gonirplign 212 isuedeced 1fhisTray inalydealfoexarplenshiitipg down
115 to be in the | ow power node 25 for a Ionﬁer tine.

@.,Q,I_Loqalrcurt

- 2004/ 063916 PCT/_USZOOS/ 000092 conponents of the
nmenory 115 may include, for exanple, placi ng t he

O o) S B L A o oo
o g R S S S,

M%éﬁ@%ﬁﬂpﬁﬂlsgabﬁa 5‘@)%I wgle%rgxghﬁa;égo?grxog%?i?@ iﬁLat ﬁ%ﬁgb@er mode. At :

- blddres 10, 3rlest Is%e’fﬁﬁﬁfeﬂ téfﬁétémﬁﬁhé'|Metd"raplsﬁ@%bntro!rl]er 212 needs to

~consunption of the DLL circuit associated Wt

- exiitiae luve powenhictld. For ebinbSI8 3ihke BEOMEY Verifsif thd lnmermark level

20

25

diagramillustrating a process for restoring the

- hasembiag notbechireagiethhThs testmhay be perfoomad sor that theogeaphics

node, according to one

_'controlier 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 biock 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 circi.lit
associated with the graphics controlier 212. It may be noted that the graphics

controller 212 may drift in and out of the low power mode. For example, the

13




e andefﬂmgranmss santrofier

enbodi ment. At bl ock 505, the graphics control I er 212

is in a low power node. At block 510, a te

%%P?odfﬂﬁ:t?a‘;to deternmine if the graphics control P%T’Uﬂ‘}?“”““““”
- needs to exit the | ow power node. For exanple, the

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

'Z'IQrQEhlcg%%ﬂtrbﬂé\CMm h:f‘e ba64f HBNoR DR d@qlh%ﬂ bR display

e graphics cont er 212 can'exit t [ ow power

| 0dTRAENBEAGN A B RBHICH gutstrtetdasé Pefrofigd, @@@ﬁbwa in block 525.

latency tinme is going to be |onger than the al ready

“.buffered display data can support. If the graphics
"~ controller 212 does not need to exit the |ow power
[0688HVheh dh@ con‘eelsveﬂm@e/eae a1, tid bokst Seriyth Gbher and the adermark

process flows to block 515. 20 [0038] At bl ock 515,

valie) arewsedtand they reerchpngas to noressethedime tluatethecmerm<:ory 115

power . node. This é i ncl ude, for exanple, taking the
212 stayfin the fave pawantoden thaseneentng values
“up the DLL circuit associated with the nenory 115. At

| '.-mﬁy peRd £ be reslerebietheirrgiaalgelyes eermalivtuseid whenp ibe psocessor -
., restored to the nor mal node. This nmay
1087z ihe n@f&ﬂa SRS "@Od%o%@r@ ﬁatatpnw beriacassABL{a wait for the

m&B086 ! Th o bt Sl bRl S st sieagrons bahy i

 rg0aPbag8 ut BEHCRLOUIRBOBBYE: ornphi ce control ler 212

10
« - may be out of the | ow power node when nore display

~-data is needed and a nenory burst is to be perforned,

R T R

 FigldloRr R PRSNGSR ITPESSE Wil Pbognize

20

25

ime that the rmry 115 the grap |cs contr ol

B . thakBosd ProdeRséd mdyost@@é!&émeQEle tohstaer @cﬁﬂtduet dedlcesshat are
15

may need to be restored to their original val ues

| capabieajf lay.cessing the merherypt i ipgiependdiitly dfthé probessurrios, It may

~power node.- Note that it may be necessary to wait for

- alstotim neoteddhat aittioughdtheHeckmigpes described abdws reféptd display data

power up before taking the

_[one skilled in the art will recognize that the techniques may also be used with any

data lncludmg, for example, time critical data.

[0041] Techniques fot' reducing power consumption in computer' syetems have

been disclosed. The power consumption of a computef system may be reduced

- when the processor is in a low power mode by reducihg the power consumption of

the memory and of a bus controlier associated with the memory. Although the

| techniques desc'ribed_above refer generally to the grephics 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

n%y be noted that although the processes described in
VOIS g in figure 5 refer to the graphi cBCT/US2004/000092
controller 212, one skilled in the art will recognize

that those processes may also be applrcable to ot her

- _aﬁ@@f friel bRV Itér‘ﬁi técrr}rﬁtéiﬁésbrln OJIS@BEQ%%EWQ reduce

he nmendry 115 epen e cessor
pORYT c@*léiﬂn;ﬁtﬁ)ﬂ"'@ftcﬁﬁeﬁ B@hpéﬁér‘ﬂ@%h‘ré B&nb@@?'@ygtéﬁﬁ 100.
descrrbed above refer to display .data, oné skilled in
“the art will recognize that the techniques may al so be
~used with any data including, for exanple, tine
[0042] iAlthoudhtthe ﬁ@sérﬂ@ﬂﬂdntrﬁﬂﬁmrb}iméwrbeddwm refefepiogrio
consunptioh in conputer systens have been disclosed. [

sprefiqexemplaonsmbotlinentsf it avilt berpuident that tveriomaynduifications and
reduced- when the Processor is in a |ow power node by

Cl?&ﬂﬁ@@rrﬁgy brenade\kr theseaumpedioents without depeasting fom th‘e broader
- bys controller associated with the nenory. Althou
‘spiRiand geane efibe iaventionaisetforta in ﬂreeeiamer\épordm y,tthe
r aphi.cs ntroller and the 25 ocessor. sharing the
Srgegﬁﬁcaheﬂa"@ Jrarréngst HE ta%ﬁrgegd%ﬁt%uméﬁra%ratg@r ban a
' l@ﬁfl nenory, power consunption of the graphics
Teg 'Y%ﬁ?@?enay be managed using the sane technique.
In addition, although the techniques descri bed above
refer to reducing the power consunption of the DLL
. ccircuits of the menmory 115 14 WO 2004/ 063916 '
- PCT/ US2004/ 000092 and of ‘the graphics controller 212,
‘the techni ques may 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
nmodi fications -and changes may be made to these
enbodi nents wi t hout departing fromthe broader spirit"
-and scope of the invention as set forth in the clains.
Accordingly, the specification and drawi ngs are to be
regarded in an illustrative rather than a

15



restrictive sén’se. 15 WO 2004/ 063916 PCT/ US2004/ 000092

CLAIMS What is clained is: 1. A nethod, conprising:
WREMHFH6cessor is placed in a | ow power modePCI/US2004/000092

~_reduci ng power consunption of 5 one or nore

~conponents of a menory coupl ed to the processor. and of
ol - more conponents of a controller device needed
to run the nenory. 2. The nethod of claim1, wherein.

i redu0|ng the power consunption of the one or. nore

cornponents of the nenory includes placing the nmenor y
- WHatds sBimhed @f:resh 10 node. 3. The nethod of claim1,

-wher el n reduci ng the power consunption of the one or

- .nore conponents of the menory includes placing the
- 1m#omethdd) canfprisiitar ge power down node or an active

powerdown node. 15 4. The nethod of claim2, wherein

_ whed acprogessur ip plsmeddo zslonppéwsr mbdeneducingmewer consumption of

conponent's .of the controller device needed to run the

- Oh@pbmore compbeents efda mmgo:gmmplerbh:sthmmmoessﬁr asnddefl ane or

| ocked 1 oop (DLL) circuit ‘associated wth the

Mo cemPPaenisafiaceonipiles device neededdogtin dhaimermory.

wher ei n reduci ng the power consunption of one or nore .

g conponents of the controller device needed to run the

power of control

L urt er . ipcludes reducin
2 of ED ﬁ%fB &‘[%@k@ whersin rduging the Raver BRHRtiogrof the one or
. mgre components of the memory includes placing the memory in a self-refresh

mode

3. The method of CIaifn‘ 1, wheréin reddcing the power consumption of the one or

more components of the memory includes placing the memory ina precharge

S powerdown mode or an active powerdown mode.

15

i 4. The method of claim 2, wherein reducing the power consumption of cne or

20

25

' 'mo_re compone_nts of the controller device needed to run the memory includes

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

the controlier 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 coniroller device and the processor share

the memory.
16



10 -

6. The nethod of claim1l1l, wherein the controller

“devi ce and the processor share the nenory. 16 WO
YOoH4E39¢6 PCT/ US2004/ 000092 7. The met hod oPC’(i/IU§2ﬂw/000092
1, wherein the controller device is a graphics

control ler. 8.. The nmethod of claim7, wherein an

anmount of display data to be retrleved from5 the -

menory is determ ned based on a wakeup latency tine

| rawm@&?da Wgé!ﬁin‘i "?ewhﬁﬁé?i‘? e Aitrdilee éﬁ %ﬂé %ts%raphics controlief

controll The' net clarm erel
.process the di spl ay data retrleved from the nenory |s
-at | east equal to the wakeup latency tine. 10 10. The

- 8mtroshetfodCopdigind 7 ﬁvuéﬁdwenmm&jﬂwspwaafawm téiﬁéved from

‘the controller device needs to exit a |ow power node

tieefentory is detasiimgl bassdovarwaiensUapsioytimé asbeciated with the
nore conponents of the .controller device 15 11. A

_".-m_mnwcand:mm;shimg:copboﬁmm ng a first nenory burst to

retrieve display data froma nenory, the nenory

coupled to a graphics controller; 20 reducing power of
~one or nore conponents of the menory and one or nore

Ic dMgdnetios effclaineSgwhprein imedatprocess therdisplay slatr eefggved from

sending the display data to a

' h
the BEMHYY S ateaat aual ko dis Wakeuk laleey Bneer : - and

restoring the power of the one or nore conponents of
the menory and the one or nore conponents of the

- . Qr aphi cont.r erform.a subsequent 25 nenory
1§88 By T C B EkempiRifg
verifying that the controller device needs fo exit a low power mode before
“increasing the poWer consumption of the one or more components of the
- controller device - |

: 1.1. Amethod, comprising:

o pe_rformihg a first memory burst to retrieve display data from a memory, the

20

25

‘memory

coupled to a graphics controller;
reducing power of one or more cc')mpo_nents 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 dispiay coupled to the graphics controller; and

‘restoring the pbwer 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 becomie necessary.
12. The method of claim 11, wherein the power of the one or more components of

the memory and the one or more cbmponents of the graphics controller is reduced |

-when a processor coupled to the memory is in a low power mode.

17



10

12. The nmethod of claim 11, wherein the power of the

“one or nore conponents of the nenory and the one or

- W8I nent s of the graphics controller is PELUEG4+/000092
when a processor coupled to the nenory is in a low

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

“The et hod of .claim 12, wherein the power of the one

‘or :nore components of the nenmory and the one or nore

1§ O“I"ﬂ@ﬁﬁ@%dcgf ddif &, %ﬂﬂér@ﬁ ff'l%gﬁdv?éﬂ &thb Dk %?trﬁél%dcdi’ﬁﬁﬁnents of

eprocessorlsmte ow power. node.

- tﬁéﬂhaﬁ%r?fanaﬂﬁé @né%r nber ®irip é:ﬁ@n@b@mgﬁfghmd:drmuer is

graphics. controller share the nenory The net hod

redtoretiaiimerithe pioeesion is Rrithel 1oy pdwemmode. of the one or -

.nore 10 conponents of t'he nmenory conprises placing the
henory in a self-refresh nmode, a precharge powerdown
node, or an active powerdown node. 16. The nethod of

14l %mmémodmfro&um 13, adiargin the prooessprianddhe graphies cepholler

node: includes reducing power consunption of a delay

. sharelbe MeywEr DLL) circuit 15 associated with the

menory. -17. The nethod of claim 11, wherein redum-hg __

the power of the one or nore conponehts of the _
IIer t he _power of a

_. -@ewﬁg'rﬁ%ﬁgﬁ 9 e TEUFRGBe gwel GG i e O aore
odtn@ber S LB MR coBRSE 188&Taq'ﬂ5‘?%¢'1 Blesfibrydp @ Siteiresh mode,

= BT B RS Gh A P O, o

20

25

.cl ocks associated with the graphics controller. 25 19.

A conput er readabl e medi um conpri si ng execut abl e

14, L HEHARNGs Wi 1o, WABRRIn PR B Brrf iP5 Sefir@irosh moce

em  causes the process emt o

_mc_I.udes_ reducing power consumption of a delay Ioc_ked Ioop (DLL) circuit

associated with the memory.

| "1_7. 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 controlier.

: 19.-A computer readable medium comprising executable instructions which, when

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

method compnsmg

18
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met hod, conprising: 1.8 WO 2004/ 063916 _ 9

PCT/ US2004/ 000092 when a processor is placed in a | ow

. povasp4/osee, reduci ng power consunption of one POT/USRI0E/000092
conponents of a nenory coupled to the processor and of -

one or nore conponents of a controller device

R sRee b é?e% PEREN g0 BrodFa e GRTRY Rt gonsumpton of |
PR maleIBhe g plrggﬁ]ngygﬂg;s;egges%sf&%ggw &bt one or

iy %‘érﬁ'f’%@ei’ﬁé? g dont I i T

medi um of cIa|n120 mhereln pl acing the nmenory in a
sel f-refresh node includes reduci ng power consunption

200 Fhelebmpuled v68dh816 ARedililddcigin $9) WhaesPrédichth met;ibwer

the menory. 22. The conputer readabl e medi um of claim

cBhsumpeor of theedine bneord eonpadientslof henremdhy pielurfesqiacing the
or nore conponents of the controller device includes

" mesdonj ing peifveeirashneodp) 2 precifarge getvayddvat kestld, oogn active

(DLL) circuit associated with the controller device.
pewerddwn sudsut er readabl e medi um of claim 22, wherein
reduci ng the power of 20 the one or nore conponents
of the controller device further includes reducing the
r .of control signals and cl ocks associated with

2 hﬁﬁ

hedmrRitER Feastapie medium of iklaimoafh whsreinaplagBodhe memory ina

mof C erein the controll er_device and
ek %w@gsrm@hé%rq HERGWST CoRslsmptionel @ dRslilepked loop

nedi u f.claimz24, wherein the controller -
I R AR F Bierent or . 15
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 asSociate_t_i 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 controiier_devicé_ and

the processor share the memory.

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

graphics controiler.

19



WD 2004/ 063916 PCT/ US2004/ 000092 26. ‘The conputer
readabl-e nmedi um of claim25, wherein an anount of
Wogpap39tdat a to be retrieved fromthe nmenory PET/US2004/000092
determ ned based on a wakeup latency tine associated

with the nmenory and the graphics controller. 5 27. The

AT R S T
B 5 oS B O s

- I'le
E bttt Rl ne e e RIS RE ' ey

29. The conputer readabl e nedi um of cl aim 28, further
conprising: ‘verifying that the controller device

) 2neqaie domButel rébdaBe RRARIM B eRimel® rvméélrﬁﬁrhé 26 Peotdss the

restoring the power consunption of the one or nore

 anoupb ofedispla@rfdata netrieead froh e fewicrg is 8lleadt 6415dle0the wakeup

conprising:- a processor; 20 a nenory coupled to the

. laperonyetimer ; and a controller device coupled to the

processor and to the nenory, wherein the controller
- device and the processor share the nenory, and

“wherein power consunption of one or nore conponents of
28 hdheuepigutearaadableomedivim ob clsiroctey avienels the oniesor more

control ler device is reduced when 25 the processor is

" CORPane® 9 dhe contpriier deyicetReluggs compeoneptsanesdsal to run the

wherein the one or nore conponents of the nmenory

MERQYdes a del ay -1 ocked | oop (DLL) circuit associated

with the nenory. 20 WD 2004/ 063916 PCT/ US2004/ 000092 -

' _29. The computer readable medium of claim 28, further comprising:

-verifying that the cdntroller device needs to exit a low power mode before

15

subsequently restormg the power consumptlon of the one or more components of

-~ the controller device.

20
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30. A system comprising:

a processor;

a memory coupled to the processor; and
a controller device coupled fo the processor and to the memary,
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 contro.ller device is reduced when

the  processor is in a low power mode.

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

includes a delay locked loop (DLL) circuit associated with the memory.

20
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32." The system of claim30, wherein the one or nore?:
conponents of the controller device includes a delay
WORWLA639%0p (DLL) circuit associated with the PCT/US2004/000092
controller device. 5 33. The system of claim 30, - .
wherei n 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 systemof

30! The SRiertF LRI 0 HRANR hE U bfwc&fnppggng%mﬁa .

e controll'er devicé 1s subsequen

chifdIrRreRYicoNRAutES b%éW%‘éﬁ%{j y%‘f%%q%{)&i&m eas@BEi%tt{]c{e #fth the

‘the nmenory. 35. The system rernt

cOnteolRr daRice, conponents of the 15 controller device -

are needed to run the nenory. 36. A system conpri sing:
a processor; a nenory coupled to the processor; 20 a
control |l er. device coupled to the nmenory, wherein when
33 h@hpraystess of ciaimidd, aheosin the woweradasum@iion of the one or more
consunption of -one or nore conponents of the
caoponents ef thelmenerytish sedunes meplbeihg therrmemoine ima selfyrefresh
is reduced. 37. The systemof claim36, wherein the.
m@gRer consunption of one or more 25 conponents of the
menory is also reduced when the processor is in the
| ow power node. 21 WD 2004/ 063916 PCT/ US2004/ 000092 :
aim 37, wherein the one or

8... Th f cl o
3&% ﬁée!_ﬁ Séfén@om %f?p%'fe{ﬁm T2 PSS CanYIETRYON 5E kfgegrrneeam and
ofgffe cbnfbliSticnd B FURREr e PtoisErhey ida Raerarery o retrieve

'détg From ‘ﬁwé) he’ﬁ?ér?.

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:

d Processor;

a memory coupled to the procéssor;-
a confroller 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.

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

power mode.

21
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5 conponents of the menory is reduced by placing the
nennry in a self-refresh node, a precharge powerdown
084°14n active powerdown node. 40. The sysP@RIBI004/000092
claim 36, wherein the one or nore conponents of the
control |l er device includes a delay | ocked | oop (DLL)

381 ITHA dy s?érﬁQﬁ'c?étﬁFBWWﬁbr%l?ﬂhe]&leC%bPé b@tﬁpeﬁ%hfseof tfid memory

The system of claim37 urther conprisin

i deR ylbekerPIBbH DL ES cwé’tﬂt’é%crét@ﬁ vtqtn‘ ﬂ‘h@rméﬁqdr?

store data'retrieved fromthe nenory using t

- controller device. 15 42. The system of cl ai m 41,

wherein the data is retrieved fromthe nenory at a

39i e syistam i etaimHy, herelsthe powerrcansarmiption?Wes one or more
. mode. 43. The system of ' claim42, wherein the power
" componetsi & the memeryda seducetbbe plazmg:thmnem i seltfaefresh

merory and of the controller device is increased when
mode; g preeirge aopvardowstmods;drtaneactiveapdwentonnemodenr y

- at a subsequent tinme while the processor is in the
~low power node. 22 '

- 40. The system of claim 36, wherein the one or more éomponents of the

10

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

20

controlier 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 controiler

- device, the buffer is to store data rétrieved from the memory using the controlier

device.

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 inore
~ 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 Iow power mode.
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