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SYNCHRONI ZI NG CLOCK SI GNAL GENERATOR TECHNI CAL FI ELD

woheo4pszigent i nvention rel ates generally to i nPegrat®d007499

circuits, and nore specifically to synchronizing an
external clock signal applied'to an integrated circuit

5 with internal clock signals generated in the
integrated circuit in response to the external clock
signal . BACKGROUND OF THE I NVENTION I n synchronous

| nt pANAFEEREOUENCS 5§ YNTHR ONEZING 40P K SHEVAT SGENRRHEOR
by an external clock signal and perforns operations

at predetermned tinmes relative the rising 10 and
falling edges of the applied clock signal. Exanples of
Eﬁﬁ@%ﬂg F%ﬂegrated circuits include synchronous

menory devi : ] .

Tenoed nensh B NN WA and mor
greciiRallyreneyrchfon(ZAAGRAVEK ternf b dag il iapplied R i@Sgrated circuit
I'i ke SLDRAMs and RDRAMs, and include other types of

with deferebelogl signals senggatogin the dnfegrated cHrel BhicaRrwiss &y Hie external
Jhaﬁ&ining of signals external to a 15 synchronous

&8 r§n%9vice is determ ned by the external clock

signal, and operations wthin the nenory device

typically nust be synchroni zed to external operations.

BACK@Rapie OFCMi BNV ENAAE@ND| aced on a command bus of

the nenory_device in. synchronismwth the. externa

cl oGk 51 g SMEENen R SRR B s HpL FERT fiaeked by an
SQ8mENEScIddighdl %@ F)Qﬂ%‘inst dgBRioh® aSMEEESRIiHE HmEARIMWR the rising

t he conmands. atch the 20 applied commands, an

amt Eallved edgenodf thie gppalied slodkvsigmapeExampi@sEOsgehtonoth éntegrated
external, .clock signal, and is typically plied to .

i dacluds, suichespoRh mMeReTHEleBIcss gesh 8 synshigogus diypamic random

S SEmEREEPETA) Qi Sp0 ot &kl BERBHes (SpraMs)
il packetigedt nembrieetikalSLORAC s Sing rRIDRAIM; kad tihgludabdiee sypes of

at the proper tines to successfully capture the
intagmtipdisircuity as mellp Fuch s tmigeopEqcesiorsont hepgning,of stamgls extagnal to a

u refer i gnals_an ati.on I.s of. e .
NBEPSur e/ Sl Rieufi YA PR UCHERAY wnd Hpreions
ARBImAthE QRemdy tdei Re tthGcdIBMRNM HéewheiGoniBT BP¥AEmal operations. For
al t hough the present description is directed to

ssaniie, o nouBIaNEsTErS/ Mdegilces, a tdpmmand bus of the memory device in

synchronism with the external clock signal, and the memory device must latch these

commands at the proper times to successfully capture the commands. To latch the
applied commands, an internal clock signal is developed in response to the external
clock signal, and is typically applied to latches contained in the memory device to
thereby clock the commands into the latches. The internal clock signal and external
clock must be synchronized to ensure the internal clock signal clocks the latches at the
proper times to successfully capture the commands. In the present description,
“external” is used to refer to signals and operations outside of the memory device, and
“internal” to refer to signals and operations within the memory device. Moreover,

although the present description is directed to synchronous memory devices, the
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descri bed herein are equally applicable to other types

wohomyoszias onous integrated circuits. |nternal PCT/US2004/007499

circuitry in the nmenory device that generates the
internal clock signal necessarily introduces sone
time delay, causing the interfal clock signal to be 5
phase shifted relative to the external clock signal
As long as the phase-shift is minimal, timng within
ne . [ can. b [ ; 0
RRapTES efertR il e EaB07 ML Vo BIAE AR bl Symchronous
mesprmedisiraas. be applied and at which data can be

transferred to and fromthe nenory device, the ]
frequency bremnplecitsriterindhe aleoy deyjaathat generates Bgsaigmal clock

and i n _nodern chronous nenwries the.frequency is.i

il doogpariy ot SOIE Tt g GRur tts R Slock g to e
5126 khifled Rahtives HRAS@Sal REMR \68nal. t €10k 4 (1S IAYe-shift is minimal,
I ntroduced by the internal circuitry beconmes nore
tingrg Witbiarthe niEhiosy fevite e bsesasilissynalsronizhe i thepatemea) tipfing. To

t he external clock.signal jncreases, .the perjod.qf the
glfzrgeﬁ%q t]aee Jatg a%teg/%wfl}n&oqpﬂagdseg% gng:mhege g{ wquc% dapa can be
M SFQAICGE SnB Y e Iﬁ&?%vi%,rtﬁy g YenBPbE ﬁ:%%%fk‘i’%% Qlock signal is

significant phase shifts between the 1nternal
Bxteasaialand| incioddrg rsghchrovsis anemetitst thet fiequeneyminits eddess of 100

applied to the menpry device may. no | onger be valid b
VAL 1 fprihe frealerDerillt cxiepiakelogk giga ipgTsdies, hogever, the tithe delay

in%ﬁﬂ?e%‘ ll)y-rll-ﬁ‘lesigf%ﬁﬁi Qﬂ&ﬁgﬁ %ééo%&%oﬁnsq%éig&ﬁﬁ.n FiCis e because as

SI ghal s noaern syncnronous nenor evi ces, a

therefucdy 6ff the ekenial alpk simbbmchays, tregieriodngitbkesigahl decreases
and utilized, inclqdigf del ay- | ocked Joqg; (DLLS) o
prbthas syscwed] ddassniaiuce] by Hiedntzonal gietiEy Geliespaig fgignificant

el ays. s. will b reci at ed t.hos i | e
i i PRl R ollna) ap RRER of S A3 Er I Ehmanas
hipHcH A6 She nehadr§ delidt ndfyend Windet BeRhI@MY thé GAR fe ihiddal clock
have a desired delay relative to one another. Figure 1
fignal clagke thedatgshesbl ock diagramillustrating a
conventional del ay- .l ocked |.oop 100 includi.ng .a :
vari abl e doPay PeREIA0 A e VEwah HPYticsignl ofn modem
%?Qﬁl%‘nouszélego@@gvi@é%ga AERBEAL LS fR e haymeskiel Bake BldN@nsidered

KDEL 1 n response to the clock buffer signal. The

sat nthitel, dedlading idely10ked dnopso(BLIzs)y phisedlecked legps\MBLLs), and

ChohieoSt oL B35 T o St 0 W e e
As used herein, the term synchronized includes signals that are coincident and signals
that have a desired delay relative to one another.

Figure 1 is a functional block diagram illustrating a conventional delay-
locked loop 100 including a variable delay line 102 that receives a clock buffer signal
CLKBUEF and generates a delayed clock signal CLKDEL in response to the clock buffer
signal. The variable delay line 102 controls a variable delay VD of the CLKDEL signal
relative to the CLKBUF signal in response to a delay adjustment signal DADJ. A
feedback delay line 104 generates a feedback clock signal CLKFB in response to the
CLKDEL signal, the feedback clock signal having a model delay D1 +D2 relative to the
CLKDEL signal. The D1 component of the model delay D1+D2 corresponds to a delay
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feedback delay |ine 104 generates a feedback cl ock
signal CLKFB in response to the CLKDEL signal, the

wobeedazidicl ock signal having a nodel del ay D1P&D2IS2004/007499

relative to the 30 CLKDEL signal. The D1 conponent of
the nodel delay D +D2 corresponds to a delay WO
2004/ 082143 PCT/ US2004/ 007499 3 introduced by an

i nput buffer 106 that generates the CLKBUF signal in
response to an external clock signal CLK, while the

i QIR2uent 'ESPRIES g1 th to an
PSR 30l - T8 B BT PECBECF iR rosponse
SRABEIAI Gk stgray CLRY, ouhile etk D2 oakpaieghaf the GlddBNVaIay corresponds to a
response to the CLKDEL signal. Although the jnput

drlt rotioBdabil a5 ptp LB 6% ihaf (FnerRes 14 HEShioRiZEd clegk signal

| onponent s a e S g
SR R rcroa e SV ERR TR Qo GR TRERERR Bucdh o6 and
Shsutdriay 1b9ekediukeand 49 Single Cagpongitt, daulh keprestfs allhaesnponents
represents the delay D1 of all conponents between a

amipthe assdvited deley bebvachhCinpus iagh Qutrah @F tthfedﬁlﬁmck@«g loop 100.
t he. varj ahl line 102, h t put .

e SRk by B 4851 S tsRlpe e b n o
{BEreQM YV B Hhe @‘LI% El%ﬁe’laa%ﬁ %}ngYﬁlIEut]{Q tleValabld day@hfk B0, and the output

out put at whic signal is devel oped. The )
ﬁﬁﬁﬁﬁOB@qka&nbdhﬁd&@@Eﬂuﬂbﬂ@pmmnn@mﬁb@W@@pﬁ@S@MﬂHOfﬂw\mnﬂﬂe

oL ot DS GOSN SR T,
having a vaialdLaah B, uE MiRSendhibehas: REENBE N0 that

t he CLKBUF an nal s. e I nplenentation o
RIGITEs e ICIH IR ah¢ CUEBUT sigebld md beBeraRatastelayNontrobsignal DCONT

5,946, 244 to Mannin Manni ng), which is as ned to
hnénmsv:gn@éncﬁﬁatirlge%ﬁgmtdﬁ%%@%@n‘?eﬁgﬁﬁ} hea (L ﬂg‘% god CLKFB
whi ch i s incorporated ' d : I

@@Wﬁf"ol @é‘? 1@%%@#18?&%}2%%%;%&@%@ i“S @g |H§ﬁ ﬁgs%%)shspea tent No.
5045084 Wznrﬁ%% ®anhin@N Whieh R as@gneadetoe teotissikhBe ofinle present
applies the DADJ signal to the variable delay line 1

02 |
pateadippdicatidneand, whichbis dnepepergtedhereim by grise@cget A dely controller
110 and del |ler 112 ' nati

17 sapsates tht. [ABY aiera® fn rapodR T 1R DAV SR (R e phase
?h@&%ﬁ &&%ﬁgﬁagﬁﬂ&cfﬂeﬁmgﬁsighﬁﬁo%& e6He6le RRRgdideetonae djust the

CLKFB signal's. In operation, the phase ]
detiabté alelay1UDdet Bt phashedgivase 1 1 fahdr dalaye chetrollsanl 12t peerate in

CLKBUF .and CLLKFB signals, ,a t hase. det ect or. and .
A T T e T e
P8 Rl AR ha A Ve ine b kUK ARELK FBA @ atsunt i | the

In operation, the phase detector 110 detects the phase difference between
the CLKBUF and CLKFB signals, and the phase detector and delay controller 112

operate in combination to adjust the variable delay VD of the CLKDEL signal until the
phase difference between the CLKBUF and CLKFB signals is approximately zero.
More specifically, as the variable delay VD of the CLKDEL signal is adjusted the phase
of the CLKFB signal from the feedback delay line 104 is adjusted accordingly until the
CLKFB signal has approximately the same phase as the CLKBUF signal. When the
delay-locked loop 100 has adjusted the variable delay VD to a value causing the phase
shift between the CLKBUF and CLKFB signals to equal approximately zero, the delay-
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25 phase di fference between the CLKBUF and CLKFB
signals is approximtely zero. Mre specifically, as

woheosari4abl e del ay VD of the CLKDEL signal i sPadjussioedor499

the phase of the CLKFB signal fromthe feedback del ay
line 104 is adjusted accordi ngl y until the CLKFB
signal has approxi mately the Sane phase as the CLKBUF
signal. Wen the delay-locked | oop 100 has adjusted
the variable delay VD to a val ue causing the phase 30

h t;ne: k) K
S SEEP 08 By o e, e
B@T CLUBRGNIE QpA4I8 Yre 4yohedeizbdl 0Dpisiis trmaibdeduse lvehen the phase shift

"l ocked." Wen the del ay-| ocked |oop 100 is | ock
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EquylsrléT@K -(HenD2) Nhie éot dlay efghe CaKasigmak threugh thegapytdytfer 106,

G g5 M ol S D RS D TEAR AR bt whien
Is NY@R a@hﬁ‘s @'1%! @ILK'S'YINC 32Ral @méla%u BYINTOK frefatit® the CLK

D1+NTCK- ( whi ch equal s NTCK. Thus, the
ﬁg*@\ém tisd 'gvmtlgmaés atelsmcémomg/edwr@e the Heley isean imtagermaitiple of the

Bty of BeurLR B, RAPns |b351§;ostiﬁ°£§cgl';%§$%§' 0GE 108 memory
Sync(isl e HREIQH | fihaPABkrelRnbi G0 §Céﬂ§§rqé?ln cB®bk signal and the

ronous nmenory devi ces ‘above, CLK si gnal
CORTESIDSigas cofredpoadenotthe imadrnalobak ssgngh al and the
CLKDEL signal corresponds to_the inter a

si Ignal | nln Hee é@ma;nok@ftm 1Yy ghe g@rial ﬁ!éie\ff”ﬁo fing, 102 is typically
102
ge ae§ #ré;giaoﬁ%gér %II éle%' ﬁ€ é elc{e eﬂ&@l(furapﬁé @y%‘cﬁ@@ﬁ rwfﬂﬁ individual

st ages;
ey \@t&@@lbeuﬂg%(ﬂﬁha& fnages tbeidjgst &ﬂde,dn@bler(&rmvéﬂ) t as will be
adj ust the variable delay VD, as be under st ood

uhdestoak byl thesei skillddeinathe. artrhdhg afrarlalaip aleliy) line 194 @lufbbe able to

nlésvﬁgglsﬁgqluﬁﬁltu?rbv gilec%ﬁa}g g)n nc?r%(ehgyn@ﬁr\éga ohi%gl(feng % ﬁl MR/mg the
ﬁ&\)@&%’ﬁ'@ nb{ﬂ 1ﬁ € fleh RGeS Bse DIAGLhION e dMHyClBckdddoop is designed to

del ay-1ocked | oop i's designed to operate. This is
bperateb éBtas Setrichescwasei thb variabdd dglay line 1QDmugiprovisiegy vagable delay

%QQ,V g% Ig\{al"glllf éﬁg’é@% \}7\8'1 %EW@LE?]vetWel(aEggFtl (f&lﬂ O\Aﬂ?rhgleé]_eklod of the CLK
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As previously explained, the delay-locked loop 100 can only operate
over a limited frequency range due to the maximum delay available from the variable
delay line 102. In many memory device applications, the minimum frequency that a
delay-locked loop can accommodate is one-half the maximum operating frequency of
the memory device in which the delay-locked loop is located. For example, a
synchronous memory device rated at a maximum clock frequency of 100 MHz typically
includes a delay-locked loop having a variable delay line that can accommodate a clock
frequency as low as 50 MHz. However, in some instances, it may desirable to be able

to operate the device at a frequency less than one-half of the maximum operating
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As previously explained, the delay-locked | oop 100 can

only operate over a limted frequency range due to
woheo4roaxi4srum del ay avail abl e from the vari abl ePCtiS2004/007499

line 102. In many nenory device applications, the

m ni mum frequency that a 25 del ay-1 ocked | oop can

accommodate is one-half the ﬁhxinun1operating

frequency of the nmenory device in which the

del ay-1 ocked |l oop is |ocated. For exanple, a

nchr onous r ' . - .
ﬁ%&aﬂ%’ h 8‘511%10?15[%8% %ﬁgg %{ljfgﬁ)ggal?}nséi{m?ﬁ% ﬂggféﬁlogyﬁg fbR6K device, at a
A AYeduesdsaess tRaDsMBRHZIg a variabl e del ay |ine that

can accommpdate a clock frequency as |Om1%%f50 NEE" 1
However , i@nesieh insigncant &s thg purpase efdoves siitcigngypdt 1s generally

T e
Iﬁéﬂgr %@%&Ogo‘hg&ne@. fHOAGRACH séheiethbg dade: applidations, the

previ ously nentioned synchronous nenory device, at a
fedqmecyf ateghien ayménesry delign n8BlsNPRUtIDE 2k loss paregrwmariyseed to

I{q?,;rg iggglé)%%]gl? ggq;{gtfh}é) g\é\cﬁ{engi feil'ﬁ | sg Eﬁi‘x?‘}llgkﬁgaﬁg%ﬁ%%ﬁ% Ih%’ Re able to
%)epﬁgr%r SN GBvikS APREIA 6Lk frBfuendy fb IR adviaftapOWErany power

onsuned. ver, 1n sonme nenory device applications, )
dahingh Heuencle atailablec Foa tinegmeatgstdmne efiaenty, the lowesipperating
dat a does not necessarily. dto at_. i maxi num
ey gt FrERp SR Eo PHUYICH i, &apter DEncliy ARt FAMIE 1pdhe case
be a0l et r i e s Ak9GKle when dat
e S PCHh a1t FRACR Bl i BLab e e
ARs e By abddalplosh af@rwiither ¢y eanesy qaioldy, efdhi ed evhey, significant

the | owest operating 10 frequency that can be ..
suspEtinadiswicb¢ssary ¢ dercriingmaxsl daformpain ﬁ%r corgyiter graphics images

xanpl i.n the,case. .of, C r ' )
SHPP chemsife ST 3o S e PR Frad ROV vidga e e tere
WhepHcR iRouge s Soridsate Hemskdf 0 e dinvhiiohsingdometmorinfyrmation
qui ckly, such as when significant conputation is -
fiet essharty bantrgmiredintng ipioxdimensipeslnaragefor gisplepnpiieetbility to
graphi cs i mages that  .are.changi ng rapijdly. is i .
Hseh e B rEURGR, TohER i ear fpegTpaesion of

% ot E\{b@ioh!‘ AHIPoReRAIY aRAMRy dedkid8dstild be operating at the
ree-di mensi onal geonetric information that needs to
hexinman slakdtbquatay ta fcilitaithegspainaprocessing. flywever, operating the
di splay. The ability to . access data from nepory, at a
Eragglcﬁ rOEiEhaY 3 LW oPERELE TUERRA I R Eh S ﬁ%}‘é@gi gHjer some
- . i eRidoine FERAREY JRVIYCESonly a small
o oaEh bf Vo It SR Rkidhg FERARKY AGHhCGEonly
portion of the pixels displayed need to be modified each time the image is refreshed.

An example of this situation is the case of a screen saver where images remain
relatively static until refreshed, or where movement is relatively slow. Under these
circumstances, the rate at which data can be accessed from a memory device can be
considerably slower, and consequently, operating the memory of the graphics system at
a lower frequency than in the situation where high frequency is desirable will yield
power savings.

As previously discussed, the rate at which data is provided by the
memory device is typically synchronized with the input clock signal, which is generally
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maxi mum cl ock frequency to facilitate the graphics
processi ng. However, operating the 20 graphics system

wano@/somMs oper at i ng frequency may al so be desi pabius2004/007499

under some circunstances, such as when the inmages are
changing relatively slowy, or only a small portion

of the pixels displayed need @0 be nodified each tine

the image is refreshed. An exanple of this situation

is the case of a screen saver where inmages remain
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R EbARWREE R dIRkRr ERGuddey,ahee sarains therissac metinthy limited range of
devi ce can be considerably slower, and consequently,

dpek afréqugnaitre thaimeeyvestiondhedejayinekeds 1ogRs canaccopmodate.  As
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b2 SR B e A SR og o
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ovided by the 30 nenory device is typically | _
somdetionenilz élis sittdtionh & mapage powse kosjugpsion mpriechfi¢igntly, it would
eneral |y 2004/ 082143 PCT/ US2004/007499 6 .a fi xe :
e darienls) e (sBORTaR e NS REvier feaianeyIPus SRR, what i
?ﬂ;ssfb@@}vitﬂgUﬁveﬁheﬁe{iﬁ% A lyeviequl d be adjusted to a

ower ftrequency, t emains the issue wth the )
limted raoge approach ac lovErcenpirentheekmitatan ob euehelf dhemaximum
del ay- 1 ocked | pops can_acconnmpdate. As prev

i | ,
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3B el bR Bl ORMFRPR PSR syt gy e oo
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a del ay-locked | oop having a variable delay stage with
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variable delay is that it can result.in the dela
[aPPlécaBoRs WEETerTES STMCATQIRFY S 1A 3?"18? 1§ ¢RBPLLE @ )égﬂjf%g)e battery-
%%%%Fe%’de%u’h will consune a

SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to a method and
apparatus for generating a plurality of synchronizing signals for synchronizing operation
of the device in which the apparatus is located, such as in semiconductor memory
devices. In one aspect of the invention, the apparatus generates a plurality of
synchronizing signals based on a corresponding plurality of input clock signals, and
selecting one from the plurality of synchronizing signals to be provided as the

synchronizing clock signal. In another aspect of the invention, the apparatus generates a
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substrate in which the delay-l1ocked | oop and ot her

woaopmsziass of the synchronous nenory devi ce aPeT/US2004/007499

formed. Moreover, such a |arge nunber of individua
del ay stages can result in significant power
consunption by the del ay-|l ockéd | oop, which may be
undesirabl e particularly in 20 applications where the
synchronous nenory device is contained in a portable

Eﬁ% 113; b 111?%%?(%%%?%1&&%%@%\@9: cl&tliEs@ It ectfﬂgher dgenerates a

resent 1 nvention are

E@hcﬁﬂgi phapiardat syﬁcﬁr@nggnﬁﬁ@us fonathe pluedlity y)f(iﬁternal clock
synchroni zi ng signals for synchronizing ogr@r ation

agnalheorm:eqf. wlewh is seitgctdsl torfee nrpmiﬁétaa dhq synp atzettg Cl@@lé wgnal In

j sen1c duc 0 ices. In D% e

bt S PERC st e e P AR by Sgeneraces o
M&Efbﬁl%ﬂ%ld%ﬁ sﬁ.jnﬁ]"tﬁle&ﬁbﬁﬁ aad géhe?até‘soe[ § SMﬁﬁiﬂgaulse in response to
plurality of input clock signals, sel ecting one

finmbert dfeepbds ef the gynchropized lsosk |SJ@nnlg Blegwmesafms lselected based on

vi ded.as,t he, hroni zi ng clock signal. In
gﬁ%? E¥1%%ﬁ%ﬁ?wﬁ?3¥%él@HW@WW?on t he appar at us

generates a WD 2004/ 082143 PCT/ US2004/ 007499 7
plurality of internal clock signals based on an i nput
BRIER DHIGIRIPTIGNOF THEMRAYANG At es a correspondi ng

plurality of synchropizing s fromthe Iurall

bt T ot er habiRro s aogruael ik diferam Grh fomaliogl defay-locked
el be provided as the synchroni zing clock signal. In

anot her aspect of the invention, the apparatus

recei ves amigufplis cfuactiormsl bloak diagewneilbbesing ésynchronous memory
synchroni zed c| ock signal therefrom and generates a

dcjm@m imsinding g dslaysdogkngenssgiomatsording Fu b smbeinay o e present

. pe synchroni zed cl ock signal. The value of n is
E@ﬁ ¢™sd based on a selection signal provided to the

appar at us. FRRkER REQCRNETd LN tRbck! diaghRAWINGSIdhiyg dloRk 1generator

is a functional block diagramof a conventi onal
dedoading Glzk”ecinbmnbmcqﬁ thﬂrgwélrwemtmm functional bl ock

G a0ram 1 RSkt 20 188 YRR SROUR TRl IR St semracd
ﬁﬂff?ﬂgl)ﬁg?élﬁonoéf tﬁmew Q5&NtenctMHITF AR 3.

Figure 5 is a functional block diagram of a delay clock generator
according to another embodiment of the present invention.

Figure 6 is a signal timing diagram illustrating various signals generated
during operation of the delay clock generator of Figure 5.

Figure 7 is a functional block diagram of a delay clock generator
according to another embodiment of the present invention.

Figure 8 is a signal timing diagram illustrating various signals generated
during operation of the delay clock generator of Figure 7.

Figure 9 is a functional block diagram illustrating a computer system

including a synchronous memory device of Figure 2.
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Figure 3 is a functional block diagramof a del ay
cl ock generator 15 according to an enbodi nent of the

wonresisti4dnvention. Figure 4 is a signal tim ngCUivagNany7499

illustrating various signals generated during
operation of the delay clock generator of Figure 3.
Figure 5 is a functional blo di agram of a del ay

cl ock generator according to another enbodi ment of
the present invention. 20 Figure 6 is a signal timng

' ' ' ' ' s generated during
B PR T O P AR S o7 °0F i qure 5. |
Fi gure 7 ismBodithetsi shiab phdseskinteatipmapronfdeaa dgichyonizing circuit
cl ock generator according to angther enbodi nent of ..
thitecaprigewide anrouét ickask srgnglipaving difesent;fipqyencisspion gynchromzing

ilagramillustrating variou i S
R bona ool GEb By A0k o BERPRCLE fp Sovamageousy
1%{11?&@ ?ovzer RoAstnStRdnl By Bprbviafie alfedredl Geducitpasyachronizing clock
ilTustrating a conputer system including a )
sigmibhtoonilus theetiming ofdévie eferatioguipcthe demendoplesebon flyp device.

PCT/ US2004/ 007499 .8 TAI LED DE PTl THE . .
R 0L5%, 8 SETA LR CESE T R R i

)i \§/¥ﬂs‘f‘ hi %illzﬂeﬂ&ez%i t%c(gfetskilfeaalh the Brt RhAMhE 812@AtiO i tbe practiced
cl og signal having different frequencies for .
withehtest panguladdetaite bpehatinsanced, Wl vapptduitsat dogiel signals,
such flexibility can be used ta advanpt agepusly 5. :
ar@dug@lgonwé@wé%ﬁ%‘(m?ti Rign bsgo}fdegi ‘gﬁtfﬂ 1y S’F‘%é?‘é yoid unnecessarily
frequengy . oni zing clock signals to tailor the
?}?Sﬁw&lﬁg%%@%e\%gé operation to the demands pl aced on _
the devi ceFigufee? i fmdedrai bbckdingsan of amidmdrgldewice 800 having a
provide a sufficient understanding, of the inventi.on. . h
iHduevlerk generajor 25O acerdiag to gn GAROSment & theprepent dpyention. The

ot 0 PR 1F oA rl! 198 bR e

HGHT besE KRy GEDRAN), B@hénth tienbrigeiplestdrsailed herein are
ave not been shown in detail in order to avoid

appiieals ey ynenory clevica ghat ey inglude chpuitryifgupymchropiping internal
fupctional, bl ock di agram of nor [ '

a0 P9l SR SHehey ArorRe SEERPE LM CDRARIE)  well s
ﬁé@(@ﬁ%éﬁ%ﬂgmﬁy hRg.RNAS DR AVR M AR ANSs, and are equally applicable

to any integrated circuit that must synchronize internal and external clocking signals.

The memory device 200 includes a control logic and command decoder
234 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 include a chip select signal CS*, a write enable signal WE*, a column
address strobe signal CAS*, and a row address strobe signal RAS*. The clocking
signals include a clock enable signal CKE* and first complementary clock signals
CLK1, CLK1*, and second complementary clock signals CLK2, CLK2*, with the “*”
designating a signal as being active low. The CLK1 and CLK2 signals have different
frequencies, and preferably, the frequency of one of the clock signal is less than one-half
the frequency of the other clock signal. As will be explained in more detail below,

cither the CLK1, CLK1* signals or the CLK2, CLK2* signals can be used to
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menory device 200 in Figure 2 is a double-data rate
(DDR) synchronous dynam c¢ 15 random access nenory

WO 28BRAM4Y, al t hough the principles described ReTRIS2N04/007499

are applicable to any nenory device that nmay include
circuitry for synchronizing internal and external
signals, such as conventi onal9synchronous DRAMs
(SDRAMB), as well as packetized nenory devices |ike
SLDRAMs and RDRAMs, and are equally applicable to any

i.n [ i i . i i.nt d
PUEFRH RErSin Up oAb BBl YR BPLAR R 5L B mac
ihslgidescamaant debdéragdc and conmand decoder 234 that
receives a plurality of conmand ang cl ocki ng si gnal

over a contheotomuand ggngts CBYpWEL CASHy @i RASE

GrfesE exde ﬁﬂg@sn to values
g irc U(%{{jliligutérr%aﬁ?%i‘?lﬂ%}e c@%g%%g %,}c%oalg lé‘ieré% %gﬁ%ﬂ@é&eﬁgg?command.

W tdsforRBab! dmesdomal cidiking Sighals,UsTther @K leand LIODE or CLK2 and
signal CAS*, and a row address strobe signal RAS*. The

CLECKj tiy esnmanhalesoden @3ddletches ot ideeasishian apnlied| coppand, and

and first conplenentary cJock si.gngl CLK1 Kl *

SRR AR Y o 06t 80 B S 8 Kmponcns 202

?ﬁ.’i kb %@uf'e*fhe ARG NG e %pPlied BMBMaRS MReNbodCbhab® signal CKE
OW. e CLK1 and CLK2 signals have different

&mabips evhadkéss ofahe cpmefand albtader 284 by teclecidyg signalse T command

e 35 R o SRR e, HGTAFRY cioking
. i ict t K ;

G0 Ly B 5B SRS LI 89 v, o
2RO B3kt 3 PTHAIFRQ 4 G0 740 TLKD *sgoinh L), mehileptbe anpud megisters

of the nmenory device 200, the selection of, V\g(i ¢h can .
B30 mad data dniveisgi? 4t tanstss Mierigtogedodien, Tespectivrly, Hisremery device

Lgnal s CS* x S* * Ry :
2@& PLESRNEF ;;ng%g eg%a? a (?EE? gl?é%?om a?] R@Sé uc?qi:ustégle\lal\l%rrg g'gl’lsactlons
Ve &t delibleUhe TeghéRs bromaTeiAe the ICIK1,F €5KON stprials anthe CLK2,
of the clocking signals, either CLKM and CLKI*,

or _
CLK2 *smighalsl Hepayse ttheDESwigwdl hatetbo geme fzquangy @h die sglegted clocking

st anth g SRR EoRES Breniy dBrGe PATRTEIHRLP Fh Y5058 datarate
QQHP@ 'Bg@éu%e 28e ;fiagag Gy e @(godéir%b LR IEAAC td QRdOfrofhthe device are
applie ock enabl

command. The cl e signal CKE enables
clangfiradatofoublecthe onrmifid cdevational IR A, twhick kepkeisglata at a rate

2oL e 15 SO0, Gty 334 Lo COBTRRSporion o

the control logic and command decoder 234 in generating the control and timing signals

is conventional, and thus, for the sake of brevity, will not be described in more detail.
The memory device 200 further includes an address register 202 that
receives row, column, and bank addresses over an address bus ADDR, with a memory
controller (not shown) typically supplying the addresses. The address register 202
receives a row address and a bank address that are applied to a row address multiplexer
204 and bank control logic circuit 206, respectively. The row address multiplexer 204
applies either the row address received from the address register 202 or a refresh row
address from a refresh counter 208 to a plurality of row address latch and decoders

210A-D. The bank control logic 206 activates the row address latch and decoder 210A-
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signals (i.e., the crossing point of CLK1 going high

and CLKI* going |ow, or the crossing point of CLK2
waqgabagshi4gh and CLK2* going | ow), while the i npar/us2004/007499

registers 230 and data drivers 224 transfer data into

and from respectively, the nﬁnnry device 200 in

response to both edges of a d9ta strobe si gnal DS

Thus, nenory transactions 15 occur at double the

frequency of the either the CLK1, CLKI* signals or the

19K fespofife o SIeHhs LRECADE:s [hL Vol th PAIRAS rbdilier 202 or 2
sane Trequeéncy as the selected clocking signals K1
efredBL ik aBdecssriions the defréshecodfir 88, ranflehe ectivatedaswaaddress latch

doubl e-data-rate devi ce because the data words DQ

a5d; degoder Axtehesrand dleeesien e Tepeiied v e@rF%e Fesponse t0 the decoded
transterr at.. t rat f i : .
TSR S i S SR Dl 1R ond SRGYETLIBO applic vaious
gl £ EGMpsdn@chidey BiK 210A-Dl oakersbyg activate  ew of memory

etail ed operation of the control |ogic and conmmand,
ablls oderespRBAing to terdeeaded nef tadress Ntach meinery Papk A j2A-D includes a

BRE0REGEL il BRYE betaasy Fotunpy ol rabis) REGadhd cotumns
é%?ggfﬁ% %]iatq Wr&LinZ 80 ndetol 8115 iR el e B S atdd rciel tly 58 d e §nsé mplifiers

at receives row, columm, and bank addresses

invehe raugremlmirdéag n@nlmlr}b\[bm }/ﬂ“ hehrow hraé@zsy mgtplexsit 204 peplies the
: . -

AR P B SRRt S0b J6 AR A3EE 21 0A TS g e bank

%%g{ogﬁ)%iigﬁﬁlité%% @&th‘: Bk banK Q& AogSthe RetkdshRb&XEF when the

control logic circuit 206, respectively.

mbgoF et 266 Dpatatesi ip| aaxarto-2€esh appleifersfresht tmode toffepperation in
row address received fromthe (?gdress regi sfer 202 ar e 200

TESPRSE && D pwier Ohgrdi-iedissh fRmANG BFIPE SAP t1BF TEHTY geygee <
| unadl i of P nd decoders 30 210A-D.

%h‘gﬂ aen%ﬁ%e&hatt%ag% @ggersgﬁgegéﬁg}g%r@at es the row address

latch and degfgian addRés MWRpAEHOATRLABDR bus after the row and bank
PCT/ US2004/ 007499 10 D corresponding to either the

ibinessesd @né g addeash vesgister 209 aphEcsiba cabignn alsiress 4o apghunygy address

a_ refr b ddress f the refr

S 0 20 i RS P RSB SR et
LahmhesaRRd ifSEREARy bIeohBA Ale¥@iird MWD rEfshankkontrol logic 206
response to the decoded row address, the activated

aaivated dnessluinatdshoden 164 dd derrespeotingte sl teesi vedapgnk asddgess, and
signals to cor r espondi nory .bank 212A-D t :
hochaisged ool SaTR GO B aRg cCR Tk A e paAefipe on the
bierhiits ABE4Pthd MBAAGTS 200 0H: ERIRNYIBASK oBid dAd latch 214
I'mcludes a nenory-c€ll array having aplurallt6y of _
sietER Idyrecily hysplizs tlenigetied olnmmsaddreds trothamiesqders 216A-D, or applies a

sequence of column addresses to the decoders starting at the column address provided

by the address register 202. In response to the column address from the counter and
latch 214, the activated column decoder 216A-D applies decode and control signals to
an /O gating and data masking circuit 218 which, in turn, accesses memory cells
corresponding to the decoded column address in the activated row of memory cells in
the memory bank 212A-D being accessed.

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

cells is coupled through the J/O gating and data masking circuit 218 to a read latch 220.



10

15

20

25

and the data stored in the nenory cells in the
activated rowis stored in sense anplifiers in the

woanwugspasndi ng menory bank. The row address nmuPCTiS200@/007499

204 applies the 10 refresh row address fromthe
refresh counter 208 to the decoders 210A-D and the
bank control logic circuit bb6 uses the refresh bank
address fromthe refresh counter when the nenory

devi ce 200 operates in an auto-refresh or self-refresh

of .. [ atyi i AL . "
R0 HarPR SR i hablfing SRRRTAR Spphts R oflats to the read late
200VivERh 486 apfai%s Wid N/DBbit appdsetoi aatielipboget B2 elnsthe letbddiment of
' 5

inthe art. 15 A colum address is applied on the ADDR .
Higsre 2§ thercirois 21§ wprayidesirkits Rdhe erddaich 23 wingh. g fragrrovides

t{ygga{zzt' rwé%éﬁ;? eligﬁthiqtlegieeE %Q%g?%ﬂg?&@gf%ifﬂegﬁgﬁ}agl% %eéves the

N@?i%&ﬁmoﬁgﬁ%@ﬁﬁtiﬁl@ﬂe@mah@ 8lsb hecelvak aliath stk wignal DQS from
address to a plurality of colum decoders 216A-D. The

Datrdbectigial gendrogr 2280Hd aadelayedt declt siena ST LRREdefomedelay clock
216A-D ondi to.th i bapk d ,

D B LSRRI 0 e RSB0 88y
c%%é)?%d@@ﬂ% (s:igﬁﬁg B MR DR fehEncRRQhEH hAOthERENEYY device 200

menory 200, the col um address counter and
dadt ¢Perald 4t neiltiple rfreduererids! yAappivieslt fiscusaed; pdratio dhe memory
address to_the decoders 216A-D,. or agﬁlLes a S%ﬂﬁence]hth
dsvicsohWnet ddfigrcas SE9uanGIes HRAYIRICEE e S IPi ROY R T igey- 0 The

col u d ' '
ST EpBRADEAD o GobCPlok Bihckitse SELRERIfAA, ELRIDROSenal from
@5 ¢tErehcRkd > dihelact ithalEd, CAKMnsigedadeFh@]l 6Akke conventional

appl i es decode and control _signals to ap FO g%%iqgg .
meniotadevierss fiengempre devicpd) G ererat @t €ither, a Raxuuyg Lperating

nory cells or.r andi n h ded ; -ati
Bt F e S0E TORRDR G Gy Sy Sl opasing
h¥y. bank 212A-D being accessed. During data read
operations, data being read fromthe addressed nenory
30 cel | s i ThedRS esdgndhrisupd the an/ exteyael gcHhguelnteg & memory
a read.| at

o8 £ B 56 B 9800 10 HEERPE Gayics 200 ding read
R e o R R T e e N 3 bl er 224
vaichtially omtputd thiepeaeiesd N2 Dits wordshes amm@mqnémg dgta word DQ, each
s bbb PR B S53 O SR et o
%sg%pi)!ﬂ%% g&ll{:]fgl)lgﬁ) ltﬁé(ﬁl%n%?}zde&edfdoa Phd Y5 2idér SRANGHLURIsVthe data
strobe signal DQS having rising and falling edges in synchronism with rising and falling
edges of the selected clocking signal, respectively. Each data word DQ and the data
strobe signal DQS collectively define a data bus DATA. As will be appreciated by
those skilled in the art, the CLKDEL signal from the delay clock generator 250 is a
delayed version of either the CLK1 signal or the CLK2 signal, and the delay clock
generator 250 adjusts the delay of the CLKDEL signal relative to the selected clocking
signal to ensure that the DQS signal and the DQ words are placed on the DATA bus in

synchronism with that clocking signal. The DATA bus also includes masking signals



10

15

20

25

30

5 N2 bit words fromthe nultiplexer 222 and al so
receives a data strobe signal DQS from a strobe
weignas2igaener at or 226 and a del ayed cl ock si gnaCT/OSKDEN07499
fromdelay clock generator 250. As will be expl ai ned
in nore detail below, the delay clock generator 250
can provi de CLKDEL signals of2di f f er ent frequenci es
such that the nenory device 200 can operate at
mul tiple frequencies. As previously discussed,
I?I?@[I\E)It 'v\ﬂxgcht Qf?ﬂ %@%@&1%9 i%%b%?de%&l? b@l‘bwd‘zvflﬁlerre?é?&nce to data write
guéencres nay provide benefits in power efficiency.
d;@rg{tibﬁs_ present enbodi nent, the delay clock generator
50 generates the CLKDEL signal from the CLK1, CLK1*
signal s orDwing datp, witecoperafiisaiag oxfeal Cifgiit guch as a memory
conventj ona o, [ t r e
CRHO ?fetnzﬁ’f éil%\@mn)gquq%eF qi&nlglg?%% m&}grﬁler at %%ed aﬁ%qﬂéﬁ%yDQs’ and
QrreRborfiny Q&K nfas@AY %?Mls' BE®-X hanthe riatahiadsf DATALt &\ data receiver
maxi'mum operating 15 frequency. The signal is
208e chchiyesradx DS redrd candc thiet asgeiitted PMORE hignpls, and applies these

cont r 509' i{a&i}ifé@g“%’@%qg\gﬁ% ﬁ'éen?lé%ﬁ %Ié’glg? é@tsgsrié{a?m Jr%g%o&%% to a rising
%%ﬁtoq S ﬁ(%%’/ Iﬁg?a'lﬁ,l ¢ kinsltdegiktefsl I908katcht N ErsdAl/2 b DQeword and the

seque y outputs the received V2 bits words

@sodated DMGDosighaty addiraresporde DG fadlighedzo off heaD@Srsignal the input
bei ng output in synchronismwth a ri.si allin .
Batoa RGN T vPE LR Eh M) DS The inpu
MNP, deVvi.C: o I v iPWosd i
{eﬁ{(;&?ea?[% I%ls)flr %%glgstlw-gn%f&%/ﬁ g\l/tl %8 %lglgsﬁdé S%nglﬁlal i niEO .a e
Fﬁ@pﬁm} ﬂl‘iﬁéfg%ﬂlf Whi(ﬁlmh‘mktshhe :appl'reg RQdvdrdl dndrigMOey gegnalsf into the
the sel ected cl ocki ng signa respecti_yel Eagh dat
WOIIFD awtidiTes TaatRont e DG HERA pABe SR g gfogRed out of
ef i ne at us i [ &G :
FRoueagr Tt PNerRATSh el RigrBRICREFOFLIIY Bt and i
dsliRY 6 HRCKORARE 8h@mMadkifg ickodit 208 AuedOvgatigomdahasking circuit

el'ther the CLK1 signal or the CLK2 signal, and the
a8 tgnsdérs the DQemenido dhe bigesses memeryt 4edls iefhgyrcggssehank 212A-D

KDEL si elatjve. 10 the sel ' :
St Dok S kB AR SRS S5 BRSM it g ouwe o
P HfAC ¢ DA Adouisitd Bata)SVaAREH Fatienbwhe hdiReded
g{tgclzrﬁ:ﬂ%ggs' gggﬁsﬁ?%ﬁ?—g&Tﬁﬁéus&ﬁso ?ncl udes maski ng emen

stlgnal s WO 2004/ 082143 PCT/ US2004/ 007499 12 DMO-M
\rNglf gque\rl]mclel i bv%&llglfeezggr}alrgcgageé gﬁ%tem%ﬁég c{ewté%lZ%W iWusttrl?:tted in Figure 2

is provided by way of example, and various minor modifications can be made without

departing from the scope of the present invention.

Figure 3 illustrates a delay clock generator 300 according to an
embodiment of the present invention that can be substituted for the delay clock
generator 250 in Figure 2. The delay clock generator 300 includes a plurality of DLLs,
including a first DLL 310 that receives a first clock signal CLK1 and a second DLL 320
that receives a second clock signal CLK2. A DLL 350 represents the nth DLL and
receives a CLKn signal. The DLLs 310, 320, 350 are conventional. The delay clock
generator 300 will be described with respect to the first and second DLLs 310, 320 since
it will be appreciated by those ordinarily skilled in the art that some or all of the



10

15

20

25

30

During data wite operations, an external circuit such
as a nenory controller (not shown) applies N2 bit

wdave/ospiugls DQ, the strobe signal DQS, and 5 PCT/US2004/007499

correspondi ng data masking signals DMO- X on the data

bus DATA. A data receiver 228 receives each DQ word

and the associated DMO X si gﬁél s, and applies these
signals to input registers 230 that are clocked by the

DQS signal. In response to a rising edge of the DQS
B R R i SRR BIA KRR PR gt Myl number
dfGB]p]Qerlﬁﬁl ream Wahihitingscepgef thé ptdsmtmﬁﬁnﬂognal t he input

10 registers | atch the second N 2

it
associ at edTIMISKDILGHA generpis 2 ﬁfémdtpﬁtéé?féqségnak §.KSYNC1 that

L

@@Wae@d sEXAnWthud Bl cPMenal GLIISENE 2i tBthe E166k sewdttcacﬁt 5@) One
and driver in response to the DQS signal. The

DQ wo
ofthe IC3REBANGUand CLENENGR sigaalriswolested tabewsevidabas the CLKDEL

S R I% dt fief o P i) Bl ng P BT SRR ROy i

%ngé‘tté M &5@( SRS LTRGCI IOy Fhe c%ﬁ'@oltlB?ih psfar gt %ﬂ?b@%premated

to the addressed nenory s in e accessed
yathks2didfably salgdeintthe art tHaétIBI\]ZﬂaDS 3li0ppmdl 20 oahibe mepi@pd by other
b R &JS ed Lo ecl(r}elgltg;; \égglzlﬁts ésegléglgafiolu Ssn.'%fdvﬁ,y?{:]{\réﬂcl)u% mirror
h I be
&e‘fa é‘?f@?&ﬁﬁﬁ’ﬁ?g FRRhY sodpE'o Ehve. el ivdon® i ed in

F| gure 2 Opertiow bfiihd dblﬁy%h)yk génceatanPdlewilbivdexpdainaiigith respect
m nor nodi fications can be nade w t hout deparig gg )
for thesigrel e digeraphel Bigakeht In qpeationihe delgy clock generator 300

b BRYRL LR RISH8 B8 REK1ABRET 8 UendOReA0RT U bOthe CLK2

rese nven I on

SRt i t Al e%@ﬁslf' hﬁsdﬁbeﬂy Bk 0CKK 122n@eDEK At signalbOhdve different
Frgure 2. The delay cl ock generator 300 includes a

frbqneabnes ,yandfinRinessmtodishend; the feeqperoytoffone Célfbe clegk signals is less

SR bl eS0T, e

dRfcd Z%U gﬁﬁﬁé 9) ERELbptritbd a@RAding RSBV @ﬁfe?en@b!&@k frequencies that
signal . s 310,” 320, 350 are conventional. The

dnﬂ@ylot:dnhmivwseglmmcammmdat@@ ima lcbntrmtiches endnhers dmnph For example,
respect .to, the first an%s‘;second DL 310, %’»21‘9]? Q)
i QP! dppresch Sieh! BpavesE angedPnat Myt g U} i between

?C%Pysélb%f?f W%ev@f i erhbtiNENt€ 80 tHe P8 A8nvention, the range

of acceptable clock frequencies can include the conventional range of 75 MHz-167
MHz, and additionally cover clock signals less than 75 MHz. Even as input clock
frequencies increase.to greater than those now typical, that is, greater than 167 MHz,
embodiments of the present invention can still accommodate clock frequencies less than
75 MHz at the same time.

It will be appreciated by those of ordinary skill in the art that the
frequency of the input clock signal provided to the memory device is not necessarily the
same as the frequency of the clock signals applied to the delay clock generator. For
example, in the case of DDR memory devices, the frequency of the synchronizing signal
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13 principles described herein can be applied to a
del ay cl ock generator having any nunber of DLLs and

woensios2MBt hi n the scope of the present i nvent PONUST08/007499

first DLL 310 generates a first output clock signa
CLKSYNC 1 that is provided a clock select circuit
330, and the second DLL 320 nerates and 5 provides
a second out put clock signal CLKSYNC2 to the clock
select circuit 330. One of the CLKSYNCI and CLKSYNC2

3100 M e S0 S A gy

theinpat dlock sipgnal SELECT, which is prOV|ded to the
cl ock select circuit 330 hy cont.r.ol gic 234

will be apht&arariedisyy 4 il aagﬁalrhqsy o Preftis sbout ten

the art S
08 g G AR 0588 ey o i s
dahaseypieakacoanipdan bk ¥ipabls daviug afraquercy leslthysone-half of the

wi t hout departing fromthe scope of the present
mammmn azinck Ep@emy eiwhich fﬁh?em@@P@ydeé’llC@(ﬂ@n@érﬁ)@F@fe@f Bgever, the

wi | | ned with.res

%?%@Wa Vb‘i’e fid Opera tFr?noSBﬁ&g?mglﬁ?' VJI@ e@e?ay gI(L an al or the

%@[@@ Bl betdlse thE ﬁel@%‘&lﬂc&i QefersbKBB0- il @R khe fidt DILS. 310 and the
ase 3 on elther the signal or the CLK2 15 signal .

shsorpl PLLA2S! yWithsefesmed fo FigoreCh.kg agdirge @Kmegngngqysdevme 200 is
({]H%\élemg;%ger ent f ! eéﬂ C%l%%l, ﬁ%gtg }gl gf 3% ‘ilgeqbgngtgggquency Data
t'i‘zﬁl@gct%'ﬂg v‘nﬁ'{ Lhe%eﬁ‘lgﬁreaév?&um ¥reOdll E}Hﬁhﬂﬁlﬁ%ﬂ wilPee CLK1 signal

I's man the menory ~ device 200 (Figure
l?éca@santhEGDDDeBE(l é¢l asidve rail nifye t dodkweeledtf ¢isudnd3 ¢ lis pikoviding the
frequencies that could not thermns Aacco t
CthYMiV@g]@qI@ﬁéhe l.c és pp:%*\flogg %Ftéss%pplﬁgon at high

FEREEL 0 SR 20 o

ﬁ’&}%@ﬂﬁy sudh ta@ vﬁf&iCtﬁé ARy dbvithe0pre imivednueahe computation of a
the range of acceptable clock frequencies can include
higk volumesoftcoopater geaphiss gta75 MHz- 167 Mz, and

dd I l.ock
R

fé) %Ja g dafa\ﬂ(rénmtféﬁk is dvhihed fo the'GIR P @1gh£11§mfhicﬁ17haMer,elatwely
5%e rrents of the present i nvention can still

Rmcﬁaqt@day in ainowkison sihehe CBE 1Isignsl. t ElamDLts32+0|4ﬁ agifvatgdeand the
el prtlcli ggqopr%r 203%[ &g%«? 2f£f:£1r61?a?e:s %%T L o ?r!;sﬁxglrc{jthg otk select
L5k 5 ?1194 Vﬁc[eoﬁl'ec@lgl(gmemME iy @LI@?EIL $igh@al to synchronize

necessar
data transactions with the memory device 200. Generation of the SELECT signal is

well understood in the art, and will not be described in detail herein in the interest of
brevity. In one embodiment of the present invention, the SELECT signal is generated
by the command decoder 234 in response to receiving command signals to switch to a
second clock signal. In another embodiment, the SELECT signal is generated by the
command decoder automatically in response to detecting an active clock signal applied
to the respective clock terminal. In another embodiment, the SELECT signal is
generated in response to the type of operation the memory device 200 is performing.

The various conditions under which the SELECT signal is generated can be applied to
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same as the frequency of the clock signals applied to
the del ay cl ock generator. For 30 exanple, in the case

wohoBbRmrenory devi ces, the frequency of the PCT/US2004/007499

synchroni zi ng signal WO 2004/ 082143 PCT/ US2004/ 007499

14 generated by the delay clock generator will be

roughly twice as fast as the = equency of the input

clock signal. As shown in Figure 4, the CLKM signal

has a frequency that is about ten tines that of the

Cir Ko ligRdhs ofo‘ﬁleg;rgs\éhpﬂﬁflaﬂtuqf &&Fﬁﬁe%dherﬁﬁn bl i ﬁpprecmted
nenory devl ces cannot typically acconmodate cl oc

tHag tied Grduastangesaurfdee eidoictie |ISBE EQThaignarie ghiadrfitedfcah rary, and yet
maxi mum cl. ock frequency at which the penory device can

piell epesimvalin the Reapdsooneard themigenn iyevie 200 can

operate in

or the. LA IR Bisbiksl it Bk oty SE % CLEDSlenal can be
384 ih REhAIAS w‘h&% datd 9dnsh¥tlond kthaheimemery &atemO0Rldnot need to be
320. Wth reference to Figure 4, at a time TO the

ae froquentievtle as TO@Mptaere mmaggigawhm ohlyi paekerouns images need

th I h f
sl st it of o Hskiée Yo shitaidd SOUE Motier frequency,
YD CBrRYLERE, WeduRinshthe Crlghieféy® BRthe WgaénB&u@hé- 84 Qnemory

is active, and the clock select circuit
gexdue AD0 gvﬂl hensiPhK Bebi@Yesigey paivens Alfheugh KoEshaywmyiraFigure 4, the

As viously dis sed, , oper. a

rigla*g e‘gP?l%tﬂeé‘XWﬁ’é S ecan; persuiirdutl faf b nBsiBEg providing
@'ﬂdsﬁﬁ«gi’oﬁ K P ahd CELRSYNG2 $UEh CRRMNGN plh LKDEL, which
menory dev OO I's I nvolved I'nthe conmputation of
Padubesvthé umalmpowmmtmp@mﬁhh@medmhadevhw A0nt r ast at
atime Ti, _the clock sjignal used, by the nenolﬁﬁdevic

200 to syHctHbhe 2RPIgEE dethairfbadirsiome SesoRhLd et Oy 420 will be
Eﬂﬁr%hé' lﬁnil \tgfﬁtpﬁlp d%%lgss&q!lt@{l 'v&)’i%{éﬁe ISEI%W t%%ﬁ%ﬂ%’hwh the

I'n conpari son

mdlva{dedLKm@gﬂahqarapag@menchectweésuz&%eq&@yrcﬁ“ tR¢ CLK1 and
g}ener ates a SELECT signal to instruct the clock select

LESupign@p0 Fhat pﬁ?,othp opéidttmalcmsm@znsdeé%mhﬁ@nt feith clock select

to on
e hand i oA B ORReEI e fid i IS SLHERR L gretvonize
nfemot! fradndRns t SO ¢hd @nélﬁtﬁ’yaﬁé}wceaBdO V\ﬂo| khen @& P@&Jve clock signal.
described in detail hereinin the interest o

Brdditicnglly,|as posvdoustsbdisiuseadt widh reshect pcr e@e'nntwn&l' échSoﬂn,e DLLs 310
th L ignal .i enerated 25 .
e 3 sah OF Proitpd HEE TRROTIEY are e o MeEO U g dplay provided
69 tBMdspEtR vAriable delay lines. Consequently, the variable delay lines of each
DLL 310 and 320 should be tailored for the frequency of the CLK1 and CLK2 signals.

Figure 5 illustrates a delay clock generator 500 according to another
embodiment of the present invention that can be substituted for the delay clock
generator 250 of the memory device 200 (Figure 2). The delay clock generator 500
includes a clock generator 504 that is capable of generating a plurality of clock signals,
including a first clock signal CLK1, a second clock signal CLK2, and an nth clock
signal CLKn from an input clock signal CLK. Selection of which of the plurality of
output clock signals to generate is made by a selection signal SELECT. It will be
appreciated by those ordinarily skilled in the art that with the delay clock generator 500,
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second cl ock signal. In another enbodi ment, the SELECT
signal is generated by the command decoder

wauab@rmati4gal |y in response to detecting an act Pee/Uskmako7499
signal applied to the respective clock terminal. In
anot her enbodi ment, the SELECT signal is generated in
response to the type of operél6| on the nenory device
200 is perform ng. 30 The various conditions under
whi ch the SELECT signal is generated can be applied to
t\ﬁ? 1%%904‘1[8'0%%32@(?_2{11%8&9§ /899 Zﬂ)%@ si@g.;]rﬁl el gppe QhéTFHﬁlﬁlple clock
0 e present 1 nvention describe erein, and it
$ignAp PILEAI @ide@LK2t Male delwy dockegmBtatorcHdy prmdldes titei adl\rantage over
t he SELECT signal is generated can vary nd yet )
theidelayr dael Aeneratei 300 Rethst Bidmewepedanca H B?eés@#tneed multiple

?IP%lﬁ t ' Ahls ﬁﬂ%@ﬁ%ﬁ%@fﬁh% bz %gncehg%hleﬂg? [s desirable to reduce

cy o S|gna can

thle tnua{bcP B mehReddladeaetniianls adtt il@RStwY éhthé hlbckfeigﬁal}; generated by
devi ce 200 do not need to be as frequent, such as in

thorppectkegengratgrhi (dshavawigifergnilesk Seaueneissk &t 8@nzre$qmﬁg@@0dlment

{j]g%glolgt Iag%) a%&ailgqq‘ﬂsehasve r%]?t:,] cgéﬂ(g%%t %%mng g&?ldB{n Ry 'eﬁl%odlment
GRNSEAURES bY ond SIBLIE sfpfall RGeds! @AM BAENaBTof lthe ofRFRIOKk signal. As
transacti‘ons, the nenory device 200 will consune | ess

dasen‘a@cbwnhwpcctAbtthmd@W clock gérewator F00RFigre 3, emhmhm@nts of the
del ay .cl ock eneratg} 300 can be W'tCheld@f and b as 75
PISFEIR IBEiER RAHFNET HieTgneccy! bl ppat clogk pegugigps, such as

IPIEERIS) Dt By ol g s i e

#0Re adckptablelfrdgeermixsrof dipat eldcl kighals herdase &t graatdr thewr d6IEMHz.
DLLs 310, 320 will be tallor%dtoteln q{fhr)ld )
out put del AP closk signals eansrates by e dprleganeraor i gg Rrovided to a

L0l 155 i 508 PP .3 b st

et K3 signhkisasleiitiédnad seonpBIAL 3200 atie tayClikh eigaal is prov1ded to
with clock select <circuit 330 will be acconmmpbdat ed

amatDDLE. $10 Aﬁ dVltklztbe iembedigeant 6 theydedar Jagk éeneﬁ%%?(gp Shown in

P ae s SLscisk cam BT ARG AEfS SRR AhgleR 500 wil g deseribed

%tﬁ%%ﬁ%fjto%é Wirdt %ﬁcﬂ) e&dondl DIGRMMENS2MPEALe Pkekil be tabﬁre@ats‘é by those
20 will each bellmtedtoafrequenc

pedigeeily skilled it Hee almmhattsomfe aedlhgf fj]eqmr@gﬂes pcrilrsl herein can be
r espect iv var

bl e del ay l.ines se he. ...
9]3@ liedifo Pa§ oa]f SERerafpr é%vaa]g aﬂﬂu%l{i?f %ﬁgﬂgi%ﬁ% Feniain, within the
Gore VY R8schPinvhitfon F €quency of the CLKI and CLK2
SI é) nal s.

Each of the DLLs 510 and 520 generate a respective CLKSYNC signal,
which are provided to a clock select circuit 530. The clock select circuit 530, in turn,
provides either the CLKSYNC1 signal or the CLKSYNC2 signal as the CLKDEL
signal for synchronizing memory transactions with the memory device 200 based on the
SELECT signal. As previously discussed, generation of the SELECT signal by the
command decoder 234 (Figure 2) is conventional and well known in the art. The delay

clock generator 500 can be used to provide a CLKDEL that enables the memory device

200 to be operated at two different clock frequencies, which as previously discussed,
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Figure 5 illustrates a delay clock generator 500
according to another enbodi nent of the present

wonvaris2ias that can be substituted for the del agTaISE®K/007499

25 generator 250 of the nmenory device 200 (Figure 2).
The del ay cl ock generator 5001%ncludes a cl ock
generator 504 that is capabl e of generating a
plurality of clock signals, including a first clock
signal CLK1, a second clock signal and an nth
Bt ?gﬂﬁJ gkﬁﬂ
%Ié%t cllegirﬁ%gfg h&%c@ rt{‘)lh% I%Hn$ ur al tllcgﬂ; qgt;(thé utput c og?(mg AVeraEs
$>pgfnatcmst1mpgemer ate is rrade by a sel ection signal

SELECT. It e 30.a reC|at d by {hose. ordlnan
skilled in %H%e s ens t%rwns @a@féma UsirEne &F@J signal

gg&méﬁoggqgé / c@ﬁa&lélgclggﬂeyﬁgpgéb O/ f208re 36 &1% {Iﬁx@of(y the clock
evi ce can recel ve€ one clock signal

tobastator 504 ¥ genetatiak a relatvdy &ighl dtdckedighall Kar thEhekslef pyviding an
clock generator 500 prOV|des t he advan tage over the
geraplee theck LK rbgnal sl bo@ssumadnter havge ely kighifeegquency. The
%fl‘kld alqg&ko@?(ﬁeq tE"t‘ﬁ% Rl BLL319CKn] IH‘t&}%' g%nér‘&{es the CLKSYNC1

opera a concetn ere

dRehl tbt will Be ﬁ%ﬂltbﬁ;&hé CLR®EIUsiBRA] to's ¥ t‘ﬁ@\ﬁh&ﬁory transactions
termnals. At least two of the cloc S|1gnal S generated

pyith theneheryideyisadPat dvt agoue Rhythe HBLESlesignallipswkitched to instruct

HOE Gereton b ik alE Bk CIRD Sieh el Biish b Arrethy ipte has o

@él@u@]ﬁw ﬁ%@&enc téﬁa hIRG VeRGYtsThe OI0Ek 184 lélrémg 820 td rovide the
| ess an one- of the other clock signal.

dddcIYNER Swgriahomaqulydhe Dbl 120 aSéh@(}LKDEikmgmie A'Btshown in Figure

30 (Ei gure odi_nments of the prese
Pniher ‘Srlgﬁl%‘&ﬁz’%’(ﬁgg 9 Hhe PeRgY @WIC&@@@&?@&H@ a} fy poypstant ﬁequencya
f I
Z?Ll*é ol [CERDRRC sihel B4 bef SufionedTHEnRE M i BB RGuencics 1o
eymmuamieﬁhmmqnmammabhe frequenci es of input clock
signal s increase to 9reater than 167 MHz. The cl ock
si gnal s gerRe®He o4 ilbyiratee acidek clgek deaerator S8 ggogrding to another

%hi%\éé?l%%t t(ﬁ" ﬁ’le ﬁxl%g&g " %yé/n 1og|“{h ’;\’3.? S&OM Hltgjl 88'{ ﬁieg delay clock

tgeﬁer@gKZS@(mg@Je 2).SThE @eaaydadcﬁ SerRrAacidntlesS20LL 04 coupled to
t he CLKn sql(?gnal ISLREOVI ded to an nth DLL 550. As with

tersivertbe glovs signef Clke Arewdl thg @@iw gleﬁlé genesrto®) ehbignre 5, only
e conve

o sloof diedrtPLK £ g e PhGaieRPhn B e K SpeBislbey pgvice 200

NG eddive twa NpaRfo BbcPlsighal10 TH2B 1 I ‘7‘@43 geherﬁﬂ!ek lanb Sutput signal
appreci ated by those ordinarily skilledin the art

HAS¥WEehal isgirdvidéd tonecqmiterciineliié § 1 0e dtheidoguteheir@iiin710, in turn,
%%Hergtees a CLKDEL signal used by the memory device to synchronize memory

transactions. Based on the selection signal SELECT, the counter circuit 710 can output
CLKDEL signals at different time intervals to effectively operate the memory device
200 at different frequencies. The counter circuit 710 accomplishes this by counting the
number of CLKSYNC pulses it receives, and outputting a CLKDEL signal after a
specific number of CLKSYNC pulses has been received. For example, the SELECT
signal can instruct the counter circuit 710 to output a CLKDEL signal for every 16
cycles of the CLKSYNC signal. As a result, the frequency at which the memory
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20 applied to a delay clock generator having any
nunber of DLLs and remain within the scope of the

wonresisti4d nvent i on. Each of the DLLs 510 and 5BOT/US2004/007499

generate a respective CLKSYNC signal, which are
provided to a clock select circuit 530. The cl ock
select circuit 530, in turn, 18provides ei ther the
CLKSYNCL signal or the CLKSYNC2 signal as the CLKDEL
25 signal for synchronizing nmenory transactions with

Ejaﬁsagﬁgﬁéré'cc%eﬁ'r&ﬁwg(@% Has&thein L g}e %E{%@'&%@ @!LKS@Q\I C signal

previously discussed, generation si gnal

bye. tthe CLEOsighalyl Bemodrrnafisd efibodjutent, 2)e ¢amewrirent VHhBI replaced
and wel | known in the art. The.de I%y cl ock gener
S0t dienative ssaiteaprbls iof @cnerainer CHEHAEL signs! é%Vl’fl&é 'frequency

TR 08 SOt 2B LAy v
g&QﬂrQ&aé%epﬁ%Mﬁggoééﬁﬁﬂé@%&%nm rer dgampih! £ conventlonal

under certain operating conditions for the gurpose
rf@q@mcmgh\ad@rca@elt cpohe nsesidn@ﬂ.ﬁ?stoif dhe. comnten 70 ¢ provigle a CLKDEL

Sledn Bt oo SR AT RS [k SenELIPEr Sk Blogitications

©hn Be frﬂaﬂ@ aﬁ@stﬂl li‘&nzﬁh QYthin e SEIRI ALY ]?é%t invefiggier ati ng

a relatively high clock signal. For the sake of

provi di ng &ilguex &nph ammgrha@am:nllsstgamlah of\irfious signgksowititrespect to

to have a rel ativel h fre n . Th ._Si.gnal

the enestticerf g el clock sbopor 346 of Sgen 7, A i 18 e memory
t t S

%E{/‘i@%:% ?)EIS_ | rga%é%?%}l/aﬁ% nlﬁFh %&eﬂ@l}rfe r'\;foh?(% HSEGeRBly, the same

tifequaRetdsoths CMKtdigriahe Daeingr thisdtmier the2@finteht cimulti 110 is set by a
Ti, the SELECT signal is switched to .instruct 10 t

éﬁléeti@ng@@éafla’i%li Ip geegrin dieat RO @E?@é @V%aqssefvéﬁ?}é {lg e same

fﬁ%gg g{/s?ﬁl%nngﬁgggil %}{1%?%18 ea{ e{ﬁjL kﬁi havmg a one-to-one

%bfré%t)hdéﬁ@ viith fhe QLKRYNO&ignal. @Hl&@@u&t@n&ie r@&th(ﬁryttralnyactlons of
t he L 520 as the CLKDEL signal. As shown in Fi

6he mmom KewicgRAP willdw eehropizetecopsdive o dbs ﬁ@@ue%em of the CLK
SRR 3 PR M SBE S e B o i e
fffeﬁﬁé&ﬁ:ﬁ}cd)ieé}ljér%lorxl§roﬁ1y MeNfraftieA® WENRY I ansactd @Necond reduced
Figure 7 illustrates a delay clock generator 700
degoeriyn g”ttewommﬁangnalsmn@chcmnd bytthe mnpm@is@wdel 234 (Figure 1)
Ialqg ?IT trés%%néeh %tSth%C s1gna gtéeggr%t% tLat is prov1ge(i ?cy the cou1l§ter circuit
710 to set the number of CLKSYNC pulses that are counted before one CLKDEL pulse
is generated in response. Consequently, following the time T1, the memory device 200
will operate at a reduced frequency, and memory transactions will be synchronized
accordingly.

It will be appreciated that the description of some details have been
omitted in an effort to avoid obscuring the invention. However, the description
provided herein is sufficient to enable those ordinarily skilled in the art to practice the
invention. For example, with respect to the delay clock generator 300, the first and

second DLLs 310, 320 should be tailored for the input and output delays associated with
the circuitry through which the CLK1 and CLK2 signals propagate, and for the desired
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generator 250 (Figure 2). The delay cl ock generator
700 includes a DLL 704 coupled to receive the clock

woeioras21diK. As with the del ay cl ock gener at or PEO@S2F04/007499

Figure 5, only 20 one clock signal CLK is required,
t hereby avoi ding the need for_ the nmenory device 200
to receive two separate cl ock! ignals. The DLL 704
generates an output signal CLKSYNC that is provided
to a counter circuit 710. The counter circuit 710, in

tﬁéﬁﬁ‘ency QENRE A1GS andHRELsigh AN aThis R tHYaddifordXe BFHnganon delay
device’to synchroni ze menofy transactions. Based

tilterent vatht ¢lock sdleph &lrc8EBHICW] b ecapovmedatedchyr ﬂl@IDL]YSl@lO and 320

can output 25 CLKDEL signals at different ti
T PICY 11 Py ORIER R ISIpGSod ¢ dl%erf‘élelﬁ‘@ﬁ‘o‘?‘-‘ylcﬁe?@P&% the respective

f
S0l ABAERbal, SOURIERER SEIBBNN Rool) Lol ofha s
phe BEEs 310 aad 820 el cacid be litgitet tto Agrayuehd{Diahgs d@enaul the amount of

after a_ _specific nunber of CLKSYNC pul ses has bee
delagipyedde tb@)@ﬁ?ﬁ?P“éve Y%@b@&e@@ﬂlneé1 Goapequsnily, dhg w@ble delay

t [ 0]

(s SPUBIELEL Pk POl o PSS 0L
1K S Eigaalen (Sﬂcﬁfdet&ﬂb ¢hin bbeesaBRB by M&&Wﬂ@%ﬁﬁﬁy skill in the art,
PCT/ US2004/ 007499 18 transactions occur is reduced to

@neé censrqesntiyhe dftaifadedeseriniion ey neffbeen pravideg VNG | gnal

(i.e., theCL . 1n nat|

Ehe count ot 510 D6 b prpteclel B008 gl fad BT e art s
Gafi6l FbYiflcafeh &nobe SRDE TR tHaNSreRobbikideborfed EbdaaM M without
a frequency that is less than that of the CLKSYNC

slepprtihg fivhethe seope qfﬂreypr@nht inkergion. dior cmrlmie,t dithpugh tbanvrekusly
provide the previougly described functja ' ,.fo :
BRSHbEE cbogBhtn e Bissaresent By aa e AT e daa D sgrils gying one
%L tuv%e&llf eFerkp! %eﬁ’cflest he vxgﬂ? W %?prgéigte& QuiY Gk %m@)odlments of the
si gnal ‘have & reduced Trequency relative

tpk‘@eﬁl_ Kvdxi@oai g:aﬂl prov&hac hynﬂﬂmﬁlzmgt istamals damnlge slaﬁﬂ‘&l different
and still rema he scope of the Fres

iedBeNRCISSn Wﬁhggppgctgo t]ge gelgy HPfly Sencaypasiy (Hige ﬁbtngﬁlonal clock
ign%ﬁ eshgﬁllfci }%’P@lld d \é\ée{nﬂeérrg i ‘}%8 2 ZOér aﬁcf'g c&‘?@sk%h&hﬁé‘ number of

tDITe should Mlﬂ&ﬁm@d ¥n thﬁ@r}Qﬂ@ildeSZGmﬁ ﬁ’éll nd’hatcléck select circuit
relatively high frequency, which is generally, the
§§ﬁr§h01ﬂ1ﬂe%1&é h@;m@chﬁﬁ«héo low Selgaaon Tom mege thansmerele two signals.

téﬁﬁ]ﬁ%%b‘?% ql'lylegl?%(égeéﬁ% S%g ?]élrgg .ﬂaih goc genél%%?l504 would
%é@me@hbaﬁfw@o @f¥Fate AdBEHRNENBCRSighNE Aallh BH@§RINIRY number of
outputting a CL L signal having a one-to-one
DLLs would need to be included for each additional clock signal. As with the clock
delay generator 300, the clock select circuit 530 will also need to be modified to allow
for the selection from a greater number of CLKSYNC signals. The previously
described modifications are well within the understanding of those ordinarily skilled in
the art, and can be implemented using conventional circuitry.

Other alternative embodiments replace the DLL of the previously
described embodiments with other synchronizing circuits that provide the same

functionality of the DLL. For example, phased-locked loops (PLLs) and synchronous
mirror delays (SMDs), which are well known in the art, can be substituted for the DLLs.
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Consequently, the nenory transactions of the nenory

wdevi4ms21380 wi | | be synchroni zed accordi ng to PO®US2004/007499
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frequency of the CLK signal. At a tine Tl, the nenory

devi ce 200 recei ves command shgnals to switch the

frequency of operation fromt frequency of the CLK

signal to a second reduced frequency. The conmand

signals are received by the command decoder 234

(Hvavbe a%ﬁree')iﬁ?teé Rght istic 219 819RSeons *aPbb Ealic 3hd Réhaih Svithin the scope
generated that is provided to the counter circuit 710

tod theegpresentinvemtbey.  of CLKSYNC puI ses that are count ed

before one CL i S rat i N response.

Consequent 1T W1 % fﬁﬁ*l‘?tgappﬁél atl'?l F’W’&%Qf the present
A0%ntidh | haRPesahe d@lord &eeb%eqi 8AYEN G t

tr arrtlslact :h%ns é%fjl dbec s;?nchr oni % accoreén&g dgﬁgg %(p[phca 1015,
wiMbodineerap pf el et ihahtisoh eandbs empftyed in ahy ﬂeme where multiple

details have been omtted in an effort to avoid
c?@é’@ﬂtlg AgaRmeissive AesisA. AdsHeanally qopRodiragits jof thegpresent invention

‘613 qg?d[ H1e£S Erlleﬁderg d?ﬁg% Eogr' gp{‘tcz{tl%n? 8@1@% ﬁlatnhfgi glnchromzmg memory

|nar O practice

ltfmmtlb@masﬁfwlcﬁm@mab@ibemm respect to the delay
cl ock generator 300, the first and second DLLs 310,

320 shoul d Higurea? |i8r&dlecr diagem rqfutt epmepudert pystenal 09y including

R ity RoachBig hE Sty delle 8D ikiBlecd' s Typically, the
Q%/ (91%811 9bET4 légaﬂg&/t%ﬁéﬁ%ddﬂegs f A REUBTC ¥ortfol thiRes to the

K and signals. That is, the additional
adelvwn 206! tayprovidb derewtiting flatadb ook reslieg tlateifraithe memory

be accormoda he .DL nd .320 .in
&fﬁ&l@? The SSRGS oo RE (e B iRG Ve cgraputing
dBNdtofs, %qgh b9t diGtihg \%ﬁég?ﬁd 68rwalfd RCke r&?'eclﬁc calculattons or tasks.

Additionally, as previously di scusse respect to
donrdditibn,dha toptisr systenh QODnhmdeﬂﬁllearrdn&%ﬁnputldevﬁas:PO@ @uch as a

limted to a frequengg range due tq the anpunt _of
delRaArg OB i BebsepouMed {Q diseeamppder, GrquEBY 03 ép gllow; apegperator to

R i e P e

tone oPluicke athut GiZesSP@NEdupled U Ghe dahpites cieaitrp 02, such as output
resol ved by those having ordinary skill in the art

atwce%ﬁ@é:@ énmlydma adl@traen @@1 yuklee itpriindl. h@se ﬁmmqg@ data storage
urt her a ci

e St bl colblet Bt pndfes FREYES B0 stre data o
egield daki Paa @@@naest&ag@ nie@ial (3@t BROVHOUSk¥mPRS ©F ithf6al storage
enbodi nents wi t hout
devices 908 include hard and floppy disks, tape cassettes, compact disk read-only (CD-
ROMs) and compact disk read-write (CD-RW) memories, and digital video disks
(DVDs).

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. For example, many of the components described above may be implemented

using either digital or analog circuitry, or a combination of both, and also, where



departing fromthe scope of the present invention. For
exanpl e, although the previously described
wenhadsmant s of the present invention provi de ECKDER004/007499
signals having one of two different frequencies, it
wi || be appreciated that other _enbodi nents of the 15
present invention can providezéynchronizing signal s
havi ng several different frequencies. Wth respect to
the del ay clock generator 300 (Figure 3), additiona
. V o . r .
S R e SR G R e oy uffte Fiocessing
| aichiige dAdcardimgly nibebvgntienvis met Rfifcdiexcept 4s. byTthe agpendd claims.
select circuit 330 should also be nodified to all ow
sel ection fromnore than nmerely two signals. 20 Wth
respect to the delay clock generator 500 (Figure 5),
the cl ock generator 504 would need to be nodified to
generate additional clock signals, and a correspondi ng
nunber of DLLsS would need to be included for each
additional clock signal. As with the clock delay
generator 300, the clock select circuit 530 will also
need to be nodified to allow for the selection froma
greater nunmber of CLKSYNC signals. The previously 25
descri bed nodifications are well within the
under st andi ng of those ordinarily skilled in the art,
and can be inpl enented using conventional circuitry.
O her alternative enbodi nents replace the DLL of the
previously described enbodi nents with other
synchroni zing circuits that provide the sane
functionality of the DLL. For exanple, phased-|ocked
| oops (PLLs) and synchronous 30 mrror del ays (SMDs),
whi ch are well known in the art, can be substituted
for the DLLs. WD 2004/082143 PCT/ US2004/ 007499 20 It
wi || be appreciated that such nodifications can be
made and remain within the scope of the present
invention. It will be further appreciated that
al t hough enbodi nents of the present invention have
been described with respect to nenory device
applications, 5 enbodinents of the present invention
can be enployed in any device where nultiple operating
frequencies are desired. Additionally, enbodi nents of
the present invention can be used in a nenory device
for applications other than for synchronizing nenory
transactions, as previously described.



Figure 9 is a block diagramof a conputer system 900
including 10 conputer circuitry 902 including the
wornarog2idavi ce 200 of Figure 2. Typically, thePCT/US2004/007499
conmputer circuitry 902 is coupl ed through address,
data, and control buses to the nenory device 200 to
provide for witing data to2dnd reading data fromthe
nmenory device. The conputer circuitry 902 includes
circuitry for performng various conputing functions,
such as executing specifigragijgware to perform
specific calculations or tasks. 15 In addition, the
comput er system 900 i ncl udes one or nore input devices
904, such as,a_keyboard ?r a noyse, coupled to the
conput et ci réuPciroagng slogk) signaln sgsastar dpr tgsnerating an output
' Qg6 b nput er system Typically, the
Syndggﬁgg{er §$@?§%&8§%ﬁgﬁgb i ncludes one or nore out put
devi cesa 866 spmhpdrizing eirthie gemnginges fitst sgnohidnizil®2lock signal, the
such as. output . devices typically _ including a printer
first sypghuenizingGrqu having an opw’ deckigkal derminal tte pddeh adirst clock signal

: [ | [ he ¢o t.er
il 06800 8 P00 DUEKERHLFo LB SR ORI e e
syncleshieingallocktsignapRaviieihg firfiGicqa&Ryg profidaapl es of
typi cal storage devices 908 include hard and floppy _
di sks, & sentagshionizing ¢ewieenergiinga pesqud synojrqniing clock signal,

) onpact disk.read-writ CD- nmenqries,.
the SR AaR TR fh Bte” iy ook S teEn Tl g Sipich g second
clocki %Ti%ﬂ‘ﬂl!ﬁavﬁg PEROEE iRl Bhcl R bpplRldt A UBTh&PR&idd &n output terminal at
. enmpodi ments of the invention have been descri bed
which gregieepridoyngupopisisgslark signalistving the second firefjoersy is provided; and
nodi fications nmay . made w thout deviating from.the
Soir ¢ oD SR F T Rrshotieron TP RNl e output
termifhls lFQhE B | Ll
S Ao P SRk APt Rl BxIR! SHAAR an output
clockcsigriail teaimahtooWhich il fishor stbaal inpitaeenid i2 0041884 43vide the first
PCT/ US2004/ 007499 .21 appropriate, may be realized _
or segqfdygHreRFngrleckesignal eIgCoYely s b PEPRl HEekronifing clock signal,
[ i Lryes ' : ' nt i s not Limted .
the G it AREE bl X el O MUEMIA)ID (26 Bl st 60 signal on
whiclP§ET4dUSRA QO MO FR Becadid sGhMrdBzink cloBk Sipnehic ®aésal Ng ¢l ock
signal generator for generating an out put

2. The synchronizing clock signal generator of claim 1 wherein the first

clock signal has a first frequency that is less than one-half of the second frequency.

3. The synchronizing clock signal generator of claim 1 wherein the first

and second synchronizing circuits are delay-locked loops.

4. The synchronizing clock signal generator of claim 1 wherein the first

and second synchronizing circuits are synchronous mirror delays.



synchroni zing cl ock signal, conprising: a first
synchroni zing circuit generating a first synchronizing
wohowhoszi4gnal , the first synchronizing circui PCag2g/007499

an input clock signal termnal to which a first clock

signal having a first frequency is applied and

further having an output teldinal at which the first

synchroni zi ng cl ock signal having the first frequency

is provided; a second synchronizing circuit generating

a secomsl synghgeRhmnEnd Rk &'gﬂﬁakenera{t&e f8f %‘%ﬁ&a ing an output

synchroni zing circuit having an input clock s gna
synchrepigingaflocksigaial, comarisisgond ¢l ock signal having a

second fre uenc i ed an urt her havjng an ,
output 4 dooh et bR Tomd Clock SieaCisreRp by iRyan input clock
51gna‘P |1§§K>v§de9%ﬁ Ao ttﬁk?eiﬁcﬁﬁ% %{d%h’@ﬂlf%lobl? S '}gﬁﬁg first and
a selection cireuit having first and sec

secortdefrnqumatlss (Iesmbﬁadaly aht kkvck lg‘emrhtor thether Ihaifﬁlgoﬁrst f&l second output

fi.rst and eco cl ock signal synchron|2|ng circuits
Cloclﬁﬁ%laﬁ] aﬁﬁw hptbﬁ firgt %8 ReCOngjhlerk sigpats Ak providedii ch

the firgs

i e -

the fisitgngut cle@ipigial Ve@hynal agd tiiehe Hapiap aslymﬂitqehﬁlhﬁgat which a first
cl ock S|gnal the selection circuit further having a

synchygmigiag;cdgekesigng praprovisieds the Sirstisypehaonising clackrsigiaggaterated by the
first S%&I&En&l%& &g ul?ﬁoglatgggiestf Oc%hg%é&/second_ synchroni zi ng

nchroni zi ng cl ock
S' gnal geRefds@chdhigh@bidult MY nfplil? clfolck %fgnaﬂeﬁﬁﬁlal coupled

ignal has a first frequency that is'|ess
to thfb preond ofitpyt C]Dhlé Slge@lotnumﬂlaleqwefmc@aer Bavifghan syﬁpuh teomirzi agwhich a
| ock, si gnal erat r.of cl. é wherein the first
secorfl, BChRbAE G SS) g PEE 1o echilPuiehrstHiE clock signal

genelﬁéé@%théseca_ﬁ@sﬁﬂﬂ%ﬁfzﬁ{g &icld G séd ARloceahAtaE Of

claim1l wherei'n the first an seco synchr ni’zi ng
Ci r cui tassekecors yinaiir levoigsfini andoecaddl iayg terth 210 Ofd&Ptb4Be output
/ 4/ 007499 23 5. A synchronj zi ng cl ock signal
temag ot Jrofrs Pd gespndatipely S’éﬁaloi}’flﬁlﬂft)ngl)gn@muﬁﬁlaﬁfiﬁéwng an output
1 ; | h i n
c ocklcs%ggl‘ji(tegﬂngﬂ osx?llgln e't @ﬂrs,fpn&nsg r{% 18&%’[%%{1%1% chu&)t @&é ﬁ&\%ﬁe the first

or sewngm&hchl&nnhg\cﬂdm(h@aﬂ rggaeialy, ag tﬁeh@ltﬁﬁtr@ﬁbﬁrbﬁﬁingadl@ck signal,
econd cl ock signals having first and second
the Sql%k?aeqﬂﬁuésfurth@s g wplﬁcuqmten@u@b tforg@n@rfmgoar slagtidmesignal on

whict B ot ik o P s TRt Rebe B Sl P Regr T 7 °

provi ded;

6. The synchronizing clock signal generator of claim 5 wherein the first

and second synchronizing circuits comprise delay-locked loops.

7. The synchronizing clock signal generator of claim 5 wherein the first

and second synchronizing circuits comprise synchronous mirror delays.

8. The synchronizing clock signal generator of claim 5 wherein the clock

generator generates a first clock signal having the same frequency as the input clock signal



a first synchronizing circuit having an input clock

signal termnal coupled to the first output clock
weizgnas2t4er m nal and further having an out put PeTmSZ@U/007499

at which a first synchronizing clock signal is

provi ded, the first synchronizing clock signa

generated by the first syn@lronizing circuit fromthe

first clock signal; a second synchronizing circuit

havi ng an i nput clock signal termnal coupled to the

and SREARE LsHchi LR Slendl mgn& glreﬂhéh%g r%%s@ thlpﬁﬁé]ﬁzﬁf BAW st clock

_an output term nal “at sec synchroni zing
signad| ock signal is provided, the second synchronizing
cl ock signal generated by the second synchroni zi ng
circuit fromthe second clock signal; and a selection
Ci rcui tg havi g fd s ' 1 hal s -
coupled to t heylfcl)dl?tE %ﬁ%ﬁgg (leo?%%ﬁ@lq%é%%%%%ﬁ? g!re%?raté%a synchronizing
signafeoomdisimgock si gnal synchroni zing circuits and havi ng
an output clock signal termnal to which the first or
second % PpGRropizing ¢Eouitihaviaganl isputicockterming to vehigh amsinput clock
: b S; |,Z] c] ock. si gnal , .respectivel S .
s a 88 AR ARLL LB, A 3Rl SRS L e foina
whick iarsghicHroiding R@sckhastial & Fro$Rk&thé SPhchinBif@klobR ignal generated by
receiving a selection signal on which selection of
the synelromjzirg cigpitdeans the inp ofrsignahgnd| ock signal is
based. 6. .The synchroni zi ng. cl ock sigpal, generator of
claimsg Mgy & PIRE Daying an-ipppt %‘&l?i‘?ﬁid{z’sgﬁc‘?ﬂ%ﬁi Apglg terminal, an
outpu i tE:MhAISatCPRBR RS sARAiZIRE KRflal RORSviddd, a}H?LGa sg_lection terminal at
_synchroni zing clock signal generator of "claim
whichaeselsichion kigndli is sipplied) dhs pulse gesaraoh garratinggarc bttpui $y@ichronizing

. rjse synchronous m.rr del ays. 8. The
signaf T {8 sy oetiop 8 Clocki el hEWhe A e TopetioR fagency based on the
selechietighdl the clock generator generates a first clock

signal having the same frequency as the input clock

signal WD 2004/ 082143 PCT/ US2004/ 007499 24 and

generates a _second cl ock signal having a frequency

less tHdn orldehsmchonizing ciqekssigeal oggneratorgafiiclaig. 9Awherein the
synclﬁgrﬁgiﬁg Uit &Qn;%{s%g E d?fa?ﬁé‘éke@ ?ono%r aF or for generating a

synchroni zi ng * signal,” conpri sthg: a synchroni zi ng

circuit having an input clock termnal to which an

i nput clock signal having a clock frequency is

appl i ed land Thgr $smehronigingglosk sgnadugenctatark of etaiinngl wherein the

s SO S B 7o

12. The synchronizing clock signal generator of claim 9 wherein the pulse

(@)

generator generates a first output synchronizing signal having a first pulse repetition
frequency and further generates a second output synchronizing signal having a second pulse

repetition frequency that is less than one-half of the first pulse repetition frequency.

13.  The synchronizing clock signal generator of claim 12 wherein the first

output synchronizing signal has the same frequency and phase as the input clock frequency.



t he synchronizing circuit fromthe input clock signal;
and a pul se generator having an input coupled to the
wouabq@os2i@Bock term nal, an output term nal at P@miUSEN04/007499

the synchroni zing signal is provided, and a sel ection

termnal at which a selection signal is applied, the

pul se generator generating & output synchroni zi ng

signal fromthe synchronizing clock signal having a

pul se repetition frequency based on the selection

signal . 140. Thesya¥ReAlAY AbflPsish PnshidPaf cBBR S Rh&QEin the pulse

of claim9 wherein the 'synchronizing circuit
genemtormoinpeisesa eirintey clrowik gehetatiog an bitpuT bymchsontAmsigaal iy response to

| ock signal. generator.of claim erein th )

counR orpBiofs Oh gRARE PR ST sena, YiF oo Sashd o fhe selection
Sigmg.el ay. 12. The synchroni zi ng cl ock signal generator of

claim9 wherein the pul se generator generates a first

out put synchroni zing signal having a first pulse

repetitjon frequency, and further generates a second

out put 5y nchFensyachgniging clpcksignal generater shelapy Oswherein the pulse

efit] t-hat _ | . t Lf. of.t .

gencl iR iohigRl b HROUF O, edybialfFn P BRRRing kighihaving o
frequepeie tHaomd Zi/27Y ofl thE Kregiighed| ofgBE eyrddhednifhg €lodk idnd), the value of n

wherein the first output synchronizing signal has the
based ghofselegi@ntignadnd phase as the input clock frequency.

WD 2004/ 082143 PCT/ US2004/ 007499 25 14. The

synchroni zi ng cl ock signal generator of claim9

wher ei nig.he Ruh&RoryIRIRE Haling CONRE] t6RSnMs &P WHEH command signals
circuit generating an output synchronizing signal in

are applgnddn seues exeowioniofig nrenpey opestiaf, thamemynodaveri compgising:
cl ock signal, the valﬂ of n based on the sel ection
si gnal . YA EelSi 7i ng ¢l ock signal generat or

of cl ai /iR WRGT Qb fRBirAM SEhicH 8 HRE/]RK fs| i

frequenc; d?@ﬁder gene}at%ng]gn out put g&%%ﬁ?é’?@?ﬁ%“”ngafhg
cloclksfrgquahcyhavi ng a frequency that is (1/2') of the

frequency of _the synchroni zi ng cl ock signal, the_ val ue

of n bhisandHPEhelodeicsuinablp Whighaisecopd clogksighst is applied having

j ' .control termnals at which comand
aﬁmgﬁgﬂgﬁéﬁgé%@g%pplied to request execution of a nenory

oper at i ofirst chek mpAEynigieyidienic eomiled o ghe st @pliaylodt terminal to
recei{fg3 gl%r 1rsth?(|><!;1<S§ignal and generate a first synchronizing clock signal based on the first
clock signal;

a second clock synchronizing circuit coupled to the second input clock
terminal to receive the second clock signal and generate a second synchronizing clock signal
based on the second clock signal; and

a command decoder coupled to the first and second clock synchronizing
circuits and further coupled to the control terminals to receive the command signals in
response to the first or second internal clock signal and to generate internal control signals to
perform the requested memory operation and synchronize execution of the requested memory

operation to the first synchronizing signal in a first mode and to the second synchronizing

signal in a second mode.



a first input clock termnal to which a first clock
signal is applied having a first clock frequency; a
weoeeomnd2i4nput clock terminal to which a secondpPcirasko04/007499
signal is applied having a second clock frequency; a
first clock synchronizing circuit coupled to the first
input clock terminal to re@éive the first clock
signal and generate a first synchronizing clock signa
based on the first clock signal; a seconddc!ock
synchr om.zi ng mdmiéittidbvies) istn@: t he second i nput
chck tern?%al t%yreceiggh?ﬁ% gecond cl ock signal and
gener at@ &ldsesebnd synchroni zi ng cl ock signal based on
t he second CH ck signal; and a command decoder coupl ed
to the ???@?’gﬁﬁ second cl ock synchronizing circuits
and furd §gspgoeupled to the control termnals to
receive the command signals in response to the first
or seconcaddrgsederalderndoupledso grealddfessibm@hgener ate ;
internal control. signals to_ performthe requeste
menory e éi‘ﬁt%ﬂr%‘htg?(’%f?éﬁ? Bisidata t&@'fecut i on of ht he
request : ' i rst synchroni zi ng
signal %ﬁ?%g%?gﬁﬁ?xﬁg SQE%QQf%H?ggﬁgbcond synchroni zi ng
si gnal 4 memapcelhcrrydeouphd ROMY @8&ek3decoder, control circuit, and
PCT/ US2004/ 007499 26 17. A nenory device, conpri sing:
read/ WHte i@ us; a control bus; a data bus; an address

. . bus: d/writ ..
T ke e e S —

clockasidtial,@@mipdisinge control bus; a menory-cell array
coupled to the address decoder, control circuit, and -
read/ wite & fetli synckyadizings yingtitr geiezrating el Bisk sgndmadizing clock

signag ﬁ}gesﬁl%é ?}éﬁ%{%&li%%ﬁ%@tg l}%gi_n%nanqglglﬁ%‘ioci%yg%gf t%?rlnﬁ{ap goupled to receive
a first internal clock signal having a first frequency and further having an output terminal at
which the first synchronizing clock signal having the first frequency is provided;

a second synchronizing circuit generating a second synchronizing clock
signal, the second synchronizing circuit having an input clock signal terminal coupled to
receive a second internal clock signal having a second frequency and further having an output
terminal at which the second synchronizing clock signal having the second frequency is
provided; and

a selection circuit having first and second input terminals coupled to
the output terminals of the first and second clock signal synchronizing circuits and having an
output clock signal terminal to which the first or second input terminal is coupled to provide
the first or second synchronizing clock signal, respectively, as the output synchronizing clock
signal, the selection circuit further having a selection terminal for receiving a selection signal

on which selection of the first or second synchronizing clock signal is based.

18.  The memory device of claim 17 wherein the first clock signal has a

first frequency that is less than one-half of the second frequency.



a first synchronizing circuit generating a first

synchroni zing clock signal, the first synchroni zi ng
woiizoeosei4havi ng an i nput cl ock signal term nal pcomskmd007499

to receive a first internal clock signal having a

first frequency and further having an output term na

at  which the first synchro@izing cl ock signal having

the first frequency is provided; a second

synchroni zing circuit generating a second

synchr ory. zi Mphet dikoryS H@AG \oft BRIk €SP NEh&HAC @Hé)'ﬁrﬁ: €4 second

circuit having an input clock signal term nal couple
synchrenizingcerapils ofstbe ciractirenisingatlodd sighals gepertorheniprgscadelay-locked
100 éecond frequency and further having an out put

P% erminal at which the second synchroni zi ng cl ock

signal having the second frequency is provided; and a

selection circuit having first and second i nput

term ndlls colip ecbmary ddvéceowifpeihint et 7vi wizdrsinothd Hest and second

first and secoqg cl ock signal synchronizing circuits
synchrpRizing, GIFgts P e tsynehrenizag doghn signalegsacrier compisec pynchronous
rnﬁmﬁGEM%érSt or second input terminal is coupled to

provide the first or second synchronizing clock

signal, respectively, as the output synchronizing

clock signal, the selection circuit further having a

sel ectiZdn t elhif mamonbdevieg of wiaig . farthert ¢umprigingah output data

: ' ' e first gr second. . .
v S GEUES DO kbl B SR8 g sneror
to rectiw (IR @ftpet SinbhrbdiziMpesleln sighal, Fhd SiitpGl 8K dFivePYncishizing the
a first frequency that is l'ess than one-half of” the
outpus o€ datd fioreta areegory MeYicoesed 82 theumTT SYSRO0UZi00 FWeR sighil.
19. The nenory device of claim 17 wherein the first
and second synchronizing circuits of the

synchr gni zi N9 nfhRFdSig)bmPRARS At or conpri se

del ay-1 ocked |oops. 20. The nenory device of claim17
wher ei rantelvéeriidl chck smmhiéicond  synchroni zing circuits
of the synchroni zi ng cl ock signal generator conprise
synchr€ﬁ§a&E$ﬁWFror del ays. 21. The nenory device of
clai m LionfHfRer conprising an output data driver
coupled(?glfLe tdata bus and further coupled to the
synchr ardaza ng; cl ock signal generator to receive the
out put synchroni zing cl ock signal, the output data

dri ver 2ByAeIsrotfcodss govpled toilie pddresstbugat a from t he

gfggra%/ aqgé/d/&fﬁteb&%ﬁg c815]p1$c§1 fo R¢ tclgt%t'oug’;ync hronizing cl ock

a control circuit coupled to the control bus;

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

a synchronizing clock signal generator for generating an output synchronizing
clock signal, comprising:

a clock generator having an input clock signal terminal coupled to the
external clock terminal to receive an input clock signal and generate therefrom first and
second clock signals having first and second frequencies, respectively, the clock generator
further having first and second output clock signal terminals at which the first and second

clock signals are provided;



22. A nenory device, conprising: an external clock
termnal; an address bus; a control bus; a data bus;
wanoehdziess decoder coupled to the address busPCTAIS2004/007499

read/wite circuit coupled to the data bus; a contro
circuit coupled to the control bus; a nenory-cel
array coupled to the addres28decoder, control circuit,
and read/wite circuit; and a synchronizing clock
signal generator for generating an output
synchroni zi ng fir&l §@K®hERY cirG@METRE NG 1I§)u@|c‘i’<5'dk signal terminal
generator having an input clock signal term nal

coup@d upl the firet euiput enckesigadl tefroinkl bt durtisk hawlngemeowtpuﬁtenmnal at

t .clock signal and nerate t efromfi and
whicly 3P sy SePOiR g ried Hedii g sPrded e "Seomahonizing clock signal
[ BRACA r
B Nt S Sl O P s, POAF SERRLand hgving the firt
frequemayi nal s at mhlch the first and second clock signals
are provided %004/ 082143 PCT/ US2004/ 007499 28 a
first synchr% BFCONG §YRGhFQIIFING [eHG Ik éla‘élﬁgl’%ﬁlp‘@f’“fcﬂéélk signal terminal
t
couplgﬂ gﬁa %egrbf;fn?l Ea ut Egb'l?k%ﬂﬁl tgmglggl %ﬂcf %ﬁnthgxld%ﬁﬁ{\g gn ? nﬁnnlt erminal at
whiclah sestid Gnchrédiziag chykeighalrik prdi@de@ ﬂfé%e@dn@&?ﬁchr&mzmg clock signal
provi ded, the first synchronizing clock sig
gener@@ﬁécrYathécﬁert pyachrppigingssivetirf5em 2he gecond @chk Sﬂgr@imm baving the
ogn signal and having the first frequency; a
ync roni zing circuit having an input clock
signal term aﬂ@électl@ﬁ léﬁi’cﬁi@' hbPin ErfﬁstsﬁﬁpMoﬂ}”irﬁiﬁE t&rhis coupled to
signal term nal and further having an output term nal
the ogfput W@hlsa)féb‘tﬁﬁﬁ am&mhmbnllozk signd| S(yn¢hrem1gmglcmcslts and having an
he s clock Si

ded,
outpf btk aial (TR E R RaR A PRE R Pl RgoEicrise Rqopied e provide
the ﬁisﬁ gp Betofd Qﬁﬁzhﬁingﬂﬁé c188siBAM] REpdNPely SRR GuhhEARMERSHizing clock

signal, the selection circuit further having a selection terminal for receiving a selection signal

secondI ﬁ@laﬁ

on which selection of the first or second synchronizing clock signal is based.

23. The memory device of claim 22 wherein the first and second
synchronizing circuits of the synchronizing clock signal generator comprise delay-locked

loops.

24, The memory device of claim 22 wherein the first and second
synchronizing circuits of the synchronizing clock signal generator comprise synchronous

mirror delays.

25.  The memory device of claim 22 wherein the clock generator of the
synchronizing clock signal generator generates a first clock signal having the same frequency
as the input clock signal and generates a second clock signal having a frequency less than

one-half of the first clock signal.



a selection circuit having first and second i nput
termnals coupled to the output termnals of the
woiowtoszasl second cl ock signal synchroni zi ng cPCTWISE@4/007499

and having an output clock signal termnal to which

the first or second input termnal is coupled to

provide the first or second9synchroni zing cl ock

signal, respectively, as the output synchronizing

clock signal, the selection circuit further having a

sel ectizg 1 eThe finokPdeVies O \Gldish QQSﬁlhﬁ&t bHoSianah ¢ data
n which sel ection gjfa the first or second pisifg!dn output data

driveg Wﬁ’do‘i‘?l the defabusend @W@ﬂmoupbdktaMyn%omih@ oimmmgnal generator
e f cIa| 22. wherei.n th rst. ang secon
to sofSYC i ot B PRiHECHBH iRl b RioR! dath b achronizing the
tp1 0@ Btk ﬁgﬁmlr ah&hory AERIE: BRedh
o mce)m)ry devi ge oforgl aim Zzemhe?%el 6%%9??1#%&2%8%;&531@% L
synchroni zing circuits of the synchronizing clock

si gnal ner at or conpr.i se synchronous mrror del ays.
25. The'me y‘e&magl% CRMBYHE2 wherein the clock
gener atpradafest B, synchronizing clock signal generator
generates a first clock signal having the sane

f r equencoontrakbushe i nput cl ock signal and generates a
second c ocg signal having a frequency | ess than

one- hal¥984% %4she first clock si gnal . WD 2004/ 082143

PCT! US20086007 498429104 B BRI, i ce of claim

, further conprising driver coupl ed

to the adaa(ﬁwblt@mﬁmd cbuple@wthe @b!ﬂ@'b%@' to the
synchroni zi ng cl ock sg{ijnal generator to receive the
out put a3PRERFGFeuiicagP! bdhe§©@hdwu8the out put data

driver &S hron| ng. the data fromthe

menory d}e{lw ¢ %i 61%3 FOPRlg otﬁt Bﬁt FShfRAS: rgniplogicuit, and
read/\81i@vlcuit2hd A nmenory device, conprising: an address

bus; a control bus; a data bus; an address decoder

coupl ed@ syochrheizngdleksignab geneaatortod gandrattngCin Gutphit synchronizing
ed to.the data bus; a control circuit coupled to

clock R EotpbGringlc

a synchronizing circuit having an input clock terminal coupled to
receive an input clock signal having a clock frequency and further having an output clock
terminal at which a synchronizing clock signal is provided, the synchronizing clock signal
generated by the synchronizing circuit from the input clock signal; and

a pulse generator having an input coupled to the output clock terminal,
an output terminal at which the synchronizing signal is provided, and a selection terminal at
which a selection signal is applied, the pulse generator generating an output synchronizing

signal from the synchronizing clock signal having a pulse repetition frequency based on the

selection signal.

28.  The memory device of claim 27 wherein the synchronizing circuit of

the synchronizing clock signal generator comprises a delay-locked loop.



a nmenory-cell array coupled to the address decoder,
control circuit, and read/wite circuit; and a
weymausziad zi ng cl ock signal generator for genepariusgoano7499
out put synchroni zing clock signal, conprising: a
synchroni zing circuit having an input clock term na
coupl ed to receive an inpuBOclock signal having a
cl ock frequency and further having an output clock
term nal at which a synchronizing clock signal is
provi dez. t heheyiraloipdevditgf ElalgR7SwERGh thd SRehAd RN ¥ircuit of
t he synchron|2|n circuit fromthe input clock signal;
the SE&WHIO&IZ@% glecl aigatl geperaten comprises aisypdironous pliedr daayt he
out put clock tern1na| an out put term nal at which
the synchroni zi ng signal is provided, and a selection
term nadg.at Thhhbhody 96Vi6& bf @hidl INHhebcin @Peohﬁlgg ehditor of the
pul se generator generating an output synchro |Z|§
Synclgplgﬁmlg dlocknsighad gsperotor cgnnezauag acﬂirst:kutpu@mbhlbﬁmmws@nal having a
ﬁmtgq. £ getltlon fﬁ@a CY based on the_ selection
1oh £ﬁp on frpfueney AGF FURRc; geacrsfesq 8CANS PUliNE sEIdirameng signal
havingy f GRESHY t ¥ 0
R e R luend g D MBS B firt puise
repetiZion 47eQ 8143 PCT/U82004/007499 30 29. The nenory
+ device of claim27 wherein the synchronizing circuit
of the synchronizing clock signal generator conprises
a synchyjono vice
ol ol m 21 wnerts bRy &Flobe st Ab\G B GRCEl5R Shchronizing
signaklyasche ome fragendyonid agnal theanear abe fr&?féﬁé}at es a first
out put synchroni zi ng signal having a rst pul se
repetition frequency and further generates a second

out put nc n n i gnal [ secqnd
r epgt i t3|§gn hlﬁ %q%léllﬁ]cgi ?%‘g pke {A sﬁg Wﬁﬁreghﬂ] h%‘ﬁ?e geneggigr of the
synchdrfigihg pelbge 81g'n@p%fehérht©f‘ JobRAHEN @Y coutder IRGITMBRRNting an output

device of claim 30 wherein the first output
synchigiging signgl lﬁg‘esmnww conating heesadeeoff the quehmnizing cloblas@nal, the

he ck freguency. 32. The nenory device of
value%? ﬁ?%%‘é?éfiﬁlc’?ﬁ 284l se generator of the

synchron|2|ng cl ock signal generator conprises a
counter circuit generating an output synchronizing
signal 38n r é&lpansraonyodwm@nmﬁ clginm 20ewhadm Bk gl generator of the

&Echro? % ﬁlock signal, the
synchronizing clock signa genelator comprises a frequency divider generating an output

synchronizing signal having a frequency that is (1/2") of the frequency of the synchronizing

clock signal, the value of n based on the selection signal.

34, The memory device of claim 27, further comprising an output data
driver coupled to the data bus and further coupled to the synchronizing clock signal generator
to receive the output synchronizing signal, the output data driver synchronizing the output of

data from the memory device based on the output synchronizing signal.



val ue of n based on the selection signal. 33. The

nmenory device of claim27 wherein the pul se generator
wofodhs2143ynchroni zi ng cl ock signal generator eOMuIS2@®EB07499

a frequency divider generating an output

synchroni zing signal having a frequency that is (1/2")

of the frequency of the synéhronizing clock signal,

the value of n based on the selection signal. 34. The

menory device of claim 27, further conprising an

out put 3Mta Adndthed fof geitr@thetasyhfifofialng dtk ﬁfﬁﬁl comprlsmg

further coupled to the synchronizing clock sign

gener at gsneratipg r & edyrelityt ‘h% leg/ rstgmatsnbased gors |ag mra’respondmg
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frequeidiediaadi zi ng signal . WO 2004/ 082143 PCT/ USZOO4/ 007499
31 35. A nmethod for generating a synchronizing clock
si gnal Selﬁ@t‘rpg og¢ frgm thg phwaldty ioh gyrwhpdmiziag kieyialefto be provided as the
SvIc gnchrqﬁ gaﬁlgnals based on a correspondi ng
yn IH HFAEi put clock signals, at |east two of the
i nput clock signals having different frequencies; and
sel ecting one fromthe plurality of synchronizing
Si gnal & o bEhepmethbd eficlain 85 evhesymedvhanputichgkcig@akhas a different
& nal, 36. The metgfd of cl a| m, 35 V\herel n each i nput
equE‘F chnds |g51i“F’eIPtHF$a§ RIue{iEsk 815 é}’ﬁc q‘“ﬂ%ﬁ& Stanglsaprimprésee resnembng each
h rises
Sync}gcélﬂgr %rfga},égfgﬁ%/g%n% on| (é) %%ﬁa eggegp G lock sigpal from
whlclirtesqlme@y as the respecti ve i nput clock signal from
which it is based. 37. The nethod of claim 35 wherein
the synchronizing clock has the sane frequency and

hase t henin I Lgnal frgmwhich .it
(F))rl gi nal'Ty g%%ee gﬁj@% of %l hgt Fl%g’eﬁyﬁ?lﬁ?l@gl ichl hgs the same
frequaRPehabhi@ 8 1R Mbal diédk Kinal B¥RGHKER! ﬁt%b BeiRhBEdsSd.

conprises providing each input clock sighal to a
respective delay | ocked | oop, each del ay- Iocked Ioop

providl espectiye synchropjzing signal. he

met hod gf cl 1mr§%th9\% é"rqa’&éng# at{hREFTy g@r{?raémgtw dplurality of
synch$otfigiig Qi Goripgdeal oﬁ@i’ﬂ@réa\%ﬁ% OMbli Q%‘nglaﬁ‘)h II‘Q&)%E’EIVG delay-

clock signal to a respective chronou mrror
locked édaqy gachalsheyslyclcddrl oo viding wfeslﬁtﬁhay sypichiointhifgsignal.

respective

39.  The method of claim 35 wherein generating a plurality of

synchronizing signals comprises providing each input clock signal to a respective

synchronous mirror delay, each synchronous mirror delay providing a respective

synchronizing signal.

40. The method of claim 35 wherein generating a plurality of
synchronizing signals comprises generating a first synchronizing signal having a first
frequency and generating a second synchromzmg signal having a second frequency that is less

than one-half of the first frequency.



synchroni zing signal. 40. The nethod of claim 35
wherein generating a plurality of synchronizing
WO grRAssI480NMPri ses generating a first synchr onPgirmg2004/007499
signal having a first frequency and generating a
second synchroni zi ng signal having a second frequency
that is less than one-half 38f the first frequency. WO
2004/ 082143 PCT/ US2004/ 007499 32 41. A nethod for
generating a synchroni zing clock signal, conprising:
gener at4ng aAphsthéd fotrgelwcratiﬂgtaes'yﬁéﬂroﬁi|zﬁfgi%lo°dkgsﬁ%4aﬁ cBAPAGing:
on an input clock signal, at least two of t
i nt er nageneragor agilgrakitysoflinieinag clock simnelstbasedeaiantipas clock signal,
neratijng.,a corresponding. plurality of synchronizing
at leag{lstéx%’a%h? %W%ﬁioc‘fcﬁﬁ%}agl }13“? X‘ilgélﬂ{f‘?rﬁlﬂ HRFIEEHck signal s,
each ofgdhBRtRL U ' : Sy I Z} [N Ving
the  scomoptily A Xl g PROLRY, Pl oTnBediald MR om e
plurabitygefaintdrnal mledki sipnald, dash bAtedluatity ses@ehionifNgAils having the
nchrani zi ng signals to be provided

the pluraljty of .s i to
Same&{eq{lﬁw a8 FI&FﬁP‘z%/ Hieregl 6&€k§}%ﬁ‘aflg9m4@wlﬂ‘ﬁ és basedigad of

cl ai m 4] | I Li-ty of :

ynchr omes et 608 o8 MEPRARE oF LB ihY sl ap be provided as the
synchiroigingalocklstmlal. si gnal to a respective del ay- | ocked

| oop, each del ay-1ocked | oop providing a respective

synchroni zi ng signal. 43. The nethod of claim4l

wher ei ny,genegat | plurglity of .synchronizing i

si gnal sQL zéong{}?eselgg%s%vpgi Cﬂﬁméaéﬂ VM 2 BRI TME & gplupality  of
synchrniging 8$gyRlt ¢dneprissy PEIViRA® bchntdrRdl d6dkO¥enBa61) respective delay-

synchronous mirror delay providing a respéctive
locked pashi delayglogkagraep puaidingheresprchvel spfchringsing dignal.

wherein generating a plurality of synchronizing

signal s conprises generating a first synchronizing

si gnal 4Bavi Mhed rhithdd of ' QAHENEY @Jﬂ@r&?”g&%%tﬂ% & plurality of

second synchroni zing signal having a secon T qued%y
synchrgmzing ssipeals coppaiseopeotiding efcht heterhil stockr sighginey .a respective

45. A nethoddfor eqﬁrating a synchroni zi ng signal, )
SynchrQlions | SHHGE A58k e Ca¢h SYRFIPRRHSE TRISE K dslagnarovidingng aespective
synchfdRAHE BigHal. 9enerating a synchroni zed cl ock signal; and

44.  The method of claim 41 wherein generating a plurality of
synchronizing signals comprises generating a first synchronizing signal having a first
frequency and generating a second synchronizing signal having a second frequency that is less

than one-half of the first frequency.

45. A method for generating a synchronizing signal, comprising;

receiving an input clock signal having a frequency;

generating a synchronized clock signal; and

generating a synchronizing pulse in response to n periods of the synchronized

clock signal, the value n selected based on a selection signal.



generating a synchroni zing pulse in response to n

peri ods of the synchronized clock signal, the value n

weoeebamszid3based on a sel ection signal. WO 2004P082%2@4/007499

PCT/ US2004/ 007499 33 46. The nethod of claim45

wherei n generating a synchroni zed cl ock signa

conprises generating a syncBB8oni zed cl ock signa

havi ng the sane frequency as the input clock signal.

47. The nethod of claim45 wherein generating a

synchr of¢ zed [ . C i Ld .

i nput czlmdck thl;ég glg%ihct)(% Og é?‘a%%%ﬁ%g geglg%a"tﬂ%ﬂ% s%l:%romzed clock
signad ebapribecgadratingapsypichronitied gldchesignah thviagithe damt deljuency as the
) signal,. 48. The nmethod of claim45 wherein generating
inputelogksighabni zed cl ock signal conprises providing the

i nput clock signal to a synchronous mrror delay, the

synchronous nmirror delay providing the synchronized

cl ock ségnal The&tetddie ofrelfimd4® fwitdréth Ngehorathier £isPinchronized clock
_ enerating a synchronizing pulse in_ response to n
SIgHaE@pmage%mrovwerlsWclhpumlzgﬁ sighdcdk & dejardlockedpedps dle delay-locked
100 Fqﬁ.%t'n alfir%t Ségchr?nizing pul se having a first

P§d1é ¥ ranzed daddesigtand generating a second
synchroni zi ng pul se having a second pul se repetition
frequency that is |less than one-half of the first

pul se réhet i Thomdihagoértam 45 wherein generating a synchronized clock

signal comprises providing the input clock signal to a synchronous mirror delay, the

synchronous mirror delay providing the synchronized clock signal.

49, The method of claim 45 wherein generating a synchronizing pulse in
response to n periods of the synchronized clock signal comprises generating a first
synchronizing pulse having a first pulse repetition frequency and generating a second
synchronizing pulse having a second pulse repetition frequency that is less than one-half of

the first pulse repetition frequency.



