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MANAGEMENT I N A MEMORY SUBSYSTEM FI ELD OF THE | NVENTI ON The present
invention relates to system mefmn nagenent in a conputer system
nore particularly, the present M‘M‘ﬂm@\m"m& ates to power nanagenent in
menory subsystens. BACKGROUND E INVENTI ON Traditionally, the power
generated by nmenory chips, in part?'cu1 arly) Synchronous Dynam ¢ Random
Access Menories (SDRAMs) was 1 cern because of the | ow speeds at
whi ch they operate. For eXaﬁpmwm““H.mmmmmgmws operate at speeds up to
66Mhz. The powewogeessat ed by SDRANMs.operating at such spemtisuspssssel atively
| ow. However, with the increase of the operating speeds of SDRAMs and the
advent of the Ranbus Dynami ¢ Random Access Menories (RDRAMs), operating
speeds have dramatically increased. Presently, SDRAMs are capabl e of
operating at speeds up to 100Mhz) while RDRAMs operate at clock speeds up
to 400Mhz and transfer t r Vi 0 ing at such
hi gh speed r esMELHGP é@ﬁ&ﬁﬁmﬁ%gﬁ%wwﬁg Aglg‘ﬁmgd Wi t hin
the device (e.g., on the order of 2SUBS®STEMfor RDRAMs). The generation of
this magni tude of power may potentially create thernmal issues at the nmenory
device. One current nethod of renedying the excessive generation of power

i s by curt ai FIEID ORTHEBINKENEIONOf a nmenory. This solution is

di sadvant ageous sj,nce. | Iin\‘r’eﬁﬁéner@igt}%&otsﬁ%nfﬁéﬁo rgﬁ@ﬁ%mﬁ entelin TESRYutey Anot her
solution is to use Reatsi nks and/or cool i ng ns wth menory Ips to

decr ease t hesheat mgepatiatial, thypresentemontiongpeesde pavgr menapénggnt igpeedy. However ,

t hi s met hod %)xﬁ)sfslie dvant ageous because of the cost and anmpount of space that
i s consunmed by 'such devices. Therefore, a nethod and apparatus for nmanagi ng
t he power generated by nenory chips is desired. 0 ~ ~1~~ 2Q03 WO 00l 26755
PCT/ US99/ 25942 cRIVGEND OF THIEINWENDOMON Accordi ng to one enbodi nent, a

nmet hod of managi 219 JowWer ma menory sKystem i s disclgsed. The nenory system
i ncl udes nul ti pl BB Bepevcegencipisd By BHROTHFIRSHA PRAEFHATY. YBHUES i s gr ouped
in a first go9sHmiORandorh ACREMEEOIPSDRIAM) wadd GRIS Sordcéin BedARBOS e BAVI CE ~S
requested. It is next detern ned whet her tlgﬁr uest ed meg;)r device is

| ocated in t AREEYS2E WRICh ey AReratps Forgiample, frRic PSFUBRVPEE %ot | ocat ed
wi thin the ficédbz. ghep@)er ginerasd theSR Alin egtraiheit lneh spehds if telagtelygiveup is fill ed

to capacity. yl Lo f0G bl $lerellc QY Be berRE sdebdsloBShR OvE ARG en{/we request ed
menory devicé I'S t ransq‘eerrec? ?o tﬁe @%rst group. %B d¢ % ~00~

Rambus Dynamic Random Access Memories (RDRAMSs), operating speeds have

dramatically increased. Presently, SDRAMs are capable of operating at speeds up to

100Mhz, while RDRAMSs operate at clock speeds up to 400Mhz and transfer rate up to 800

MHz. Memory device operating at such high speed result in a significant amount of power

being generated within the device (e.g., on the order of 2.1 watts for RDRAMs). The

generation of this magnitude of power may potentially create thermal issues at the memory

device.

One current method of remedying the excessive generation of power is by curtailing
the bandwidth of a memory. This solution is disadvantageous since it decreases the
performance of the memory. Another solution is to use heatsinks and/or cooling fans with
memory chips to decrease the heat generated by a memory operating at high speeds.
However, this method is disadvantageous because of the cost and amount of space that is

consumed by such devices. Therefore, a method and apparatus for managing the power

generated by memory chips is desired.



, Wo oan6~55 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ US99125945 The plldbdiR 2003
invention will be understood nore fully fromthe detail ed description given
bel ow and fromthe acconpanyi ng drawi ngs of various enbodi nents of the

i nvention. The draw ngs, however, should not be taken to limt the

invention to the specific enbodi nents, but are for explanation and
understanding only. , Figure | is a block diagramof one enbodi nent of a
conput er system Figure 2 is a block diagram of one enbodi nent of a

conputer system Figure 3 is a power managenent nodul e in accordance with

one enbodi ment wajehbes present invention, Figure 4 is a fl gpurRisagsaim of the
operation of power nmanagenent nodul e in accordance wth one enbodi nent of

the present invention; Figure 5 is a block diagram of one enbodi nent of a
conputer system Figure 6 is a block diagram of a |ogical representation of

a nenory controller interface in accordance with one enbodi nent of the

pr esent |nvent|on %yre 7 1s a power managenent nodul e in accordance with
one embodi mePYMHA ﬂﬁgggﬁY N tion; and Figure 8 is a flow diagram of
the operation of A@E@d@gﬂ@@mmﬁm@ﬁ: 2mPOVEST nXBRAPYIRIn IS Psysedis 0 ~
~i ~"i~ ~QJ~ WD 00| 26755 PCT/ US99/ 25945 DETAILED SCRI PTI d% THE PRESENT
| NVENTI ON Fi §8fiesed Tihg memgy syseninclefenmplgple pepgmplariess S3r8 ol ffsaremedinput er

system | 00 i pslcuddie grodpedita flrktbroug oﬁ:ﬁﬂaﬁdnmgroﬁ’]ﬁ OGRE sdchd td-thdmdrfdice £05, a
menory controller %;0 an U 105 processes _information

I I
recei ved froffflif&fd “TT%Q%?“%FﬁggywﬁﬁﬁﬁﬂﬂﬁmgﬁﬁmBW depeedt opAToR (e dBVi ces of
conmput er sysgeip. I08e redlesed yemantievitk ksaiot ibdakdivathin teecfitfl|g@Mp tids Elinked.

Furt her, i nterf s W th menor it 115 in order to
carry out neW&%? %EEBP%U%Véﬁﬁgé?;ﬁﬁgya§§W6W§gﬁW?fané“r@cﬁﬁﬂBT@8 to menory
control | er 1dQuesiedmbuosy d€ice isAoogerdid mghe Hrsomepenbodi ment, nenory unit 115 is
a Ranbus Dynam c Access Menory (RDRAM), Menory unit 115 may be a Direct
RDRAM (D- RDRAM or a Concurrent RDRAM An RDRAM is a hi gh-speed nenory
interface that transfers data over a bus called a Ranbus Channel. Bus |0l
is a Ranbus channel that permts nmenory controller 110 to conmunicate with
menory unit 115. I n one enbodi nent bus 101 is a high speed bus that
operates at a clock rate of 400MHz and enabl es a data rate of 800Mhz.
Menory unit 115 includes Ranbus In-line Menory Modul es (R Mvs) 120, 130 and



140." One of ordinary skill in the art will appreciate that menory (JuhiAPRLE2603
fmay include an alternative nunber of RIMVk. RIMv 120, 130 and 140 i ncl ude
menory devi ces 123, 133 and 143, respectively, that are accessed by CPU
105, or other devices coupled to conputer system 100, in order to store or
read data. Each RIMMincludes a channel input and channel output (not shown
to avoi d obscuring the present invention) that is coupled to bus 101. Bus
10 is coupled to and comunicates in parallel with every nenory device in
each of the RIMVs. Additionally, each nenory device within a R MM operates
accordi ng to anyd\ekk¥E, STANDBY or NAP state. A nenory devigRisbomsdsh the
ACTI VE state whenever it is ready to transfer, or is actually transferring
data. A nenory device is in the STANDBY state if the device is not

i mredi ately ready to transfer data. A nenory device is in the NAP (or

sl eep) state whenever the device is in a reduced power consunption state
whi ch may occur, for exanple, if the nmenory device has not been accessed
for a | ong pBRIFFUDEBSCRIPHEON BFSTHB DRAVINGSei ved at the channel input of Rl MV
120. Bus 101 is aaupked ihanAGH o ukdieoBARE Hudfuh 6R%dRd Mol R M1 120
Bus 101 exits RIMM 120 at the channel output and is received at the channel
i nput of RI Miverdglowand fgmilre 230mpRyige @Y ingsof various gmipdiments ofhe inygntionn/ 2b755
PCT/ US9912594% ek @dwtRr, 8l A¥RBDA: BRMhiCEe hauBehMHeSp&¥ict i Ng through the
out put channel. Further, bus 101 is received at RIMM 148 and is coupled to
each nenory #eiprident.put argiopggplepatiopged updersianding@ily.ed at t he channel- out put of
RIMM 140 and is tresukd Nigh 8dciadiadoas of @€ Bhial@ht ckQ2empAEs 9fs@ing to one

enbodi ment, each_of RIMvs 120, 130 and 140 incl udes eight (8) nmenory

devi ces. Ther ef oF e i aPIRPk Geramel g erRpdimepod y corarvls 548 ces are coupl ed
to bus 101. Nevewigned Ei§ s povedd thafdge@énd mB@IYin Skcoldhnct With B eabbditdt of @PPr eci at e
that RIMv 120, 130 and 140 may include any nunber of nenory devices. For
exanpl e, RI MFFZOHI™ ncl ude sixteen ( 16) menory devices 123, and R Mvs
130 and 140 nay @&gwhe4inelloddiagiaght th 8)eratiomoippwelanincemedtdddainth | 43,

r especti Vel v, Vol SOVE e TRARENerE AL SLL & ln A0 By D coupled to multiple
menory units By mu tlﬁfe usses. For exanple, 'Figure 2 illustrates another
enbodi nent i n whiFigurefeirnblpclcbrraodi cae emtiodinrentyof b eoramitepb@@mt o nul ti pl e nenory
uni f[S 115a- _115C_ l?)éupé"ési§§§loél_pd1r gra]rlggf’ala'g(i)cgl reﬁr@%ﬁ?ﬂ%ﬁa'oy; ¥mo é’n%ltlgel ess, one of
ordinary skill inthe art vwl? appreciate that an alternative nunber of
menory uni t sintgggee breaceqidmtectith e prbasigenb e herpsis¢ne nvantion; As di scussed above)
each RIMM may CORtgaidV id béve? hitndBBREH Yo BBV GRSrakiRe Fith ofbenfbodihént ofinP) €tC. ).
If all of the nmenory. devices on a RIRMMare in the ACTIVE state, the total
power gener at"eEtBRYeRiPB MM Wi | | be very high (e.g., on the order of 6.4
watts). ExcessiV@igdfyeE a e elaghin@ntheBperaibeatote dRbirRh Jrapgs Wi thin the
RIMM Figure 3 iIIustrafes one enbodi nent of a power managenent nodul e 300.
In one enbodPHEsHp “menory nmodul e 300 resides within menory controller
110 and manages the activity of nenory devices 123) 133 and 143 within

Rl MV Z20, 130 and 140, respectively. Power managenent nodul e 300 i ncl udes
devi ce pools 310 and 350. Each of the nenory devices coupled to bus 101 are
| ogi cally grouped into either pool 310 or pool 3S0. All nenory devices
grouped into pool 310 are either in the ACTIVE or STANDBY state. Menory
devi ces grouped into pool 310 are further grouped into subpools 314 and
318. Al menory devices within pool 310 that are in the ACTIVE state are
grouped into subpool 318. All nenory devices within pool 310 that are in

t he STANDBY state are grouped into subpool 314. According to one

enbodi nent, the nmaxi num nunber of nenory devices that may reside in pool
3lQat atime is eight (8). Additionally, a maxi mum of four (4) ACTIVE -5



0 Urt,i~f~ 20U3 WO 00/ 26755 PCT/ US99/ 25945 nenory devices may red) Atk 2003
subpool 318 at any tine. In a further enbodi nent, the nmaxi mum nunber of
menory devices that may reside in pool 310 and ACTI VE devices in subpool
318 is variable and may be programmed. In such an enbodi nent, a user of
conput er system 100 may program the maxi mum nunber of nenory devi ces that
may be grouped in pool 310, as well as the anmount of active devices in
subpool 318. Al nmenory devices that are not grouped into pool 310 reside
in pool 350. Al menory devices in pool 350 are in either the STANDBY or
NAP state. At twomosdresr t up of conputer system 100 al |l nenorperdssizoes are

| ogi cally grouped into pool 350. Menory devices residing in pool 350 can
only enter pool 310 through subpool 318. A nenory device residing in pool
350 may only enter subpool 318 when the device is accessed by a nmenory
request frommenory controller 110. Menory devices may only enter subpool
314 from subpool 318. A device nmay enter subpool 314 when all open rows in

that devi ce BEBAQIZSRESGRIPIION ORIHEPRESERTINVENEIQN e) and the device is
put into standbyy V\%Lfaetl%aﬁggé&Jég%%fla¥om€utém§rEBWlOQeMbrﬁﬁuté@ {Eved from subpool
318 to pool enever another nenory device needs %e noved from pool
350 or subpol@d;lud&iﬂbllsdf)b a&igprbBrocesyig lém'dCBUkaéoq man@y fetrplier [ & capacity.
In this case,the, hfags. éﬁ@%ﬂr%cé&&qgfox(nlmmremh?r@m'n{km%ﬂblﬁggxlotﬁ&}ﬁ is
selected to be transferred to subp . r evice residing in
subpool 31 4 igipalgnt gxtEs BEmery 9pBs ofscwv%ﬁéwetnhwodé/?}ff@@/ qogirodleicld@éed by a
Menory requeghpiéd @ OPIRIDI BurG@ Xhérry @htrdifed110VREPAYs WeMh&GRSy iRV 19/l Y ent er
pool 350 fron1subpoo| 314. A nenog% devi ce enters pool 350 from subpool 314
whenever ano?'ffé o FERBH {PeRey2eEsSBBELIorY be moved from subpool 318 into
subpool 314 and wubp@mhn3mAsuﬁp@ﬂesammhmxﬁ&kaHOWQtmapncﬁkynmmgmthis case
the LRU device | subpo i e te sfer pool 350.
Accor di ng t 088 Oél%%lg%ﬂp unig lfsl I%ir{argr%w%%a"% “’Sa @%%Ah@hory
controller 1mammhamtﬂﬁmmybﬂnnaatEDRBMnEMUMQMWEQaKMGnmsmHﬁﬁbUW3A4 to poo
350 and subs t. ggpg I ubpool 314
if the devi clgﬂlllzlﬁﬂs u%hlgp %{,@%1 @e {c}facggj\éet?\a%g%% gésﬂsg‘gpg)gucg Ca]ﬁ%&é’?@%m ned
period of ti@pnel. rﬁl&d@tﬁeﬁa@hﬁwmnﬁémat peamisseraaidy ¢oniigller iﬁé))lo penmishiaded

sol ely to moyg, HBRRY ¥hid8Y] f@nd érﬁHEhi?déPt%Q 013§é‘h1£tpsp9é?i%s %%pkrﬁtcstd?ﬁt devi ce
has not been accessed in a predeterm ned (ig)erl od B ~—~(~

2003 WO 00/ 28k st TPddonizosbies pdgjprate of 89WIhg. f | ow d| agr am of one

enbodi ment  of prMéeﬁs,lunl1pﬁﬁél@remﬂnﬂayhﬂqwem&mmmmmwe1%@@1 At
processi ng b] ack 405, acg{é@s to m)r%/j device within_one of the R M of

menory unit 1P5OnsotoEiBRE thgapill sgpre PIB BRI BIGdR ™A1 e ee AN

det er mi ned wheinkdie ntifier bERIVGE RAMVBITDO, y3@jﬁa‘dll¢(emasle®nﬁkaﬁny devipealk3,330. If it

i s determ ned t the |cere5| S ext determ ned
whet her t he ?Tgﬁrogﬁres%fgwe at are acc_:csse & %I!é%l(i%oor other Qe’vlce%c:eggslecnlogé%p ?lr ng bl ock
415. If the syecmﬂ@o dm/dcc@ SdnmatsrfraégatdeEacmRWmbﬂdes&lcﬁamlnnwuohndlchannet ur ned
back 10 Process| Ak RO AAPoHORLE B HLESPind Vigge i s
request ed &lllgtsg deter?“ﬁlrr(%qn0 ﬁgt Pﬁ% n%ﬁg?@agqeggéoélg}ég%;%%gﬁ |ng§| de in
pool 310) or 1GIherouplefeo greddopeupiedi¢sderrdlisl Wooivers rompurtdeyietin eash sltbpool 318, it
is determ n@mm@tmftmﬁaln? eqa,rméryor,d&v;c@@nﬁ,ﬁkﬁk@ﬁob&atéy&p&&a 344, processing
bl ock 420. it is determned that the requested nenory dgew ce resides in

subpool 314 FT VEgS WBHQ&M%‘ﬁ%dAWﬁ@?’ﬁé‘?"“’s“ﬂ@ﬁé‘&lA%TﬁEls@er‘@Frlcvefp‘r ocessi ng

bl ock 42S. ﬂcsrei&bh@@@dsfe&b&sb&u:ﬂ@krlansfehh@ dhtBUAmﬂ%ﬂiBFy)ﬁed&Mh ganodTaubppeol 318 is
| ogically transferred to subpool roce55| ng bl ock 430. At processing
bl ock 435) tH¥e FYCedeRpt E"@‘E)Eidéatellyd@*idéf%p FapsiEpglgad ArmegInadsisos in t?}’:LﬁA]E’o subpool
318 and is st il&bﬁ(ﬁhtdﬂlehdﬂer IACTdvI¢EisS afeBuced fovetitaa@ption Saté ShiBOkayf Ul |, the
menory device |sf é fro sub ool 314 to subpool 31,8 and is
switched to TH¥ Rfff‘la é ‘f@em%?/g%v $318 l?fl“b%?ﬁes?fgﬁora PrEgrIqsi b EBEsi ng bl ock
420 it is deter mBoemltitrateivet e tnimmyl i@V GEMNDES. Bod 101 @Sdodged t8egibpool 31 4,
it is determ d vvhet 1 I oce k 440. |f subpool
310 is full e TRY ﬁ'ﬁ%ﬁg?ggépgy%flggu%%&g[e tigﬁ‘f”glgllzgéﬁtgaﬁh?[ﬂ? k ransferred
to pool 350,owuowsmwg/edbhtohﬂchma.mﬂufostIMM)tﬁIO. 31RMM 16@bud Mli ks or after the
LRU devi ce has been noved from subpool 314 to pool 350, it is determ ned
whet her subpool 318 is full, processing block 450. |If subpool 318 is full
the LRU nenory devi ce of subpool 318 is logically transferred to subpool
314, processing block 455. At processing block 460) the nenory device is

| ogi cally nmoved from pool 350 to subpol 318 and is switched to the ACTI VE
state. If subpool 318



is not full, the menory device is moved directly from pool 350 to BdbpBRI 2003
318 and is switched to the ACTIVE state, processing block 460. In another
enbodi ment, the pools 310 and 350 support multiple bus (or channel)
operation as shown in Figure 2. In such an enbodi ment the pool |ogic
considers the nmultiple channels as a single channel. For exanple, the
definition of pool 310 is the sane ~ s ~~~ ~0a3 wo oan6~ss PCT/ US99l 25945
except that nenory devices fromnore than one channel are included. Al so,
pool 350 represents channels that are either in the NAP or STANDBY st at es.
Each nenory dewigenthat is coupled to a channel in the NARcshatwsiss al SO in
the NAP state. Simlarly) each nenory device coupled to a channel in the
STANDBY state is also in the STANDBY state. Figure 5 is a bl ock di agram of
one enbodi nent of a conputer system 500. Conputer system 500 includes a bus
S01, a nmenory controller 510, a nenory unit 515 and CPU | 05. As descri bed
above, CPU 105 processes information received fromnmenory 515 or other

i nternal and*WREEPREAD REEPHEEICHEI3OERE TSR Gipagithe st CWE‘E?brF)}‘“E‘HrH“FoI |l er 510
i s coupled tmiGHeteh@dat RYRINDIA0 a@@mcamdd&reamleemm edvicases Avally) bREIDDEsy Uni t

515 in order to, c ctions. Menory unit 515 is coupled
to nenory coﬁ‘ft%ﬂta}l’-ﬁ?r&’/“fi Oﬁpﬁtn%ééw %8 g\d%tS?’H?arﬁe&a{%‘s g% ment, memory
unit 515 is a Symwr@ﬂgxusmwmmnenmaeam{mmrmw 16 GARAN) inclides SRIRAM 1S a form
of DRAM t hat can E)e co i_pat ?[ ftgt zedtothecogﬁ Fged of CPU
105. Bus SO1™fE A DA "s’“’t“’h% “hErmts R e S AR Rk

conmmuni cat e Wit Nevmhmssy ouepftordddy skBlis trﬁ@ﬂ:wﬂp@mmme@ that RBfMelds, 13patdo 133 MHz.

Menory uni t %%ag%lugﬁﬁﬁfg%%r olr {;{U)Ja rpgev%sm?foy ex'?/BgH xﬁ@%%&%%%ﬁé@ 530 and

540. DIMvs 5 I nc e nmenory devi 543,
respect i vel ysixiean416) memoncedess dep. bl}flWsﬂ%af@rl‘*@mle%dd@vlpmhm%r der to

store or reagefal gevicts BaMhh myrekﬂa&ivagemgfa@veprmem o R 196 ndFHPry. Each row
within a DIMMis coupled to menory controller by Ol For exanpl e,

Fi gure 6 il|%splpdioayltiply peyperypoits élp’in%@@ﬁP‘éﬁqsoﬁméfmﬁ%F‘igH'teéZrli‘“&&é‘%et ween
MENDry COoNtr ghlnelempddmaiich ﬁﬁiefpﬁlyrnw&ctntrglﬂe5l mﬁary% BoupleMMinadfhb madQy and 540

constitute separate rows of devices wi_.thin nmenory unit 51S.

Addi ti onal | yUnit AR 11 RV RPEsRS Wln]@ﬁ‘dp§r r‘ffﬁ‘i"f”@ié“"&?fg‘fﬂé%se@e%Qf@)‘l"%ﬁ’ Hdl¥o eit her
an ACTI VE/ | DiEarb¥ita@prediatOFERER rhXMNusibat o meody @Wits rSayibB cdubRd ACT! VE/ | DLE
state whenever a ne evice within the DOMMis ready to transfer, or is
actual |y traﬁ%"f“’é}‘ﬁ“ﬁ‘é‘ %é 2. Arowis in the PONERED DOWN state whenever no
menory devi ce w tAhidiacusdeé aluc(ywelaeidim!%mamctaﬁsreﬂiipimenwd d@ngesget.i ©d, of tine.

Bus 501 15 1ecel ked fn b, bR ofled @SR B0 dorchvREd facaRCh of the

menory devi ces I's recelved e 1 nput of DI MM
530 and is cRAST gederpted @dbhwlybfdévlw (6830 tlﬂmr@qflé?ﬁ”f BUL). JxgespiEe r ecei ved

at _that inputouol Myt ndpdrehee thﬂgnal issubs W191 ¥R RDAQ R W03 0284 3R
PCT/ US99/ 25945 coupl ed to each msrmr(}/Llé evi ce 543. 5‘ccor ding to one

embodi nent, FTERGFGIUMAR POVET BIaNsEEPEIHES erﬁogeerBQ\E’n‘Z?fjJ"DPWef(@“@W) DI MVs 520,
530 and 540)modﬂﬁmu&rsldesanmuoﬁle@drsdwaa&wr Sligiabd mhmgdsR Bty WF hémappr eci at e

t hat additi onal unir't 515. According to a
further errbo‘éﬁ"’l‘f‘égﬁtzgﬂvg%g‘%y 1615) Wt“ﬁé(i%gwgzq ﬁ@o atﬂéé‘éo feé‘ii"F“VE'A) menory devi ces.
Therefore, four H&W@Wn@éiﬁbrﬂ&ﬁ)dl&éﬁ]Ohﬂindwiﬁdlcdﬂiboﬁaﬂ}dﬂarfdQ\ﬂO codpbask to bus 501.
. Neverthel ess, one.of ordi the eci t hat DIMVB
520) 530 and gﬁﬁy%ifes%?c?}e%'ﬁg’ﬁng) l?ﬁlc‘f‘?yeﬁr%%f WE‘“TIP%C?Q& ‘3% vi ces,

wel | as di f f Al ewhory dedddies grioied $nto peol 3 1@ x@rEphee )n thA AMISIEGM SEANDBY ktade si xt een

Conbry dov CHEbE§RiRERR 008 R AN B30 0% 24016 8050 1DSHESE BT e e
to nenory u nm@m@j_@wcgsh‘en}tlmp@ﬂ 3@0h@me gmehreﬁ@fflélﬁ sta;c age grouped into subpool 318.
All memory devices within pool 310 that are in the STANDBY state are grouped into
subpool 314,
According to one embodiment, the maximum number of memory devices that may

reside in poo} 310 at a time is eight (8). Additionally, a maximum of four (4) ACTIVE
-5-



DMIw ||l be very high if all of the nenory devices are in the ACTI ‘O@ Iﬁﬂl)DLR‘Ezmla
state. Figure 7 illustrates a power managenent nodul e 700. Power nenory

nodul e 700 resides within nmenory controller 510 and manages the activity of

DI Mvs 520) 530 and 540. Power managenent nodul e 700 includes device pools

710 and 750. Each of the nenory device rows coupled to bus 501 are grouped
into either pool 710 or pool 750. Al rows that are grouped wthin pool 710
are in the ACTIVE/IDLE state. All rows that do not reside in pool 710 are
grouped within pool 750. Thus, all rows that are in the POANERED DOMN st ate

reside in pool wWonsAccording to one enbodi ment) only one ferhisdosQW may
reside in pool 710 at a tinme. However, the maxi num nunber of rows that may

reside in pool 710 may be programmed. In such an enbodi nent, a user of
conput er system SO0 may program the nmaxi num nunber of nenory devi ces that
may be grouped in pool 710. At the startup of conputer system 500 all rows
are logically arranged into pool 750. A row residing in pool 750 may only
enter pool 7iERARhdeNiCe PRy Aesids ndabRosk3 IRt 1Y Hme-hie afesiher enbedisris®e by a menory

request fr o, RARE YurfR S m@kloBrdeddd thaAdEl bdi@NAbdoy 310%nk AWTIVE dWx&dnt 0 pool
750 from pool 710 whenever another row needs to be noved from pool 750 into

pool 710 ancF“'?f@B’Im?iSCYaﬁ‘@Icf"i“‘ii maybe; RsosEagpBed; frysuch 4p emBpdmeni Awsenf | RU device in
pool 710 is c%ﬁxrﬁ@‘rts?ﬁ’erﬁ mob@ytpfo@nﬁlftraenﬁ@dnar@n@m+ ofmorﬁ&méseham@ymw is nmoved

to pool 750 all open i rst e cl posed ng.to one
oo ment . GwrEBpon 31 RoYdR e arbH LAY S HHOTOR S SIGRERE. roves a
row from poojevﬂéls&hat fre ﬁ)@(gfouﬁdﬁ@nto f)ooa:%m&mixreyn peV3oe Alintdriony dehieesiopesohas not
been access in.a dof time. -9 0t3 Ar~i~ ~~U3 W0
00l 26755 PC%%PJ%@Q?%@@@% gure I\F@Sé%f | ow di agram of one enbodi ment with a
process perfor medt by stptmef compriagesten { 00vidudner7@gicesAte lpgicdipgousdotk 705,
access to a y WM LR 515 is
l\@{%b altvﬂrgérfﬁg‘a& 1084 fe {)Flhlﬂif?];b%ol%o I:J?:%n %}{\@r b ﬂg@@@gﬁe Wihbol

request ed. cess det er'm ne ry controller
510 whet her ilﬁeADIGMWrdéélFﬂé%dlilm“ﬁ@éﬁwﬂm@’ OHIYfeniCtSUPBOOH@tSe’rW fedevidgat t he row

resides in pate&lssezwa mER&Hy reaﬁesﬂfﬁon{ﬁwrp&ﬂltrm@lmd me%l%@ﬁ&smap&h &@2 wherein
access to anot her menory device is requeste is determ ned that the

row does notsuprogi 3é fiep SER?@?I 348 o dgvice gy Efé‘fré'l’t?ﬂ)ﬁééld’ V(/h%‘taﬁé’i’e“ﬁ%% infhey) is full,
process bl oCdviBelfe clbded PO owmbOini ATV biatk1@d IhRUEI@W Ibd"mﬂﬁé@indlﬁ']s&td s logically

transferred ¢ 750, process bl ock 8 s bl ock 825) the
request ed rdwodi"g’ fl&légﬁ ’Bﬁ?qr;(/)d%?/i?dmfvfdcffﬂ”b ﬁf’omié& g %g@l thiﬁeraﬁ’i‘aﬁ r)s swi t ched
to the ACTI inidoidevit sdeds to bé mmdlfrom:aollfsso mhbp‘owljl4ﬁﬂn@subpam 318 apdved directly

from pool 750, to ool n ed to t JDLE state, process
bl ock 825. d1?a"°°lf3qgls lllﬁ%g’ c?p guyl it C%S%hneqc ”ece’inﬁ’ appr eﬁ§ ate that the

pr esent |nveﬁnbnoolrﬁlﬂrwelbfécmnmwefmﬁdoWhP@ﬂhkér menory systenms, such as Sync
Li nk DRAVS ( SLDRANG) o ﬁ&%poahwm%lwéagﬁs@g& | SRRALR S for memory

power nanagenent has been descrlbe Is clained is:
1, A power rAghistye AALCIRYARSEIOTORQURSH from Slepriogy:controller 110. Memory devices may

only enter pool 350 from subpool 314. A memory device enters pool 350 from subpool 314
whenever another memory device needs to be moved from subpool 318 into subpool 314
and subpool 314 is presently filled to capacity. In this case the LRU device in subpool 314
is selected to be transferred to pool 350.

According to one embodiment, a timer may be included within memory controller
110 that first moves a memory device from subpool 314 to pool 350 and subsequently
moves a memory device from subpool 318 to subpool 314 if the device in subpool 318 has
not been accessed in a predeternuned period of time. In another embodiment, a second timer
may be included solely to move memory device from subpool 314 to pool 350 if that device

has not been accessed in a predetermined period of time.
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requesting access to a first nenory in a first rowof a plurality ofl § AR 2003
in a Synclwonous DyllallllC Random Access Menory (SDRAM system each row
conprising a plurality of nmenory devices, wherein each of said plurality of
rows is classified as belonging to a first group or a second group, wherein
said first group is associated with a first power state and said second
group is associated with a second power state; determning if said first
rowis classified as belonging to said first group; if not determining if
said first group is filled to capacity; and, if not classifying said first
row as bel ongi ngotozssai d first group. 2, The nethod of cl atarnbksdsust her
conprising classifying a second row as belonging to the second group if the
first group is filled to capacity. 3. The nmethod of claim1, wherein the
first power state is an active power state and the second power state is a
powered down state. 4. The nethod of claim1l ful-ther COllpl'Islllg:
classifying a second row classified as belonging to the first group as

bel onging to theFigstuhiaz dpydiers of He cwbebme PP REee RSO BEEH PAtEessed in a

predet er m nedara Bt\/rﬁ&dquQ‘Oﬂ) [ A@roc&smgﬂecm h.@éi:sQB aGleRbMNdevicemBiedn® t he
second row is t az recent L]f% used | i rst g . 6.. The net hod of
oraim 2 CwheRdi G R saer gt b Reerrd Ao rotsere bR aenl 6. 7. A
comput er SySde&['ﬂnﬁ&fW}[etP&f ﬂhgrcquested.m@mrﬁdefvrcelﬁﬁlcsam ;frmmro)/ IBiyLstiamriirmdl uding a
plurality of r.QW i ur al i el12101-y
Fevi ces. ” and bR B MuRgToday pel e REs Bt bE metdy St o s
oper at e accaeddesin shbpoal 31|8nsd>cc$mwekocls4lét &, theanmmmcq:)mwresxsetlats@pml athird
power state, 31%@911“%1 1|s i]'fajnﬁa'ejdlo%k tf pr%t? @stn{g,qultlcﬁ r40§ \ghé%gagt?setotdlt&hep%g"nglﬁ d8j1 the

of nenory dev

plurality of ent’ r ows . ces oper ating
in the firstis wgwewed sHatléedemmb@,dlthmglengmpU @Vlfsq dost nogregjdepin aodd 3identhitf yi ng rows

of meror Brfode[m £ ARBEAL bO3 10bul RENSBERIB IR herS AL EwAPEE BRGEHT O a
J dav1ce resides in subpool 314, processing block 420.

If it is determined that the requested memory device resides in subpool 314, it is next
determined whether subpool 318 is full, processing block 425. If subpool 318 is full, the
LRU memory device of subpool 318 is logically transferred to subpool 314, processing
block 430. At processing block 435, the memory device is logically moved from subpool
314 to subpool 318 and is switched to the ACTIVE state. If subpool 318 is not full, the
memory device is moved directly from subpoo! 314 to subpool 318 and is switched to the
ACTIVE state, processing block 435.

If at processing block 420 it is determined that the memory device does not reside in
subpool 314, it is determined whether pool 310G is full, processing block 440. H subpool 310
is full, the LRU memory device of subpool 314 is logically transferred to pool 350,
processing block 445. If subpool 310 is not full or after the LRU device has been moved
from subpool 314 to pool 350, it is determined whether subpool 318 is full, processing block
450. If subpool 318 is full the LRU memory device of subpool 318 is logically transferred to
subpool 314, processing block 455. At processing block 460, the memory device is logically
moved from pool 350 to subpool 318 and is switched to the ACTIVE state. If subpool 318
is not full, the memory device is moved directly from pool 350 to subpool 318 and is
switched to the ACTIVE state, processing block 460.

In another embodiment, the pools 310 and 350 support multiple bus (or channel)
operation as shown in Figure 2. In such an embodiment the pool logic considers the

multiple channels as a single channel. For example, the definition of pool 310 is the same
-



8. The conputer systemof claim7, wherein the first group is subli8/iAf8d 2003
into a first Sllbgl-Alp and a second subgroup, ~herein rows of nenory

devi ces belonging to the first group that are in the first power state are
identified as belonging to the first subgroup and rows of nenory devices

bel onging to the first group that are in the second power state are
identified as belonging to the second subgroup. 9. The conputer system of
claim7, wherein the plurality of nenory devices are Rambus Dynam ¢ Random
Access Menories (RDIRAMs). 10. The conputer systemof claim?7, wherein the
first power stave®osze7san active state and the second power rgtrak®rs®s a nap
state. 11. The conputer systemof claim@8; wherein a first row of nenory
devices identified as belonging to the second group becones identified as
bel onging to the first group upon being accessed by the nmenory controller.
12. The conputer system of claim 11, wherein a second row of nmenory devices
identified as belonging to the first group becones identified as bel ongi ng
to the secoricap Gaipnepontdquicssifiogmags BiPrE shappql pigdnclugede dpsechaol33012 o a a~~
2aa~ 13. ThecgarnutiRhinesYist £0%inkr 6 RINAPIE STARERE stied. BRE aBflory 'dOWYCf

11 1¢c11101 'y devi ces identifiedeggypelonggn %ﬁ&khe secoqd subgr oup becones

i dentified a8 Berbiyhingchapnd Rdhedetioirie |§ ‘&%t B Y4B nenory

ge?/i ces i de%énﬁdrﬁ&vﬁscdcﬂj@lle&)ﬁbgticﬂ@?él(ihhthhfs'l‘}ﬁNDBY stgremob;femf)ml NDHERticf | ed as

el onging to the_sec rqup if the first group is filled to capacity. 14.
The conput er sysF@H{e?’f]‘s %ﬁﬁ%ﬂ%’ffm Wléereé’?bﬁglf”ﬁ'g Oﬁ% pﬁteﬁ%ﬁ({"}“g? ‘er ful -ther
conpri ses a Ciniparer {ysein d@Mintifides & e 501, b stemogwontfollaEitbraynaddew wes 1 asmdbel ongi ng
to the secon @Y&”Rshgsc}xh@g golvr,%tPUrl&N rﬁzes TR thar 05t Yec GG 1 %Smcnc; ? en
accessed by the menory confrorier w Ehin a prede erm ne perléﬁ of time
z~~hi |l e the driothstinteme aod extepmmbdeyicekenf caemitar sysicaedif .| Meneaty antrblddr 6HGisng to t he

first group. @%d § BBUGHEULESy SHRLIETS mfintsﬂé%%s{q,jpay$e o\g\ﬁjt%il it ng, gemory

controller further conprises a tiner to | t rst row of nenory
devi ces as baipadimegordragseiossecond

Memory unit 515 is coupled to memory controller 110 via bus 501. According to
one embodiment, memory unit 515 is a Synchronous Dynamic Access Memory (SDRAM).
An SDRAM is a form of DRAM that can be coordinated or synchronized to the clock speed
of CPU 105. Bus 501 is a DRAM bus that permits memory controller 510 to communicate
with memory unit 515, Bus 501 operates at speeds up to 133 MHz.

Memory unit 515 includes Dual In-line Memory Modules (DIMMSs) 520, 530 and
540. DIMM:s 520, 530 and 540 include memory devices 523, 533 and 543, respectively, that
are accessed by CPU 105 or other devices 1n order to store or read data. A DIMM may
include one or more rows of memory. Each row within a DIMM is coupled to memory
controller 510 by bus 501. For example, Figure 6 illustrates a logical representation of the
interface between memory controller 510 and memory unit 515 wherein DIMMs 520, 530
and 540 constitute separate rows of memory devices within memory unit 515. Additionally,
each row within memory unit 515 operates according to either an ACTIVE/IDLE state or
POWERED DOWN state. A row is in the ACTIVE/IDLE state whenever a memory device
within the DIMM is ready to transfer, or is actually transferring data. A row is in the
POWERED DOWN state whenever no memory device within the row has been accessed for
a long period of time.

Bus 501 is received at the input of row 520 and is coupled to each of the memory
devices 523. In addition, bus 501 is received at the input of DIMM 530 and is coupled to

each memory device 533. Further, bus 501 is received at that input DIMM 540 and is
-8-




group and to identify a second row of nenory devices as belonginggt Aﬁhezmﬁ
.second subgroup if the first nenory device has not been accessed th e
menory controller within a predeterm ned period of tine while the first
menory device is identified as belonging to the second subgroup. 16. The
conmput er system of claim 12, wherein the capacity of the first group is
programmabl e. 17. The conputer system of claim 13, wherein the capacity of
the first subgroup is progranmable. 18. A power nanagenent nethod
CAllpl*ISIIlg: requesting access to a first nmenory device of a plurality
of menory devi gasookEys€ nenory system wherein each one of pgudoopbaus al ity of
menory devices is classified as 13 U 8 APf~ 2003 belonging to a first
group or second group, wherein said first group is associated with a first
power state and said second group is associated with a second power state;
determining if said first 111el1101'y device is classified as belonging to
said first group; if IlQ determining if said first group is filled to
capacity; arf@upl§dio sgh memay e ics Mg AePineite ¥ cRRMPSHL RS el onging to
said first QrQuRs thied rowkhe DB, IVEAsamM53Band VB! BbRevBAGH Fhrdsatyd

plurality of menor evi ces, cl assi fi el ongiing to said first group is
At b

fiu~ther cId%@ﬂ?ﬁ@é“g§l%@FSH@ﬁﬁ&”@%gggPﬁiggmgﬂﬁd ° BFmYY 88vRd subgr oup.
20. The nethod ofcékdigto 1 Qirthetekbb@ment,@amrof Sie DIVMME icRas flir4) nenosai d fi r st
nmenory device is Eassif'edfgs b Lon%in 1. L0 sa&g g\irsutle %R)rg p if'said
first nmenoryCHESi % er?fgrectjf"éfélé PV as E?éfgd)‘ﬁi&? RGO E ?f r gf dér oup; and, if
Il O det er mnuvagheleks, iiofl ofdinarg tskilremntbe yrt Eifivapeeridtesha DEESsSe@ d3@mdl5éd ongi ng to
sai d second rgal')l/t?a ghq}ljcr?ﬂde a different number of memory devices, as well as different combinations.
For example, DIMM 520 may inciude sixteen (16) memory devices 523 and DIMMs 530
and 540 may each include eight (8) memory devices 533 and 543, respectively.
As discussed above with respect to memory unit 115, the total power generated by a
DIMM will be very high if all of the memory devices are in the ACTIVE/IDLE state.
Figure 7 illustrates a power management module 700. Power memory module 700 resides
within memory controller 510 and manages the activity of DIMMSs 520, 530 and 540.
Power management module 700 includes device pools 710 and 750. Each of the
memory device rows coupled to bus 501 are grouped into either pool 710 or pool 750. All
rows that are grouped within pool 710 are in the ACTIVE/IDLE state. All rows that do not
reside in pool 710 are grouped within pool 750. Thus, all rows that are in the POWERED
DOWN state reside in pool 750. According to one embodiment, only one (1) row may
reside in pool 710 at a time. However, the maximum number of rows that may reside in
poo! 710 may be programmed. In such an embodiment, a user of computer system 500 may
program the maximum number of memory devices that may be grouped in pool 710.
At the startup of computer system 500 all rows are logically arranged into pool 750.
A row residing in pool 750 may only enter pool 710 when a memory device within the row
is accessed by a memory request from memory controller 510. Additionally, a row is moved
to pool 750 from pool 710 whenever another row needs Lo be moved from pool 750 into
pool 710 and pool 710 is filled to capacity. In this case the LRU device in pool 710 is
selected to be transferred to pool 750. Before the row is moved to pool 750 all open pages
must first be closed. According to one embodiment, a timer is included within memory

controller 510 that moves a row from pool 710 to pool 750 if a memory device within the

row has not been accessed in a predetermined period of time.
0.



21. The nethod of claim 19 ful-ther conprising: classifying a secdhd Aﬂﬁmﬂwg
device classified as belonging to said second subgroup as belonging to said
second group if said first group is filled to capacity; determning if said
first subgroup is filled to capacity; and classifying a third nenory device
classified as belonging to said first subgroup as belonging to said second
subgroup. 22. The nethod of claim 19, ful-ther conprising: 14 ~ ~ a~~
~00~~ determning if said first subgroup is filled to capacity if said
first group is filled to capacity; and classifying a second nmenory device
classified as had@ngisig to said first subgroup as bel ongi ngriugaesond
subgroup. 23. The nethod of claim 19, wherein nenory devices classified as
bel onging to said first subgroup are in an active state and nenory devices
classified as belonging to said second subgroup are in a standby state. 24.
The nethod of claim19, wherein the first power state is an active state
and the second power state is a nap state. 25. The nethod of claim 19
further conpri si Higured ina 8py gizgigm &f Y emher menbity2 pracescrsrfensd 8Y pawel as

bel ongi ng t oy sakshesardanL 7§olb1grpg5é&sa@cmsoaagssm alRmsaiddvieaattbrgboup i f said
second nenDrX devi ce has not been accessed within_ a &redeternlned i nterval

of time. 26.09R¥s AETHRADY YHL 4P KirsAveseds Xl Propshippakdi ity is delemiagdpl i ng a
second NMeNnor Mgy tdmeolket ams»ﬁechadh@smmmmgmﬁngocn 0105 af iths 3@ean@dd suhgr oup as

el 000,19, OpFaL e SSCENT BEOUR A R B SFRNC BRI S o2, B ot been,
menory devi caottrassiof ddicais rdgedseagif ngs de@rsia¢ddhd the sdw Sasban edsige apollel ongi ng
to said SeCOﬂg, i?ilélgggr%]xgd \Vﬁletg rpoolgm 18 911] procer%locggbce has not been accessed
If pool 710 is full the LRU row in pool 710 is logically transferred to pool 750,

process block 820. At process block 825, the requested row is logically moved from pool

750 to pool 710 and is switched to the ACTIVE/IDLE state. If pool 710 is not full the row is

moved directly from pool 750 to pool 710 and is switched to the ACTIVE/IDLE state,

process block 825. One of ordinary skill in the art will appreciate that the present invention

may be implemented in other memory systems, such as Sync Link DRAMS (SLDR AMS),

EDO DRAMS etc.

Thus a method and apparatus for memory power management has been described
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within said predeterm ned interval of tine. 27. The nethod of clainﬂhg APR 2003
wherein the nenory systemis a Ranbus Dynam ¢ Random Access Menory ( RDRAM) .

28. The nmethod of claim 20 further conprising: 15 0 8 AP ~ 200;

determining if said first subgroup is filled to capacity if said first

menory device is classified as belonging to said second subgroup, and, if

not classifying said first nenory device as belonging to said first

subgr oupwAfis cld1giefd:-hod of claim 21, wherein the capacity of said fist

group and said first subgroup is programrable. 30. The nmethod of claim 21,
wherein said segcond | I i | east recently used nenory device
classified in?§§ggg?yggﬁ&%P%ﬁ%h%ﬁﬁdé%&gg?h'rd menory device is the | east

recently used nenory device classified in sajd first subgroup. 31. The
method of  KBFTEgCTe f%%rsea}?mqrylh?g.n'% foaRek BPhraly 8 WeEdRA menory devi ce
classified as belonging to said first subgroup to said second subgroup if
sai d fir8ynchubyueipynpmicRandeth percenplaniory (SIERAMsesipmt tast rof comaripng1
wherein said second nenory device is the least recently used Il1lel7101'y
devi ce chahsalfty efinemobetengisnghéeintdaeh bf sasd plawddgy ofpwslibclassified as

. AHy. Al E. AA2. A2. AY. Af I E. Ayl . Ayhl . Af Ul E. AY. AL9. AR ALFR A" H. A" ny. As! 3eLVm 6

4 | } xsnpdoddis@] £atfisabimheahGadmalgilnt wakei sk %%Q@Js‘é&]i&t@cl GahG

aJca]ca]calcalcalca]calcalcalca]lcalc:alc:alcalc"al M ! (8S##Rq! r+| VQ xsni d_Z]

ca] ca] Calg%?k%?%‘;{‘%% f‘@‘lafa?% f@f@%@ﬁ%&@dia@& cacAkealslwakeal cal o

a] ca] ca]

R'"#X$_$p$[,$8& d) B*-.-----..=0+11122234b4} xsni d_Z] cal.ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] hg[]elémain(gdf Eaéﬁi (f:léﬂt E;%‘}' (L’saejjl?:saﬁﬁag]aé g%lengmg‘to lau? }'11st]gr01 ; 1% not
a]ca]ca]ca]ca]qa]ca}ca%ca]ca]ca!b44@666P77777+959:v:::3<s<<=&@#AﬁA9AEATAIDD
DBEEE6FG x d¢fPeninjigd] g S5yt ekveds BHpd 9] @3] ard of not

aJ cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c.a]ca]ca]ca]ca]ca]ca! GGLHHH
611" K. K>KAKa#YLQEE2RPRZPORY RHARUGERWRRRaId first group.

ShSSS| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c"a] ca] ca] ca] ca]
ca] caV] ca] ca] 2. The method of claim 1 further comprising classifying a second row as

a] ca] ca] ca] ca] ca] ca] ca] ca! STTwWTT$ULUv UUUUVVAVVVWK W2 X8 XDXXXAY{ YYYJZ{ ZZ] R }

Xs nLd_Z] baslgRl calhe aleal gadupal arlical el raktrl eat4atien] cal cal cal ca] ca] caj ca]

ca]

aj el el cal o} opl bl GRS RiherkinVod AR e en i ARIARBRADT DI bZDDY%

c?c}ixsnid _Z]]
a]ca]ca]cggza ca%&g%cg cagca%ca ca&ga%ca cal] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
"a] ca] caf et aTCoURERE Eutditt ot BOUFRS APVE ST aggo>hLhhh
4. The method of claim 1 further comprising;
classifying a second row classified as belonging to the first group as belonging to the
second group if the second row has not been accessed in a predetermined interval of time.
5. The method of claim 2, wherein the second row is the least recently used in the
first gioup.
6. The method of claim 2, wherein the capacity of the first group is
programmable.

7. A computer system comprising:



ifiiij:j}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c.a]ca]ca]ca]ca]cd] g8 ajRia] 083
] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal]calca]ca]ca!:jjjk:kkklclll,mnmnmmm#nmnn%eo}
000Nppp+q. q} xsn} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
]cal c a] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]calLvngl+ 10%| & () -

109 & ()-10%4| & ()-S FS10%&' ()-s10%t| & ()-10%4 & ()-M 10%4| & () -
miK-(10%t| & ()-10%4| & () -

, 1094 & () - @QO@H stedr 1)/13198@918‘% }ﬂl)lal@j’Q)%&)\fSS @hewn%@a@h@ﬁh(ﬁnclude@ a islurality
{]”(10%10%&'() 10% & () W& ()- 4| 4] 104| 4] 104] 4|

10%l| 4| %f g%ﬁ}% \%%Oéféé\g @L@ tflé memjop}; dé'v%es }1 Ea%% ]O(P%egf)lg )ahty of rows

L 10% & ()-

aBrTbC( 10%/z10%| & (g -1 0%44&' % -TF' 1094 | & g - 109%}| 8f (d)

10%4| & ()opwfy%ﬂ:@g ( g_tE a] i@%“?fl p@y 11%@}@P&a )11 power state; and
10%t| & () - @0%| & () - 3@.0%4| & () 10%4| & ( %ﬁlM dEnmbC( 10% _

810%}| & () -2yBaN0Ko&treNer to #1R09gH ke pypwer afp ]P]@ iyy of memory devices by

10%4& ()-SF410%4| & () -! v ( 8SbC( 10%M0% & ()- S10% & ()-&10% & ()- 104|

104 104|i&ntibfiedd &9 ofahdO8My|dRYVicks dtRa iy b Q1D Y&ty 9s-belonging to a

#10% & ()-!p 10%t& ()- 10% & ()-

Y10% & , p Y . 0t & -
0% & () E Fflétgll ﬁp%{%dtliﬁfelg’%f 1-5 'id‘\l\ g%&é}%g%ﬁ’%% )gpe(l Atntfylé}a W%L@s(é)bé_nﬁd }Gc)wél IVELQE ()

"10% & ( ) %Ql{glﬁg ({3 a second group.

8. The computer system of claim 7, wherein the first group is subdivided into a
first subgroup and a second subgroup, wherein rows of memory devices belonging to the
first group that are in the first power state are identified as belonging to the first subgroup
and rows of memory devices belonging to the first group that are in the second power
state are identified as belonging to the second subgroup.

9. The computer system of claim 7, wherein the plurality of memory devices are
Rambus Dynamic Random Access Memories (RDRAMs).

10. The computer system of claim 7, wherein the first power state is an active
state and the second power state is a nap state.

11. The computer system of claim 8, wherein a first row of memory devices
identified as belonging to the second group becomes identified as belonging to the first
group upon being accessed by the memory controller.

12. The computer system of claim 11, wherein a second row of memory devices
identified as belonging to the first group becomes identified as belonging to the second

group if the first group is filled to capacity.
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10HH 10HH 10HH! : 810%H& () - VQQodEUV79, 10% & () - 10% & () - 10% & () - 18P & -)003
10% & ()-F10% & () - @

| R'" #aBuV731 10% & ()--/z10% & ()-'y(10%t& ()-(10% & ()-L$' 10% & ()-"10% &

() - #X$\ $] $7$_SpS| $Sr SAY" 109& () - 109& ()-' 10%& ()- 10RR 10RR

10RR! " 6109RR& ()-s! ~610% t & () - S$& d))B* TAr SAY" Y (1098 ()-:!yy $109& ()-y' $

10%& ()-f@0%&' ()-!f 109 ()-f109& ()- +-------- ~ @"Y" 109 () -
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comprises a timer to identify the first row of memory devices as belonging to the second
group if the first row of memory devices has not been accessed by the memory controller
within a predetermined period of time while the first row of memory devices is identified
as belonging to the first group.

15. The computer system of claim 11, wherein the memory controller further
comprises a timer to identify the first row of memory devices as belonging to the second
group and to identify a second row of memory devices as belonging to the second
subgroup if the first memory device has not been accessed by the memory controller
within a predetermined period of time while the first memory device is identified as
belonging to the second subgroup.

16. The computer system of claim 12, wherein the capacity of the first group is
programmable.

17. The computer system of claim 13, wherein the capacity of the first subgroup is
programmable.

18. A power management method comprising:

requesting access to a first memory device of a plurality of memory devices in a

memory system, wherein each one of said plurality of memory devices is classified as
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not
deteimining if said first group is filled to capacity; and, if not
classifying said first memory device as belonging to said first group.

19. The method of claim 18, wherein each of said plurality of memory devices
classified as belonging to said first group is further classified as belonging to a first
subgroup or a second subgroup.

20. The method of claim 19 further comprising:

determining if said first memory device is classified as belonging to said first
subgroup if said first memory device is classified as belonging to said first group; and, if
not

determining if said first memory device is classified as belonging to said second
subgroup.

21. The method of claim 19 further comprising:

classifying a second memory device classified as belonging to said second subgroup
as belonging to said second group if said first group is filled to capacity;

determining if said first subgroup is filled to capacity; and

classifying a third memory device classified as belonging to said first subgroup as
belonging to said second subgroup.

22. The method of claim 19, further comprising:
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said second subgroup are in a standby state.
24. The method of claim 19, wherein the first power state is an active state and the
second power state is a nap state.
25. The method of claim 19 further comprising:
classifying a second memory device classified as belonging to said second subgroup
as belonging to said second group if said second memory device has not been accessed
within a predetermined interval of time.
26. The method of claim 19 further comprising:
classifying a second memory device classified as belonging to said second subgroup
as belonging to said second group if said second memory device has not been accessed
within a predetermined interval of time; and
classifying a third memory device classified as belonging to said first subgroup as
belonging 1o said second subgroup if said third memory device has not been accessed
within said predetermined interval of time.
27. The method of claim 19 wherein the memory system is a Rambus Dynamic
Random Access Memory (RDRAM).

28. The method of claim 20 further comprising:

15
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30. The method of claim 21, wherein said second memory device is the least
recently used memory device classified in said first group and said third memory device
is the least recently used memory device classified in said first subgroup.
31. The method of claim 28 further comprising:
transferring a second memory device classified as belonging to said first subgroup to
said second subgroup if said first subgroup is filled to capacity.

32. The method of claim 31 wherein said second memory device is the least

recently used memory device classified as belonging to the first subgroup.



