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WD 2005/ 038864 PCT/ US2004/ 032037 CIRCU T AND METHOD

FOR CONTROLLI NG A CLOCK SYNCHRONI ZING CIRCU T FOR LOW
WOMBR3SIEFRESH OPERATI ON TECHNI CAL FI ELD The pPeTaIS2004/032037

invention relates generally to synchronous integrated

circuits, 5 and nore specifically, to a contro

circuit for idling a synchronizing circuit during a

refresh operation, such as in a synchronous dynam c

random access nenory devrce BACKGROUND OF THE

IGREFTANDVERGP IR CONTRM NG AiCLOCKS YNGERONIZING

i gnal - and KGRk TR KRR OBRRATEN o

relative the rising and 10 falling edges of the.
appl i ed cl ock signal.. Exanples of synchronous
TECHNEGAAt BIEIdY r cui t s i ncl ude synchronous nennry devices~

such as synchronous dynam c random access
(SDRAMs) K%Fﬁ%ﬁ?*o%ﬁ%“% lgtes g@ﬁ'&%ﬂﬁ E’c@é@grqli‘@% mt@gated circuits,

and@@%%&ﬁc P}Ig rtr% ?%g ]trﬁx%%t{fgmgﬁhg ? &ﬁ%rg 1 giggAMEuﬁ‘ '&ang a refresh

- opegdtiotiUbich a89n Welhchrental dgBarfcGhadum® @afespm%morﬁdéwl\/l

devi ces, the nmenory core typically 15 consists of an
array of vol atile dynam ¢ random access nenory (DRAM

i he art, DRAMcells are
BA@%@?@@@EM@%MH in which data is
‘stored, I:P@;%'h}’ono% 1ﬁt’@§ra€€de§?dﬁ9t§ e ﬁ&%ﬁﬂ&? cﬂ(f:mP E!saél%ked by an
across a capacitor. Due to eakage currents | nherent

extérnalt dieckoe gnad mn«bpeﬁenmsmpedamms at m@éﬁbnmhbd; fimteh eelative the rising and
capaci tor n i.ts_ char nly a finite

t
fallingnelsep ot £4h enh %5] cfork Rl et Plen,ok o5 Pddnleglapsyl circuits
mclg ? o y%@ﬂ%ﬁoué %&90 Q6%iclL s \%%aéaﬁr {’%@mﬁiﬁﬁﬁ%kv ??ndom access

st ates. chani sm cel

memﬁne@mlvmmzts DB:ﬁMndwus: esatiar mnﬂeﬁlr asdresl ms:nwaéd (BSRWIMs), and
in the art. ecrfrc reference t o SDRAM devi ces;
pacrweflmm@tmf ﬂ@%i %,HS RBRAMS, andgpelasle ethsttypes of integrated

circ, ﬁsal eﬁegd cd%rn%éys ?%J? ﬁD:l{%ﬁ\dﬁ%%rfge h% \(rjr:reo Cokry core typically

opera

conbiml &aid é{rré?JSf vt RYBEGRIEA tahEm! &c@é‘stxﬁélﬁafy ) @M. As well
" The 25 tim ng of signals external to a synchronous

knomanior the gev DR\ Mscadis taee iolally Uspausaefdle mapadr inovhielk data is stored,

nﬂl{@%?%éﬁl? %Qe%ﬁé) ee%a glﬂ%h c{}hgrzggoac?o%s %ecré%é{tor. \ﬂueéto leakage currents

inherent in the design of semiconductor DRAM cells, the capacitor can maintain its charge
for only a finite time. As a result, the DRAM cells must be periodically “refreshed” in
order to maintain the respective data states. The mechanism by which the memory cells of
DRAM and SDRAM devices are refreshed is well }cnown in the art.

Wi'ﬂ} specific reference to SDRAM devices, the timing of signals external to
a synchronous memory device is determined by the external clock signal, and operations
within the memory device typically must be synchronized to external operations. The
timing of signals external to a synchronous memory device is determined by the external

clock signal, and operations within the memory device typically must be synchronized to
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operations. For exanple, data are placed on a data bus
woyodshasssenory device in  synchroni smw t h t hePextszmaln32037

cl ock signal, and consequently, the nenory device nust

provi de the data to the bus a2 the proper tines. To

provide the data at the correct tines, an interna

cl ock signal i s devel oped in response to the externa

| | d t || plied to |atch
e~ SpRaio TRECTERRF e g Aot o B i boghe mvanory devics in
Syl‘f@ﬁﬁllﬁﬂt@ltﬁ Eﬁig%ﬁlal Ry ST ], | e &gﬁ{%%l%nﬂg{kj F}%I %ﬁgmry I’c][eV]ce must

ext er nal nmust be sy r‘onl zé

provmdeaﬁmailataotbdhk bas gnthk pﬁdp@ﬁ Kmet.ngol \ﬁﬂ@ﬁleaciaté Bemer, QHQ& times, an
inmes to successfully output the data at the pro
lnt?li’lﬁle%locwlgﬂélelé deueleped in teepanee o therrxiteroali deck mgﬁilpﬁilﬁ’ﬁls typically

| d | h hav
0 Ll )i e
bud. N TheeinRred ed]bck deser kit eQRpmal %lgcﬁrlﬁﬁ ?ylltl{%?gmg% ch/ ensure the

refer to signals and operations: outS|
interagl deck sigepl ‘tlavke thealatcheoatrikd p:ropmotnaegmaé@c@@ﬂmy output the data at
éﬁera |ons within the nenory device. Moreover,
Sthe present description is directed to

synchr onaus;gg e)[n ARy GG %}{rf Hf fi'hlrglcrglluﬁ | e%l?l%e}'f? %ﬁat are coincident

herein are equa y ‘applTca

andssipudis drmohavé atdegitat @say ddatbicrt LUn%Smo‘EB@r SW?HM&HII? ®n the present
external and internal clock signals in nodem

desgvmlr o RBigEnal rriﬁﬂé’l}e)d @ergiferde, Sl@aﬂﬂmﬂubpp@‘htldms‘ betsieletof the memory

der ed, and
deviddP! gchﬁ’?erﬁ]ﬁy GoD g =1 ogf%lxﬁlgg?eﬁdz %ﬂaragit)qsc mlﬁgn tthatmemary device.

i n¢ludi ng usi ng cl

Mogrer, altRowph tﬁ@b@é&bn@de@@ﬂﬁ)tﬁingg lrectsy fbcﬂﬁleﬁyoﬁ %Qfoﬁ{%r)aaevmes the

i nput cl ock signal. Exanples of conve |ona
pringiplesdesaibedbereim ase equaltysaniplicihielé didbatypko ok e¢hchfdS8s integrated
mn&ﬁ%Ls) phased-| ocked | oops (PLLs), and synchronous

mTror delays (SMDs), as will be appreC|ated by those

skilled 7@ syﬁdlh?mﬁéé extBehalehd IIK%WC]PPE 91@!1 tl%grrl]%ciem synchronous

cl ock synchronizing circuits typically nc
memeryi ddieesdel mymbérnel tifferert Sappﬁﬁdhesl Rav@ebenatddficfed and utilized,

incI3oE cHFETE HIAFK DDECLIOPARS PG st e ogeneian amsoyiant cok signa
Syn?“gﬁ‘g%‘p ?Jﬁt%lﬁ%fj gﬁgk 81&99 @%gng] o ng}gﬁl% q Iffgglzéegl%ggﬁgcjpc\ég synchronizing
circaitalinalude mlblagl-loskaglriabps (Dl e} Ibha@ecﬁfock&?m%@%ﬁLLs), and synchronous
mirror delays (SMDs), as will be appreciated by those skilled in the art. As well known,
conventional clock synchronizing circuits typically include a variable delay line that is used
in generating a synchronized output clock signal. For example, in conventional DLLs, the
variable delay line is part of a timing feedback loop. The phase difference between the
input and output clock signals are compared, and a control signal indicative of the phase
difference is generated. The control signal can then be used to incrementally adjust the

variable delay line until the delay results in a synchronized output clock signal. When the
appropriate delay time is achieved, the DLL is said to be “locked.” Even afier the DLL is
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difference is generated. The control signal can then

be used to increnentally adjust the variable del ay
woOios/0ast6i | t he delay results in a synchroni zedCowsSpuot/032037

cl ock signal. When the appropriate delay tinme is

achieved, the DLL is said to Be "locked." Even after

the DLL is WD 2005/038864 PCT/ US2004/ 032037 3 | ocked,

the DLL const antly nonitors for changes that affect

tockp, B¥ Hfigh EPaf s CRonEo g sl fkeitefldhe Siafgsization between
t t t
theoﬁr?%@ Cﬁéﬂﬁggutgggg?g?ng lf’ﬁa%P dgs‘re v'tolc’)cg%e V%@Qh&qj Wknddi®in operating

tenspenathreo raind eitie diktep lathddgmdt the ginae dfslayracedﬁmgg\dm drder to keep the
drifting out of synchronization. 5 The variabl e del ay

synchpaizes qatpu glock sigmgl fremrexgessiviebedrifing out of synchronization.

[ d d
P rdi vi o dieaanaye deisl e Ot siRedfioht BEREatbf fhriatty-comnected
indad ek tdetdyestagea wak hlﬁll%hﬁydelé}sstﬁ‘géslbeﬁl% g ro?tr%ﬂgvély ’%o adjust the

those skilled in the art. For exanple,” a plura

vargiblé dé¢lhy;-as Ghﬂé)@tlmdemmoel)bysthwunduh dhdoart. uEeﬂe)tam}ﬂé),ra”lplurahty of |
the inputs of

I h
serflg-<PTaRb AT shks é@i@ BE gt {Be vaGe el B, wijth one of
BT f O G Ry Bl Atal o AcGRIARS, U iout clo

31g1wadnn adspengbetb ayconfiol $ighdlén OHIED &S catitros tagieBgthibtthe variable delay. A
vari apl e delay line is desirabl e because each stage

largeampbgreof shagef e thenvagtahle @Pémyne wﬁ%ﬁalﬂarbepa@wedeh stage can have

o ng val ue t he
an l\t/hg:?élﬁ([bqtgle(gpe%“%l%{;% d%gc?{l%en tg €1 Tese h?u %io'llléng Bwe‘éqlue of the
variabpudelsy. Oﬁkaddi’@@tﬂ el azyenaknm Ghe foRRst ia!pht 61661( %@ﬁéﬁc@/ dt Svhich the
l[imted by the naxi num vari abl e del ay that can

DLbrWn eregatp s limdted . theanitipiuen etizbje delag thatnmndmspmmﬂed by the

. v gp daegqyspl uti on and maxi mum vari abl e del ay that the

%el ay line nust provide can result in |
si gni fi capg d@gi@arﬁﬂé){ﬂe%mm R
clock circuit, which may tgg ugﬁgﬁ@gﬁg&g@pg%ﬁwﬁﬁ the variable

dela/yhhn@ntuhbpmuhrqpndesult:m signifisad powencolsamphiondty the synchronizing
when_t he synchronous nenory

| t
Clo%@sfclﬂét? Wg‘?@oﬁ‘}f% ﬁé‘ﬁ aMﬁ‘ PRrtiarhbvhens dke mepnosydeyieelis used in a
WS&W’Sl ng Q@e@a E 0 bxaftihld) Wit ecfxe BRForfoRE W&Hﬁoc{éﬁéce 30 contained

el ay stages’is nner I n
in 4 ppitable Ibattkrqug\rwéd dwlwpbmdeh%ntﬁe gré‘ﬁ@érap’ovﬁéra@ﬁﬁulﬁﬁtlon when
t he varlable delay line. As well known, each of the
uSl%W de @@gagegllgq é}g pgnner in which the 1nput clock signal is applied to the

delay stages of the variable delay line. As well known, each of the delay stages typically
receives the input clock signal, and the delay time is adjusted by selecting the entry point of

~the input clock signal to the chain of delay stages. The input clock signal then propagates

through the délay stages until being output by the last delay stage in the chain. It will be
appreciated that the entry point may be in the “middle” of the chain of delay stages.
Although the “upstream” delay stages are not used in synchronizing the output clock
signal, they nevertheless are clocked by the input clock signal, causing the toggling of logic
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receives the input clock signal, and the delay tine is

adj usted by selecting the entry point of the input
wohosko3siegnal to the chain of del ay stages. TheCcTmsi4/032037

cl ock signal then propagates 25 through the del ay

stages until being output by tthe | ast del ay stage in. ..

the chain. It will be appreciated that the entry

point may be in the "m ddle" of the chain of delay

h . . _del ay ,stage re not .

gafds Bg8sh g{/}%% Efrag%’i E?lﬁgest 6 %%V?%%ﬂmg © t@."g%iqda SpgE RS previously

disressed, tthe hpsireanr dolay stagsschrbyiot BillidcARH eefd ' :
causi ng the toggling of |ogic WO 200 /60388 4ﬁiegs@1ﬂ£hromzed output

clopiefenab o duidimpely, the cifavisey that sadiivateby yhe sagaronThd output clock’
si.nce as

. 189S [ witchin urrent is st ed
sighftich iy M Eo Ry SRR gV h misbronyise aywst det by clocking
latohes with | the e§nk rAbdKngi |Zed out put

ook &1 aoa ko Re (AH SientE PN RORRRE ¢ BhREe power as he
synghuiopiged byutpiie clogk cligmai tzaditivns pdite ¢ asKichingi eMdénts SHCthe output
Circa§ in the previously described case with synchroni zi ng

0 pbut data by clocking 5 latches with the

synchroni zed cl ock signal, will continue to consune

power as the synchronized output clock signal

'SUMMAB,MOBMMVENHWN ching currents in the output

circuit rﬁ. SUMVARY OF THE | NVENTI ON Enbodi ments of the
e ool O Dot el P e Al od ik Dipparatus fo
ldh‘[]‘%%\sct dé'l%%?}f?%l%m&c o u‘d‘Bgiaﬁgegdé&%E%iOBrPfdhn%\ utiRg pxsshtion of a
refrehespatdtion ih A MeBRcYicd e W &brdi 08 £l ne aspect . .

of the present i r)vent} on, | nrdllggfé)yﬁ%h#g%%t%g?fm?%?mventlon, n
@ sygeloaely mewow deyiemreesivigal extérakelsiighighal, 8 niBthdtPsf Sfcouting a

ecuting a _refresh operati.on is provided that

reft S GRTEALE, Rinep Geiedh ot inqTidisiniaking of fesshowpeefeasharpetation in the
menidi$ dePRBDIN d§th is neration of an.

idg?er nal cl ock sgg%ng?a g)lnrreg v]\iqtt% H%?glg)ﬁg&gl@on?ﬁ@wi@ respect to the
extemel elonkisignhloiok aslegm alpoftivn @tihé Ga®tin FHIEH 411044 8fc {(etﬁ%s operation
time in_which at | east one refresh operation takes }tlo

takei 6Wog1pée_zte. ACCHOHIAG te gmathst wepe.cia;qﬁ ébe podsenhimvengagnd method of
execufiME M #ePsh %ggi%{igﬁ’ G @f meﬁm)é%g tax'u?:% éia p?qlex%ﬁ%ﬁ gga? r?1(;)<:r11€ilctlelsoirrllitiau‘.ing a

ina nenory tevice'Is pProvi
refreshiopemtion aving mabfrestinp9eabd aNwhih M6 rérdhl J s his
d period in which the refresh operation irs cson(%l(ég{&é)g 15néompleted
and FHYchnslapses| byjewss exemution ek scweivomahory DeMMTMADEY bogin, A
k. Do
SynCﬁR)W kR (91%%112 i) fﬁe memory device is idled for at least a portion of the
refresh time period, and re-enabled prior to the refresh time period elapsing. According to

another aspect of the present i_nvention, a method for executing a refresh operation in a

memory device is provided that includes initiating a plurality of refresh operations, and for

every n refresh operations initiated, idling a synchronizing clock circuit for at least a
portion of a time period taken for one refresh operation to complete. The synchronizing

clock circuit is enabled for the remaining (n-1) refresh operations.
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20 synchronizing clock circuit in the nmenory device is

idled for at |least a portion of the refresh tine
weoenismdsseand re-enabl ed prior to the refresh tPa®US2004/032037

peri od el apsing. According to another aspect of the

present invention, a method fé& executing a refresh

operation in a nenory device is provided that

includes initiating a plurality of refresh operations,

and for n.r h_o gns_initiated, ing. .
a synchr onlélcg)irr%l(f:]l Bdp %gét?% ?Sgl%?& aé%? Q{en{Igh§ MEmoesy %ewcg 1s provided
th@10itludes @f refretil TRcHie 'dofplell Ak mPhor9RRIr ﬁfr{f%ﬂi a control circuit to
operation to conplete. The synchroni zi ng
exc¢ut@ @i refriesh eperbtienl thadrefrbshes emenoryneplisroflthermémeshcell array. The
i ons, WD 2003/ 038864 PCT/ US2004/ 032037 5
meggoly vitg TheheiBeindys aemebtoniang rleck ciert pepleditabagestrol circuit
[ fresh circu
to GEHCFE gnRER cAR i i dd A0 CgBor 8 TR bl and aso o

symahromxmg udlecla coﬂtﬁdilesll‘ctﬁtp eswiléd fo ttli]@kyﬁ&fréﬁ%ﬁhgsclﬂ@lmﬁkfult and the
cells .of the nenory-cell array. The nenory device

COWPItCﬁf@Hm A&p QH‘E‘&‘I@H@%@Wrﬂozltfﬂ]gclmumncramsmmbcmmiaél:h response
to }e%el g 1?96%638\&0%1]5 " Ig%%{us?{st t?)dglgﬁﬁ rate aqg}l%lgtg %angﬁg]%{n? (t:"or at least a

oﬁfdﬂ 01'0%@ réfresh P Y dZoP By Gy AGKS ?Atl rcuit
P coupl ed to the synchroni zi ng cl ogﬁfﬁé{rofﬁltk: and t he

contr ol a&qcouimg tOThImthqrrHspecm roif zthe’lglvehmk aC@Binbe} device is provided
tha? g‘iﬂt gene tes an i gnal in response to
clides gt ]c;.rggq;l CEB‘%ﬁ‘E ey aslpaﬁgqyscq lharrgy and gecontrol circuit. The
[ I le orti.on.of
ref%a\ég %??ecééeeﬁeﬁe aogégrrelg% J&)%%Jrﬁoé\%arvﬁ% a i’x&asl‘?l tinf® petiSd' i 'which the
refigple rapiei abios. 1s1®rrﬁdemdchnalgwh&ha61@pmrbﬁsﬁeé)tecﬁﬁoﬁ RE a new memory
iaon, a nmenory device is provided that includes

i nven
corgmpapd L%@H 1 §SERiRge t% 84 ﬁﬁ%ﬁljﬂ ETBANdegia) prasideddry ty cantdolaircuit. A

AR b 58 okt e 5 83 G BB Rt ok i
timetii veith tré@ecﬂ &f fh%Sﬁlpﬁp @Io@kl s@ghal SarkP ARyREIREnBAE WBEE Rontrol circuit
eI a ses bef ore execution of a new neffory comrman

iq the, SW@@{%&@@% clock cirefit @mlﬂlﬁmn'anhclmuglmeMSB\andéké signal in
con 15 s nchroni zi ng ¢l oc
resg(y rS% Bo ecrg u %orexgaoci,] %‘g?;@ﬁ? iU IEq %Wﬁﬂ‘i““bzé‘%%?lﬁﬂé girgyit for at least a

poﬂtleh@fﬂﬁlreﬁggptﬁn§bgﬁ@d timed with respect to the input
cl ock signal, and a synchronizing clock control

circuit coupled to the synchronizing clock circuit

| _GI enerates an idle signal in

B@Pﬁ?ﬁﬁ@ﬁ@ﬁ@%ﬁﬁmﬁd Si gnal to idle the
synchr ongzh g1 ¢4 @ HnctiohGiBibek HagPm Leas ynghronous memory device in

which embodiments of the present invention can be utilized.

Figure 2 fs a simplified functional block diagram of a delay-locked loop
control circuit according to an embodiment of the present invention.
Figure 3 is a timing diagram of various signals during the operation of an

embodiment of the present invention.
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portion of the refresh tine period. 20 BRI EF

DESCRI PTION OF THE DRAWNGS Figure 1 is a functiona
wohaoisko3gicagr am of a synchronous nenory devi ce PAT/UsRI08/32037

enbodi nents of the present invention can be utilized.

Figure 2 is a sinplified functd onal : bl ock di agram of

a del ay-locked |l oop control circuit according to an

enbodi ment of the present invention. 25 Figure 3 is a

timng diagramaof various signals dur|2§ t he operation

of an enb@McnbAs aphmphaicd fuucdiopal bipek a delay-locked loop
. 032037
o iR Codint tb A o0 bl aﬁggﬁtgspaﬁ*éﬁ%vnmw@d

l 00p CO”Flg@zie §| 1fsCzU|sIm1§‘1‘i3ﬁ&I ﬁhﬁﬁoﬁzﬂ aec@l(ﬁ%r%t bf’l % processor.baSed
enbodi nent of the present invention. Figure 51is

systempniliiliag thesachomabs hicowky dévdey effffighred .
processor-based systemincluding the synchronous
menory device of Figure 1. 5 DETAI LED DESCRI PTI ON OF

DﬂTﬁILﬁﬂ@f@@PE‘IQNr@FJIHESH\GI\‘XI N fonal bl ock di agram

a nenory device 100 1n enbodlnents of the
present iFigeetl tna dauctional biptle deigtaal of Gefmesofy deyidk 1190 in which

H&?e set fgrth bel qw t o provi de a sufficient
dereiaAtififgPiseent HBVanHoRmen b, impbweerded. Certain dothids are set forth

oyl B B b DRogbl HABYERE P e

ond Gkilibd @f thie fa&ttﬁﬁtt‘tﬁ§ inveBfidn iﬁ@?% R?dch@éﬂ %ﬁho&%&srecﬂamcular details. In
signals, and timng protoco ave not been shown In

othes fragtances WIHKKOWT@ cirowitsy conmelcsigids, iang tubmglpmtmgolsﬁmve not been

shJ) n\égﬁqée ‘gj[eg?{m[ﬂﬁé}d deV| ce O [ n Fi % e}na’ﬁafé?ﬁ The memory
devi6é €66 in ﬁ@%ﬁ’é ¥ i6 aSANHM- alata "i‘&t& @m@ %ﬁ%ﬁb&%@la@@o random access

descri bed herein are applicable ny nenor
menry (YSPRANMT), ddihaugly rihérpoiiciplesg dedcribed thefeifi are apphcable to any

g{o chy oni zj ng mternq:;:Er and 15 external si gnals such
Vet %tn‘é‘F‘yé Jied 8rivashroriaNs ¢EsiAIoE Synetyoniging dernal and

ethfﬁ%k(:%%éﬁdy app e'nﬁSEaﬂ a}%1 shﬁ%h?@g Ir}%&%i&g c @@W@n&f well as

paah@!ﬂtedsmnnhrp de\zeesl lliitesSDBRAa\ﬂd afX ROREMsC h@T KteN@ually applicable to

any 1n%egrated circuit that must synchromze internal and external clocking signals.

The memory device 100 includes a control logic and command decoder 134

that receives a plurality of command and clocking signals over a control bus CONT,

"typically from an external circuit such as a memory controller (not shown). The command

signals typically include a chip select signal CS*, a write enable signal WE*, a column
address strobe signal CAS*, and a row address strobe signal RAS*, while the clocking
signals include a clock enable signal CKE and con;plementary clock signals CLK, CLK*,
with the “*” designating a signal as being active low. The command signals CS*, WE*,
CAS*, and RAS* are driven to values corresponding to a particular command, such as a
read, write, or auto-refresh command. The CKE signal is used to activate and deactivate

the internal clock, input buffers and output drivers. In response to the clock signals CLK,
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The menory device 100 includes a control |ogic and

command decoder 134 that receives a plurality of
woansmagteand cl ocki ng signals over a control bReT@SMNDE/032037

20 "typically froman external circuit such as a

menory controller (not shown)7 The command signals

typically include a chip select signal CS*, a wite

enabl e signal WE*, a columm address strobe si gna

b whi |
I e o B L 7 T L s
a saqui-n@@ BPLIOBERE ahd cohivslksigatdhSednidl e dSmpon {Fhl 021832 1o execute

desi gnatl T)% a signal as being active I OW.
thecfymgiaen o ed:Sbmmmﬂ Tie @ABManddedcddas 3argiched dehmand and

sl el POvE BOES0latR O R aSHSiguminio, th RessoRE point of CLK
gOf'l% nana ‘Fﬁﬁs ﬁcﬁn% \k’%a‘%' é? gﬁleagrgﬁﬁ %@I{e% dll @ Znd data, drivers 124

transfandus ito and feong kepkctiiety) dhSmekldry ¥6ied 06u to both ed
PCT/ US2004/ 032037 7 CLK®, the cormand e ahthse to both edges

of ﬂ@t‘@%%ﬁcﬁ)ﬁcﬁlﬁ@é HULS a@mﬂaqgmt ideuble dherfiedyenapio{ g eloak eignals CLK,
f cl tr t hat

Cr TR e R S B D S8 6 obe BB e e cnx, curce

mgﬁMQCt’Fh@r}n%of}h@eV@éhoiO(ﬂ% FRTTRNG asTh %oﬁ?lm{]éjra@? ﬁ?ﬁgé because the

134 | atches command and address signals at
dat@@@e@ 181 g Mferﬁdlfté agd @nai the(deviee ard ‘dnmsfd‘rféﬂsat [@duble the rate of

e BB P SOh 0, Ly o L e
the %g%ﬁed ab& ﬁgHalf r’I‘Px@ clafled %géfaﬁ&]l Xf thtteh:%nggﬁa% q,ngl\éc:g%amand decoder

In response to oth e
134singgealerdHQS therdorithul smdttindiay bi@alsh@ cbhestionsty aed thefor the sake of
clock_ signals CLK, CLK*, This is true because the DQJS
bregity il nog ke fersribedvin m?’@qif%lsy as the CLK, CLK*

L. P TR U 90,0901 i B 102

recéi@eN v, @MEhA! iellbirk addtedsed BvéNeh ABNeSELAI ADDR, with a memory
transferred at doubl e the rate of a conventional

conggpfgnmohstiorr) tyrieallyeupplyinsthanddresses e The ladd!:eﬁmmglsmy 100 receives
nal

lied k
o gl E BT R Ptk artiste BREwsSvalish 1P sorcd adiesommliniexer 104 and
banlile&ﬁ%l logiS4irchit ADBE LR Pé&gzgi € T4RMNokP ha@iagk Iﬂu@eﬂg)fer 104 applies

ignals i's conventiona thus, for the sa
elthlgr deiroy,addids reveived &odeﬁleradﬁmds registar i®2detaaetreshlfow address from

Eurt her ing uded in the nenory device 100 is an
a refigsh cqunter )8 to 4 plyrity pfrow address latch and decoders 110A-D. The bank

control logic 106 activates the row address latch and decoder 110A-D corresponding to

cither the bank address received from the address register 102 or a refresh bank address
from the refresh counter 108, and the activated row address latch and decod'e:r latches and
decodes the received row address. In response to the decoded row address, the activated
row address latch and decoder 110A-D applies various signals to a corresponding memory
bank 112A-D to thereby activate a row of memory cells corresponding to the decoded row
address. Each memory bank 112A-D includes a memory-cell array having a plurality of
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recei ves row, colum, and bank addresses over an

address bus ADDR, with a nenory controller (not
wehospsssypi cal |y supplying the addresses. ThepradiSe®s/ 032037

regi ster 102 receives a row address and a bank

address that are applied to a8 ow address nul ti pl exer

104 and bank control logic circuit 106, respectively.

The row address mnultiplexer 104 applies 20 either the

ived f h 102
P kPR DD et o
aclVated@kdw s SordéPi Sade amplikiatscin A8 @oﬁ%%gﬁ%ow%?ggk The row

The bank control |ogic 106 activates'th
adiizese mudtidexte d 0d epplicsGie Bicoh res pdddsnffotathe ebfidshrcoter 108 to the

defoqesy FEA T S 5 P Comtiel o e s st (B chftesh baggaddress from
th&?%?re%lli‘ @mﬁﬁ%ﬂ \%@&F@m &?q{e@ﬁzﬁ IIOﬁt gra%qngg &?lgoggeﬁeis}ﬁ or self-refresh

es an decode recelrv Fow

médes@boiseation imﬂ:spkﬁﬁedednf@i% astdsetStefrebi Qo dnd At applied to the
row address latch and decoder 110A-D applies various

megneyaleice d 08, asovilldmponerciiecthenioye skillekin the 2. D to
ot e aek bl sfateltis andREY 4 ATpE A he s v and bank

adiRGIcHORS] thoRIMEN Iﬁgllsﬂer 200 gy @svmégccﬁmﬂwda}és& Xo &f co\man address
2005/ 038864 PCT/ US2004/ 0320 8 menory cells arrange

coypter mmw 1tb wimehs in durd, tatehed ah@ce;lunmemﬂdresstdmd appiied she latched
el nthe ctivated rowis i_n sense .
COf&‘m sl0 hPIRI G rcebpem dp %g@r arliee ek coaigol logic 106
4 !
S i WS B A 5 e

activiat€dA-cBhmmdl debedd:i)adlé’codemtthe)lapbﬁgj Colirhi€ Uiddrés06 Wepsnding on the
the refresh bank address from5 the refresh counter

OPGiRERE fode Rf #t?rryelaev deiced@Opthercatusan pdrress caynist ped lagabhl 14 either
dlrg& yS %pglreg ?{e (fl ?Rﬂﬁmc%dﬁiﬁgsg éggje o@ecbg%rr% gfgrﬁ Cor g ﬁes a sequence

of H@lﬁﬁmyaddﬁ%’sés&o lﬁwdecaﬁest{ai‘tuigeat&ﬁ@ ESIGiAt sﬁlﬁr&y Ide&e%l by the address
skilled in the art. A colum address is appli ed on t'h

regagteR1 Gis Iaf teépomhéOrtbwcahunm@d&resamsh@spumu ancthdatch 114, the

act v&gﬁlen%osl er iéggﬁ ﬁggl}e% ng?ea?rtc*]cqxfr@ dd ha Sfo itag Iﬁ) gating and
daﬁa%ﬁslqﬁdg”itc%ﬁﬁ t1iRewaRhU 1agd ra%éecssc%nﬁle?rﬁﬂ 'c%?l téa?respondmg to the

| at ched” col unm address to a plurality of co

dechded delugnladgitespin Teactivatéd oonbf mlenlooy cellslifiGhe metriovabatk 112A-D
the colum decoder 11 6A-D corresponding to th

being AeFe5eY- bank address, and the

During data read operations, data being read from the addressed memory

cells is coupled through the I/O gating and data masking circuit 118 to a read latch 120.
The /O gating and data masking circuit 118 supplies N bits of data to the read latch 120,
which then applies two N/2 bit words to a multiplexer 122. In the embodiment of Figure 1,
the circuit 118 provides 64 bits to the read latch 120 which, in turn, provides two 32 bits
words to the multiplexer 122. A data driver 124 sequentially receives the N/2 bit words
from the multiplexer 122 and also receives a data strobe signal DQS from a strobe signal



10

15

20

25

activated col um decoder decodes the applied colum

address. Depending on the operating node of the
wornsrogssdevi ce 100, the col utmm address count er PamaS2004/032037

| atch 114 either 15 directly applies the |atched

col um address to the decoder® 116A-D, or applies a

sequence of columm addresses to the decoders starting

at the columm address provi ded by the address

(5t . e o} umm dress from
B LG o R B L Bl i 1060 L) 123
Cabpieddier theIPALDI 2P heDLUesRf] 2aduiE ot Olrhéll\%@' @n‘a& circuit 125
rch, In

an 1/0 gating and data masking circuit 118
Teqelies an puasEsdiesh ﬁ@tmhpnécgnakA&ﬁgﬂ heporetnagtddby e ddirol logic 134,

ed .col address .in the activated row of nenory
as ﬁﬁ&g L\q g ?{g%%ﬂ@e T#iRSd oRots defeil ﬁ?@loéi‘@ dbe B4, control circuit 125
h1ce g LaRsE 1934a He ad from the
g'e add rees s(g%%n%s Ei;grﬁsl R)([:) tlatglb quELC o1 %% lg dri]% ﬁfé" © %rhléeSR?IE?et}O the AREF
signal, Hragisawtienl ah autoersfistgopeiration Has béén tequastsgad | at ch

120. The_1/0 gat_i ng.and data masking circuit 118
suppl i es 1ReFPRS sgnaljis wsed dyraneexteraal ¢lequithsuthos a2femory controller

j ] [ 2.bit words to a . multiplexer .
(nRy6p B TPy e it W mpord Ueiee, e g rfack gperations. 1n
respomseitolétse detaeidtctodkasifhye O1HA0ET, athe e Lk

pr ovi des,t\/\%ﬁgz bi tslgﬂw\;ords to thga%u@%ﬁ@gllggg?dl%ﬁggﬁ}ﬂoumms the

recgiyed NA2 ibite vordwiasse eereesppadihg draceordd3Qt ErchNia?a Wotd being output in
fromthe nmultiplexer 122 and al so receives a

ssuffB{cifen AT T BB e 57 % £DKo Sghgintit Worppled to clock the

483 P and X

o P00. 1 The S 130 a0 BRE BN sHR6e, SRS having

risippiany falfigg edgouipl suchwnishe wilhlrisiag ahd fallibkledg@Nbf Me CLK signal,
he L control circuit 125 receives an

resSlhSY tﬁ%‘ég tT ! /
BIFPECY o FPER Aatactard QR ard Sheiig straersignehDQS coftastively défine a data

- ' A 1.:1186; i t..
b P oF B A i aPin P M, 1 CIAEPRT gt grom e DLL

expl ained I n
123cisr ¢ delayd® SerSiogenk that €EKasigd)} il 18 DIR) 129 a%‘ﬂx%tsttﬂg delay of the
REF

C é{;%ingfnidle state in response to the
L pienglistative toviheCldn signabte epsuss HhaspiedDQBmsip@s and the DQ

an external

ol 5, SRS 5 5y S 2 5, S e

cilrcu

devicat 1O rithedikabiy 450 i@ deE Wslfing%‘gg'xellﬁ% ﬁﬂ/ﬂ)—ﬂ% é’tlﬁ&l gv?l?ge described

. operations. In response to the ayed c si gnal
n e detpil beleav with sefgranveto depa weibejomaaticals| y out puts t he

During data write operations, an external circuit such as a memory
controller (not shown) applies N/2 bit data words DQ, the strobe signal DQS, and
corresponding data masking signals DMO-X on the data bus. A data receiver 128 receives
each DQ word and the associated DMO0-X signals, and applies these signals to input
registers 130 that are clocked by the DQS signal. In response to a rising edge of the DQS
signal, the input registers 130 latch a first N/2 bit DQ word and the associated DMO0-X
signals, and in response to a falling edge of the DQS signal the input registers laich the
second N/2 bit DQ word and associated DMO0-X signals. The input register 130 provides
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10 received NN2 bits words as a correspondi ng data

word DQ each data word being output in synchronism
woi2005/0a886i si ng or falling edge of a CLK signal PChaiS2008/032037

applied to clock the nenory device 100. The data

driver 124 also outputs the di a strobe signal DQS

having rising and falling edges in synchronismwth

rising and falling edges of the CLK signal,

o R BV i b s BT RE e taq’ﬁ%%?ﬁtlg‘ O daver 132, which
Cld@ﬁs . ﬁb@rﬁgbﬁiﬁm?%@?dséléa&% 1 ye Ver Sl On aé*d%-hvgr 1n response

gnal rom

to @LeKDQS; gighal. aiftie tIHQ Wbid Ichﬂod{éjdLmitSoﬂthe Wl TFY ahdQriver 132 in
%ﬁ%@ rel.ative to the CLK signal to ensure
reSPﬂ%SF fiee BES Ypitlatndiicpplied toched gating endpinasicd oircuit 118. The
t ci f.ications
V) B e R G 0 R Py cte

thermséssetgbaﬂch@IAsDEMBjd\ik toMMe TIMOLY kigh8ls dRich SFfbe G2d'th selectively

nore detail belowwth reference to data write

magb BHs, or graups rtit§gndhe PQrwards Gy iat hh? W&’t,ltealgt@ﬁeeﬁgl @hitten to the
not shown

: zﬁyg s a nenory controller
ad(g%%?&lhlte C%lﬁf data words DQ the strobe signal DQS,

and  cor FReIRODEhEEs GADRLE5HN dirsihif P Sc iV éd%n%?rabodlment of

data bus. A data receiver 128 recelves eac
the presentiaversnwc | Bteeld L DMOnobéignudl 200 @nctheapphii@iedt ﬁg% DLL control
ked by

p 25 reqgisters 130 that are cl ocked
CIT%“H%%QQ@%E lASlrﬁeYleg Bridssussgd vith eispret éelGiguos 11 the DLL conrol
m [ 30 . l,.atch a first
cir O g sk P BED: BLEkT I e g o mory ol rofesh
operaé@po teeettyosignifiadntiyngedaciae ﬁﬁtchﬂl% (%nfs' &F‘ﬁa’e Eﬁﬁ duPRBhis time,

regl sters latch the second N2
an SRAVSRISY CORISI WG PGHAT- sThﬁ' péiv ﬂfpl!iltOl IGEgllllS 2@0 1n’b1&ﬁies a Boolean OR

ot P2 hASe FEoEPRAY Mook bl St gﬁ?ﬁrraap%l%do ip et nput and an

latc

autd:fdﬁ@sﬁladwﬂtlbﬂei ABAR PN, 4% Q
DMO- X_Si gna s into tpr?glewrl tg%%ﬁgg ri vetjf;)& #he or gate

and
202 paayidesseDLL ddiersierptBLdi FRAN thﬁhm used mﬁldcd the OIAC kRS an idle state.

river 132.in response to

out of the e.FI Oad
the CLK t}ll gﬁg;Etf 3 W%éf" 8 thednteymel glock rggneratpr has been

d d’ﬁi&i@ﬂngl‘ﬁd 1§, I
eam rcuit 11t81 Wg%%?%r gﬁt@ﬁselgnﬁ%@é lggsl % ﬂ?%ggﬁtemal clock is
dea%ﬁ@dy theeCKES isignat sl o Coatveisalyk a TIEW Oz gl 1st fdicative of

nal s ich may be used to sel ectively
the clogk generéo lbglmg enablwg As kno%vn i the art, the CKE signal is oﬁen used to

place the memory device into a “power down” state. During this state, the memory device

is designed to consume minimal power but maintain the integrity of data stored by the
memory cells. Typlcally, as part of the process of entering the power down state, non-
critical circuitry is disabled to eliminate extraneous switching currents within the memory
device. In some applications, the output circuitry, including any DLLs, are put into an idle
state. As shown in Figure 2, when the CKEf signal is HIGH, in response to a LOW CKE
signal applied to the memory device 100 (Figure 1), a HIGH DLL_FRZN signal will be
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mask bits or groups of bits in the DQ words (i.e., in
the wite data) being witten to the addressed nenory

woebds3sdeigure 2 shows a DLL control circuit 200T/US2004/032037
according to an enbodi nent of 10 the present
i nvention. The DLL control ciltkuit 200 can be .
substituted for the DLL control circuit 125 (Figure
1). As previously discussed vvith respect to Fi gure 1,

I [ r e ut t
geﬁ&gte%ofdg%%éé I%L]gtla grhr | nlg(]i i:a ﬁgnﬁﬁﬁlﬁq‘l 171%ef3?3é§*h to generate a
symﬁdsmmdmut?tm@bﬁbsigﬁalgﬁlhtflhﬁlﬁfhﬁﬁsythé %ﬁﬁeﬁﬂ’&gﬁi@ S 88ay line so that

currents of the DLL during this tine
wheg ﬁb@@lénﬂ?ii/ exigoths ddlei staje,fbadL.L TBR ch beginrgenerating a synchronized

oA P B i el sy e e
ke ST I N——

EF applied to a
siggalt t A€ thr DIild483 aablreadqiire 15tlgwal thelinpRENck r%na'l Smuch more

E %ﬁ frJLace the DLL into an idle state The
qulglg fn id ?P&%Q@lhﬁéhﬁﬁ%ﬁoﬁlﬂéﬁﬁt@ﬁnal cl ock gener at or
has been e i . Ihat | t.he CKE si gnal
(Figure E‘gu@gﬁ%\ﬁ\%ﬁg 2 RESVIOHS rﬂ’ﬁPﬁ%‘te&i@ %f‘élef%ig in response to the
metiRag t dewidee Geceivify Gmal 8hdnahé ﬁ%ﬁﬂ; -
LOW CKEf si gnalﬁgls i ndicative of the clo ?%Zlﬁ%y torauto refresh
opestiany Aa&ppwd inAke khowhen m wite-refresh ddnemGKEissieasiabd b a memory
fte used the menpry device into a "power

dev, Werg?rgtc 112 ﬁaﬁpmnflwgstomg:mql}yeg%pﬂg@q/ agiigsscare refreshed in a
confBti SHAE thahRerC %mmggggi% tﬁﬁ%fy ngH{'ldQ@ltO Iglqpltopnate circuitry to

integrity of data stor
initipje theahuty-refisshpeparativh, thé ipoaesssedbs entigtetd tili@g signal for the

down .state, non 25 critical circuitry is
a“t‘g"ir ‘lsqgeﬁp QBB 5 WeHat's adser nonandhe sittaniee theg ioternalmeesh operation
is inibdl N ERGTRTRME is g{q rgﬁ for tﬂe Sr'ginﬁ%sbgdopp ]léi]:tlglalblaggglﬁ late gﬁfore a new

output circulrtry,

comldrel canttetiaitiafsl. shovvn in F| gure 2, when the CKEf
signal is HHGH, in response to a LOVCKE si gnal

applied Inghe ﬁ@’bﬁélmﬂnilo vm@elltonve(mﬁloguﬂmma)ad ia Fijh@kl2, the AREF

X T ————

2001to gaferatd! @ Sotiat LI mlmgﬁgl?hnﬁ%ﬁﬁ fi%e bEL?%?g:hﬁ;ts ﬁt ﬁile state. Asa

synchroni zed out put cl ock “si gnal’, but nma
Tesuétu HiedAL Lsl@Btdan pegiut ints au édlaytatd dverirmcart fAb-refésropeRtion, as timed
bytg—k"ﬁ .GXIlt s, the idl ez(gt ate, the DLL 123 can begin

fe F§8eln %mﬁeﬁ gpussed, a minimum time is required for the refresh

operation to complete before a new command can be initiated. In one embodiment, the

DLL 123 is tak_e‘n' out of the idle state prior to the expiration of this time to allow for the
DLL 123 to.adjust for any changes in voltage or temperature before the next command is
executed. As illustrated in Figure 3, and will be explained in more detail below, in such an
embodiment, a properly timed AREF signal can be used to time the idle state for the DLL
123. At a time TO, an auto-refresh command REF is latched by the memory device 100.

The control logic 834 interprets the auto-refresh command and generates internal sjgnals to
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out put cl ock signal based on the |ast delay setting of
the variable delay line. Al though 5 changes in
woabisagess4 and t enperature may cause the synchr eqraarioan32037
of the output clock signal to drift, the DLL 123 can
reacquire lock on the input cldock signal much- nore
quickly than if the DLL 123 had been conpletely reset.
The AREF signal, as previ ously mentioned, is generated

. .l.n_response 1o t he e.receiyi ng external

inile, R LT GRERRL PErSBr Y AP oIS, et Ghegaions G active AREE

sighRefsddnBfhted 6y iﬁﬁ@&‘%ﬁt 716418 lgﬁtat 2358 P Qﬁ”r@s oﬁger ?I?JWDLL control
conmend 1S recelve a nmenory devi ce, P

circuit 125 parditegan active IDDL eFRENsyergé ek aimds &MDEESI 2316 enter an idle
refreshed in a conventional manner. The AREF signal

stafes Ay 3 keawlfythp ogipug slpck signak C&@Ele ifghe D4il: 428 tcegses ¢o transition
bet'uéé é\ r%ﬁ%c%t %%’tg% %H@ %ahﬁ%ﬁgﬁg% 'cf%f %l)rci{ sﬁaée aaE& a tfagiﬂfﬁ ?93 became

idlepeytad tigfe B3, thelrkfredhSoptr@RnkR Wbnpleteh Qn@h{allyoeﬁﬁleth‘é NEREF signal
internal refresh operation 15 is initiated, & m ninum

begomas ln@tereq i resgofissy theeLk ebniealtripi200i gmeltatﬁs eob@MeDEL_FRZN

SRS Br e ETIS58 AT LA oo oo clc
51g;Eé19 Ufke &me B&wARETO eﬁiggﬁﬁills bomAR F&&ﬁ({i’% gé} ?IrwésedAg Breviously

he -OR gate 202 in order to cause 't
dlscussedJ ithe DPDOL mglelmag@emmng@hlw@@bbcEBZgﬁiaBuﬂﬂ?the%Bdlng of the

the DLL 123 jnto an idle state a 20 resu
Val%ax’iﬁ e5.8y 1paatths tee heiDLInd 33 hecamp idlest At @ tig The rew command is

lat%gh %l);e ﬁferl‘ﬁ% o%pﬁééﬁ:é oﬁtg 9}?‘60{11!1&? %f tﬁ) conm ng AgEF Sl?%éxﬁl In the time

I ous di scuSse a m ni nmum

betﬁv@én Thend af3( e@hmoﬁl}exfeﬁrteﬂﬂo Lo B YRE EU_QL pl?'f ﬁﬂf—‘hﬁreﬁﬁﬂé to adjust the
command can be initiated. I n one enbodi nent, the

varigple defay tire Af wasessery, tnacdogireodatachanges it affect e tlmmg of the DLL

At LT S T —
coﬂ%ﬁﬁ@d CNIL i) %&héﬁoﬂmﬁféduhx% 23, ePHieda3 ’ﬁgﬂld lhla{@ta'aﬁfs%q for any

in Figure 3, and will be explali ned 1n
synplopigatipm dsific ncawill provaddi avemttputaclgokogigndl yhat mneghmi\RE@nchrommty

n ca e used to tinme the idle state for the DLL
w1t§§%8t&{ ég‘ia?me TO, an auto-refresh command REF is
| at ched Ryl ﬁﬁﬁ’éd’ thq{sﬂ ; ﬁcﬂ%%e D-E,Ile(ljffﬂige; 9l 199 a%e for at least

834 interpret e auto- re comran ener a
a portioar ofaén siigpr@ifisst oydle) theChEHZS &ﬁ)@@?%ﬁ&iﬁﬁ&ﬂﬁ&Qﬁa Q@e?nory device

12 . ‘
during the auto-refresh operation can be reduced. Additional power savings is achieved by

the fact that output circuitry driven by the synchronous output clock signal of the DLL 123,
such as the data drivers 124, will also consume less power because switching currents
during the lauto-reﬂesh operation will be reduced by the idle DLL 123. In contrast to
embodiments of the present invention, typical memory devices leave the full DLL enabled
during auto-refresh operations to ensure that the DLL continuously monitors voltage and
changes, regardless of the auto-refresh cycle time. As previously discussed, the concern is

that the synchronized output clock signal of the DLL will drift excessively unless the DLL
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initiate the auto-refresh operation. As part of

initiating the operation, an active AREF signal is
wqgemsriassed by the control logic 134 at a tine PCT/US2004/032037

response, the DLL control circuit 125 generates an

active DLL FRZN signal that chluses the DLL 123 to

enter an idle state. As a result, the output clock

signal CLKDEL of the DLL 123 ceases to transition 5

c bett en Cl{nﬁCk St te% atnd mafgt ains.the | ast clock '
OUFERL o1 PRt for) Phaugstaifl ORREE Aongditiopie that  affect
syﬁ&]roﬁﬁﬁldﬂaf 'Ifo%;bvepqmérhmlﬁ@ﬁts GRE %%n’c HhRLAS %fﬁy Wt time is
t he AREF sign becones 1 nacti ve. response,
pr@bded:fmtﬂn@DLm muﬁoﬂoﬁ/ﬁfg the vempicEon af ﬂ@MllﬂL—kefFe‘BK Nperation internally

grﬁ%nal that causes the DLL 123 to exit the idle state
© BRY RECETEAE ﬁé]@ﬁiﬁgenasqto&hw %ﬂ@@per%mgmandltwn dhatiwill affect the

O f
/RSBS00, PR SR B S48 6 B Bt memory
cogengiddicsiig. atheQerdihlof fheGfomtena) the i)]IlQ 1298 §d§f1§t'1§‘9 defign choice
the variable delay line at the time the 23

tha} éx weld within theamderstanding 78 thase nedmmimshﬂhd iiss thel aat. ched
R T -
préBa&T b9owhp (ﬁseﬁzﬁa’@le gﬁc} bkt 1?&%3p:¥i‘h{;lhap§ afsI Eﬁ?d tt?nlng are merely

adjust "the” varia ay |
repimtamvel aff ¢hecbpargim dhad eabbddiatent bLtHel pfbit&t ‘iﬁveh’ﬁ@n Dilowever, the
such as chah,%es in voltage or tenperature.

tlmFﬂ%l Iaan theuld inep be feterpested ap lipyiyng theravepri oD Hrgsent invention to
an*gﬁr?l@ﬁ%éﬁlb&a eﬁﬁ%cﬁg’edﬁ gpDLL 123 will have adj usted

r any sync ron| zation drrft, and will provide an

out put clinthe Smgnadiaghat of Bigda3 thé AufREREN eblﬁhia}id REF at TO is
wth the CLK signal. It wll 6fprem ated that by
eventealiynigliowed byia mzmom eempmangd §IMDsxt dbe tifner Tht It widkbe appreciated,

ho%gve? Bk tse‘%ralo ﬁgghgé‘r el 6362\9%%3) isss I?iﬁ S %1ge?nory device in

ower “consuned B

se@@ﬁ&- foshdrRosh @F’&ir@t‘i'" Rifo %HESH% EHUE e ﬂ‘ﬁgglht)b&ﬂﬂeht described with

power savings is achieved by the fact that outp
respeat doiFiguyes? iané 3, the Phe gyles limongh snieting tite il Sﬂate and exiting the

A O R A O
ovellbHié G Sharfgls hﬁ%tf@sﬁ%ﬁ@%@%ﬁ ?ég%h%§?§ {nggcélgge lang Semperature)

reduced by the idl
ancemblel adjesinents eviehe aytoasfedh dyoleettie@hnclinyPize alf nd8REBATY. However,

. devices éngave the full DLL enabled during
in alfermtive £ §13|m%ﬁ5'é9r eft the presens I%Yf@t}% additionghlegiol dircuitry is mcluded in

29 ERY St T AR5 5 s BSR4 58

refidkls cyae£d In tshéh @@réﬁﬂfoﬂnhélt, the DLL is allowed to monitor changes in the
operating condition for greater lengtﬁs of time for a sequence of auto-refresh operations in
comparison to the embodiment discussed with respect to Figure 3. It may be desirable to
have such an embodiment in order to more closely maintain synchronization with the input

clock signal.
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that the synchronized output clock signal of the DLL
W ll drift excessively unless the DLL WO 2005/ 038864
wWOCHsWSHe®4/ 032037 13 constantly nonitors andradjussios/ 032037
for changes in operating conditions that affect
. synchroni zati on. However, in Ehbodi nents of the
present invention, sufficient tinme is provided for
the DLL 123 followi ng the conpletion of the
auto-refrgsh o ' i r .10 €. any,. .
necessarﬂﬁggfdgﬁﬁth%Qﬁbﬁﬁﬁégggéﬂfﬁ&ﬁﬁgﬁgﬁg?3¥FW§k’anahmnm“m

enfRAFhdtods tthat prskdnk AvERLH, t "Ehd BYNCHSRRIIZBkbEN ©B includes an
t he out put clock signal before execution of the

asyrwht@wius gowndernriscuitcidranngragip. to Which e gfREB sighahis applied, and
provided tq.the DLL 123 tq adjust. is desi gn_choi ce
oo et o s hich AU ) du RSt Sl st MPHBS6 S Boolean AND gate
et : i . ; et h
2098 B8 40 LA 00kt Ao g 2
préxaéss anpsnpitcighabio adlyst dfiputod aiBodleadrOR tghtet 4060 €A second input of the

}farti cul ar si gjnal s.and timng are nerely 10
Ok apteasemivestthe £ signal.o e pperpiden, dhe agynelropenseawnteyf404 counts the

t he esent Jd.nv Lon.  However . the t.im .agr a

il PEERER oS RREF il A48 S5 ol V€ F L 3R ot vetes of

theP AEFENkighRAl € r&PohaR toABYhPARE ICOUNAT sigA10HIdTRIRt AREF signal being
descri bed herein. In the timng diagram of Figure 3,

HIGHE theiOB- gaté¢ AeG ilt ontpahan REFeddLITFRAN signeht Inahisymanner, the DLL
Jollowed by.a nepory command t time T3. |t

will e it e FafFatnte STeTHbwelRs of i AREE AR hat 5 once for every

n AHE et &h! SeatfoRETARdSa Qﬁodssc%ﬂgfér 404 5 £ TBHD: ionﬁl design and

evice In'sequence to performa "burst” auto-refres

opaptomtdndrthoderortiineribrdkiltkdninnthe dedave befficisnt tindetrstamiiag to provide a
to Figures 2 and 3, the DLL cycles through entering

suifahde pREETSITAEE and exiting the idle state for every,
auto-refr t4 il th . 1
oppor t anifegitp o T daEl ghifhin O pEesbasc KRS0 inctuding

codipieh rcidugt 560 idctuding thd afgesyi devikel 1@DOf Figure 1. Typically, the
tenperature) 20 and nake adjustnents every

compuigr caeyibyP0dye peunled Haoughnddresai dasa, anfl ceaelbusey fo the memory

e T o provieticr Sofiie I 7L B0 eaaerpH Gom (P ghRAot fovice. The
coﬁnggtepbikmﬁﬁ?tw@ _hnci?ﬁd’eQ irbuit9 ok ]Férﬂ#ﬁﬁlgzw)aﬂoﬁ? %ﬁﬁgﬁtiﬁé’ﬁﬁﬂions, such

DLL in"an idle state every n auto- refresh cycl es.

as kreaitiod specifabofivamnio, parfoemDipeciifis aldutatieds oo tashri tloraddition, the

e B s BB By 0L o s kb

a rR&f‘s@?&&fﬁ&l {o'the computer circuitry 502 to allow an operator to interface with the

computer system. ijpically, the processor-based system 500 also includes one or more

output devices 506 coupled to the computer circuitry 502, such as output devices typically

including a printer and a video terminal. One or more data storage devices 508 are also
typically coupled to the computer circuitry 502 to store data or retrieve data from external

storage media (not shown). Examples of typical storage devices 508 include hard and



25 conparison to the enbodi nent di scussed with respect

to Figure 3. It may be desirable to have such an
wenhsdsssemt in order to nore closely maintain PCT/US2004/032037

synchroni zation with the inpu{ cl ock signal. WO

2005/ 038864 PCT/ US2004/ 03203715 14 Figure 4 illustrates

a DLL control circuit 123 according to an alternative

enbodi ment of the present invention. The DLL contro

floBh¥ ik ' r r.circuit ..
fog s TR, B Sl EomRes Ao R RAC SR ap Rt ais s
wridp (CDeRIW)anemories, and @igitalf viaeo @ibksiDADs)oUt put signal is

provided to a first input of a Boolean AND gate 5 202.
A second Hramytthef farpoingDitgaril 262 appiseiateds thite #ARERgh specific

emgi)?i?r?ég:s I-gg SB%N}%«% to% (}1(231]9% atif%%?@éiﬁ‘gf % dZ]geggiﬂt ogté:g%ilag%sg? :ﬁhi;l)lustration,
varddust ROdifldRiORA aleseinivas Wi%u%@iaﬁhggl}l[% thd $Ririf and scope of the

_ operation, the aSynchronous counter oun

mmveutidrer Aofordinglys sheifivertionARES lihijedbdxcapichsbytthel bSpedted claims.
active COUNT sjignal at n-i cycles of the AREF signal.
In response to both the COUNT signal and the AREF
signal being 10 HHGH, the OR gate 406 wi |l output an
active DLL FRZN signal. In this manner, the DLL w ||
be put into an idle state once every n cycles of the
AREF signal, that is, once for every n auto-refresh
operations. The asynchronous counter 404 is of
conventional design and operation, and those
ordinarily skilled in the art have sufficient
understanding to provide a suitable counter circuit.
15 Figure 5 is a block diagram of a processor-based
system 500 including conputer circuitry 502 including
the nenory device 100 of Figure 1. Typically, the
computer circuitry 502 is coupled through address,
data, and control buses to the nmenory device 100 to
provide for witing data to and réading data fromthe
menory device. The conputer circuitry 502 incl udes
circuitry for perform ng various computing functions,
such 20 as executing specific software to perform
specific calculations or tasks. In addition, the
processor-based system 500 i ncludes one or nore input
devi ces 504, such as a keyboard or a nouse, coupled
to the conputer circuitry 502 to allow an operator to
interface with the



conmput er system Typically, the processor-based system

500 al so includes one or nore output devices 506
woamsloaget 0 t he conmputer circuitry 502, such aBCoWISpY/032037

devices typically' 25 including a printer and a vi deo
~.termnal. One or nore data K orage devices 508 are

also typically coupled to the conputer circuitry 502

to store data or retrieve data fromexternal storage

medi a (not shown). Exanpg§3g$%%typical st orage devices

508 include hard and WO 8864 PCT/ US2004/ 032037

15 fl oppy di sks, tape cassettes, conpact disk

read-only (CD-ROVs) and conpact disk read- wite

(CD- AW nefvonethsd ainekediigig al refiicste opeliatiks i DYBghchrétcus memory

B b R A
g R T L L

f r omceising giidrati@nelf & apemal clbélesighdIMentd &th respect to the external
Accordingly, the invention is not limted exceprt) as by

clock signg fepfelsas poionef thetinoosy whrbed lesTous2ebeshodrosion takes to

completat® CLAIMS 1. A nethod of executing a refresh
plete, X . . .
Operation in a synchronous nmenory device receiving an

external clock signal, the nethod conpri sing:
initiating at |east one refresh operation in the
menoly devitsencthind ofedsimy gemenanitiotingfat denst phereadsh operation

. cl.ock signal.tinmed with respect to the external clock
COMIPIISES; laﬁ%ﬂfmg f%ﬁfes:he‘&éﬁffgglamﬁ o'“\“ﬁi &%5188 gengratippeof the \iptesnpl salock signal -
isdsas [ I . Ih
comprisey SR Bl floh T n A A R orcR o TRy iy opLfioms.
refresh operation conprises '"initiating n refresh

operati ons_and ceasing generation of the internal
cl ocR- si gride methadof slamck 3dersin geasmeagensration afhbe internal clock

: ' | - vV refresh . .
signlcoit S Uhe A O0RE o A T P Lo g et
refresh og@agsiatakentofonipiete ifod Ve adefiedinGeratn®rabut6@NPr i ses
ceasi ng generation of the internal clock signal for at

| east a portion of the tine a
4. The method of claim 1 wherein the refresh operation takes a refresh time

period to complete; the refresh operation comprising an internal refresh operation time period
during which the refresh operation completes internally and further comprises a precharge time
period, and wherein ceasing generation of the internal clock signal for at least a portion of the
time in which at least one refresh operation takes to complete comprises ceasing generation of

the internal clock signal for the duration of the internal refresh operation time period.

5. The method of claim 4, further comprises resuming generation of the
internal clock signal after the refresh operation time period elapses and monitoring operation

conditions in the synchronous memory device during the precharge time period for changes from



refresh operation takes to conplete for every refresh

operation executed. 4. The nethod of claim 1l wherein
wohaeosragseesh operation takes a refresh tinme pecraws2i0a/032037

conplete, the refresh operation conprising an interna

refresh operation tinme peripg during which the

refresh operation conpletes internally and further

conprises a precharge time period, and wherein
| ock signal for at

4N ner.at | the inte na
when eGSR0 FiuBisD PioPk et hisF A i cenprson ofrfbe intermal clock
signal rs@he@sh operation takes to conpl ete conpri ses ceasing
generation of the internal clock signal for the
duration of the internal refresh operation tine

peri g 5., .The nethod of claijm4, further conprises
r esurﬁd ng g@??e?iﬁmoérf’fb‘f aifthd Wh%?@r‘i@&ﬁmglgﬁnwasog wdilthe internal clock

ional time peri apses and

signal oGihfes i U R On DAY AU hu(TE AR EREr-By R BRLSevice
meriory device during the precharge tine perlod for
changes from WO 2005/ 038864 PCT/ US2004/ 032037 17 when

gener at i onlhsf meatleod rmifechah 6) dukhgi gombrisiegs elingndutput circuitry
ene of ,the internal clock signal resuned.

opmaﬁn%@ b‘ n@'ﬂ@ﬁ#i rein ceasing generation of

t he |nternal clock signal conprises idling a

synchroni zing clock circuit in the synchronous nenory

devi 8e. 7 Theheethed hbdlanh 6okhérsinGhe ypidhigfiziag desdn'&glt comprises

delav-l ﬂ& ﬁ output circuitry operating in response to t

a delay-lpgied clock signal. 8. The nethod of claimé

wherein the synchroni zing clock circuit conprises a
del ay-1 ocked | oop. 9. The nmethod of claim 1l wherein

t he Oefreghe gpahéd b blagANMPWhERH R RELST oﬁ&gﬁ(ﬁls@ompnses an auto-
operation. 10. A nethod of executing a refres

refresh opgatieni on in a menory device, '~ conprising: initiating
a refresh operation having a refresh tinme period in
which the refresh operation is conpleted and which

gl apses baf gh@hex eslildxedhtRl @ REVHBIREN &GP R nfcbry device
egi n; ’
comprising: J

initiating a refresh operation ‘having a refresh time period in which the refresh
operation is completed and which elapses before execution of a new memory command can
begin;

idling a synchronizing clock circuit in the memory device for at least a portion of
the refresh time period, the synchronizing clock circuit generating an output clock signal in
synchronicity with an input clock signal when enabled; and

re-enabling the synchronizing clock circuit prior to the refresh time period

elapsing.

11. The method of claim 10, further comprising generating a refresh execution

signal in response to the memory device receiving a refresh command and wherein idling the



idling a synchronizing clock circuit in the nenory

device for at least a portion of the refresh tine
weenismdsset he synchroni zi ng clock circuit gener aCTHG2@A/032037

out put clock signal in synchronicity with an input

cl ock signal when enabl ed; #hd re-enabling the

synchroni zing clock circuit prior to the refresh tine

period elapsing. 11. The nmethod of claim 10, further -

smetnoBORIIRLP B SE0SA8 E HESDBEROE e BBl Moo to
refresh €QEOWHBH SpshlVWh&ioglify | A2kik8 darldh fe-¥AbBHE St 38R B fronjzing clock circui
~ PCT/ US200 /032037Hﬂi8 synchroni zi ng glock§%?réﬁ?%mg clock ctreutt
comprisesorepatiablisg thel synchrohigingyeiedh cnduiti ingesplonssktocthe cefrdshiemecution signal
.response to the refresh execution signal becom ng
becomingipacii¥eand re- enabl i ng t he synchronizing cl ock circuit
conprises re-enabling the synchronizing clock circuit
in response to the refresh execution signal becom ng
i nactizve. T ridtBodred@thifl 10| afufthdiO colupifi@’ monitoring operating
.. conprising nmonitoring operating conditions in the
conditiopp o the memcsedexice he thy aptehomiizng glask sdicuisisubsdquent to re-enabling
. Subseguent re-enabli.n and .adj,usfing timng of the
and o GURE AR, o1, e KR A 1ottt B dhe,ppesaion condifions have
changed GR& I Wh@NtheNB¥8hroa a0 6M ck f&%i%ﬁ Mk %o SHRGNLE %gﬁél{llgm ing clock
] clock circuit is idled to when the synchronizing c oCK
circuit isgerepabled s re-enabl ed. 13. The nmethod of claim 10
wherein idling the synchronizing clock circuit
conpri ses ceasing generation of an internal clock
si gngly. 14p,.Th t | I a4 013 40 U, 1sip L
idling outpSt g@?@dﬁ?ﬁ?ﬁié%é?%%?%@“?ﬁgfégg ﬁ%éﬂﬁéngﬁg%kcumnt

comprisdsrdeesing pereraitin «fiagiadernal BlocK Bignatet hod of cl aim 10
wherein the refresh operation conprises an auto
refresh operation. 16. The nethod of claim 10 wherein

t he synchrgni zj clock cirgcui onprises. a. .. o
del a)S/MI ockeg fzd&gi%.d f?.&ﬂlﬁie fr?’étiﬁﬁlgéerofcc"é? PIRE 1KIRR e PUPHE circuitry
operating eref@ins€ 8 the ifBrnAPE1bEIEsigRATP! | Ses an

D

15.  The method of claim 10 wherein the refresh operation comprises an auto

refresh operation.

16.  The method of claim 10 wherein the synchronizing clock circuit comprises

a delay-locked loop.

17. The method of claim 10 wherein the refresh time period comprises an
internal refresh operation time period during which the refresh operation completes internally
and further comprises a precharge time period, and wherein re-enabling the synchronizing clock -
circuit comprises re-énabling the synchronizing clock circuit after the internal refresh operation

" time period elapses.



internal refresh operation tine period during which
the refresh operation conpletes internally and
wouondshasseeonpri ses a precharge tinme period, an#CTMus2@i032037
re-enabling the synchronizing clock <circuit conprises
re-enabling the synchronizih9 clock circuit after the -
internal refresh operation tine period el apses. WO
2005/ 038864 PCT/ US2004/ 032037 19 18. A nethod for
execujg¢ ng I 9 E [ .devi ce, .
conpr |i$§| ngg inﬁ‘%{l?{gﬁoﬁg%@%%é :??€esg$ %Bé%é?g% pi @ memory device,
comprisoer ations; for every n refresh operations initiated,
idling a synchronizing clock circuit for at |east a
por t | Biladnga nluslitypefreGesh epeeaiionsr one refresh
operation to c | ete:..and and enabling the . . L.
oy nehb AT Ty g kb gt Intiiad flebe narchoRizu logie cirouit for
) , .1
ORLPRT (PREBERY Rty fok Spe FIRsIERBRoR Lo CorthEle)
I ni t i @ddednabiingetheesynehroAlXingl bibckedimit 6r GleaieMalSing (n-1) refresh
. wherein n refresh operations are initiated in
operailoBquence. 21. The nethod of claim 18, further
conprising generating a refresh execution signal i.n
response to the nenory device receiving a refresh
coneryd anthevikiRidnof elbindd 8t WRereBY tHelW10RI#S BY ré Q@ operations are
.. circuit conmprises idling the synchronizing cl ock
initiated ¢ pegwience.n response to the refresh execution signal
for the one refresh operation becom ng active and
re-enabling the synchronizing clock circuit conprises
re-e li LR Z ] ' it in- . ‘
Eapony T BEUTORERR 0308 SAEH b s i i
sequencg.ef r esh operati on becom ng i nactive. 22. The nethod of
claim 18, further conprising nonitoring operating
conditions in the nenory device by the synchroni zing
cl ock1Ci r o j n .
adj usl?tli' ng(}?lietrrl?l %‘"gg%ﬁ Flt Ee. .15’?#%?{31{2%@}?5 ?Agge gqng%‘gglgiarrgﬁﬁh execution
signal invfesporisheo dhe hadnoan deoledirbicdviag hajegresiC bomaRAd fah@ W MBER idling the
the synchronizing clock circuit is idled to when the
synchrmgyﬁg WXQﬁlﬂ g;q%t qomgyises idling the synchronizing clock circuit in response to the

refresh execution signal for the one refresh operation becoming active and re-enabling the

leastap

synchronizing clock circuit comprises re-enabling the synchronizing clock circuit in response to

the refresh execution signal for the one refresh operation becoming inactive.

22.  The method of claim 18, further comprising monitoring operating
conditions in the memory device by the synchronizing clock circuit subsequent to being enabled
anc'l' adjusting timing of the, synchronizing clock circuit when the operation conditions have
changed from when the synchronizing clock circuit is idled to when the synchronizing clock

circuit is enabled.



circuit is enabled. W 2005/ 038864 PCT/ US2004/ 032037

20 23. The nethod of claim 18 wherein idling the
weoeymshsgssi zi ng cl ock circuit conprises ceasi NBCT/US2004/032037

generation of an internal clock signal. 24. The nethod

of claim 23, further conprigong for every n refresh

operations, idling output circuitry operating in

response to the internal clock signal. 25. The nethod

of clgiml1 ' he.refgesh operati gn conprises a .

‘ aut o éléf‘ef r gg o%tgér)&]atoi%g_ ‘“mzisg “%%e“_ﬁéﬁ%aﬁ 53@1%_&%171% eloc cireuit
comprisebesaRing deRerafivi ©f bR HtdAIk16dkoGEnagl rcuit conprises a

del ay-l ocked | oop. 27. The nethod of claim 18 wherein

each refresh operation takes a refresh tinme period to

el apsg, befgre a _new nenor onmand can be executed, i

t he r&’ r esﬂ{“f’ P}?@Oﬂé’rﬁ%’ﬂ %@ %‘ﬁm‘%é%maﬁsmﬁ Qi 9¥gry na¢freshioperations,
idli &f @td PR ' ' gfnesh
diing ofBRE SRy DR e Aho M e ML 1R S o 1 ses

a precharge tine period, and wherein enabling the

synchroni zi ng cl ock circuit conprises enabling the
synch#oni zThgymethadiofcqlpigui$ whterain thehesfieslt operation comprises an auto

reﬁ‘eshc{%;a[tﬁf&h operation tine period of the one refresh
gpera i on el apses. 28. A nenory device, conprising:

an address bus; a control bus; a data bus; an address
decoder coupled to the address-bus; a read/wite
ci rcué  colipd mdthod of bleirl 48 avieusin the syaohroalzigg ¢16¢k tircuit comprises

a del ]g)olg 1ed to the control bus; a nenory-cell array
ay-ieg 88Pt 0 the address decoder, control circuit, and
read/ wite circuit; W 2005/038864 PCT/ US2004/ 032037

27.  The method of claim 18 wherein each refresh operation takes a refresh
time period to elapse before a new memory command can be executed, the refresh time period
comprises an internal refresh operation time period during which the refresh operation completes
internally and further comprises a precharge time period, and wherein enabling the
synchronizing clock circuit comprises enabling the synchronizing clock circuit after the internal

refresh operation time period of the one refresh operation elapses.

. 28. A memory device, comprising:
an address bus;
a control bus; |
a data bus; )
an address decéder coupled to the address~5us;
a read/write circuit coupled to the data bus;
a control circuit coupled to the control bus;
a memory-cell array coupled to the address decoder, control circuit, and

read/write circuit;



21 a refresh circuit coupled to the nenory-cell array
and the control circuit to execute a refresh
wopersasssem having a refresh tinme period i n whi eaTse004/032037
. refresh operation is conpleted and which el apses
bef ore execution of a new rmEnory conmand begin in
response to a refresh command signal provided by the
control circuit; a synchroni zing clock circuit coupled

L0 ol 80 S 0% SEEHV A el o B it
execute O PY3h Q)p'éfhtioﬂt Edv’i@é aCfe@l‘éKh @ Pbribd B Avhidh (e RARAL bperation is
Foakor
to the input clock signal; and a synchroni zing cloc

completcab and phichi elapses beotepbedutlcm ¢feenesy neimaryiceirmganed egkn in response to
rcuit, .anqg the control circuit, the synchronizing

a refres}b?ma%ﬂg? proyiided jpst th GeRtEd)| ol generate an idle
si gna| r I . .
e 4 HECERERRONSE: Leak bR, CARRptk 3 eckfling an input

clock sigaeul t the Byrshrdrtiging efock stircliit peablel toenddte AhiiterAADENYCk signal timed
devi ce of claim 28 wherein the synchronizing cl ock

with respgc tqthe m]é@éﬁ#@ﬁk@@alaa%l ay- | ocked | oop 30 The nenory

device of,clai.m 2 erein.th cl ock

contr oi;ync@iop&ﬁg[ 1%8#&??@%13“5; etdéﬁp geg ﬂ%’{f}’fuﬁﬁ’g clock circuit
and the éduft®l cirRY) theCSMBhR Rzl él&ﬁ{ SN Brcafid 6;%'1'41316: t® gér?e?e?cb idle signal

the refresh conmand sig and a second i nput “coupl e

in responge tohthe a:diﬁshadormnmdwgnalcbo idle ¢hey gyrmhppmiveng chbokurcircuit for at least a
. signal, e OR.|ogic gate further having an output
pOﬂlon%g&ﬂ%feéWS]?ngngng gchr oni zing clock circuit to provide
the idle signal. 31. The nmenory device of claim28
wherei n the synchroni zing clock control circuit
conprigses:Tie memotedevite oficthinhaBiwigerain thegyibcheonipingtlock circuit
. to the control circuit to receive the refresh command
comprises ¢pday-locked le8dnt er circuit operable to generate an

active output signal at an output in response to
counting n active refresh command signals WO

2005/3038 8 62hec Radh s152@3400¥ 2080 2@ Jhafeihlie $ye8hfondah clock control
having a first input coupled to the control circui
circuit cprapasegeant QR logic gate having a first input coupled to the control c1rcu1t to receive
the refresh command signal and a second input coupled to the control circuit to receive a power-
down signal, the OR logic gate further having an output coupled to the synchronizing clock

circuit to provide the idle signal.

31.  The memory device of claim 28 wherein the synchronizing clock control
circuit comprises: -

a counter circuit having an input qoupfqd to the control circuit to receive the
refresh command signal, the counter circuit operable to generate an active output signal at an

output in response to counting n active refresh command signals



refresh command signal and a second input coupled to

the output of the counter circuit and further having
wanowsuwsgst; and an OR | ogi ¢ gate having a firsPCTmS2i04/032037

coupled to the output of the AND | ogic gate and a

second input coupled to thexontrol circuit to receive

a power-down signal, the ORlogic gate further having

an out put coupled to the synchronizing cl ock circuit

to prov t he | devi ce 0

ol oy RN R gt e B oL O e it  receive the
refresh EORiMMd Ql'gﬁ&luérfcf ¥ sk ﬁ]ﬁgu{ 801%[29(1 3 Ql‘fch Eﬂ@hf ioP e !z&‘frher circuit and
0 at

circult out put rom e nmenor arra

ﬁn&wrh&ﬁ&g@ﬂ%GQEWzmhe internal clock signal. 33. A nenory
device, conprising:, an_address bus; a control bus;
dat a aBR legic gl ﬁegmgopeﬁ@a gpuk @‘uml@brtq tge ph’@uédﬂﬁes@\m logic gate
0_the

and o st gt SRPIGHD S sl it eivs BpPBREaCR s, e OR logic
gate furtRBFMAYing &l o@ﬁﬁtaaowt&%et SyricRforRARs %fo%kd&&%’tefo , provide the idle

control "circuit, and read/write CII‘CUIt a ref
signal. circuit coupled to the nenory-cell array and the

control circuit to execute a refresh operation

refreshing nenory cells of the rrermry cell array in

respgpse t9, %e}ﬁ&&r gﬂccﬁiw Qﬁeo }/éagﬁ’?n ertchl &ompnses

control circul circ coup

output ciréuitril@ogslad tothetdyhehiohizaipdclbele eirmunw @ftptllﬂw frofi ﬂh%kmemory-cell
signal, the synchronizing clock circuit operable to

arraymrgémxsatcbthﬁmntm@belﬁ@kSIeprdck signal timed with respect
to the input clock signal; and WO 2005/ 038864
PCT/ US2004/ 032037 23 a synchr oni zing clock control

circgsl CouUpleRdry et coMpEBImeNi zi ng clock circuit

an address bus;

a control bus;

a data bus;

an address decoder coupled to the address bue;

a read/write circuit coupled to the data bus;

a control circuit coupled to the control bus;

a memory-cell array coupled to the address decoder, control circuit, and
read/write circuit;

a refresh circuit coupled to the memory-cell array and the control circuit to

“execute a ‘refresh operation refreshing memory cells of the memory-cell array in response to a

refresh command signal provided by the control circuit;

a synchronizing clock circuit coupled to the control circuit and receiving an input
clock signal, the synchronizing clock circuit operable to generate an internal clock signal timed

with respect to the input clock signal; and



and the control circuit, the synchronizing clock
control circuit operable to generate an idle signa
wonorsasgemse to receiving n refresh comand si gaafus2i0a/032037
idle the synchronizing clock circuit for at |east a
portion of one refresh time2period for every n refresh
operations. 34. The nenory device of claim 33 wherein
the synchroni zing clock control circuit conprises: a
counter_circui.t havin n, i Nput co d,to the control ..
ci'r oot eviE e FQRntSL PR SR it yhafoiihe ook cirui
and the EQHFY] Rircit, "B kincAREAARE Bl0LR cHRPAIR it BPerdble t¥ %eﬂéfﬁt@% idle signal
signal at 'an output in response to counting active
in respong¥ toasteivingmaredresh gorainendsigAdlD td adje theggmehtoaizingclack circuit for at
first input_coupled to the control circujt to receive
least a ppi{on ofORPESFEBIFRPRICS GRSYETY Rdeizeheapsidiophput  coupl ed
to the output of the counter circuit and further
having an output; and an OR |l ogic gate having a first
| nput34;ouptiedmetoiidedivé ptlath 3BhehABR the 8iscH9atifing ¥tk control
.. a second input coupled to the control circuit to
circult cpi@pEPSse a power - down signal, the OR logic gate

ol ocik kvt el bubEdo ERUCRERIL Bieapomtid SBHE' S deceive the
refresh SPRAMAYd SRUAIC ehedboiht@ dcaR dﬁ%ﬁfb‘}‘é B LORraY lrzlﬁ f%av% éiu{b% signal at an

clock circuit conprises a delay-locked I oop.
output irmeEsponse de voundingn actise nef3:3h whmnend sighelsr ead/ wri t e

circuit nprjses . oytput, circuitry coupled tq the )
sync legicogatichavang 2 frst innyt geynied todhe somtra) pitewi to receive the

i SEEY SGpb L S APERRRS) % IEH LTl EAARE it o

bas
further baviagesswiplipatidng a processor bus; WD 2005/ 038864
PCT/ US2004/ 032037 24 a systemcontroller coupled to _
t he pideBdegie gaigchavingea §is8 inowt eeimlechiol the ohtaut afjthe AND logic gate
I ort and .a.peri.pheral device.port; .
and o sefRE FGEECTRAN B0k PR R BieR oo EBEUFT AR enit the OR logie
gate furthey hafinBodr o@tbut BOupl¥B t&Mhe synchronizing clock circuit to provide the idle

signal.

35.  The memory device of claim 33 wherein the synchronizing clock circuit

comprises a delay-locked loop.

36.  The memory device of claim 33 wherein the read/write circuit comprises
output circuitry coupled to the synchronizing clock circuit to oufput data from the memory-cell

array in response to the internal clock signal.

37. A processor-based system, comprising:

a processor having a processor bus;



controller; at |east one output device coupled to the

peri pheral device port of the system controller; at
woOeensto3gase dat a st orage device coupl ed to the PCT/US2004/032037

peri pheral device port of the system controller; and

a menory device coupled to 24he processor, the nenory

devi ce conprising: an address bus; a control bus; a

data bus; an address decoder coupled to the address

ggﬁ L o?ysge%?%ﬁ %’1‘@01 & s %Péféh' 1} ﬂ?%]gl%ggs% § Eﬁg g?sggm tdttroffer having a

system tHBABRMYror€Ald @ﬁérﬁﬁefa@ﬁ@%@@pélﬁ t he addr ess decoder,
control circuit, and read/wite circuit; a refresh

ci r cuttleasd lqmeemwbdcmee reumded te dh¢ periphgraladevichigort of the system
control circuit to execute a refresh operation having
controllel;  of r esh ti me period | n whi ch the refresh operation

s cpnplelad H@%M&»gl QBRI ﬁ@gﬂ%ﬁ?g&’&?ﬁ% 0% gtf of'the system

new nenory co response
controllggpmmand si gnal provided by the control circuit; a

synchroni zing clock circuit coupled to the cont r ol

ci r cuit leaglenerdagestoragg dewipe Pmﬂﬁf |the Reréphgralidevichort of the system
controllSY e roni zing clock circuit operable to generate an

Tt nal clock signal tinmed with respect to the input

cl OCiﬁrﬁbﬁB devadibod ?@m&ﬂ{e‘mb@dsé& &E%&g‘&% comprising:

circuit coupl ed to the synchronizing cloc ci rcui

and t he comtaddiessbuguit, the synchroni zi ng cl ock
control circuit erabl e to generate an idle signa
in respon§e %ﬁ‘gﬁ’refresh command signal to idle the
synchr oni a gélénck circuit for at |east a portion of
the refres tlne period. WD 2005/.038864

PCT/ US2004nQiddf:39 decoder &mpled to the address bus;

a read/write circuit coupled to the data bus;

a control circuit coupled to the control bus;

a memory-cell array coupled to the address decoder, control circuit, and
read/write circuit; ' |

a refresh circuit coupled to the memory-cell array and the control circuit to
execute a refresh operation hafzing a refresh time period in which the refresh operation is
completed and which elapses before execution of a new memory command begin in response to
a refresh command signal provided by the control circuit;

a synchronizing clock circuit coupled to the control circuit and receiving
an input clock signal, the synchronizing clock circuit operable to generate an internal clock
signal timed with respect to the input clock signal; and

a synchronizing clock control circuit coupled to the synchronizing clock
circuit and the control circuit, the synchronizing clock control circuit operable to generate an idle
signal in response to the refresh command signal to idle the synchronizing clock circuit for at

least a portion of the refresh time period.



38. The processor-based system of claim37 wherein the

synchroni zing clock circuit of the nmenory device
woanprisssess a del ay-1 ocked | oop. 39. The procesBOoTAISaB@032037

system of clai m.37 wherein the synchronizing cl ock

control circuit of the nmenoysy device conprises an OR

| ogic gate having a first input coupled to the

control circuit to receive the refresh command signa

and sec d i nput c Ied to t C ol .circuit to
ocer e o [iPCsasbuRy e dfd T T yhere the incbisgizing clock
[ nchroni zi ng cl ock
cireuit °*2?¥58??&? d“ﬂﬁ%"%&?’a‘g‘f@ﬁ“ L R b e
processor - based system of claim 37 wherein the

synchroni zing clock _control circuit_of the nmenory
devi c3e9 rﬁarq rresesser-bsgd skitersi of il Hawharpimthe smthomzmg clock

GouRn ontrol ci.rcui t r.ece t he
control LT ity SRTRE BumRbisd ok GodBEBleEmtn’s 677 iR doupled o
the contBRNGFcAteoARcE0 itNE réfikish onsh IRk ‘gﬁil AU 2 QUbSHH it coupled to the
response to counting n active refresh conmand signals
control ¢ircuiND resgive @epperehdengswaﬂ,u thet ORnbxgtc gotepfuethet having an output
]-dgh trol .circuit receive th (ﬁresh conmand si gna
coupled i STRERHAE IR CBEFrr e RHL of ¢ he
counter circuit and farther having an output; and an
OR logic gate having a first input coupled to the
out puﬂO of Theeprédddsdrelgised gystan ofivthia Fewhadin theufynchronizing clock
d to the control circuit to receive a power-down
control %rcaﬁaft heypeneny dexifiecompases:  ur t her havi ng an out put

coupl.e t y hGul L

the i d?m{n?r Jile(m]& ﬂa?“ g %Zlhé}ﬂoce gelélrt-%baseC ngf JeHiat fto feceive the
‘refresh coh@h#Md3sigihettei doubire cireall/opeiabR © gehldtdte @h actiiie oﬁ@ﬁp kignal at an

device conprises output circuitry coupled to the

output H@ywem auRtng paekvetefissh ¢ormman agmls dat a fr omt he

sig ng%{ A(iﬁjé lloﬁy 3 31'@37 g{g?asﬁlgg é 2‘% tog%er y 1%15‘8111’[ ip receive the

refresh dONRRARSEH zhaaﬁdng BcdHIOmBRS 8% io W@ 0B 8R64
PCT/ USZO%DI 032037S 26 assystue%&?coont roller coupl e(}mter cirouit and

further hevisg pn oups@ndbus, the systemcontroller having a
an OR logic gate having a first input coupled to the output of the AND logic gate

and a second input coupled to the control circuit to receive a power-down signal, the OR logic
gate further having an output coupled to the syhchronizing clock circuit to provide the idle
signal.

41.  The processor-based system of claim 37 wherein the read/write circuit of
the memory device comprises output circuitry coupled to the synchronizing clock circuit to

output data from the memory-cell array in response to the internal clock signal.

42. A processor-based system, comprising:

a processor having a processor bus;



system nenory port and a peripheral device port; at

| east one input device coupled to the periphera
wdevismasgoort of the system controller; at | eaBCT@S2004/032037

out put device coupled to the peripheral device port of

the system controller; at 32gast one data storage

devi ce coupled to the peripheral device port of the

system controller; and a nenory device coupled to the

processor, th nory devi conprising., an, address .

bus: BBt Perrie coupled fo Tiopocteh bt e DR sqBroller having a
system tRQHONGrL Sl d\SerpReFa@asvibiort; @ read/ write circuit

coupled to the data bus; a control circuit coupled to

t he abritasblonbusputaderdomcyupled lto ahe ayripleugl delvito pbiteof the system

address decoder, control circuit, and read/wite
controlles; rcuit; a refresh circuit coupled to the menory-cel |

array, t ol Ci i 0 .ef resh

oper 1B U <Gl B visk, dsifet pioe GBS BebiPh WBE  the system
controllé@ ray in response to a refresh command signa

provi ded by the control circuit; a synchronizing cl ock

ci r cuit leagioms! dath sterage dedon couplledciortbeiperipherhl devies porigf the system
an input clock signal, the synchronizing clock circuit

controllefafdahi e to generate an internal clock signal timed

with,r t ' [ ; : o
oy nCy o ol e et PR e Fise eRgprising
synchr oni zinragdedsobls; circuit and the control circuit,

t he synchroni zing clock control circuit operable to
gener at e &FoEPEbUSsi gnal in response to receiving n
refresh cqy SSi gnals to idle the synchronizing

clock circult Or at least a portion of one refresh
time peri od aidfesedeodercoupiddas heopreat bagls. WO

2005/ 038864 PCT/ US2004/ 032037
a read/write circuit coupled to the data bus;

a control circuit coupled to the control bus;

a memory-cell array coupled to the address decoder, control circuit, and
read/write circuit;

a refresh circuit coupled to the memory-cell array and the control circuit to
execute a refresh operation refreshing memory cells of the memory-cell array in response to a
refresh command signal provided by the control circuit;

a synchronizing clock circuit coupled to the control circuit and receiving
an input clock signal, the synchronizing clock circuit operable to generate an internal clock
signal timed with respect to the input clock signal; and

a synchronizing clock control circuit coupled to the synchronizing clock
circuit and the control circuit, the synchronizing clock control circuit operable to generate an idle
signal in response to receiving n refresh command signals to idle the synchronizing clock circuit

for at least a portion of one refresh time period for every n refresh operations.

1



27 43. The processor-based system of claim42 wherein

the synchroni zing clock control circuit of the nenory
wdevispasssonpri ses: a counter circuit havi ng anPCmusk004/032037

coupled to the control circuit to receive the refresh

command signal, the counterprircuit operable to

generate an active output signal at an output in

response to counting n active refresh conmand signal s

an ANQ logic gate having a first .i.n oupled to fhe, .
cont rot c?# C?sﬁ(”?h?:sgg\fgs';f"??e"fl‘il@?f éé W%Eféﬁ‘i‘lﬂ?ﬁjs@icwj’i?&!zmg clock
trol HeHit_F HRGA b UL .to the output of the
CORHo C?guﬁt er ci ?‘gﬁu t an%fc&?@rr_t%%ser having an output; and an
OR | ageeurgat eirdudly haxgng ahi inptit coupléd codtpl echttdl difRit to receive the
output_of the AND | ogic gate and a second input )
refresh copupshisignal; the eamter glircuitrepgrable & eeeedto anactiyamutnitwignal at an

. signal, . the | ogi.c te further.having an out put
output i35t ¢ S s s f st BERa Lt o provi de
t he i@l ANDbgidate hting d fiest B 869Ed RARE dosYSI &R fo receive the
claim42 wherein the synchronizing clock circuit of
refresh consmamshwigpaldand 8 ssecantb ripsb soupldéditayhd outpet of dip covier circuit and
The proc based system of claim42 wherein the

ssor -
ﬁnﬂ“”hF@HEF%PP&@%éppcuit of the nenory device conprises
out put. S G I 7] c .
ci'r o OR 16, it 1EOUR, FHrst Sk B HAF B BP'oE SR oF HACAND togic gate
and a secaripiapsiecduplddnie thatceninall citduitctls r8¢edveah power-down signal, the OR logic

gate further having an output coupled to the synchronizing clock circuit to provide the idle
signal.

44.  The processor-based system of claim 42 wherein the synchronizing clock

circuit of the memory device comprises a delay-locked loop.

45.  The processor-based system of claim 42 wherein the read/write circuit of
the memory device comprises output circuitry coupled to the synchronizing clock circuit to

output data from the memory-cell array in response to the internal clock signal.



