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WD 2004/ 053879 PCT/ US2003/ 039187 1 MEMORY DEVI CE AND
METHOD HAVI NG LOW PONER, H GH WRI TE LATENCY MODE AND

wol2aH/WB8MR, LOW WRI TE LATENCY MODE AND OR PCT/US2003/039187

| NDEPENDENTLY SELECTABLE WRI TE LATENCY TECHNI CAL FI ELD

5 This invention relates to dynam ¢ random access

menories ("DRAMs"), and, nore particularly, to a

circuit and nethod for operating DRAMs in either a

| ow power, high wite | atency node or a hi gh-power,

| oumrbRs BRSICH AT SETHOBERIANE CEwTHEW AN PR T
The power consuned by integrated circuits can bée a
dATENEY MODBHANMHIGH-ROWER, LIOWIWRITEH LAGENGY MODE AND/OR
appl i cations. For exanpl e the-ggmer consuned b

menory  deViNCEEENRENTRY LB ABEE WBHHE LATENG Er s

greatly affects the length of tine they can be used

wi t hout the need to recharge batteries powering such
TECHINKI AL FREWer consunption can al so be inportant

even where nenory devices are not powered by

batteries Baisdnedntion relaips bedynande wadomtagcdss mamarfes (“‘DRAMs”),

[ . 15 | .al ,
SRR S R e el B ORTRSR s « o
bbweer, BRpaeite Yatdity rhétR RRIMELb&\derS REER RS 1alchE, HBAD' Y

devices. As the capacity of nenory devices increase,
for exanple, the nenory devices contain nore nmenory

I iodically refreshed, and the
%§§g§Fﬁgihg%gﬂgtgggwggﬁhﬁébfnust be received and
processed t : | 8 .
ot ases, HhEo ey ol 1 ARG LB Y BEX, Gf factor in
theiroutylityl éu i ceetsinciymhigaticns at Bormenampl@ phellppwee @AM AIgby memory
gomer Wi %%h st at e, change. Various approaches have

h e !
ATFS FSed 1 PRTFAblR eegsquglke prs grently asets dhe Isnethegfginge they can
[ - [ evel oped
SEVSEE SOl BB B sLASAD QUERCBURSRRET S XEBRER. P
dewinpton tan bRdUeinipoeanBeRht wikige dlerhdt® deviRk§ @fenot powered by
needed to operate all or portions of nenory devices,

DaigripHbecartsdbma) be perresary® lavit therhsat gape heleveimpeg devices.
wh t ry device.is being accessed. For .

xanpl 6. - VPO L) f e s R Bk R gvith both the
c@hditi ihdIRANperitihe Sheddsiatic BYemdrd MRVicEY Rﬁ\@ﬁnfir)aﬁé%cftyn BFtemory

buf fers when the Mis operating in suc
devices increase, for example, the memory devices contain more memory cells that

must be periodically refreshed, and the number of address bits that must be received and
processed increases. As the speed of memory devices increases, the large number of
signal lines in the memory devices change state more rapidly, consuming power with
each state change. Various approaches have been used to reduce the power
consumption of memory devices. For example, techniques have been developed to
reduce the required refresh rate of memory devices, to reduce the magnitude of the
voltage needed to operate all or portions of memory devices, and to reduce the power
consumed by memory devices when another memory device is being accessed. For
example, power consumption has been reduced during certain DRAM refresh modes by

removing power to input buffers when the DRAM is operating in such modes.
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WD 2004/ 053879 PCT/ US2003/039187 2 As is well known
in the art, nenory devices are generally coupled to

woani4rossd7d ng devi ces, such as nmenory control | ePETMIS2003/039187

systemcontrollers, in a bus architecture. In a bus
architecture, several menory devices are connected in
parallel to each other and td the control l'ing device.

As a result, when the controlling device is 5 applying
addresses or data to one nenory device, all of the

ot her MenmDIAL JEydIE kv $0 thd £ Sh¥ho &e\?&gr ?Ségr?erzﬁfy coupled to
data. The addresses and data are conventi onal Py

coupilbug tdevices sutht as anenagde@ssdisrsbus &@rstta::nr eohgkbb llers, in a bus
receivers or input _ buffers, which may sinply be _

f W@E?‘itléfres Inphus apchifectyrey sgvarad memry davieessare spanestedin garallel to

EQHONReChind REBR Joﬁﬁﬁf(lei}ﬁg Ld%vﬁ:g.a WEZ res?ﬁta%v%m.l ttlge:{;o%mlklpg device is

n
receivers sw tch, consum ng power

apEyinf atltkesyee oD dyta 16 ofieticaRSy Wbtite, AHOfiRESBetRbRMoBf devices also
addresses. The power consuned by switching the
Feselwe s addrepsey or dsfa. (Hee asidraspesrpdsipta ate vorventionadly coupled to the

SRR MESESLAT BRYEH oSGk S5 D e R 5By e

fievitees Hash tithe! £0Y Bit R WRAreds MBI tBWhE SF Shdsd réc@ﬁ/ers changes
i nactive nenory devices. Using this approach, eac

faleoile wevivers wdtshd derebyrevmsarsingopatete rmtnmgmnMrtha memory
d..i s _bej [ d to acce a nmenor evice. . .

AR iHb Ry° JaTH st 08 fstes e d e agpes sebsumpdyBY spttching the

WOERed IBITOF the S Bifenioty iviESthgd c%tiﬁﬁ%twﬁ?édt o%\é&.af

menory device. Control”circuits in the nenory device
remove powene ttechaiduecthatt hes baenaused ptutredimel fhergow(er! @@sumed by
known as‘mwiée.receivers) until a wite access is

AT TEEBEPR-4evices & fodemate Pevox fraim datir bufEans by thedmesiiye memory

VdeS €. 1Sk skl ar, LECUI renpve r :
g sSSPy B SSETAR LS i
whema toramand fstteiin) issuetiitd adesLbtheROBLESideS FHOh @fdn®fly device also

ha is directed to that particular nmenory device. By
‘#eéﬁéﬁ?i %ﬂmﬁiﬁﬁé‘i’ detgctivplien g memoyyeaseesy ¢y directaht it gparticular memory

i LN ' d .
SRS MR N el B e dn

iffprd falsoambwhed waitt edbeivers) BELHIROWETe 4083 YOBLed¥d IEis directed to
menory device may be achieved. 25 Although power can

thel nagiaas anemerndeiige.dSimailarkyc tieentzolamguits rnsivie pbersto all of the

TN LT AR R G MCHE T —
i§ @irettv@ (S thRepaHSEal eMoRRlidee MFlehitRidedh Rk 86 the W81 Beeivers

read or a wite _ _ _
and read transmitters unless a write access or read access, respectively, is directed to the

memory device, a significant reduction in the power consumed by the memory device
may be achieved.

Although power can be removed from the data receivers and transmitters
when a memory device is inactive, power cannot similarly be removed from command
and address receivers because they must be active to detect when a read or a write
access is directed to that memory device. If power were removed from the command
and address buffers, they would be unable to couple the command and address signals

to internal circuitry that detects a read or a write access directed to that memory device.
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access is directed to that nenory device. If power

were renoved fromthe command and address buffers,
woOhewosssrbd be unable to couple the comand andCaadsem®ss39187

signals 30 to internal circuitry that detects a read

or a wite access directed t% that nmenory device. WO

2004/ 053879 PCT/ US2003/ 03918 3 Although sel ectively

renoving power to wite receivers and read

transmtters provides the benefit of reduced power

consunpt i ofthdulh Ssdd&MGE! rpI RSy Howek M@ Writ6 Cre@éivers and read

reduced data access speed. More specifically, power
tohoemitient ploeiien theobdnefit apediied paovdrrvensumpton; e berefis comes at

in a copventiopal nenory devjce until . the nenpr .
tbrpfiescobronteed At AEPSEPRFY-t Woe SRRRHLPo i PogIFT Aitay Bbegin o be
oPpfEioTle hius REEVERIR L YoMRHLGRL ntebldr) doIOVEBRIITAS mRARRy device
haedetoded 2 warnaimaentbhsl anvaddressoditeatddotocthatcmemoyy device. Until
the nmenory device. |In conventional nenory devjces it

poyist Bay peencBrlyrapglied b Begviis reeriYas| the paite recgp cfshepnnot couple
It ej. ve [Nt h ry -device I NQ: .
bk SEBRGS, "R ISy A ARBIY s i
ti126ulIy RAn ZediliRAKS @Y ¢ Rifly Powbehp iR wiie rvdeitess inahemeaiosy devices.
can couple wite data to internal circuitry. As a
Whenoneratingevithrk A0OYHawlpelesipnal fae gxastple b tiilheawirg 2 clock cycles

device is. 2 clock cycles. Yet jt js. often. desirable
ng? © %l?ﬁawﬂ\t? feECIVES SRR FOPRe P edgga tohlgger%ﬁcﬁlrggﬁryc y% ? gdesult, the
rlifnWhi Watd Bh&RGYofofuch méBHM! JeviRVIsCE disckneyde! | Yeb et is often
using a variety of techniqués. For some menory
ddgivabde §gr thhevriteilateriyt tocbe toss thrak Leclbekt eyedgs, ‘Bhe winide latency of a
wite Latency is fixed at a predeterm ped 15 nber of
TEFBRR Ao Ty A £oRot RUEYI O RHRRAUS: hdPr Regrpemory
HEUEE @Bere ENGHM hb Sritk %&ﬁg}’oﬂ the Helte P-\Yentc??s HR&l at a predetermined
progranmng a node registér. In still other nmenory
naiebier 68 clock logcles, ishieh hsat elock cydes eVith ptlee hewharpgetioes, the write

read | atency of the nmemory devjce., The wite latency .
13gReYd Seif By the usproTagrapgpng adpeseregisier.o In stk ethemgmoRedevices,
ER PERGYs sqeby ebun HRTBNP oo Mol fovice, The write
litoncy @y 202, 4orCé@dpl€ Yok &S clotlatlcgtled &ss lhant theSresd dateriaydeln this
can greatly slow the operating speed of  conventjonal
erpmpley 2 guvinasr writg lakmgy RE 8 elosk cyeley yould disif e rpashietengypto 3 or

) . . ) . o
LHE 58] LRl o TR IRl e A 8Tt A Socsa o
C@ﬁ{;g_ﬁﬁioﬁg m&ﬁ&@,rdet,geg_ead transmitters in the nenory

devi ce does not adversely affect the read . _
Although selectively removing power to write receivers in a memory

device adversely affects the write latency of the memory device, selectively removing
power to read transmitters in the memory device does not adversely affect the read
latency of the memory device. The primary reason for this difference is that read data
cannot be coupled from the memory device until well after a read command and a read
address have been coupled to the memory device since the read data must first be
accessed from an array of memory cells and then coupled to data bus terminals of the
memory device. In contrast, write data can be coupled to the data bus terminals of the

memory device along with or shortly after a write command and a write address have
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25 latency of the nenory device. The primary reason
for this difference is that read data cannot be
woaouossg7drom t he nenory device until well aftecrasemad3o187
command and a read address have been coupled to the
menory device since the read data nust first be
accessed froman array of neﬁbry cells and then
coupled to data bus term nals of the nenory device.
In contrast, mwite data can be coupled to the data bus
b%ﬁﬁ Q?t)\]qﬁé JeHED Eﬂﬁcg?ﬁé' \Qﬁte"ﬂa@ef‘ﬂ s%§e§u§l{tly coupled to the
or ter fte command and a wite address have
ahly %@@Adn&ﬁ@&ms Pmuiyﬂmabmﬁgdﬂmcreasdddewn@w pdusad by selectively
the nenory device since the wite dataj;s subsequently it
TOROPING POV (Lp aecerieFsagr BRnsHuers eXisty Paly fof FRINOYIRg power to write
robl em of increased | atencies caused by sel ectively
]7%%%%?ng power to receivers or transmtters exists
only for reyisnBeBfneh nbal Rt iatdrcult @aénvehisl that dllvevsea memory
IS therefore a need for a circuit and nmethod_ t hat
deivicovi® apfrr@tnomya lgeiayest tgodp granet ﬁﬁveasqlbwf%ewtﬁéaémy in

iR A SR el GG g ALRDCK e ShEURTA feieving
lﬁ&kkﬂ%@keghan achi eving reduced power. SUMVARY OF THE
I NVE

TON'10 A method and circuit for a menory device
all ows the nmenory device to operate in either a

| ow- r increase the wite | atency of
[ﬂ@hﬁgﬁSWQE?gﬁyﬁgghgfﬂiﬁhigh power node that mnimzes

the wite Al nad citclf f&eﬁﬁ{e}hogﬁﬁé\ﬁ@e alldws thBenemory device to
| ow- power node, %e nmenory device operates in the

operuet éiteak lowghnen nods ¢hdit e maﬂgascethe ovrite ladereysBteg memory
to the wite recelve s in.the

depiios or AdIgsPRETIRGAeR RigiRkES ¥m1¥cé<%§ exc%‘gi”a device. In
&IQ fotw ggmjve%(? &§ \ﬁ'lecflﬁml)&r&&ﬁ;e gﬁ’cé%qwe J@Q%tlonﬁpﬁﬁﬁloh Yescribed

Iter CeIVGI'S un

a(bbffé? TBdnaNEESOVER th Mite Wiritd feceivesein ke snetiaumy ideviee |e&¢f@lt when the
couple wite data to internal circuitry, there

ravmp i dRyiceidetactsaswtitencress to AabmsTrasy dede. nJélythB élaﬁhlrpower mode,
Rotsfvee{r’] ﬁg ﬁt{ at ! 6% xr%g% \!vr%g 1@9&’1*@ rs 'JBc‘f'e“? most F@%ﬁgtan@e\é gg the write

ower 1S preferab

EEQRRrk hﬁnvmxh&h@c@l r @fpley Rfifte \WARNTON aemelf ci&éiﬁtry,oﬂ@r@SI avoiding
nmenory cells in the nenory device is active. Power is

iatrsasepr ity éajelyzlasethet/ aehyf pesr twizennpperatinge e ithe dewpesigr mode.

f—lgwg\be? Qve% n tgvv?ngh-power mode, power is preferably removed from the write

receivers when none of the rows of memory cells in the memory device is active.
Power is also preferably removed from the write receivers even in the high-power mode
when the read transmitters in the memory device are active. The method and circuit for
allowing memory devices to operate in either a low-power mode or a high-power mode
is preferably used in dynamic random access memory (“DRAM”) devices, and such

DRAM devices may be used in a computer system or some other electronic system.
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when the read transnitters in the nenory device are
active. The nethod and circuit for allow ng nenory

wdevi4sss7h o0 operate in either a | ow power nodePor/U82003/039187

hi gh- power node is preferably used in dynam c random

access nenory ("DRAM') devices, and such 25 DRAM

devi ces may be used in a conpdter system or sone other
el ectronic system WO 2004/053879 PCT/ US2003/039187 5
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a bl ock

%%gggﬁg@ RIPTEERM %k@ﬁﬁ?fﬁﬁﬁﬁﬁg devi ce that can be

to opérate ine er a | ow power node or a

hi gh- pover Figigle1 ac£blodk Aihgtan aMa cATRAGH TR Henffry HB8ce that can be
invention. 5 Figure 2 is a block diagram of one

dnferperste i gihst & deupewetimede voa highepgargeede according to an

[ 1| at_allows the nenory device of Figure 1 to
S%égglﬁlgglpﬁhgﬂrh"g#l%' | ow- power node or a hi gh-power

node. Fi guRgsud 2 % bk alagindof 618 Ghb LGOI gstt%ﬁie{c‘é&]ding to

using the nenory device of Figure 1 containin
theatresent vsyerethab alldw gy theen@noryeDiEE Alf IFEENrDE SGRIpEE N either a

THE | NVENTI Fiqgure 1. is a block diagramof a
g%ﬁggWPﬁBﬂ ?O%égiﬁkP8W@U§° nanmic random access nenory
" SDRAM' ; ; %ﬁan@ a -nqlﬂyegr
gccor di nz;; ?g@%g&%%ﬁ%ﬁ E%a t ofogt éeO [ ven%}ége#i %Q?ng the memory
HomeveiTigite wiohtaiieg thedBnsmodesyistoat oNEEIN@ RS
enbodi nents of the present invention can al so be used
in other types of DRAMs or 15 other types of nenory

' ' 2 is controlled by
BeTlaeep SBeCRIIBN OF 18fp INr

a coman responsive 10 high-1level conmand

signal s reBigureld iva Bloclodidgedm fSa GonveeivRalni@BhloB¥ & dynamic
co nd signals, which are typically generated by a _
TBfYRRcesshiesionel SORAMEhS that fan utitizgardwaltpowerrsystam according to

i Ex | ock i |, CLK, a chi :
Gl St pBERIRE o BB nyfllon . @ QRE T oM Grartipetosd g parious
anlbbdsents tof ahe prdsaitahverion cad LR b@mse@dlﬂ_r(ﬁﬁ?m ti%g%so?ﬁ]é)RAMs or

signal CAS*, and a data mask signal DM i
other typasiof maneasy ghvcesi gnal as  active | ow. The command

decocet 3 LAhHTE B SN 2L BPlal bl Lt dectr s
16§56 18 &6 hipHTB¥eR borhfhand BgAME RV 3n RS2 s € VRlese high level
command signals, which are typically generated by a memory controller (not shown in
Figure 1), are a clock enable signal CKE*, a clock signal CLK, a chip select signal CS*,
a write enable signal WE*, a row address strobe signal RAS*, a column address strobe
signal CAS*, and a data mask signal DM, in which the “*” designates the signal as
active low. The command decoder 4 includes a plurality of input buffers or command
receivers, collectively designated by reference numeral 10, through which the high-level
command signals are coupled. As previously explained, the command receivers 10 are
normally powered at virtually all times so memory commands directed to the memory
device 2 can be detected. The command decoder 4 generates a sequence of command
signals responsive to the high level command signals to carry out the function (e.g., a
read or a write) designated by each of the high level command signals. These command

signals, and the manner in which they accomplish their respective functions, are
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command signals are coupl ed. As previously explained,
the command receivers 10 are 25 nornally powered at

woiod4add7y all tinmes so nmenory commands dir ect edTius2d08039187

menory device 2 can be detected. The conmand decoder
4 generates a sequence of co nd signals responsive
to the high | evel conmand sigﬂgls to carry out the
function (e.g., a read or a wite) designated by each
of the high |l evel command signals. These conmmand

ShoRRofal. 2RfeldiGe TRNBRY iritbtethbC Bréviigy a ofemam bk Shndiogi 6f these
respective functions, are WO 2004/ 053879

dBEH 48206 ORHN B onfittero nTencimomand dadedeied oray, alsminchide a mode
interest of brevity, a further | anation of thes
CEBFRRL 31 AR 1 P PIRTBRE o SPET RSSO RE BRDBAM 2

Maﬂtsﬁ%a&fh{f&fdgﬁ a node register 11 that can be
programmed to tontrol the operating node of the SDRAM

2, such aghel SDRAMA 2! Afchidey . an5 addressSBIRAR2 12 nthatidessives row

an address register 12 that recejves ro agddr .
adelepsecs| adreouER eddissses Hitugh 2arAddis 558 T o156 3RS bus 14 18

address b 4 ] |t , .
SERERIEPRIS, iy sl O R A e o TRIThY addressregiser
eRbRley a phealith Off isiRs baffelswralliteys akeivaputollrafitety designated by
address receivers, collectively designated by . )
wffencomomeraliths FAch of hEagdreaT repoEora 4 caunles & Lspeciive address bit

couples a respective address pit .10 . CLLCU BLY ]

BrRaft B U6 B b FedSH RE° R o1 wlPisheh Hsbed g aacees
hEv @66 G%ShormBBLhY®ESA ABvidgNA el Yo HRVSIVRAMAL can determine
virtually all times so the SDRAM 2 can determ ne that

thatpa particulbamememp cgmmendsaisdbirected dp rie cAagw asldress ingensyplly first
address i.s neral L.y first, received b ddr.

PRGTSL B UEAHIS SRR T PG SadPariie ErfBa 18, The
rgl)gr , addifss hRwiAdd el%scgﬂtﬂlés‘ BleCYRY alifrcc® L‘é@lae_%ufn!ﬂgr bPWomponents

ress to a nunber of conponents 15 associated with
Bbddieted ofithterhemeimoymbaoksbaals 20,2 20dqpending gpop the stdte of a bank
state of a bank address bhit formng part of the row
asldense by .f°m§§%)E%P€Hle\KPWr‘f‘dg‘§é% /g?somédﬁ%%?%fgk?éﬁv&ma?&y banks
S: e , '
25 SSAREELINE ek oriens |ALE RS R8I0 800 o
ddoeder@®, atlithekReods dhagpt idless and espiss dorrgsonding| ségniats to one of
one of the arrays 20 or 22. The row address
theaerrys et 228 The 5o eddrpssenultiplexaigH alse equiles fompadsgesses to the

row addr | atches 26 for i
e P T T e
20 ATIRS SRS RIF R s BUE fepitled OF rdfRkE palpofsRasesedycodnter 30, which
refresh counter 30, which

is controlled by a refresh controller 32. The refresh controller 32 is, in turn, controlled
by the command decoder 4.

After the row address has been applied to the address register 12 and
stored in one of the row address latches 26, a column address is applied to the address
register 12. The address register 12 couples the column address to a column address
latch 40. Depending on the operating mode of the SDRAM 2, the column address is
either coupled through a burst counter 42 to a column address buffer 44, or to the burst

counter 42 which applies a sequence of column addresses to the column address buffer

44 starting at the column address output by the address register 12. In either case, the
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is controlled by a refresh controller 32. The refresh

controller 32 is, in turn, controlled by the command
wdecnhsss7d. After the row address has been appPCEaSEm3/039187

the address register 12 and 25 stored in one of the

row address | atches 26, a cobunn address is applied to

the address register 12. The address register 12

coupl es the col unm address to a colunn address |atch

40. Dependi ng on the operating node of the SDRAM 2,

colencaddted Bt eSiSappties @i ¢dMehn GAMREEh bIVodUER RcdUsE I8, which

counter 42 to a colum address buffer 44, or to the
agpliastvariewLenlenn iznelite porzgsponding sensequphifes ofid esbeiated column

dresse 0 the.col um address fer 30 44 starting
ca?mhéat%% {?ﬁﬂn%aﬁﬁl&?peéﬁ’tvﬁﬁfraﬁ@z(g# - addr ess regi ster
12. In ei e toChSRad tfen YR 2P %ﬁ 8,22 i umn
PCT/ US2003/ 039187 7 col um a% es éque?s ppied fp;thg col

cacujy @in5Zathdoas of the araye 20,22, despedvelyd SThaitL 1 then coupled to a
plies varjo caol.um signals taq correspondi ng sense

A Rp P RISl b0 SHER M BFALCE O CERd FmnEDtessp cplietively

. a .

ROy RSB 87755809, PR B Ao

d&ta ditrto wespegtive@ondictérosf aoduta bis 3§ eP@verdy Sordihlly2dplied to the read
tIr espect i The data is then coupled to a data

f}?r.s rsé&' : %(Pers‘l@,e T%ﬁ]i tmsmﬁ&rqda%gre a:glézdﬁmqni toycowle resddlata to
o 0 B ALY 5 Bl LRI SRR , D

toreswaten weonedAltite Midys0, 22aRR0LHNE FOAUY EhRAbR 8 aEaERA data

.bus 58. Power is nornally applied to the read
pphFRgertad sTs7dan igpuliiegisterhel inshfles paremalityt efi gri reeaieers 62
- upl e.read datg t 0 the data bus 58 .
LBl REPec O BB i B85 16 Bt oo difhul Pty i the
ASORAVE 2egidtart 60. TRe ReitMihth tagd & &51513 ;
22 are cgéupl ed fr%m tthe da?t atHggscgg@e?E? g}%g% a )gt?rg%gy 50, 52
wheig (iheyr g itrensferrghto oitvenfdbe arrays 20t 22,agimmtivel GOA| madkudgister 64
a plurality of |fe receivers 62 that couple a
oo g af p othgPpsidp M, eted T st 6cthveliation diod o datadatr and out of
thi R ir&difr§ ot 5Y, dudht ' ' U
LRSI 0 B, MEy Ry SR ORI R0 B o
argys 262215 Ahexglainkéebave ihreansdeionsidSDR AME 20howheis normally

arrays_ 20, .22, respectively. A mask register 64 _
a@i‘&@ﬁ%ﬁ“& wige ée%ieéf ﬁ?a%@éy Biliesiagirale naesnery agesss (ethpt SPRAM 2 is
ddifiged | ow of data into and out of the colum circuitry

50, 52, such as by selectively nmasking data to be read

from t he Ons erysdidnt &2 syAemedpl foi ARSial @ESDRAM 2 of Figure 1
orCa%Ig%ﬁ%rn He%%?;lf dgr%hésop%iatg ?nmg‘{he; g lgvg-rpron\?vleL %ﬂ gh write latency mode or
a high-power, low write latency mode is shown in Figure 2.

The system 100 shown in Figure 2 includes a logic circuit 110 that
receivers a number of input signals to generate a receiver enable signal “RxEn” when
power is to be applied to the write receivers 62 (Figure 1). The logic circuit 110
essentially functions to decode certain combinations of these input signals. For this
reason, the logic circuit 110 is preferably a part of the command decoder 4, although it

may also be part of another component of the SDRAM 2 or a separate component of the

SDRAM 2 or some other memory device.
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applied to the wite receivers 62 only when a wite
menory access to that SDRAM 2 is 20 detected. One

wenbadssent of a system 100 for all owi ng the SPRMUS2006/039187

Figure 1 or another nmenory device to operate in

either a | ow power, high witg |latency node or a

hi gh- power, low wite | atency node is shown in Figure

2. The system 100 shown in Figure 2 includes a |logic
circuit 110 that 25 receivers a nunber of input

signals t Ol“lﬂseiﬁﬁﬁtaﬁ%na@s 5@}1%& & Eheel'égw @rcgitdnal inclRXEN “Low Write
when power is to applied to the wite receivers 62
Igamingu? signgl thattie astogite alpwdbe systend 1 0@toseperatalin ghe high-power, low

funct ons to d cod rtai i.ons of t :
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PLQ?% ftullngy b %{é@@édﬁg}? ?%lr%ﬁﬁﬂ é cg tsgﬁggﬁ% gelects the high-

poper,doe w@tetlditendy 196d0i@\@8Ing sbawsuldwilldve tHearhemody devile to achieve a
descri bed above. The Low Wite Latency signal is
vpiteflaprgy tpat ip eighar gelgetsy by He usstier, fagrample, 2 lateneytvalue based on

tﬁe feed, gttegI ngéved' (&F fglqﬁ%n xgx?%]i)le qcﬂ%s\ﬁgtepﬂ%gr{cans}gn%l may be a

sigaﬁl h%yMeWtb tag exk@hﬁnﬁyccsssmakerﬁhﬁae bR @ld SDRANMBYsPat either the
pr ovi ded by other conponents in the SDRAM 2. For

hagtappive, law wnfréqllam@cp mepdede dbdlpvapdweri bighiwilgilatedeyomode can be

GO L Bl B RUS oh st hS R o e
A6 Iﬁlcrdﬁ'rbée,@sdr%ta%% thd ﬁ&tufe%f%é Dfwae ek @sde)&Xutmg
the user or, for exanple, a |atency val ue based on 10

the read IAatoelmynplﬁylgml;deobde‘dLhytﬂleﬂomamqnirel1Ot1ha ‘Bank Active”
si gnal ied to an

Lat ency signal b
stie ﬁﬁaﬁwaa%caeg% B30 GHths RANE 080 Qﬁﬁ%ﬂgb?zm%l% } hdras been
= [
SR AU 000l OS5l POEK AR 84 et
datl @ntbedeilyﬁdlﬁ\drmt@ﬁb elithed oftthe biitks SDREQ\/meeﬁQ)E”y cells. If there
exanpl e, the node coul d be_ chosen b% e‘Icr opr ocessor

ipBe ww@rﬁown% theatRRAMDE, thefeths geedierapp fio thg write receivers 62
vﬁﬁ%%'tj 1ﬁ1§1tgthe %tﬁ%te%kgt{rgé B% kgeaﬁ res, ﬁi% 81 %9 tlg‘:\é t}) &wate arow of

I'’cC circuit
the SDRAM 2 than it does to power-up the write receivers 62. The Bank Active signal

is normally present in the SDRAM 2 for other purposes. However, if it is not already
present in the SDRAM 2, it can be provided by conventional means.

Another input signal applied to the logic circuit 110 is a “Power Down”
signal that is also normally present in the SDRAM 2. The Power Down signal is active
to indicate that power should be removed from much of the circuitry in the SDRAM 2
when the SDRAM 2 is to be inactive for a considerable period. For example, in
computer systems having a “sleep” mode in which the computer system is inactive, the
SDRAM 2 is normally inactive except for periodically refreshing memory cells in the
memory banks 20, 22. The Power Down signal is normally provided by a clock enable



10

15

20

BANK 0 20
activated. As is

signal that indicates a rowin either

(Figure 1) or BANK 1 22 has been
worbd4/0ss0mn in the art, a row of nmenory cells PUSUSE®3/039187

activated before data can be read fromor witten to

either of the banks 20, 22 of nmenory cells. If there

is no active rowin the SDRAM 2, then the need to

apply power to the wite receivers 62 20 will not

limt the wite access tine because it requires far
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Theel rathaT@de sdrobeused by one skilled in the art to easily design the logic circuit
110 to accomplish the functions indicated by the Table.

It can be seen from the above Truth Table that, in the high-power, low
write latency mode, the RxEy signal is active to apply power to the write receivers 62
whenever a bank 20, 22 in the SDRAM 2 is active and the SDRAM 2 has not been
switched to its Power Down mode, regardless of whether the command decoder 4 is
attempting to remove or apply power to the write receivers 62. In the low-power, high
write latency mode, the RxEn” signal from the command decoder 4 makes the RxEy
signal active to apply power to the write receivers 62 as along as a bank 20, 22 in the
SDRAM 2 is active and the SDRAM 2 has not been switched to its Power Down mode.
However, in either mode, if a bank 20, 22 in the SDRAM 2 is not active or the SDRAM
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skilled in the art to easily design the logic circuit
15 110 to acconplish the funﬁ@ions i ndi cated by the
Table. It can be seen fromt above Truth Tabl e that,
in the high-power, low wite |latency node, the RXEN
signal is active to apply power to the wite receivers

B has bbenewichadl 1aiik P3Ger Ddwinmol€, FBWANE elvsr @sllied o the write
and the SDRAM 2 has not been switched to its Power

OeSHCIRHde regardl ess of whether the command decoder 4

Ir :C;OV Z: ;egptthl Ftﬁﬂ{eﬁ ggﬁ%g%\_ég ggvel*;lggtﬁl %,hﬁl%ﬁfs{etélg | Q@eﬂé 1n§1udes a
RE&RBser EREL] e &ikcnnad 20f thAMeb POl S8H0HSMm ﬂ’le logic circuit

nmakes the RXEN signal active to apply power to the
G and & é&@ﬁW@r OB R 3ff slgnaly Ee RxBiskgnalis aZﬁva: wheteyer power is

M 2. has. not bhee
FReL o edond FisBulEs Spofietiondo aIng.an srd Tomitienes7 to apply
RSOl R B8ty 1 SRRl S Eyenion
deeiirysini the SERAM 2 timt Rowsed tdapyly Ipiod'er toptheeead ﬁaHSﬁm&rrs 57. For

plied to the wite receivers Wth furt
tﬁ@ffé?%ﬁc@et%eqwga Faable Togie %%ttér%ofe@r%fp@bly 1ﬁ€4t%| Bear ghe write
| h
rg I%;Zn 5{3@? rl% réﬁ%ﬁ 'tlﬁ?%ﬁl?‘;tgﬂcﬁ %(S/QJ[CB %E: %ﬁ%glw %gbﬁclal%d in close
aefrﬁty\/te rdaf Bus' terid X1k oS ilGBDRAVIE RiidKcloss b%)@inlt!y%f the Receiver
act i ve whenever é)ower is applied to the read

Enahleshegie erauit 129 o dag g/ny_e) receivers| G@wandhihe rr@%djtransmnters 57 is the

' . ad t he dat
ARAISMLRESAT b AL KD A Gy BB i pat o
tﬁ@ Wbir&ﬁﬁh 10.CiHoSVEL Nt Wi bdan®RiRAG #hat st Rééen%i qhabR Logic

power to the read transnitters 57. For hi s

Oﬂrélillé dﬁo andéhRiegi¢ viseuiEhkbimey begiombiadcinia a m](gla wgic circuit, and
Sth& t%e R céllverolfna]i)FedLong?ca cncuqel ZWor tthe logic circuit 110 may be divided into
two or more separate logic circuts.

In operation, the Receiver Enable Logic circuit 120 outputs an active
Power signal “PWR” whenever the RxEy signal is active unless the RxOff signal is
active. Thus, the RxOff signal overrides the PWR signal. As soon as power is removed
from the read transmitters 57, the RxOff signal transitions to an inactive state to allow
the Receiver Enable Logic circuit 120 to output an active PWR signal.

As further shown in Figure 2, the PWR signal from the Receiver Enable
Logic circuit 120 is coupled to power enable inputs of the write receivers 62, two of
which are shown in Figure 2. The write receivers 62 receiver respective write data bits
from the data bus 58, and apply the write data bits to respective data cache circuits 130,
which may be of conventional design. The write data may be stored in the data cache
circuits 130 and subsequently coupled through suitable data path circuitry (not shown)
to the banks 20, 22 of memory cells. The write data may, of course, alternatively be

coupled from the write receivers 62 to the memory banks 20, 22 by other means.
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10 receivers 62 and the read transmtters 57, which
are typically fabricated in close proximty to data
woueo4tossgonal s of the SDRAM 2. Thi s cl ose proxpariug2B/039187
the Receiver Enable Logic circuit 120 to the wite
receivers 62 and the read trz smtters 57 is the
reason the Receiver Enable L gi c circuit 120 is shown
in Figure 2 as not being part of the logic circuit
110. However, it will be understood that the Receiver
Enabl e LogALmiftidtiell @dbie, HeDlatRy HoRlecBIbE sElbEEHbY plodfamming
may be conbined into a single logic circuit, and
tleg mede ragisterRd oFigres 1 Enasugablo giaemer. ridawevet, 28hartedhnizues can be
logic circuit 110 be divided into t or re i
us@Piorsefest Pifyiopn G BR-oo% i iy ke 1HCy RMeRE P W power, high
w8 RhtendsOfiofe.C i Fdr Wxhmp RO Ui & ' 0
si gnal nd?gwg'ev\hene\}/(er ﬂ,t he RXEN gllr%ﬁta?@ g&ggtﬂlgvaeggﬁ%e%stcs’ select
cither Rz dbW-mmivgmahighswri2(awoty wede Truhe highepdxdé fovs ivaitallatency
overrides the PWR sjgnal. oon as power is renoved
B 35 £ B GOt oA APTER 10 B9 SDIAMF By quebiag safermally acoessible
tdrhBE! TheR% Ln&ald in Fi
LS, CheRRch SeoalBld UEebb REERY R sRossfilt (Al harep i Bigure 2
oPURescignal depAsdifigion themashevhthe BoftwaietRing, exeb@e®WRthe processor
signal fromthe Receiver Enable Logic circuit 120 is
V@S FEFRUNE P POy apaRTee anphigetionyfsueth@s wr greghieseproigtasn.sit could
: [ .ar hown jn Figure 2. The wite..
sl il dON DO BiROPIRAS" B infsenly W bidsfping an
appiRatiad thabwas bét maneryapphsivd, BEchMsi & @ntRkAi Rl inkhsi
respective data cacﬁ%’ circuits 130, whi clh ma};l beSlcyfepmgmm
likeym srigadshees) tha rdcgssor quvdd seleat éhedawapavesy, tigh sirive batbnicy mode.
t he data Eﬁche.tc%%cuits 1%3.and sybs %uenll .coupl ed |
through sui'tabi e dat's fath ¥ ?%ﬁﬁ%ﬁ 5 SEAGWH) 2 cpgventional
mlahigerb3kRecifl thé3vidtt 17BIY aG8hdton o-fglfeefgﬁé# {9t ?f:ﬂ%}{%l éatency

of course, alternatively be 30 cou romthe wi
of 2elerky eyadesopast sglected, for moamyplhahk wrikdlated2y typuldt Anematically be set

WO 200 53879 PCT/ US2003/ 039187 11 As
b RP5 P8 ot Y S kB WFOadsEReY ¥as 916 dosleeyckyles than
the r & lﬁ’féﬁbﬁ%r tb heclél_%%‘ér\c;fe?ﬁ* il %télfaé%]gk QAL B d k1R tc):gcles less than

sui t abl e manner . er, other I 'ques can

thageall latensp)l elf thdetivebtentheabicgh chekeyclel (8 WanttBe read latency,

| at ency node or_the | owpower, high wite |atency
thﬁi C CIEQgt %Bpa?%ﬂ‘iz?e dastenpe i eutemptiqaly salees tholigh-power, low write

lafégt%e %fg;ﬁ/g FT% (ﬁj’lé(ﬁig Pﬁﬁ]])eﬁﬁ%% 9%(5)%%@@ w{ifglvé' \&ﬁgf\eﬁé’fep(gi{ a&lﬂg gycle. If

theodite datertcyf wacdneOsloe cyrlsilgdtaha el degd 1diehcl e SRRAMRuit 110
wwlglos% e@t ?hne leo)g-le)(r)vggrl, lh){ghagvgi?g ?;tgrlcsf mode since no advantage would be
obtained by using the high-power mode if the SDRAM 2 operated with a write latency
of 2 clock cycles. Other techniques may also be used to select the write latency and/or
whether the high-power, low write latency is used.

Figure 3 shows an embodiment of a computer system 400 that may use
the SDRAM 2 or some other memory device that contains the system 100 for allowing
operation in either a low-power mode or a high-power mode or some other embodiment

of a system in accordance with the invention. The computer system 400 includes a

processor 402 for performing various computing functions, such as executing specific
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executed. If the processor was executing a nenory

i ntensi ve application, suchmg? a graphics program it
could 10 sel ect the high-po low wite | atency
node. If the processor was executing an application
that was not nenory intensive, such as a

SoTRRiE ab i serdiny speBifRNed1MBating Wsrathiskd. | KEheApRREREH DL aheludes a
the processor could select the | owpower, high wite
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keyboard or a nouse, coupled to the processor 402 to

al l ow an operator to interface with 5 the conputer
woeyei4msssr00. Typically, the conputer system 400CaiUs2003/039187

i ncl udes one or nore output devices 416 coupled to

t he processor 402, such output devices typically

being a printer or a videolBernminal. One or nore data

storage devices 418 are also typically coupled to the

processor 402 to store data or retrieve data from

external storage nedi a Cnaimvshown). Exanpl es of

typi cal storage devices 418 include hard and 10 fl oppy

di sks, tape cassettes, and conpact di sk read-only

tm; g})g iaf-|sy( g&‘g%g%vgg g?}ﬁ@ﬂ gﬁﬁgﬁ&&yg&%% rsﬁ\gﬁ‘ﬁlosé%ode?vgce to operate a
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write 1e€&ertl @ehi the eball @faBkitfedy arp WERQS Bk BEic ditcuftfiAkdrMRing operable
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respongivg e thrrefiespighal iadigaténgoibet & highepowerelw wmite latency mode has not
Accordin the i.nvention.is not limted except as.Db
been cpRESL G ERPRTED HE NS SOBUT OB Bt BB P G065 54 S nd the
read rebdivetsArdRot detivl, Yid {oCrehRGEIpYREr HOAL the lrfth r&déivierd @hert SBher the
in a nenory device to operate a plurality of wite
write reepery aesiof actieton ére reachirgisapitteve are dctive.wr i t e | at ency
node or a |lowpower, high wite |[atency node, the
wite receiver control circuit conprising a logic
circuij recphyiyRe releilbd &ntrdl 87t bAGLGRY] ic circui
whet her t he’ﬂljlwei gh- p%w%lr, T:Otgw vvrilqté i)agg%?; ‘yr%eégﬁlhtgg loglc circuit
furtherbeeeiven abihiedl signahthdécatec ofi dvietignal romndf asdriore cefls is active, and
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Wh € af . . .
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regardWBESE thB etateaddhd fidnsd deb@idSsigials. NOot  active regardl ess
of whether the wite receivers are active, and to

renove power fromthe

3. The write receiver control circuit of claim 1 wherein the logic circuit
further receives a third signal indicative of whether a power down mode is active, and
wherein the logic circuit is further operable to inhibit power from being applied to the write
receivers responsive to the third signal indicating that the power down mode is active

regardless of the state of the first and second signals.

4. The write receiver control circuit of claim 1, further comprising a mode

register for generating the first signal, the mode register being programmed in a first state to



wite receivers when the read transmtters are active,
the logic circuit further being operable responsive
woaod4s3g7or st signal indicating that the hi gh- ponas2003/039187
low wite | atency node has not been enabled to apply
power to the wite receivers when the wite receivers
are active and the read rééeivers are not active, and
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a third signal indicative of whether a power down node
is active, and wherein the logic circuit is further
oper alfl. e t dTlenhiiteirécep@redntfol efftiliedNPaiadp | fir@kbrlcdmphging a mode
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control curgiit 18 operablefodaterming, the, WHiecgisnay 2 2dynignael te 1sed latency
indicatedd 9@k $hirPsigddie W ite receiver control circuit of
claim1l1, further conprising a node control circuit
for generating the first signal, the node control
circuit degr:ﬁrm ning a wite |atency and generating
the first Jigidyte deceaver Gorirqlavircait offskaimel Wheksin the logic circuit
: 1 -] t N r.than a wite ..
comprife o IRBARAIELE, o Efiihn e o SR ot Bl Pt to the
logic citeaitethtodgh ah BxtetiRllh b@Rssile W@ nind] OMHerihieLratcdtc @Gy, Mode.

9. A memory device, comprising:

a row address circuit operable to receive and decode row address signals
applied to external address terminals of the memory device;

a column address circuit operable to receive and decode column address
signals applied to the external address terminals;

an array of memory cells operable to store data written to or read from the
array at a location determined by the decoded row address signals and the decoded column

address signals;



7. The wite receiver control circuit of claim®6
wherein the node control <circuit further receives a
woOhorsdssd7gnal i ndi cative of a read | atency, an#CTiuse®Bn39187

the node <control circuit is operable to determ ne the

wite latency as a function of the read | atency

indicated by the third signdl. 8. The wite receiver

control circuit of claiml wherein the logic circuit

conprises an integrated circuit, and wherein the first

si gnal a GRmPpitR et Sh&aBlk ta%hpl%diataosi%ms cbiR&lpbnding to the data

circuit through an externally accessible term nal of
between¢hd araygmat extemial datattern@inald ofghe menweyideeice, the data path circuit

) conprising: .a row address, circuit operable to receive

includfieE bEHE of SYHS ERAPEES STl ranted lyh FOBEPYS R papicmal data

temilﬁﬁdirﬁsasplhﬁiliﬂ Pedesd %ni)r{ﬁ?ceﬁeeg% Xmﬂﬁéﬂ t%ed;jre%)ééﬂlféj BEk of the external
address circuit operable to recerve an ecode columm

data taanhiltabss signal s applied to the external address

termnals; an_array of nenory cells operable to store )
data wh PomERNg gecoder ensartile tordecods a plraify e commendatignals applied

o e L) 0 AR S 0L O L
operaREW 52003 BB1L 8 gnald Eortespidingmtthe 8édoded toramen@bikgalk;0

coupl e data signals corresponding to the data betwen
t he ar f ayitasercsser epnfenl cirgui opetating shoswate renelversiprejiher a high-

deyi he data, path,circuit..including a pluralit .
power ¥, e 10Ehel H LA Ll B bigh o Bt it peceiver
control Rec@XcempaAbingal Rgid GfdHithRbSvaBh &rdlsidnal iddicadilve ' athether the

_transmtters each coupled to a respective one of the
high-pexesnriesl writtalagencgrmpdeahas beencenahiedd anid eowpeond signalbindicative of

t o_decode | ural j.t f . command si.gnals applied . to
whethprotepd Kgnguitels Bp ASHVE R B RAPE oBrraPRdesRSAgvY to the first
ignal 48 Stthg i c e o
Siena genler atge cgﬁ%g@gﬁaﬁg’l fgqﬁgvp ?eggﬂp%lﬁg?ﬂg&fgésteR%éld%%agéﬁgdto apply
powerdo rinmandites iagaiakis; wizenvihe treadr teamsinitéars eeniat akbtivd reguidiess of whether
operating the wite receivers in_either a high- power,
the WG [PHYHE T AENE AT PV APP Y Bomehe Wity Feogkviepewhen the read
transrdi@dr Qfeyaéfng,et etlggc VAL LiE AR bR op%%ier quals oq‘{s[\fe.ut'otth first signal
conprising a logrc circuit recefving a RS S|gna?
indicafimglthattheitglopowbie ldve kvritd Bateritly Giodedas hot ety eable@ to apply power

| at ency. node has been enabl ed, and a second si gnal ]
to the wigg tes¢iveis vdren the write receivers are active and the read receivers are not active,

and to remove power from the write receivers when either the write receivers are not active or
the read transmitters are active; and

a mode control circuit coupled to the write receiver control circuit, the mode
control circuit generating the first signal and applying the first signal to the write receiver

control circuit.

10.  The memory device of claim 9 wherein the logic circuit further
receives a third signal indicative of whether a row of memory cells in the array is active, and
wherein the logic circuit is further operable to inhibit power from being applied to the write
receivers responsive to the third signal indicating that a row of memory cells is not active

regardless of the state of the first and second signals.



whet her read transmtters are active, the logic
circuit being operable responsive to the first signal
wondi4pasd7ag t hat the hi gh-power, |low wite | ateaTywsnmades9187

has been enabled to apply power to the wite

receivers when the read transmtters are not active

regardl ess of whether the Krite receivers are active,

and to renove power fromthe wite receivers when the

read transmtters are active, the logic circuit

furthenibei mge opemnabl eevies RANSE ¢ viedn fthe Slogil 8R@lit further

i ndi cating that the high-power, low wite | atency node
receiviaa g thied sigad indipaibyiced whethep theympwwet devias is heingrapexated in a power

receivers .when the wite.recgiyers ar cti,ve. and the :
down oS58 WG GRS i el pirial 1Bt Rete 2E B et Hom being
applicli"t® Phd WateWebdiPors REFOMSFSto WSl iRl inliRatiME tHa€ the memory device

receivers are not active or the read transmtters afg
is beirganevated mrabavearddengooterregardlessofithe stabaplf éot first drldesecond signals.

wite receiver control circuit, the node contro

circuit generating the first signal and applying the

first shgna LLe r [:ve [ TGUj o

10, " The oy e Yetehs, bEHIAED, wBARHT Bl Siddeibdmol cirui
comprides aunddefragisterfor gemaatingethe dirdt Bighdl, ieghede regidict dkiny @rapirammed

) whet her a row of nenory cells in the array is active,

in a figgh gtate fp carserhe Hest piggrldo dndieate that thefhigh peverojosy whitelatency mode
A ot . . ¢ i .

s o0 RV LA B DA RP Bl MR g et

low wtibelhtedcy BodOhasiiBesh &Rbled. i s not active regardl ess
of the state of the first and second signals. WO

2004/ 053879 PCT/ US2003/039187 16 11. The menory

devi ce,of claim 9 wherein e logic circuit further . .
recei vle%)' a Jtr% P’gmg%ﬁ%‘flcei ?1%‘%1%15({ ?% 3'%8 H\‘/\,ﬁ’@trﬂ‘é © rielgg?er is included
in theNEsiiind QeéddRr,| shdD@hBGiPRRY AoBE rbflster RO B0 JPE&0di
~and wherein the logic circuit i§'$ﬁr€hepﬁ%%%rablgg?o e e
plurality\pf the copmaed signds being applied to the wite
recei vers responsive to the third signal indicating
that the nmenory device is being operated in a power
down npge regandless @dvidhsr SlaAhe f fHe" ircui
second signals. 12. Thglnenor;%%egﬁﬁgﬁgﬁ %Fa?%ﬁgQ%HUOIcncun
compriske reesgrond dogio dércuid nor @enarbtingithe fiesd ngiriak ethe aset®EE logic circuit
d rregi ster fqr generating the first signal, the node
eteﬂm@glgs% St ?tﬁlgcypﬁ%’g SenFteiene the Hrst siesl ag atlanelor: gfi yehether the
detorcli c . i, - C ow
ctormbi SHICPIALOR Mo (i S3hE bR S b ARy (ifiing e

write 18tatars frothe dighepdwe, IbinsiitedatgidIméde. i ndi cate that the
hi gh-power, low wite |atency node has not been

enabl ed.
15.  The memory device of claim 14 wherein the second logic circuit

receives a third signal indicative of a read latency, and wherein the second logic circuit is
operable to determine the write latency as a function of the read latency indicated by the third

signal.

16.  The memory device of claim 9 wherein the mode control circuit

comprises a signal path from an externally accessible terminal of the memory device to the



13. The nenory device of claim 12 wherein the node
register is included in the command decoder, and
woher@sss7d he node regi ster is programed by deeodiusgnoa039187
plurality of the conmand signals. 14. The nenory
device of claim9 wherein the node control circuit
conprises a second logic cilfcuit for generating the
first signal, the second logic circuit determning a
wite | atency and generating the first signal as a
ok | e radifed appliddao hiad REtYcitcait through
bgm(ﬁ&@%%%?ﬂ%ﬁ%h a |?gh?g?g%§§%fﬁz?ﬁgéﬁﬂbe achiegga by s
an ext@p&hpddcagiblherminal df&the emeioredsviéen t he hi gh- power, | ow
wite | atency node. 15. The nenory device of claim 14
wherein the second logic circuit receives a third
si gnal ;4 ndi ﬁ?etﬁngﬁogf dide&F 1A IRt eindEMERR LI iddmprises a
second Togic circul't 1s operable to determ ne the
dynami¥ fah8oth At @RS heaforpdéwiact i on of the read |atency
indicated by the third signal. 16. The nenory device
of claim9 wherein the node control circuit conprises

a sign p from an er . C i bl.e. tier:m . h
5t R Pl LA OMANBHLELP 3, SEGEERRLLR. YA SRt e

receivBCh/ R 09D 3RdiBtivel &f lap Wperaing Cpsirdméter bhake tfeendr rdvice, and
signal may conprises a signal applied to the logic

. ! g .
whereii the logic tiewiigloperahleds epplypowgr ticthe 3gite resetversasifaiungffon of the
the nmenory. device. 17. The nmenory device of claim9
ﬁm@sﬁﬁ@@@PH%W Sigdlbry device conprises a dynamc random
access nenory device. 18. The nenory device of claim?9
wherein the logic circuit further receives a third
si gnal 19.ndi Th¢ memooy deviceofetaami 13gvisasin ke logicofircpi gomprises:
menory device,, and wherein the logi.c circuit 4s._.
oper abf drstFIgRis (that sherates § TeFravaRy elsk%l@f@se?gm}%mg of the first
f iQn _of the first, second and third signals. 19.
andﬂwﬁgﬁ%%ﬁﬂy§'device of claim 18 wherein the |logic '
Ci I CUi b secomBIdises tha abplictposier caiite wite regeimens as @sfunction of the
_receiver enable signal as a function of the first and
receivehgnallesignabing the sepoad siBelnd circuit that applies power
to the wite receivers as a function of the receiver
enabl e signal and the second signal.

20.  The memory device of claim 19 wherein the memory device comprise
an integrated circuit, and wherein the first circuit is fabricated on the integrated circuit at a
location that is closer to the command decoder than it is to the write receiver, and wherein the
second circuit is fabricated on the integrated circuit at a location that is closer to the write

receiver than it is to the command decoder.

21. A memory device, comprising:

a row address circuit operable to receive and decode row address signals
applied to external address terminals of the memory device;

a column address circuit operable to receive and decode column address

signals applied to the external address terminals;



20. The nenory device of claim19 wherein the nenory
device conprise an integrated circuit, and wherein
wOheosiossssd circuit is fabricated on the integraCeas2003/039187
circuit at a location that is closer to the command
decoder than it is to the wite receiver, and wherein
the second circuit is fabri&ated on the integrated
circuit at a location that is closer to the wite
receiver than it is to the command decoder. 21. A
menor y afleyiag &f BBy &1 Gpe@bleOty AGtEr B%S weittes Ub tor read from the
operable to recei ve and decode row address signal s
array agpﬂqceaom delsunimed By theldeerdsd rev mildrgbssisnals ped tendacpded column
evice. a colum address circuit operable to receive
admﬁ%ﬁﬁyééhode colum address signals applied to the
ext er naldagdpsiB S SrchR opbiBleSto HEHRAUM B8RA< Qorresponding to the data
PCT/ US2003/ 039187 18 an array of nenory cells
betweep dheaivlay and extenabdata temmivails afdhe memory devaek; f r om t he

array at a | ocation deterni ned t he decopded row, )

2 o8 CRP i QeSAr PRTHE braTLBP Y AHcrasand signals applied
to resfctP@bfterndl dRhBaRBlefnfalsOiie @%Bﬂb%e%iéeoth%%&%n‘a%@oder being

signals corresponding to the data et ween the array
operalglntb gotemtaedntdsignale coirespbisding tof the demded yordeand signals;

command decgager operapbl.e to decode a Elurality of

command VEitg _F@YéﬁBFP]eﬁrcutt&PP@?k?et@tﬁe‘%/ caxiiterlptgncy of the memory
devic&ﬂ%%ﬂgelg .df'tﬂ@lleﬁd 9}[ r{cg%{” ﬂﬁqﬁéﬂorg%\é{fﬁg’ the C_()mmnd

ecoder i ng opera% 0 genérate control signals

corresponding to the decoded conmand signals; a wite

| atency control circuit operable to set the wite
| at enc¥2-of The mengyydevirsvel elaim ddpwigesin [the ofrite Hagency control

- L ngy. of. th nory devi.ce. .22. The nor
cireuit iR AR i RE Rt ef etiin et ol Bty dptency, and
wherefti BeUloigicC 0fflfii I6RrBink® Jhe weité Uhtbihcy! Rabh fuBERdn B8 (Re read latency
. .. signal indicative of the read |aténcy, and wherein
indicate dylthgysignadi r cuit determines the wite latency as a
function of the read latency indicated by the signal.
23. The nenory device of claim22 wherein the |ogic

circui3 det ehdriRGsory BGWVOF tBih %G\Qﬁéfeﬁsth% h@gﬁé Qauit determines
I 24. The nory

| atency I ess a predeterm ned val ue.
the write lataney @f thelraadia®beyless epredéthenined vaus.at ency cont r ol

24.  The memory device of claim 21 wherein the write latency control

circuit comprises a mode register that is programmed to select the write latency.

25.  The memory device of claim 24 wherein the mode register is included
in the command decoder, and wherein the mode register is programmed by decoding a

plurality of the command signals.

26.  The memory device of claim 21 wherein the write latency control
circuit comprises a signal path from an externally accessible terminal of the memory device
so that the write latency may be selected by applying a signal through the externally

accessible terminal of the memory device.



circuit conprises a node register that is programed
to select the wite latency. 25. The nenory device of

woheisosByowher ei n t he node regi ster is included®CTius2dobe39187
conmand decoder, and wherein the node register is
programed by decoding a plurality of the command
signals. 26. The nenory dé®ice of claim21 wherein the
wite latency control circuit conprises a signal path
froman externally accessible term nal of the nmenory
devi cgy, soThd@AbmbRedeMdel T claiheNGyhdFein themsaloee i@dcdomprises
appl ying a signal through the externally accessible

a dynantieramiomlaccdss tdemame dewige. devi ce. WO 2004/ 053879

PCT/ US2003/ 039187 19 27. The nenory device of claim
21 wherein the nenory device conprises a dynamc
' andojg aCCRSEIPLAE hhfirisE: A computer system
conprising: a processor ving a processor bus; an
i Nnputa plevésser Itaviny eplotasdrttmspr ocessor t hrough the
processor bus to allow data to be entered into t

e
conpLATerIPYY dedsh copllutoplie HRAFRE TRIGUBR S ProCEHY B to allow
data to tgege%g%?%ﬁ{fo @?%&Hﬁﬂt& Qﬁtéﬁ.ocessor bus to allow data to

€ conpUter system a data storage

devi cg e@pp @FideccoupRd a6 Ggep®osssotthenigh théerqeesoebsoto allow
bus to allow data to be read froma nass storage
data to bgeapitis from thereomputes AYSESY) er coupl ed to the processor

B i

to th ntro

allow d@2d Bhd FomPa fa¥y AetEeEsvicel rcuit operable to receive
and decode row address signals applied to external

addr esmemerniandiodengoupled tertremrgeedeoy itireugihthegregensor bus; and

address circuit .0 eragéf tq receive an eco@g CO|unndeﬁce

addr €% @?’f‘%aﬁ%‘mfg SPYRIGE €0 T AR FR}rORgh - RE smemory
comprisﬁrg: mnals; an array of nenory cells operable to store

data witten to or read from the array at a |ocation

det er m neda bywt hiiressconted oppvabdeldo aseeivd gndldscaded ravhexddress

ecoded :

ggnals applied to external address terminals of the memory device;

a column address circuit operable to receive and decode column
address signals applied to the external address terminals;

an array of memory cells operable to store data written to or read from
the array at a location determined by the decoded row address signals and the decoded
column address signals;

a data path circuit operable to couple data signals corresponding to the
data between the array and external data terminals of the memory device, the data path
circuit including a plurality of write receivers each coupled to a respective one of the
external data terminals and a plurality of read transmitters each coupled to a respective
one of the external data terminals;

a command decoder operable to decode a plurality of command signals
applied to respective external command terminals of the memory device, the

command decoder being operable to generate control signals corresponding to the

decoded command signals;



colum address signals; a data path circuit operable

to couple data signals corresponding to the data
woewwsss7b he array and external data term nal spof/uskm3/039187

menory device, the data path «circuit including a

plurality of wite receivers each coupled to a

respective one of the ext@Pnal data terminals and a

plurality of read transmtters each coupled to a

respective one of the external data termnals; a

command decodgfie AREIVEPEIP cHOGOSrAInY ME Hrit Yec@fvers in either a

command signals applied to respective externa

cloghaowet, dowi wateslatdncy meodeesror Yowtpower highhevrite éatmdnode the

decoder being operabl.e to generate control si

B LE5SHEF Bl CHEM! FRRBHEE o HASIA I Yn o8t HWDa first signal
%%%@fé@ﬁ Whéthd/t H3Ho%22 1%\% wrif lﬁe 'Iﬁ@der 185 Sk Einabled, and a
control circuit opefating 't wite Celvers In

edecbumt signal hnn@b&tmw twhethenread Itﬂansﬂnabtsrut@' acrtméethe Hogic circuit being

| ow- power, high wite_ |atency npde, the wi
r%@% ACHOREiVD|to cths% dirste sigphpindiseting 4hatohe chlghwpeme&a low write

r [

55 B B 5! ol oL 0O MO SR B e e
affghsahitt&re efEbt SicVateghidttise af Waheff thelvaitb escelve@adare active, and to
transmtters are active, the logic circuit being

OsEI0AD n)ewrsreﬁpmrtb¢ vaitg m@lﬁ@rs Wheg tth%ruegcih aananﬁ&m@aw #jive, the logic

h
criavitceg Sine PP Ranisn s ke Foun BT Sl B ile REF R -
W&% 1dvARTE LABAS) AloBe haé nBE bbte el B ﬁU y Yower to the write
eth er the wite receivers are active, to renove

preegivers mden ttheewyits teecivers ate\astige awbthetreas nee%uvjers are not active, and

transn1tters t|v the lo rthe

o8, PO AT e Lo eiib atoetyer hin elhérs e fecivers are not
| 'vE@f {HRGed shli‘t?er@%x%cuw\éﬁ& l'ow write |atency

no has not been enabled td apply power to the wite

r ece| ver s whemndt kentvalicireuit ecgilatetosthamerita edoeiver acmtroﬂ kacuit, the

read receivers are nqt active, and to renove

fRefe PoRTQlrqiicHit geagralag shenfitsh signehand epRlyingi the irst signal to the
r i ctive or the read transmtters are
£§E”¥&£aﬂ%5ﬁmﬂqﬁgu@ontroI circuit coupled to the

wite receiver control circuit, the npde control

circuit generatl ng the first signal and applying the
first & gnafhe gompeter wystere afedainy @8 wheremotheclogisugircuit further

receives a third signal indicative of whether a row of memory cells in the array is active, and

wherein the logic circuit is further operable to inhibit power from being applied to the write
receivers responsive to the third signal indicating that a row of memory cells is not active

regardless of the state of the first and second signals.

30.  The computer system of claim 28 wherein the logic circuit further
receives a third signal indicative of whether the memory device is being operated in a power
down mode, and wherein the logic circuit is further operable to inhibit power from being
applied to the write receivers responsive to the third signal indicating that the memory device

is being operated in a power down mode regardless of the state of the first and second signals.



29. The conputer system of claim 28 wherein the |ogic
circuit further receives a third signal indicative of
woheisvsss7a row of nenory cells in the array i SPaTitiSy®3/039187

and wherein the logic circuit is further operable to

i nhibit power frombeing applied to the wite

receivers responsive to tBé third signal indicating

that a row of nmenory cells is not active regardless

of the state of the first and second signals. 30. The

conpujer sygsd efmpilitet kystdih 28 cMier 28 Rlidiein | thgintodei domtidl circuit

further receives a third signal indicative of whether
compristhe mudawegistaeior generatingdhafrsbpanals e masdegegisigebeing pipgrammed
) node, and erein t | ogi ireuit is further .
i a firsgae 4 s s ot Devel Sodiiters G B piSoat ol iy mode
has beel’(‘@ﬂcf.'b?edra%a% Y&EOnHSERORTME the fik Sightll tb InditAE #at the high-power,
Indicating that the nenory device is being operated
low wriferlaten@anede hiewot beaheennelgdr dl ess of the state of the

first and second signals. WO 2004/ 053879

PCT/ US2003/ 039187 21 31. The conputer system of claim

28 ei r @16l mGuj : | Jrag;

e A B e
in the 6oRBhStE deddien)Gandr ¥QeRTEE mbde aedistesis pragranmeod dyudeoding a

~the first signal to indicate that the high-power, |ow

pluralitywf the coramené jightlle has been enabled and in a second

state to cause the first signal to indicate that the

hi gh-power, low wite |atency node has not been

enabl g1l. 32ne THQpGRABHISGH FYEABNDOTwiEdréihthd Inadees@itrol circuit

the node register is included in the conmand decoder, .
comprisanc wivenedilogit hurcrisdfer raspérsting thes fignt oignabmiblg gepond logic circuit

.decodi n lurality of the go nd, si gnal s.. 3
aetermigiior vahe Jyehiniit eeoiming B Rt STtk Ab TnBrgiod B pljiher e
determifrdd GHid late AR qrefSr Bad § G 14t Ghaidak B lachieVed by operating the

generating the first signal, thée second logic circuit
write reckites i thie highapawdrf lew witieerlatgngdodgener ati ng the first

signal as a function of whether the determned wite

|atency is greater than a wite latency that can be

achieyed b ' ' j [ ‘e circui

hi gh-%I)nger%,I(m[o%?v{n%%l fle? gy%tgﬁe%%h{%g ge%gﬁr%ﬁfrﬁlg %Sﬁ%tﬁtl Oegrlc otroutt
receivesS¥ Shiednsighalcindicati®8ofheesl htdnby adcwheteinothe seaindclogic circuit is

receives a third signal indicative of read |.atenc )
operable trjdetprarias fherwwate Jagriyps adynetion; of dhy fead '?%en%’ 1%?‘2"%/@3 third
determine the wite latency as a function of the read

signal. | 5t ency indicated by the third signal.

35.  The computer system of claim 28 wherein the mode control circuit
comprises a signal path from an externally accessible terminal of the memory device to the
logic circuit so that the first signal may comprises a signal applied to the logic circuit through

an externally accessible terminal of the memory device.

36. The computer system of claim 28 wherein the memory device

comprises a dynamic random access memory device.



35. The conputer system of claim 28 wherein the node
control circuit conprises a signal path froman
weoextmroszd7by accessible termnal of the nenory #eviuse0B039187

the logic circuit so that the first signal may
conprises a signal applied to the logic circuit
t hrough an externally accégsible termnal of the
menory device. 36. The conputer system of claim 28
wherein the nmenory device conprises a dynam c random
aCCesS3TENDTHe deiipafr sYRR0SHHRRRIRIWRGTHUBRORROBIAS further
22 37. The conputer systemof claim28 wherein the

receivengi thirdi signal tindigativeeol an capsiativg parathéted of itlhg agemory device, and

indi cative of. an operati par a er of the nmenor .
wheretggfe S5 ERa™ (GRBFEPT BN SRRE B e 0T e Feee By Rg) fngtipn of the
first, sBEURAAnB ARY sikRuid.he write receivers as a function of

t he irst, Second and third signals. 38. The conputer

system of claim 37 wherein the logic circuit

conpri ses: first circuit that generates a receiver
enabl e§ &ig nihe CRMBRLER RYRIEMH Cgﬂmﬁﬁé"’ hsreig dhe lagig ot gomprises:

si gnal g ﬁré%rb‘iircﬁ'it ek %@Hergﬂeg %%éei\}e'? %hal?lg Q{glrlglsa@e? WctibR of the first
the wite receivers as a tunction of tle recglver
and thi2d afghalssirgnal and the second signal. 39. The conputer
system of claim 38 wherein the nenory device conprise
an i nt 2gecend ¢irevit st eppliss Powseeihe Whe Teeqivers g8 pdupation of the
. ]S r he.l.ntggrated circuit at a |ocation
]ECMV%H%% Igﬁ%@%%@ﬁﬁggkpﬁ%bgﬁ imand decoder than it is to
the wite receiver, and wherein the second circuit is
fabricated on the integrated circuit at a location
t hat i39.cl ofke cangputéreysiemtod clajng 38iwherein izmmemorysieyvize comprise

B R TN A
locatidnNRAlis BRYEGS tOsRRshd RcbiS tRIMAE RIS e &Hf&%@é?vérbiﬁlﬁewherein the

processor bus to allow data to be entered into
second: oingutt isrfabyeatehon éhe otegpitd deviitcd < epti@dtitadis ¢leser to the write

. processor 1hrough @e rocessor bus to allow data to
recew%éﬁ%’tﬁbﬁfpt ?%‘iﬂ"%ﬁ%‘{ "tﬁ’ﬁg‘?fter system a data storage
devi ce coupled to the processor through the processor

bus to
40. A computer system, comprising:

a processor having a processor bus;

an input device coupled to the processor through the processor bus to allow
data to be entered into the computer system;

an output device coupled to the processor through the processor bus to allow
data to be output from the computer system;

a data storage device coupled to the processor through the processor bus to
allow data to be read from a mass storage device;

a memory controller coupled to the processor through the processor bus; and

a memory device coupled to the memory controller, the memory device
comprising:

a row address circuit operable to receive and decode row address

signals applied to external address terminals of the memory device;



allow data to be read froma nass storage device; a
menory controller coupled to the processor through the
wonrop@ssop bus; and a nenory device coupl ed t oPCHAIS2003/039187
menory controller, the nenory device conprising: a
row address circuit operable to receive and decode row
address signals applied t@3external address termnals
of the nmenory device; WO 2004/ 053879 PCT/ US2003/ 039187
23 a columm address circuit operable to receive and

decode col wmohaddrddess icgbdt opepBld &8 rbebitd1engxXdRbdd|column
address termnals; an array of nenory cells operable

t ldeasy pignala pppliadite therextena mddrssetefmionds; t he array at a

| ocation determ n by t he_ decoded, row address signals :
and the decBddtfy Td £auF @%@g‘ﬁ‘f {hsire: ‘g’ga WE?tSn E%\_?rhread from
Cthé Gy atQPBEARIE et @mERANy AR dSd ARAhEIERERRUE ti¥decoded
to the data between the array and external data

taotummaddessfsigoals; menory devi ce; a command decoder

operable to decode a pluraljty of co nd sjgnals .
applied to arg%aa ic\lfé&éﬁP%’fﬁ gito &%Hggts sicQrrgsionding to the
t j r j rabl e

& BRIBEnE itheEng Sl OGO 6P ﬁg lﬁgﬁ{@%tegg@,

to generate con signal's correspo

decoded cormmeminsiddebder opemablette deaddercplutatint 6fdommand signals
circujt operable to set the wite |atency of the .
@Hﬁ?‘i/ R elFRestive deientde romgnapd terpinalsaal | the emeonr devige, the

devi.ge. S f claimda0 ..
WRERARELE, betde oR0SLE APULEIsT ST e P, to e
|degoded cbmendintd sighals; r ecei ves a signal indicative of the
read | atency, and wherein the logic circuit

det er mi nes % Wetenlatoney centerd ojicuié operrbiectoi ssh thef writeelatepey of the

P T P e

determines the wite latency as the read | atency |ess
a predeterm ned val ue. 43. The conputer system of
cl ai m¥0 wHéreetompuiter spsieteof elpbmcl)) whereinothe wiiteclatency control

L J .mode register. that.is progra d to sel ect
circuit fcﬁlgxg&kefsste % I(Pa%?gpﬁglﬁ %%Iltsreceerwes a signal gld?c%twm the read latency, and

wherein the logic circuit determines the write latency as a function of the read latency

indicated by the signal.

42.  The computer system of claim 41 wherein the logic circuit determines

the write latency as the read latency less a predetermined value.

43.  The computer system of claim 40 wherein the write latency control

circuit comprises a mode register that is programmed to select the write latency.

44.  The computer system of claim 43 wherein the mode register is included
in the command decoder, and wherein the mode register is programmed by decoding a

plurality of the command signals.



44. The conputer system of claim43 wherein the node
register is included in the command decoder, and
woher@sss7d he node regi ster is programed by deeodiusgnoa039187
plurality of the command signals. W 2004/ 053879
PCT/ US2003/ 039187 24 45. The conputer systemof claim
40 wherein the wite latenc34control circuit
conprises a signal path froman externally accessible
term nal of the nmenory device so that the wite
| at encysmay e SRhRededsih SPBlath M@ Fhee@NHe WIOHHIcy control
the externally accessi’ble termnal of the nenory
circuitl egtinprses 461 gk pathofipu tagr exgarsdl bracoéssibllatenml wh éreaiemory device
the menpry device conprises a dynam c random access
oty Fhst ygﬁ%\y}?t&%qy By b6 ggleﬁtsﬁid}yya Ying e ﬁé&ﬂaﬂ ghrgugh the externally
acees {')Mrtajlﬂifléingthe%éﬁlglaf&gg:le.verS for receiving respective
ata bits froma data bus and a plurality of read
transmtters for applying respective data bits to a
data bus, a_pethod of operating the wite receivers in )
ei t her 48 hi dihepedmputer systemyr pt elaim e ywhesde e memory device
: REWEA ' ' I . node, conpri si ng:
°°mp1§§ég;ay| ng %oﬁm%?g}?%ieﬁimﬁﬁﬁﬁg&%gggi vers when the read
transmtters are not active regardless of whether the
wite receivers are active when the wite receivers
are beftdg &peregreetyidevichdaringla-nlaakity, ofl writeweraivers for receiving
ncy.: €. _remyvin ower.fromthe wite receivers .
respen e SAGIREY o R e BPUSHek SEfFoh Banstihefs REHIRE Eospective
data bit8G& b \#aiaShi! & nlehdiWoORRFAIE Ghd Writd ROV &Y iR HELa hiBMpower, low
~wite latency node; applying power to the wite
write lagangy mods onk dyw-phwenhighevritedgenaymsoder eomptising and t he
read receivers ar ot active when tﬂe w.ite receivers .
are bef WB%@P%(FEE’ t&ﬁ “frﬁ%quSW?‘ﬁ the Fradfraggsmitiers are not active

regardl @b SFECWhEMELE theARLitd SORWERI aRO¥ERHve L Ond EreMurhi & receivers are being

receivers when either the wite recelvers are no
operatad in the high-pdveery leadwtitednenitmedes are acti ve when the

wite receivers are being operated in the | ow power, )

hi gh WSRYIMSPAHKeIo de Wills reqgieersywhei thegrad iransmitiers are active

when e 'iec%ﬁ}a:g:j, S B, ﬁglra{%ﬁ% . - © L i ;
menory cell's |r_n tglt%go nory g{g\'}? %h\gﬁl%s/aagot“?‘\’/vg?g\{la%ng mode;
det er mapying poiver athe WikdtreddiveddMmvén tRNDFiY 166dildrs afe active and
the nenory device is , )
the read receivers afe not active when the write receivers are being operated in the low-power,
high write latency mode; and
removing power to the write receivers when either the write receivers are not
active or the read transmitters are active when the write receivers are being operated in the

low-power, high write latency mode.

48.  The method of claim 47, further comprising:

determining whether a row of memory cells in the memory device is active;

if a determination is made that a row of memory cells in the memory device is
active, allowing power to be applied to the write receivers; and

if a determination is made that a row of memory cells in the memory device is

not active, inhibiting power from being applied to the write receivers.



active, allowi ng power to be applied to the wite

receivers; and if a determnation is nmade that a row
wohomses7y cells in the nmenory device is not &CTiU$2003/039187

i nhibiting power frombeing applied to the wite

recei vers. WD 2004/053879 PCT/ US2003/039187 25 49.

The nmethod of claim47, fup$her conprising:

determ ning whether a the nmenory device is operating

in a power down node; if a determ nation is nmade that
menor yqdevi ' iQE]@II r  down node,
al | ovvi4r19gc';;j pol\%lgrrﬁ%%&ggéf%%ﬁ% toelrt@%@p%%ﬁg‘e recei vers;

and i fdetergiétieg Whewdér Dihe ngenitagl detibéis operminy e Power down mode;
operating in a power down node, inhibiting power from
bei ng thpplateainagion He madet thaty memppedeyices . nofmpersingdy a power
clalm47.  further conprising sel.ecting either the
down rﬁ%‘%ﬁ’] a ﬁép\gl]\;\lglp ,bwle%{/(\)/ bv?ﬁpp ge%tté%gﬁ?ﬁ%gvgﬁ’ e | ow power,
hi gh W bidetelBinah6y isREEe Mkt RIcADIR IR EWistopePRRS in a power down
register in the nmenory device. 51. The nethod of claim
mode, yipibiting povesr foombeing pjieddd dutwiitg redcivees. t he hi gh-
power, low wite |atency node or the | ow power, high
wite |atency node by applying a signal to an
extermglly | bn : Vi e
52, The metheaap e Bt PR BRI R i the high
power, dew et hajereiytrhaie dritiee ivgbewgohigh write latewdytreod ealiyeproyramming a
made or_the | owpower, high wite |atency node by:
mode register ity the BIGMQTNATESE | at ency; sel ecting the | ow pover,
high wite latency node if the determned wite
| atency is greater than a wite latency that requires
the wsit e Maeeahatkidof clabe 40pRirdteeormpriditeselfitipl-dawethe high-
low write | atency node; and sel ecting the high-power,
power, |18\ WFifer iBtengy Foiée lpw-nomer.degle mtadatengyi mede by applying a
: i . | to a wite |atency that
signal tb 3 EREH ab RSB W BiZielice: 21 e T the
hi gh-power, low wite |atency node. 53. The nethod of
claim52 wherein the act of determning the wite
| at enéy- corpe inzdlkodded dpim A7 .nijrthirecampriseng seletiog eitberathe high-
unction. of th d.latency.of the nenory_ device.

power, iow Write ﬂitency Mode of the low-power, high write latency dee by:

determining a write latency;

selecting the low-power, high write latency mode if the determined write
latency is greater than a write latency that requires the write receivers to be operated in the
high-power, low write latency mode; énd

selecting the high-power, low write latency mode if the determined write

latency is less than or equal to a write latency that requires the write receivers to be operated

in the high-power, low write latency mode.

53. The method of claim 52 wherein the act of determining the write
latency comprises determining the write latency as a function of the read latency of the

memory device.



WD 2004/ 053879 PCT/ US2003/ 039187 26 54. The nethod of
claim47 wherein the nenory device conprises a
wdayoesss7e andom access nmenory devi ce. 55. | n aPOEMSL2ON3/039187

device having a plurality of wite receivers for

receiving respective data bits froma data bus and a

plurality of read transmttébs for applying respective

data bits to a data bus, a nethod of operating the

wite receivers, conprising: determning the wite

| atencys4of tie RERKYoteMik 47 RIRRENARN homdty ddVice’ Etfprises a

| atency of the nmenory device; and applying power to
dynamijrerapggm ecqescwmerysdeyicea f unction of the determ ned

wite latency. 56. The nethod of claimb55 wherein the

act of applying power to the wite receivers as a

functi gz of 1hhemdabsr dBvikethaitre! £ llu?éh%n%w‘ﬁ? cbVEr: for receiving

appl ying power to the wite rgcerers en the wite
respegtecedaiebits fiome aatatd ws aadd plirakityrof achdrtememitets for aplfiig respective

active |f the determined wite |atency is greater than
data Hifs to a%ﬂ{aé’d]ét %mm%ﬁ§8?] QPSTRiENg the BELS TCCRIXFRSVIMEPTINGESr t 0

the wri ecel MerS. j Lt I ver

are notSRaeF HENFIIAeG SAIRE plforf UbliCe BEREHY of the read
latendytref thkememoiyndsdiost aide | atency is greater than to a

predeterm ned wite |atency; applying power to the

wite PEREINEeREVERHerihe Ruite seaeivernas Aiftnetion ofr e rdstermined write
latem%ctive regardl ess of whether the wite receivers are

ctive if the determined wite latency is less than

or equal to a predetermned wite |atency; and

renmovi ng power fromthe wite receivers when the read

t r ansmidPt er dhameethas ofdain §5 wheretiethe peti of eiplpinig power to the write

Jatency i.s | han .or. e |, to a predetermned wite
rece“{e%t%nacfy{“f’%‘lﬂ O?ﬁee&m%@ ‘S'g%jf‘tﬁ?(iﬁ @@PRmssr ein the act of
det er mag;!élg{ﬁﬁtﬂ%%e)‘wtd iR Wﬁﬁ:ﬂ%&&%@@h@? SRR cdoY ga\?/e active and

i ndepen y of the read latency of the nenory I ce
the regdnpackivers aeogptanstivegifatheodaennenids tveite i latehbye iSTRsTEdtat than to a

devi ce t |lect the wite [atency. WO 2004/ 053879
predelSpEA LIRS Te7 27

removing power to the write receivers when either the write receivers are not

active or the read transmitters are active if the determined write latency is greater than to a
predetermined write latency;

applying power to the write receivers when the read transmitters are not active
regardless of whether the write receivers are active if the determined write latency is less than
or equal to a predetermined write latency; and

removing power from the write receivers when the read transmitters are active

if the determined write latency is less than or equal to a predetermined write latency.

57.  The method of claim 55 wherein the act of determining the write
latency of the memory device independently of the read latency of the memory device

comprises programming a mode register in the memory device to select the write latency.



58. The nethod of claimb55 wherein the act of

determning the wite latency of the nenory device
wonaepesstent |y of the read |atency of the nenopPgTAS06039187

conprises applying a signal through an externally

accessi ble term nal of the nenory device. 59. The

nmet hod of cl ai m 55 wherei n2fhe nenory devi ce conpri ses

a dynam c random access nenory devi ce.

58.  The method of claim 55 wherein the act of determining the write
latency of the memory device independently of the read latency of the memory device

comprises applying a signal through an externally accessible terminal of the memory device.

59.  The method of claim 55 wherein the memory device comprises a

dynamic random access memory device.



