;e3e/ x/u: 06<TW22 6 MAR 2003 -~ A SELF- SYNCH VONI ZI NG METHOD AND
APPARATUS FOR EXI TI NG DYNAM C RANDOM ACCESS-MEMORY FROM A LOVE' POVER SHARE)03
FILELD OF THE | NVENTI ON The present invention relates to dynam c random
access nmenor yywoandogsere specifi callyﬁmmll E’H r states of dyr@audss,25@Hdom
access nmenory. BACKGROUND Dynamic ra nory (DRAM is a general
pur pose high performance nenory device sur¢abl e for use in a broad range of

applications. DRAM al |l ows hi gh bandwi dth for nultiple, sinultaneous,
random y addr ess&ELTeSONE HR@MNZENC oS THIRRM BILES 4 PR AR EISUdeREXTTING

nap/ powerdown state. Tile rd S ¢ 0, t [ e

avai l abl e. In tHESEMY tlé%ﬁfﬁ“.&%@éﬁ%@%&ﬁ@%&%@fﬁ&@@%? ned
with self-refresh, using an int%@gbéif; Elmr\ﬁ‘?@ﬁ{]do"m (PDN) state has a
relatively long exit |atency because of clock resynchroni zation. An
internal clock in Theph@ant hviedtibHrolaeksad dysdariogartdvan REbess tra¢reoandndeeds
to be resynchronized to an external clock in order to permt normal nenory
access. The Nawretpealicalyatloe pomewsidesr! dtraraicirandpmctscesstiremory.
self-refresh or REFA refresh are used to maintain the information in the
DRAM core. Sel,fref es an internal tinmer to refresh the nenory. The
Nap state hashécgh%lr%@(yﬁgxit | at ency because the internal clocks in the
nmenory systemare D?hairﬁzc AR oY RERL O ARy (BIRA MY & 4 Pehdial Fzstr}%éa%gﬁl ock
signal. Figure 1 illustrates a state diagramof a prror art menory. State
110 is the naptpowesn@wmestoay devitheustbledsr useid a broadirange of epphieations.

nap/ power down_state . are not .illustrated in this fjgure. The nepory may
remain in theDi"é’aY{ﬁdﬁaést}&\Eﬁ? bs“f‘gf"@di}lg’r%‘r‘lh tl‘bém‘ﬂlfg%?o‘ﬁ FRNA9Y gnal 120
sent by the Léﬁxiésécﬁﬁ\%ﬁ’cﬁg tPhshhsoenory controller to initiate exit from

t he nap/ power down st at e, ving the nenory to the wait for nap exit del ay
state 130. The menPRAMhISCNAPARcIud? aGabRRoR@O30wnkiAt® Ahre3dBierdown

PCT/ US99/ 23168 i s awakened, clocks are resynchroni zed, and ot her

"cl ean-up” st &pke iathe foykest patver siade putifble. Tethesaaialpsdhe frformasse intagps i s
the "nap exit pHemy ot ic RAVELAONN, XL QY. oo ALtRToh AP AR GHLE del ay,
t he system receives siitul Taneous qui e i mes’ on Phe TOw and col UMh- access

control si gnapoperdowh (PDE)FRITEhys T helatinelydsng Beit teeney be@usbef tloeki ng for
packet frame state 140. Figure 2 illustrates a timng diagramof the prior

art system Tmsyaghmonizatiom sinyingesa vlockirethd merory inayned odhdudhgdhe f r om

mast er, respegtively. Thec M.CFM si gnal.s O0_are, used,by the nmepory to
Uime dat ato BRI PPSATREesEIbry SOt GRS F N a e T T 21 gnal s
210 and col unpeﬁﬁgg\%§mgpmern§gr sicenadl s 220 carry data that identifies tile
menory | ocation for nenory acgess. The DQAO...8 and DQAO...8 signals 230

are data signal s obhhalNdgtsiaterinasdtber yepoTies sBOKirsimel ci2A¢r jedf-mfresbok
signal is use time the exit from.the nap/ powerdo .. The si gnal
350 ' & commuRAASCGHER TSRt THIHIANRG BIPHBTRT £ H oMY i SRfer down
state. The C'\/Qf%sgggles Zé@nﬂeéna%?m? & reﬂes@fm& Iﬁla%ky.e@*am%&%ng sig edge

and the falling e To signal the exit fromthe powerdo e, the CVWD
signal 250 tr shitdri exdislatenambacaasecheintarril clotkd al thengembooy kystdgeareo a one
on the next rising clock edge. On a falljng and rising edge of SCK signal
240, if ther emaintginegisyngRramzedodiptivefQithe kxisrpa! sl 9gnale will be exited.

On a falling edge gf . j I i | i, ndiGat.es
whet her the exit igl %g%ﬂm&g{‘g{aé@%ﬁgggﬁﬁm§&ﬁr§rgﬂﬂe%€r&gré&%t\‘/imﬁgﬁ%e, t he
CTM CEM cl ockgheTdd AivEdenpesdarn T hassdtedesdent aitécit@iite AippdiveRIbVWRT

time tCE before a powerdown exit command can be sent. In nap node, the
CTM CFM cl ockstagerareavot illustratedyin thisifighes. Mide mrinory omparaineianingbe sent

wh ded. ,1n both t d i .l ocked.| DL i
DRAVE st be TRt PRIP R | A aRaPa TG &1 VBT ERO5Pt i BHERE st
be resynchronizgtedAly e thBofy M tkdlier!t6 Srkisiake/dkit #om the nap/powerdown

state, moving the memory to the wait for nap exit delay state 130. The memory
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2 6 MAR 2003 1\'U (10/209m PCT/ US991 231G becone stable, a 0 or 1 i? rﬂt2003
on the CVD input on the next falling edge of the SCK signal 240, for rﬁj‘@
apd powerdown exit respectively. On the next rising edge of the $ 9/%' gfpal
220, 1 signa®qWeAtFfyi ng the device, PDFV 280, is sent on thd HE -
The PDEV signal 280 identifies the nenory devices that are being, woken up.
Atime tNXB or tPXB -- referring either to nap exit delay or powerdown exit
del ay -- af tepvakendhldegky asggesvicirpeizedkerd gHEr "dau-uphstapserataken at

col umacccssg, control.~.signals 2 20 nost . quiet. The quiet cycles 290
on the row dhd HorCrFre g S B e BRbidRs 180 bop MiRu! scbarVEsSRR 1y
tNXB or tpXB,afd8as,the appropriate falling edge of the SCK signal 210.
During the quiet cycle, which |asts at |east eight clock edges of the

CTM CFM si gnal s 2¥fBer the ratp éxiasieldtywbhemtémedgesesofimtien86is gughalma=r0, no

commands may be on the columm or row ?c,cess control signals_ 210, 220.

Ti ming a qui'Bt "eyA! ¢lHOoMrascess fpneR! pesakriEs 9§ tha mepKuye TRremeusidifds on
t he columm 220 SS. .C rof ..o the tine the quiet tine
needs to océﬁ%?ﬁgbﬁé&me?r%?@\%&yfggéagi&t&ﬁp g%&'qq'ﬁ%(%ef ore, a worst case
scenari 0 nust be Mgk lINikrares s itdeirgt diaprah on Ldesiignhngytleen MO y
controller. In the prior art, the nenory itself is not aware of the quiet
ti me schedul G hyl/AfdM eigreads 87@arubleck to maspg@ngt clagk bracmasiorereapedivetihe

t NXB or t PXBs re often ed in hi i pel i ned systens. Pjpelined
syst ens gengl;léﬂ @“@éﬁ@v’i srlng’é?elr*@@taéﬁ uéﬁglbgm‘épp\fvé’g%rﬂ tod e RaLe f‘baquhgm/. In
order to prqgesseoftiitrSiianatn@l0al-cd3@oARBY SRRARELE 0 LinkEol b AR -Ao8¥aNnds
t hat woul d norna?lglg}t;e sént duri ng ?ha’f peroi od st be reggcﬁed‘ﬁl e%gor hel d
for later processsigna{ssizdaedy dafd thaofdértéiasaherarmosotyhlatatdse (grehatedy t o t he
reschedul ed commands st be considered. Faqr_exanple, a row signal 210 may
be sent on t%ée%sow?‘ﬁi[géAOA-%ﬁq“gmé\l%g a‘%"?’%ﬁ)z 3¢ dida sepplsoradager i od
after the rq}t\slgfmls This may disrupt pipelining and result in inconplete
commands that nay result in false data. -3 2 6 MAR 2003 11' O 0012(19a-i
PCT/ US99/ 23168 e FCKGigrad1t249ak dtdiguk digndlas UsgErd titcbé bRt fidrigherior to
the expiration of the nap/ powerdown delay. For a tine tbuff Prior to the
expiration dfap/troversdayn receleor TheoXBIA signah2bhista (peninond sgralssad ton t he

pi peline 'The.ti buff (i s t such that prior, tg.t iratijan of the
el 2y 1roce ar b PP fiedr ik e e kiR B L Sy BT e 0%

pi pel i ned i nakApled bAbRRRIRK &P, Blelsingdge afm@ﬂhé%lhﬁg%dgbb%fsxgn%l
sufficiently long to permt a response for a read query from nenory
However, tbuhe ckisermghe poetergoiwn madee ths EMD aignahedGironsitidosvrommat r uct i on
processing. In the prior.art, the quiet cycle is timed al] exactly the sane
Dine on the 20RCRRSbIHAE Sletotdgbin g B¢ SREReTehinie s tick oG slitise ¢ he
DRAM may addgass; 10eri SNSCRQY M1 236 G BRerE X @ Sh SRAEMID BSp L0
separately, botf rrus{1 glg%e I nact ilé}gmsep'ar at erl y. Tﬂ S reqﬁitr es1 lf'e
processi ng iNACher PieNostytecwill beleikéted. @ddi fallongadd ge, ofltbe S¥esighal 140, the
cushioning of related commnds around the quiet tinme 290, it may induce a

| oner del ay PR EENei dehindigaien yvkether the ft"l%’eislgr@r%F‘WAfﬁé?téfoéraé? BN sselet er

met hod of exitin yul ggy us.
SUMMARY OF TI- | ﬁf&%%%ﬁ%ﬁ"?té%ﬁ%ﬁ?ﬁ %lgE%‘eT hocfgaslrin)‘%’ app%?% o
exiting a dyswrestarfednditabiess fmnﬁﬁ&’té{ztbﬁfoae la @y vREERIW S &AL Comtnaeis@ni bed.
The exit fromthe | ow power state is initiated. After the expiration of an

exit delay pefied, rindp hedd€Uhe CTMITEFM chrRE zmaﬂewnmq%,%sxdnhes\.ap&x&econd
quiet tine is sent on colum access control pins to reset the nmenory. The

first quiet eommanddanthe seat wiengveeneedeth larkothsesesedbesteranmiy ledvedur r ent
and nmay be sent i i.t.h For . pne odi ment, . the first and second
et 1 i s 19Ps M3 ERBahe Bk AMs iist B Sesiaaes sha ke iiPa dripe s Be,

BRI EF DESCRI S thObh &Ro n SRBY DGR ctftonized. After the CTM/CFM clocks 270



2 6 MAR 2003 \'~" O 00/2095-i PCT/US99/ 23168 The present invention i?ﬁhM
~illiustrated by way of exanple, and not by way of limtation, in the R 2003
figures of the acconmpanying drawngs and in which |ike reference ral s
refer to sim’PA*EFénents and in which: Figure 1 is a state Jfl%%‘l}g%é?é a
prior art system Figure 2 is a timng waveform di agramof the prior art

system Figure 3 is one enbodi ment of a state diagramof a nenory system

Fi gure 4 isbesmaneapbli mdrr los senttamihed-Milagrarmost theme xifatbry edge ée Fi gur e
5 is a block-di agram,qf. one enbodi nent of a nenmory. Figure 6 is a block

di agram of gggt%@?ﬁeﬁgb@ir RERE IPeO“n%rﬁﬁ’?'V‘. OB E;qu8Ct¥V€i1%' a bl ock di agram of
one enbodi ment ob e ERME%;EaBE 0k hesCKRERA) ED DESCR RELON Ay the

sel f-synchroni zi ng net hod and apparatus for exiting dynam ¢ random access
menory fronmdavikowpbVesist atet érsthatd3Qxirhed. TIGeRPEM $ignaki8tpdieftifiegthe menory
controller is advaptageous. Self-synchronizing an exit quiet tine allows a
reduced | at’é‘ﬁc‘iwri)’r%}véﬁﬁsﬁbmpﬁﬁ SHERYEEEN 8Rd sinplifies the inpl ementation of
the nenory contraqller. Figure 3 i : A&, A f nory
of tile present ?‘ntll/@%tti\]&ﬁg&l tllfi)@ﬁ' a}r%@?ﬁlﬁgéﬁﬁn%%ﬁﬁ %'F?\%gg’?gﬁ%r%%\rg(? own

state 310. J\q?d@?ngls-gg%\grr t@%vmlh%%%tg%ﬁ%]f?hé GCWB%\%\BH}?&\QS%% ;[x’\ Ig&g\f@‘kph the

menory consunes wer tha erw s down sta IS
entered in @&cconueittdlenalalyano, 2Ihe u¥eBPEMIdES The qul@ dyewerdown theabe 310 for
a period of tine. For one enbodi nent, the nmenory nay be in the nap state
only for a ¥ndiokunpertass coritrolisagnalaill, @28 musteroryexmaylyBgimot trecpower down
state for an extended period of time. A signal 320 sent by the nenory
control | er afeen the appropyaterfpllingtedgetdfeéheSCK sigmrh2ife Thapiptweqdetmycdt at e

310. On L Vi th ' th f th d t at
310 10t ho T S TRARAB Ok FECRERES ChFe 1394 CIT8 SIgtaI G R S0B8 T O
001209t PG, USROLEN Gt FAECIRSR] 4 2knl S PELAA A ld BRueee 0

rcsynchroni ze the infernal timng circuits an menory. The

| engt h of tivevraapessxbhtrdesigpals@10ex26r m ned by the nenory type. For one
enbodi nent, for Ranmbus Direct Dynam c ndom Access_ Menory (RDRAM the
period is 100 na Bn’égcbﬂl‘d@c%ﬁ‘% AW HE CORR PaPTSRSBRS t Hitbetq 38, the system
aut omat i cal {ymARYES dithd cbinitBbo bRt Qe ULBhib] BFsSHLE e meTRE VAl Ling
for quiet trine state I's a period during I'c he ‘nmenory monitors
whet her a ogiiet tinidedaidso beaut, etheMey ni: @cxbrugpte@cca&&ema,tambrszi ns
(CAL) and/or the row access control pins (F . For one enbodi nent, the
qui et tine §aSegcaEriemust be Bden iniorepasideaitiorowdienglasigrieg thd memuly cycl es.

For anot her_e i_men t he i et period. . be a seri of ones, or a
certain pat?oer}qgggeég?n K‘/%P“%%H(%‘f 'ﬁ%‘&oﬁdﬁ%ﬁf’ﬁgoﬁaﬁv %ﬁé’?i}ﬁ%%ieﬁﬁmé “the
order of reg@icHunggtafg dx@actaRd et AR 2901bein bkdPR tinse h ARCHQIB ¢ ghdi ng on
the conmands in the pipeline. If the quiet is sent over the pins first,

the row co ] processor can take a row command, or comrands, addressed to
the just awakened device. In practice, a colum quiet time follows the row
qui et time, _suchDRbs@Mshr@o@&pﬁwﬂnﬂmghwigmn&%y@@%) Iﬁgai&%s?gmméo the
awakened devi ce. For anot her enbodi nent,” access to the nory y be
permtted ogenerally eendiinjenrelatad amed hretervberem cenmaods bonkembxy . rlovordadtacol um
pi ns. For one enbodi nent, l IS Preferred that the row qu'% ti rregjs

recei ved bdfSI€5% h8UELFiIERA %ﬂﬂ"’éth? PREIOPARtR Hilp e gRmBIandsHat way

occurred, i : i V. i iting for
packet 17 anSRAINEbEE: e ial BEOH ATl HL oA TRES: hktol el | MR
sane st at e @psdiog (dtalleh)t Atliofighd cwmpeines tisdtaire releedd theaabdddokyd , t he
menory is either in attention or standby node in this state. Figure 4

i || ust r at esCOMEaRds gt g cansIgeresh & G mpampiemt rosy sighal 3Ysmambessat @rM CFM
ignals 470 ar . ck-TQ- (=T ock- From Mast er . respectively. The
Civ o o g B P L Bz D SPa Tt FP AR SRR LY o

00/ 209~- | hAISIH 2 3§ istupApSh@IniRE adtréslf RMndbshpl@elcBenBARY that
controller. For one enbodi nént,” the CTM CFM si gnal s"470 are between 250 and
400 M -iz. ey resdt anfadatidedmt , during some | ow power slates the CTM CFM
signals 470 arc turned off. The cl ock consunes power, therefore turning off
the CTM CFMsynal s 470 | owers the power cgnsunption of the nenory. For one
enbodi nent, the internal clock circuits ™of the nenory arc also turned off
to reduce power consunption.



The row access control signal 410 and col um-access control signal QEEMARZWB
receive data that identifies the nmenory |ocation for nenory access.
Additionally, the row access and col umm-access signals 42U ar _
i ndi cat e thd%OWHé”ﬁénnry is ready to receive data after a Iomﬁ%@gégaéﬁgte
by sending a quiet time. For one enbodi ment, the quiet tine is four clock
cycles of the CTM C‘FMSI gnal 470. The Dx signals 430 are on the data pins
that transfer dapéimlHﬂ(U Hhgolgtorgs te paserbmBE{ier BEWR oY tiorl‘gﬁ‘le@épéatlwofhe
i gnal _poev ot it fetue e B Mo R A E S P TRt o
power node. The SCK signal 440 is a clock si | .. For one enbodi nent, the
SOk si gnal - BTHALT SHEN B0 RO G Fh Eane] QTS RECCRRT CRET G lle br ane
enbodi ment, the,SCK signal 4-t0 is betwe 62.5 MH2 and 100 . The ,SCK
ol onal 440’ PeITUBEPTR I e e aie OF HSTaR Fomact doni. ABGESt Hi"SeR%S) gnal
440 may renmgin acti in the | ow power node. The CVD sjgnal 450 .is a
conmand st gral el Bev P Frup R REHaRaRRE v G bhe POl GoRRUS (et e, The
(a1 ng edgsr T8 s GBI THeCSh Y Pr B fhe Bons B oo FRESA T gna
450 transi t},0nsod) Qb @er8l 9, O ifsdrld Shebdlihid e Hipokn EHAE h Wi ADE ON the
next ri sing Tcl?f{)?:l% eg%e.e M l&”géﬁél}ngg aﬁ(ﬁrli-'si nge(aelgge Lof S‘E:Kto ss?%na 440, if
there is a Q1" jnput, NAP or PDN state will be exited. On the
first falli H%J"euégg“ fgta%eé[hg' 2 6 MAR 2003 WO OO 209sa PCT/ US99/ ?. 3168 SCK
signal 440, the & Glepdogag) theafinbscyclearttmed al odicclgttbetshale time othé 1's
froma NAP state, and a one to Indicate that the exit is froma PDN state
I n power dowiC WO, Cof Wa neRgeERIand F o sianatipaos 2k 230 obpragsante PikdtMpeay
restarted ang,stabilized, faqr ;tinme tCE befor power dowy exi_t mand can
he sent. | n“%grptsﬁgl e, Vflfééb ér E/!%EM“@I %Cé:gsss (‘H\Smgrb P*n‘é‘ﬁ Rl O séﬁafa?(aé’ %cr%}g' exit
conmand canphest $8RtaRReNes seieadedy. MRideEhicasRTe pib&seyRanitke | ocked
|l oops (DLLs) in the DRAMs nust be restarted and the internal timng
gl rcuits fblmmﬂw(r)n@mrQPsrjst Abh:imesyhzmagg%e@ﬁ thAfcu;lehélOt\he; @EM@FM C:c Oflk's 470
econe stable, a O or i,S, sent on t i npyt on t nex alling
cdge of t heC SR Sgap ind 3 Aitet Tpe AT THAWTRGHA BRIt SO0N0R V8l v, On
tevi co. PDEVEI00 et sar ooRe PR B8l pi ns. The PDEV si gnal 490 1dent fies
the menory devi c&keitcliate, abettbe nreghod loé exiting alirenmepdromdevmcpsyer stdicat ed
by the PDEV 490 code on the DQX pins start to wait for a quiet tinme on the
row and col Hifit!d BEAESENIER8 AT ter the nap of powerdown exit del ay, tNXB or
EEXB, respecé}im};efl;ﬁi liﬁ; expiregﬁthe quiet tine 49?bRiR? i's S?Peduleddby
e nenory Ll ek PGV access nenory is often used in
hi ghly pi pelgi ned systoems. Pi peFl ncgﬂgyst ens generally send interrelated and
| nt erwoven conmaAdelftsyrrhromiging medhictband appactes braxfuieh dyingaé 490, 495,
t he commands that would normally be sent during that period nust be
reschedul ed 2N9PHRHESF MAMIEIERE2 AW RFFWeHdaiednatstaded hdthegd framghed to

h hed 5. shoul [ 1ol | g
ot or minoe. SR SSRPERTTA R e ey AT E R E o L I EE LR BRI Bty 420

and/ or the pOWtdGGESSeROBH FOW FcBRAiInd. 1A s’trc@nﬂghiéblﬂﬁﬁ{e istyeeht saREIdrhe qui et
ti mes. Because the col umm-access signal 420 and row access signhal 410 may

be sent i ndegrestienmttal pinhityresaythisemespuy atldleyfirscquidutiog and thedecend he
di sruption 91I1iett ﬁ?nepél%eAdt%%geésg?i )E ggxt\clu(%?esrit an%—may%e%erwua e218'10€?r’ o_rger(.)cfézrogs_ S
one embodiment, the first and second quiet times are not precisely timed

relative to the exit delay period.

BRIEF DESCRIPTION OF THE DRAWINGS



rcTns99n3 ~ 68 Thus, for exanple, if a row access signal is sent, a2ﬁ¢hpz 1
pi pel'i ne does not have another row access command that needs to be s @
a period, a quiet time 495 may be schedul ed. However, a set tj )
sendi ng a roWad¥¥ds! signal 410, a col um-access signal 420 i?cggﬁ?;&ﬁgs
Therefore, the quiet tinme on the colum-access signal 420 is not sent at
the sane tinme. In this way, the rimng of the quiet times is scheduled to
reduce di srupti ohe PressnbITsfsG@Imsntiustidied by dety of oreweevantgnetiey Pew and
colum qui et, ti .depends on the commands mthe pipeline, .1f the.quiet tine
o sent "o THEMGUPE R Er e B SRR heE PsDBss 8 v RURE' Fow
command, or . OB mAMdeRsad stilhNElehésls avakenaendevice. In practice, a
colum quiet tinme follows the row quiet tune, such that the appropriate

col um commands)Figane bes ssmttc doaglaen afvagenedrtdgsiece. For anot her

enbodi nent, access to_the nenory nay be Qernit%ed only after a quiet tinme
has been sent on'BYFR2iha LFBINLANAYROI T aBidne Of G & tis¥steMy| ock di agr am
of one enbodi neng. of  th : ' r and col um
access signals tlf)lg féff) grlfnoﬂgg%&eq%g{mégg%?@[e téga%éﬁﬁgjsﬁagégwtog}gs S%YK menory
core 550 i ncl udesighine4asbhak mryinient bas tistiagelagiahaof heghémbry sygertlet ect or
520 receives as one of its inputs the signals on the colum and the row
pins, as wel | asFiguct ddkablegadiagron ofwaeertoiment of 2 Feredyek signal is

CTM CFM For anot.her enbodinent, the clock signal.is e SCK signal. For
anot her enbpdinengI%ﬁﬁsﬂgﬁgﬁ‘éféﬁﬁpcﬁﬁQPhV¥($$EW$”F8¥pﬁﬁ“ﬁgﬁﬁyy 510 and
has a rel ations hmgutr@ 7468 bRSH @1aghah dTRYie RenBtRFhenTBE UL IOty Me det ect or
520 detects when there is a quiet tine -- for one enbodi nent a series of

zeroes -- omrtthdlarol utm or row pins. Wien such a quiet tine is detected,
this information is passed to the tracking unit 530. For one enbodi nent,

only sone o ' ins are nonitored to detect a quiet tine.
For one enb@ghﬂghﬁgwﬁﬁécﬁﬁh*gﬁhgins to be nonitored are determ ned based on
the encoding of ﬁ%le}frgyr@ﬂ%ﬁ%agﬁmmm Egﬁgﬁ%mr%xitfrcgaapﬁaw@e of
encoding, a first pin’carries "1, to fr a packet. Tn =9 2 6 MAR
2003 ~1' O Of20RbaafEEs UEI6ABoBBa b hippwarstardedeanbydt kancfallyst pi n needs

to be nonitored to detect the ui?t,tige. I n othg% enbodi ments, another pin
or pins thatMHHEY IS TBROL RTHFQlIdP AR IRREC ackedtSy "ShIaHBRER Xkt to a

"' wh - j N | Iy k
N i i i e L e e R

pins. For omepRredhiiBnbf thdgcadgtcontiviieelet ect or 520 passes information to
tile tracking unit 530 that a quiet tinme has been detected. For one
enbodi ment, the FigackBndustantes 530atesiagroasot the memety of e prasetnat i on from
the quiet tine detector 520 and tests. her the,other  gujet-tinme has been
det ect ed, if%?nﬂPnt?T%mggrréﬁpeaﬁréfgPY%&%PZP%WQFHQV%2P3%§#§{Q§Ethe
tracki ng uniip AsBveridven whet Beo ifa Wi pbwler FR1tEHAS VIGER thesehveyd on the row
pins. 1f both quiet tines have been detected, the trackln%'unlt 530
conmmuni cat esortshineesi lassoporae’ et othehe isee hbwe\p oy ende wrest iierdd O Sentem@ebirvee mor y
state machi ne 540 noyes t menory 510 froma "waitin r. qui et, tines"
State to n SIBRIRGS BAY pdiedrer I MR e Rt P CRPET IR R hi s
poi nt, the FRADIEY IchelEAYdIRerRe HHSEem P thd; @i (MhablkidR oAl R4 On or in
a standby statef%{ﬁﬁg, t he hé%nfy itsgf?ydeeécts mhéﬁbbothoq iS? ti mes have
been sent. [Minitedrpedioksf tilve, edrifd theirhgmofy triag breimahy poortdowheatatedri ch can
schedul e the quiet tines on the col um d row pj ns separately, and at
conveni ent % ﬁﬁféfﬂdF@rPeém%*r‘ménb%aﬁgﬁéH% RS OY e RieRp R fRD o ker &‘ﬁi_ts row
commands t oig 38 1hitiA0¢ helerdtliin IR IRAGERWIFLAEIRE. O fEVENHY NS,

en st er of

The quiet tine o e col um pins occur wthin a set s

clock cycl esignhd tieeR@nidty Bl BT rone e Asaeeidaineds et 310ttb ehd waignmand.
Figure 6 illustrates one enbodi nent of the nmenory 610. The nenory incl udes
a DRAM cor efos2@p eriedeleynstate3dPt her i ncl udes a nunber of control registers
680 which store and nani pul ate control signals, for exanple, SCK 440, CMD
450, SIG n 460, SIOout 470, and others. The data busses, D@BB...DQ@BO and
DQA8. .. DQAO 430 are input to the DRAM core 620. Simlarly, row and col um
information 410, 420 is input to the DRAM core 620. -10 2 6 MAR 2003 ~~'O
00/ 309ri PCT/iJS99r 13168 Furthernore, the row information 410 is input to
a row register 630. The colum information 420 is input to a colum

regi ster 640 For one enbodi nent, the colum and row registers 630, 640
store test bits on the colum and row pins. The test bits are those bits
nonitored to determ ne whether' there is a quiet tine on the colum or row
address pins. For one enbodinent, the registers 630, 640 include a
plurality of registers for storing tile bits over eight clock cycles. For

o, o P~ N ~ AN o o, s T



A NOR gate 650 is coupled to the colum register 640. The NOR gate 6?%
tests whether the test bits are zero (i.e. quiet tinme) over a period fMAR 2003
time. For one enbodiment, the columm register 640 collects |nf QQWGQVQ
a nunber of ctO&W'&cles, and then inputs this information to the gat e
650. If all of the inputs are zero, the output of the NOR gate 650 is a

one. For one enbo |rrent t he out put of t{] ate 650 is Iatched I f the
out put of the ’E‘%PGE%ES qeeé"%@ta ReTERMkOL trae used KO peETCRTGHER {he MHE e

out put of th The
output of e NGE-9BL % 800 AR, FERLEY Whc IR INERRS KU T
input to an ANlangateei 167 Bhe SicHhd l’ﬂ))b;_ rbeorwéraubdfrﬁ@m Iher Rombluegdiséar 630
is input to a NOR gate 660. The output of that NOR gate 660 is the other
i nput to theDmmgaRen@m Argespdfempne(RIRA YRttes pe50d 16600 hpdpsacendhat a
quiet tinme h en received,  .the ou AND gate 670.is a one

Whi ch 1 5§ npditet S R TEATEOR i e BB s Hi s SR AL BB e moves
t he menory 6;Q1tigomr el .Rap quiet tine state to the waiting for
packet frame, or read state. The nmenory is then in the sane state it was
prior to enteringThhealiiong povguicstiateetatES40 aropareod ebodi wiidh, thef a qui et

time is received on the row pins, the state pachine 690 noves the nenory
610 from t heMRaary ﬁ@oms@rsqwhethef|ar9én%tttafle ag heen send OVRRIERUTD-pEFESHOM

ui ot time 1ot PG SR par7er B ERa s Rone e OB ol Commana

to the devi cembbaghéer thailRIBRd B @fleaoqleg%zdrb@bLMbeei@mumﬂ@f a
counter to monitor the approgrl ate pin or pirns on the row access signal and

col umoccesscloikyapdlesanidorcanatber trabaditbat, bk CBUﬂs}@thd vaydugesenidsaef enegui et

condition exists Wen t to define a quiet tine, a
signal is sent 2 fg'g Heo}tPCéBI?FﬁBOYﬁi @#ﬁ%ﬁl?ﬁ WRR&t the row or col um

qui et time has ocpUsieemBRE;ihBAL thdEr B BPFke AR BN RIw hRB doddknf Qliepacket
frame state, and begin tracking row and col um Tomuands. For one

enbodi nent , tihe iquarelormj depeted iegtoor th@ROminmoidsdesha pipaiste. dbthwet guietupl ed to
the row access si gngl ]ggﬂya .second_ counter coutﬁl ed to the cgl unmmaccess
signal . The ¥SUMVEF ' RIBh EEL U C R Vg guRaR RO @ @SRGETON exi st s.

s gat g, & ScRhRELeH: e d O BlecCal AR RIS aN e I Sn thbEtice o
appropriate counter is reset 16 zero. counter I ndicates n eset
nunber of coasieatt quiet eege e tdxetreethadet e, aré rbodi appiibpriatght
consecuti ve edges. For one enbodi ment, the i ndi cation is when the counter
overflows. THMlsmMMmeireatanetis) @nieesgnt b detavakened deatcea Fqupapthare has
occurred on th ow_or access sign s,a bl oc d| agr am of
one enbodi meht' %8fjlmem0?fce8?1to fReMEESY é’a\?ﬁ?(gl | gtFEﬂWf’ﬁgfar%&hbe Mised
with the prepghbechiseheBh bHIR thE R neQohih s, | Bor @eerti9ddingentt tag a prior
art nmenory controller, in that it does not need to schedul e si nul t aneous
qui et times prefeued tlnaietheabmmahdmeowqmned heﬁoxzerthexahxmmqmct tithe. menory

troll 710 lL.ud | t 720 f t t
Bi pel i g | nst  uSTEDAC™ SUIR AT T EREC £, S Y ATHR yPEBREDI | or 720
passes thesea@foﬁ’x%ltlcﬂﬁ d18§ésr s t}%‘v%aftﬁhgv\flbg @W%m&t&kéﬁo C’I?ﬂhﬁé%tk?er 730

is designed to place the nenory in a wer node. For one embodi nént,

the nenory |thcrhamedynmom-hmel,wmﬂmﬂmsanm&atusxsrpgldmowntc{rmglm»qweﬂMen t he
menory is in the | ow power node, access -12 6 MAR 2003 ~~' Q 00/' ?09~a
PCT/ US99/ 23188te. thoriane srahedimery. themmemary ecﬁath@ﬁ@ alipoiRHeRstandhy mpdet

controller 730,620 ¢e.

Figure 4 illustrates a timing diagram of one embodiment of the system.
The CTM/CFM signals 470 are the Clock-To-Master and Clock-From-Master
respectively. The CTM/CFM signals 470 are used by the memory to time



pl ace one or nore nenories coupled to the nmenory controller into a gm 0
rower node. A second controller 740 is, designed to exit tile nmenor &0
the | ow pover g@g@ For one enbodi ment, the second controll en,4Qqb$3168 -
deS|gned to bﬁ) &Phe menory in the same stale as it was prior to entering
the | ow power node. For one enbodi nent, these states may include standby

node and attent‘1 on m)de heﬁ’ﬁ? states arc knog{n in the art. The second
control I er 7ap5ienof G@éasiram pnd fythginemesy comtralles; d:ﬁélonﬁrcé‘hl?qqlfé““ﬂlt i ni ng
unit is an e nt r.old-ar g, t nonitors
t he pipeli nte: |Z\g§:%%@8?\ssm§g%lg %'\Eg?‘néfﬁgnévﬁm lJi?o spé)nﬁ11 C%bé Z?%r%é For
one enbodi nB0tingtdRené ldW PG wRistatdDBe MY aFel yiceW Rl 4Tates t&hféd:@ﬂfunmaccess
and row- access S|gnals When the timng unit 750 determnes a tinme to send
a qui et tinelogh cORBUEEH RRIvesr thewhotsi tasnmgtofheeBMY Rildviisrgrovsrat0 tawers t he

t t 760. The ' t 760 t th t |
on'the. appr 5 Pare’ brieap" BB RR B0 APkt PR E AnOH YSPGH uni 760

reschedul escjapy Rensts B (kR Ry hhea KO WA SRUWIN P da%ice ﬁat r‘&bﬂguﬁ\lﬂ)Qloﬂu' et
time. This type of reschedullnb is known in the art hi's way, the quiet
times are sent wibe roheycasccantiul sagniay 41 smdipdluwen- hues:hemmcpledlgnﬁemo

instructions. Thus, the nenory controller 710 is sinplified and no

buf f eri ng tf“r?é“i(‘sdfr”él(ﬂ}ﬂ@@“HF‘F%H‘CHBC%@Mﬂ%@“?ﬂéorq‘@ité‘tort’ A/ERBS- | n t he
foregoing sp I S Ck r. ceto
specific exe%rr% ér @gmﬂa rrrenz%escg%éﬁ@?e%%gﬁtacggﬁ%g Bqﬁgsv\‘}evogﬁ% th\cl)llg tEl hat
various nodi{dteaé nonsoand rehéngesecomy daea fReen Idvepetver wiatfeytscdepard i ng
fromthe broader spirit and scope of tile invention as set forth in the
appended cl auifs lirfheFapens pinbadiroentalie qHisiimgdss bue clatkayctsmfithe to be
regar ded |n thegjgtsratﬁxmat her than a restrictive sense. -13 2 6 MAR
2003 What i ali jed thod of exiting a nenory froma | ow power
state cormr i si ngﬂw@ﬂ)@&%%ﬁm‘lﬁ%o‘d}'b bhah BEtARnE X It tidrRre IR QW ARVEHt St at e;
sending a first quiet time signal on row access pins when the first quiet
ti me signal ijdesmnmonyrioertfcevrledwatdd Iy (el iome dcdenstaniotlisogrsgl 4dAcinslendi ng a

second quiet tinme signal on a c ccess, pi € th s cond uiet tine
si gnal dpesC‘Pllb’f““'ﬁF &PRUG) ?‘En’? FBEFI%HBP%&WGQF ¥he
first quietyiinepsi Jlteawormﬁ _%'agbeq%@aet' me Slgna' ar e not
necessarily concurrent and in any order. 2. The nmethod of claiml1,

further conpri si e IK swgglaamtlaxntcl@td;lsagmzﬂen‘?oodmaéméodlmnm ahe BGKE he exi t.

The net hod of cl ai n}]z wherein the first UI eé SI gnhal, and the second
qui et tinme $B§ARFG ésw%amweepfé%ww (1Y M%@I‘%l? BBF PBY and vary

at | east ongelacih Ay ohe did ek a5l vl £R5H SQﬁlﬂff'anflOdrnﬂ{ggtrhggC‘?{ clai m

1, further conprisingd Ifying t exited from

the | ow pOV\@g;nSI 4 @ispudedrtottOné fhetdx&tfir(b}g rtalpf/p@x«tetrdowmnﬂ&é hg@#e®CKI @i m 1,
wherein the |rst quiet tine signal and the second quiet tinme signal are
both four chiger! ¢4 mey regmaimaghisteniadhe dow @ovearmgode.nenory from a | ow power

state conpri sing s of...after the ratiqn of. a xit dela

peri od, sending gﬁ’\F?C;!gI{Deﬁgp%lt%le%cgpmcﬁ%gn%{ 8&%‘&&@5%?‘%8’?}?%8%“ si gnal
and sendi ngt}@eﬁ@@@@oaws%tetmmy@ a‘PQS@xsrsQ B8R Dth Rk dpRs ahet he
menos y; wherein the first quiet tlrre signal and the second quie€ time

signal are rnisingnetgsand the/fatlovgadgee o, signal th;hemefrrmnn He powerdewd rsedend
et {1 3L ORkS e ELTE OFer A Tuher hcreln, st (LTSl aul et
on the next rising clock edge.
On a falling and rising edge of SCK signal 440, if there is a “01” on the
CMD input, NAP or PDN state will be exited. On the first falling edge of the



exit delay period. -14 2 6 MAR 2003 7. The nethod of claim 6, furth@A 003
conprising initiating an exit fromthe | ow power state prior to a sgar &%
the exit del iod. 8. The nethod of claim?7, wherein the y R
initiating 9gé0§§kfpconprises sending a signal on a data bus.ﬁ%ﬁg%%é3ﬁ%thod
of claim®6, wherein the quiet tine signals conprise zeroes sent over the
colum access_pins or the w access pins. 10. The net hod of claim?9,

wher ei n t heogliisegnalidde: méﬁér%w@z&ﬁgﬁﬁgg F P te Itk ey e exit isATGRRor y
capabl e of Relnga|d Al INAQER, SIaNR hOETRIRLY, SORRILging: a memory core
storing data; a dev &Cti‘on uni etecting a quie 1§ e signal on col um
access piNs Or IRWHEGERESVRINMSe, 3h€ ATV PUIFRT clooks Wakir0gtaibddgnaeaedty from
the | ow power node, the controller exiting the menory fromthe | ow power
node i f a qod etstaritereasd ghkilides! idetene edp defwerpaherdopw aritl comenad cam
access pins. 12. The nmenory of claim1, further conprising: a clock signal
coupl ed to bhecrdefeopponodmithe GIRd/EFdé klaskgABD aiordinodts, mgdatheergt ¢xibf t he

quiet tine signal., 13. The nenory of cl aj 2, Wherejin the quiet tjime
signal s are“t grang) %’Gkbec‘s?é‘lt g’?ﬁ”&é& ”i?éedf%ll?fghﬁfﬁfbotﬁmfhaﬂﬁ‘ff?CWfJer ein the
detection um()tps PR &% I?‘KI\Mssﬁwulrgpﬂétré’é’tartth ARAI ROt @hal GRS rbvod?tecuritgw

access pin to'determ ne whether all zeroes are beling sent over a period of
time;, and aoSeeancmepyitet beoesyrhtronizatl. IAdfastthod@M pCBNNcladds 683 pin to
determ ne whether all zeroes are being _sent over a period of time. 15. The
menory of chefomastablgnafaird isgent on she EHHPLBPUEHR dediexs Rlbiggsdse afor
storing datg f the l.ea W pin..and.a NOR gate for
nonitoring @He%@g]rsﬁrﬁé%%ifgi g"%}?rgrggé{ogﬁ%ll%%ﬁgéégﬁfpbg\(}g}&éy'peri od of tine. -15

2 6 MAR 2003 16-O-ﬁ_hﬂelﬁ@@i‘ikﬁngfed@eﬁﬂfr{hégcwghﬁi M0t heoheDiheify GNPkl Ses_a
shift register adding a current signal on the at | east one row daccess pin

to the regi dtece, [0EW 4004686 semteont Brd DXy pinac ThadPIsY gigah k490 whanttties dhe | east
one row access pin, over ime. 17. The nenory of claim 16,

tperi od of t]
wher ei n the”b‘é‘?'ra_cfledfcetqitﬁ‘?e Q)r\%a_rel%?”_ ®Si'Yhal s are included in the register
conprises a dur aﬂ?ﬂx&xﬁorﬁ@mﬁié‘é(?}tixﬁdﬂ&@eébQQﬁé PO/ 49t JFRSPP e Pb @sm 15,

wherein the controller then expects after"the quiet tine signal om the

col unm accestarttonsait far sgbiee uendh yhe smeiand @l conregpsngimgafted themaponmand
within a period of time. 19, The nenory of claim11l, wherein the controller
permts r owP CReaIRW R X it B&layelin xB O tpx R, respectively, has expired. The quiet

time 490, 495 is scheduled by the memory controller

Dynamic random access memory (DRAM) is often used in highly
pipelined systems. Pipelined systems generally send interrelated and
interwoven commands to memory. In order to process a quiet signal 490, 495,
the commands that would normally be sent during that period must be
rescheduled. In pipelined systems all of the commands that are related to the
rescheduled commands should be considered.

The memory controller determines an appropriate period when the
column-access control signal 420 and /or the row-access control signal 410 are
not busy, and send the quiet times. Because the column-access signal 420 and
row-access signal 410 may be sent independently, they may be separately

scheduled to reduce the disruption of the pipelined instructions.



access pins after the quiet tine signal is detected on the row access pins.
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(10009 0 L0 3000 (e SLATIOB. 0" OB 00, o R do%e & O
10% & () - Y@0% % { IndPhe SethitdddUnds ddker a quiet tim¥has been sent on both the
row and column pins.
Figure 5 is a block diagram of one embodiment of the memory. The
memory 510 monitors the row and column access signals to determine whether
a quict time has been sent. A memory core 550 includes the actual memory
that stores data. A quiet time detector 520 receives as onc of its inputs the
signals on the column and the row pins, as well as a clock signal. For one
embodiment, the clock signal is CTM/CFM. For another embodiment, the
clock signal is the SCK signal. For another embodiment, any clock signal that is
input to the memory 510 and has a relationship to the SCK signal may be used.
The quiet time detector 520 detects when there is a quiet time -- for one
embodiment a series of zeroes -- on the column or row pins. When such a quiet
time is detected, this information is passed to the tracking unit 530. For one
embodiment, only some of the row or column pins are monitored to detect a
quiet time. For one embodiment, the pin or pins to be monitored are
determined based on the encoding of column and row commands. For

example, for one type of encoding, a first pin carries a '1', to frame a packet. In
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h& ()- WdEbCty 10% h& ()-, )10% h& () -, ' S10% h& ()-310% h& ()- nl0% h& () -
f 10% h&' () -2KoCs 0% 9R1Y yoaftlent Ba §eds2a Heumpitored fpeeigel the quict ime.

In other embodiments, another pin or pins that arc used for signals delineating

a packet, or that are set to a '1" when a command is sent, may be monitored.

The tracking unit 530 tracks whether a quiet time has been detected on
cither the column and the row pins. For one embodiment, the quict time
detector 520 passes information to the tracking unit 530 that a quiet time has
been detected.

For one embodiment, the tracking unit 530 receives the quict time
information from the quiet time detector 520 and tests whether the other quiet
time has been detected, 1.e. if the current quiet time is on the column pins the
tracking unit 530 tests whether a quiet time has been received on the row pins.
If both quiet times have been detected, the tracking unit 530 communicates this
information to the memory state machine 540. The memory state machine 540
moves the memory 510 from a "waiting for quict times” state to a "looking for
packet frame” state, as shown in Figure 3. At this point, the memory is ready to
be used, and is either in an attention or in a standby state. Thus, the memory
itself detects when both quiet times have been sent. This reduces the
complexity of the memory controller, which can schedule the quiet times on
the column and row pins separately, and at convenient times.

For another embodiment, the tracking unit 530 permits row commands
to be sent, once a quiet time has been detected on the row pins. The quiet time
on the column pins then must occur within a set number of clock cycles, to
send the column command associated with the row command.

Figure 6 illustrates one embodiment of the memory 610. The memory
includes a DRAM core 620. The memory further includes a number of control
registers 680 which store and manipulate control signals, for example, SCK 440,
CMD 450, SIOin 460, SIOout 470, and others. The data busses, DQBS8...DQB0
and DQAS...DQAO0 430 are input to the DRAM core 620. Similarly, row and
column information 410, 420 is input to the DRAM core 620.

-10-
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column information 420 is input to a column register 640 For one
embodiment, the column and row registers 630, 640 store test bits on the
column and row pins. The test bits are those bits monitored to determine
whether there is a quiet time on the column or row address pins. For one
embodiment, the registers 630, 640 include a plurality of registers for storing
the bits over eight clock cycles. For one embodiment, the registers 630, 640 are
shift registers that add the current test bits as the least significant bits, and
include enough space to store the test bits over the period of time that
determines the quiet time.

A NOR gate 650 is coupled to the column register 640. The NOR gate
650 tests whether the test bits are zero (i.e. quict time) over a period of time.
For one embodiment, the column register 640 collects information over a
number of clock cycles, and then inputs this information to the NOR gate 650.
If all of the inputs are zero, the output of the NOR gate 650 is a one.

For one embodiment, the output of the NOR gate 650 is latched. If the
output of the NOR gate 650 is not a one the latch 655 is reset, and the output of
the NOR gate 650 is again tested in the next clock cycle. The output of the
NOR gate 650, either directly or through the latch 655, is input to an AND gate
670.

Similarly, the output from the row register 630 is input to a NOR gate
660. The output of that NOR gate 660 is the other input to the AND gate 670.

If both the NOR gates 650, 660 indicate that a quiet time has been
received, the output of the AND gate 670 is a one, which is input to the state
machine 690. The state machine 690 then moves the memory 610 from the
waiting for quiet time state to the waiting for packet frame, or ready state. The
memory is then in the same state it was prior to entering the low power state.

For another embodiment, if a quiet time is received on the row pins, the

state machine 690 moves the memory 610 from the waiting for quiet time state

-11-
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Another implemention of a quiet time detector 520 is a counter to
monitor the appropriate pin or pins on the row access signal and column-
access signal and count the number of consecutive edges that a quiet condition
exists When the number 1s sufficient to define a quiet time, a signal is sent to
the tracking unit to indicate that the row or column quiet time has occurred
and that the memory can enter the look for packet frame state, and begin
tracking row and column commands.

For one embodiment, the quiet time detector 520 includes a first counter
coupled to the row-access signal and a second counter coupled to the column-
access signal. The counters count consecutive edges that a quiet condition
exists. When data is detected on the row or column access signal pins, the
appropriate counter is reset to zero. The counter indicates when a preset
number of consecutive edges are detected, for one embodiment, eight
consecutive edges. For one embodiment, the indication is when the counter
overflows. This indication is used to determine that a quiet time has occurred
on the row or column access signal.

Figure 7 is a block diagram of one embodiment of a portion of a memory
controller 710 that may be used with the present system. The memory
controller is less complex than a prior art memory controller, in that it does not
need to schedule simultaneous quiet times on both the column and row pins, at
an exact time.

The memory controller 710 includes a pipelining unit 720 for pipelining
instructions. Pipelining instructions is known in the art. The memory
controller 720 passes these pipelined instructions to the memory.

A first controller 730 is designed to place the memory in a low power
mode. For one embodiment, the memory is placed in the low power mode

using known techniques. When the memory is in the low power mode, access
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place one or more memories coupled to the memory controller into a low

power mode.

A second controller 740 1s designed to exit the memory from the low
power mode. For one embodiment, the second controller 740 1s designed to
place the memory in the same state as it was prior to entering the low power
mode. For one embodiment, these states may include standby mode and
attention mode. These states are known in the art.

The second controller 740 includes a timing unit 750. The signal from
the pipelining unit is an input to the second controller 740, The timing unit 750
monitors the pipelined instructions, and determines when to send a quiet time.
For one embodiment, the timing unit 750 separately evaluates the column-
access and row-access signals. When the timing unit 750 determines a time to
send a quiet time on the column or row pins, it passes this information to the
transmission unit 760. The transmission unit 760 transmits the quiet signal on
the appropriate pins. For another embodiment, the transmission unit 760
reschedules any pending data on the row/column pins, enforcing the quiet
time. This type of rescheduling is known in the art

In this way, the quiet times are sent when they are minimally disruptive
to the pipelined instructions. Thus, the memory controller 710 is simplified
and no buffering time is required prior to sending the quict times.

In the foregoing specification, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be
evident that various modifications and changes may be made thereto without
departing from the broader spirit and scope of the invention as set forth in the

appended claims. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense.
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sending a first quiet time signal on row access pins when the first quiet time signal does
not interfere with pipelined instructions; and

sending a second quiet tume signal on a column access pins when the second quiet time
signal does not interfere with the pipelined instructions;

wherein the first quiet time signal and the second quiet time signal are not necessarily

concurrent and may be in any order.

2. The method of claim 1, further comprising waiting an exit delay period after initiating the
exit.
3. The method of claim 2, wherein the first quiet time signal and the second quiet time

signal are timed independently of the exit delay period and vary at least one clock cycle with

respect to each other.

4, The method of claim 1, further comprising the step of identifying the memory to be

exited from the low-power state prior to initiating the exit.

5. The method of claim 1, wherein the first quiet time signal and the second quiet time

signal are both four clock cycles.

6. A method for exiting a memory from a low-power state comprising the steps of:

after the expiration of an exit delay period, sending a first quiet time signal on a column-
access control signal and sending a second quiet time signal on a row-access pins to reset the
memory;

wherein the first quiet time signal and the second quiet time signal are not necessarily
concurrent, and wherein the first and second quiet time signals are in either order, and further
wherein the first quiet time signal and the second quiet time signal are timed independently of the
exit delay period.
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8. The method of claim 7, wherein the step of initiating the exit comprises sending a signal

6 MAR 2003

on a data bus.

9. The method of claim 6, wherein the quiet time signals comprise zeroes sent over the

column access pins or the row access pins.

10. The method of claim 9, wherein the quiet time signals comprise four clock cycles.

11 A memory capable of being in a low power state, the memory comprising:
a memory core storing data;
a detection unit detecting a quiet time signal on column access pins or row access pins;
a controller for waking up the memory from the low power mode, the controller exiting
the memory from the low power mode if a quiet time signal is detected on both the row and the

column access pins.

12 The memory of claim 1, further comprising:
a clock signal coupled to the detection unit, the clock signal indicating a length of the

quiet time signal.

13. The memory of claim 12, wherein the quiet time signals are four clock cycles long.

14. The memory of claim 11, wherein the detection unit comprises:

a first monitor to monitor at least one row access pin to determine whether all zeroes are
being sent over a period of time; and

a second monitor to monitor at least one column address pin to determine whether all

zeroes are being sent over a period of time.

15. The memory of claim 14, wherein the first monitor comprises:
a register for storing data from the at least one row access pin; and
a NOR gate for monitoring whether the quiet time signal is sent over a period of time.
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period of time.

19. The memory of claim 11, wherein the controller permits row commands on the row

access pins after the quiet time signal is detected on the row access pins.
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