; €3e0, $$% ((+6+T0, | WD 02/ 17323 PCT/ US01/ 25957  SYNCHRONI ZED WRI TE DATA ON-.
A H GH SPEED MEMORY BUS BACK~ROUND OF THE I NVENTION 1. Field of the

| nventi o present invention relates generally to sy ﬁ
systens,qgagzﬂﬁVg particularly to synchronizing wite datggﬂﬁgg%#?gh spge
menory bus. 2. Description of the Related Art An exenplary conmputer system
lisillustrated in Fig. 1. The 10 conputer system 1l includes a processor

System 2 and 't ﬁesHEWH"ﬁmdlﬂﬁEeégﬁ?%ﬁreP Tz ar e coup| NN octssor

401 via a | ocal xpansi on bus controller 402 i §glso coupl ed
to one or nore expansitgmybuses 403, to which various perlpheral devi ces
such as mass storage devices, 15 keyboard, nouse, graphics adapters, and
mul ti medi a adapters nay be attached. r The nenory system 2 includes a

menory cont r GYNCHRONMESh WRITE DATAQNA HIGGHE SPBERIMEMORYBUS! y
nodul es 200 300 via a nenory bus WO 02/ 17323 -2 PCT/ USOL/ 2~957 106. The

menory bus conprises a plurality of signal lines 101-105, which
respectively communi cate data DATA (over a plurality of lines 101), a data
strobe STROBE, a wite cRacKKMEGUNR CRTHRINVENTIONCLK, and commands and

data Cl1~I D/ DATA (over a plurality of lines 105). The nmenory nodul es 200
300 accept commands fromthe nmenory controller 100 synchronized on the
ri sing edge of the comianBell oicthe CEk¢atam si gnal |ine 104. A short tine
after the nenory nodul es 200 300 accept a wite command, the nenory~
nodul es 200 300 accept wite data synchroni zed on the rising and falling

edges of the write ol oofudiOkten: TREaHBANARST ALY Ll ARG SXShaoMN o

el apses between t he sync ous sem con evi ce accep I'ng a
wite command and the tine the sync ronous senlconductor ce
begi ns accept i n@,vswm%énéa%rem@w&ﬂﬂ tRsSYRFioRIZiIng WEES, date any gg’%ﬂ?%"‘n
initialization the nmenory

memory bus.

2. Description of the Related Art

An exemplary computer system 1 is illustrated in Fig. 1. The
10 computer system 1 includes a processor 401, a memory system 2, and a
expansion bus controller 402. The memory system 2 and the expansion
bus controller 402 are coupled to the processor 401 via a local bus 400.
The expansion bus controller 402 is also coupled to one or more expansion
buses 403, to which various peripheral devices such as mass storage devices,
15 keyboard, mouse, graphics adapters, and multimedia adapters may be

attached.

The memory system 2 includes a memory controller 100 which

is connected to a plurality of memory modules 200 300 via a memory bus



controller and the nenory nodules are initialized to operate the nenory 15
system2 with a desired wite |atency. Each nenory nodule 200 contains a
regi ster in the exanple shown, a plurality of sy <

sem condu‘ggﬂ)’%ﬁﬂgﬁory devi ces 202-205. The tim ng diagram ng/hg&\%?aﬂe
operation to one of the synchronous sem conductor nenory devices 202-205 is
illustrated in Fig. VI' O 02/17323 PCT/US(11/2S9S7 -3 4. The wite clock
WCLI C operates at double the frequency of the comrand cl ock CCLIC. Both

cl ocks are synchroni zed, so at the beginnifng of a clock cycle I~T of the
command clock CCLIC the wite clock WCLIC is beginning a correspondi ng 2N
clock cycle. In Fig. 4, the exenplary 5 nenory is being operated with a
wite latency W. equal to 1 wite cloclc cycle. Thus, when the wite
command is asserted on the command bus CVMD on clock cycle T1, the system
wai ts to satisfY0bh@harmeolab@naympises e plimbtyestsigml hacl0leyes ewvlizh and
begins to accept wite data on clock cycle T3. The synchronous

sem conduct or - devi t ' t ST gvmi node,
so it conti nuersnP %Eggééc‘%grpét&\;\%}l flﬁ%ﬁ%acf%a ?\%?A?%\\ém%ep%{tl&]slgcer a églogz’%laci/%% es. In
the illustrated exanple, the synchr em conduct or y device
accepts an 8-1 eﬁﬁ?h@ngﬁﬁQB Wil 39@2&@@ %ﬁomgl&l“é.‘:?qq%ﬁﬁaﬁ%a{l e command
and wite clocks are phase synchronized the synchronous sem conduct or
menory can countoinheants andiher CHD MDIATA (bt k pdyeligsofilhies 108).apbes after

t he device accepts a wite command (synchronized with the command cl ock) to
determ pe when | i i i nrand
and wri %]e cl oc kg&ﬁ;@@?hfggd@gé g%gﬁggg@ggomgé@rs gﬁ‘gﬂ%@éﬁ&g%ﬁ@”&g nor e
detail ed di agramof the (12/17323 PCT/USOL/ 2s9i 7 -4 y nodul e 200
fromFig. 1 is JR8WHIChABIZAGRBY eW|@ggﬁ¢%5@@pggd§lq%¥gﬁgox?m whi ch
is used to buffer the command cl ock CCLK and commands and addresses

CMD/ ADDR.  The buiighelrlast H@hmAnboxttomk afie the racrd ogomoenkts 2808 @ddremses

CVD/ ADDR are then 5 distributed to each of the synchronous sem conduct or

remory devi ces 307z 20fihd, MEHor? hiRRled 30500 Akcpiticd Bfa T espect i vely.

On the other han each of "the synchronous sem conduct or nenory devices

202- 205 have their data signal .line | . strobe signal ljn wite
clock signal Ii SEichanided 88Eﬁ?“&%&f@g&l{%Fﬂ%csr%fsﬁi}gwﬁ%iofgé’% 8@1‘%?@% | e
command to clock CCL1C signal is delayed by being buffered via register 201
whil e tthe wri t e noihdek of\@lrite clocklicydest Wrich @lapsescbdtwetrnehesyniclwondust or nmenory
devi ces 202-205, an arbitrary phase shift exists between the wite and

semiconductor memory device accepting a write command and the time

the synchronous semiconductor memory device begins accepting write data
is known as write latency. During system initialization the memory
controller and the memory modules are initialized to operate the memory

15 system 2 with a desired write latency.

Each memory module 200 contains a register 201 and, in the
example shown, a plurality of synchronous semiconductor memory devices
202-205. The timing diagram for a write operation to one of the

synchronous semiconductor memory devices 202-205 is illustrated in Fig.



command cl ocks. For exanple, Figs. 5A and 5B are timng diagrans for a
wite operation with a 1 wite clock wite latency W.. In Figs. 5A and 5B
15 the wr, id,command cl ock wave forns appear identica er, in

Fi g. 5Ah'§h§Lgﬂ§%e shift PSis 1.5 wite cl ocks, thereforgcTﬁgw@éﬁghronous
sem conductor nmenory device should satisfy the wite [atency W. requi renent
on clock T2 and accept data on clocks T3-T6, while in Fig. 5B the phase
shift PSis 0.5 wite clocks, therefore thg synchronous WO 02/17323

PCT/ USOL/ 2~9~7 -5 sem conductor nenory device should satisfy the wite

| atency WL requirenent on clock Tl and accept wite data on cl ocks T2-T5.
Since the phase shift is induced by a device external to a synchronous

sem conductor nenory device, it is inpossible for the synchronous

sem conductor nenory device to accurately determ ne the proper cycle of the
wite clock WCLK. Uflonwyitd dbclt Waie]iopeaosseptdondlenhietfeqdatay. ofAheor di ngl vy,
there is a need for an apparatus and nethod to synchronize wite data in

 phase ani £ TR e R S st Rl ST OB | e
di q h q ¢ L : .

Synohr onous senpbbARSERGr ADADRY GEHTEM HRdk Sfak binarEnc SebR E sapar at e
wite and command cl ocks. The 15 present invention permts the synchronous

sem conduct or nbaginyigey caesponding P Mckick cidt e Inifing 4)pbnexdmplaryw i t e cl ock
cycle it begins to accept wite data, even if there is an arbitrary phase

shift between t %q,r[? - L4 &ithl 06K e 84 cbNVeAtd @bt akes
advant age of thgﬁsﬁﬁ uf g%gg%dv%%%%%%é%%&%&%ﬁ/2Srl937 dat a %trobe

signal which is nor I nused during a wite operation. The nory
control |l er of tﬁﬁ?%rgg‘@étw %é’ﬁt"i’rbtﬁ Cpg‘éﬂ%‘lﬂ% BasEr iqned’f:lcﬁﬁnﬁﬁl‘fﬁ S dat a
strobe signal line on the wite clock cycle upon which the synchronous

sem conduct or mé&MDyoneldckeydbdill, chdsystiem aeitept sangfywhe weitd datency Weé. 5
synchronous seni conductor nenory device of the present invention detects

the wite flag tranamddieth QYcit %I_enﬁfoarnﬂ J§© dceépratie RRG! HS cREREPL I NQ
wite data when 1t detects the ite Tlag. BRI FF SCRI PTI ON OF THE

DRAWNGS to FI G ;Lirll trates a conputer with a nmenory. systemi.ncluding a
nmenory control | &Y€ ?’pIuﬁli‘%ﬁyintC ro('}f’uf‘rén‘%&‘r@n%ﬁf}% B’s"’,m%dieé‘cﬁé%ﬁags%s; FIG 2
is anore detailed illustration of a nenory nodule from
10 what is known as a burst mode, so it continues to accept write data over the
next several clock cycles. In the illustrated example, the synchronous
semiconductor memory device accepts an 8-length burst over 4 clock
cycles T3-T6. Thus, if the command and write clocks are phase
synchronized the synchronous semiconductor memory can count the
15 number of write clock cycles which elapses after the device accepts a write

command (synchronized with the command clock) to determine when it

should being accepting write data.

However, the command and write clocks may not be

synchronized. Referring now to Fig. 2, a more detailed diagram of the



FIG 1 including a register and a plurality of synchronous sem conduct or
menory devices; 15 FIG 3 is a nore detailed illustration of a synchronous
sem cond ry device fromthe nenory nodule of FIG

02/ 17%3%@95,%5}%801/28957 FIG 4is atining diagram sho(\:M%Ha"%
synchronous seni conductor nenory device accepts wite data when the corrmand
and wite clocks are phase synchroni zed; FIGS. 5A and 5B are timng

di agranms showi ng when the synchronous sem gonductor menory device shoul d
accept wite data when there is a 1.5 wite clock cycle and 0.5 wite clock
cycle, respectively, phase shift between the conmand and wite cl ocks; and
FIG 6 is a timng diagramshowing the use of a flag signal to mark the
wite clock cycle upon which the synchronous sem conductor 1 o nmenory

devi ce accepts wite data; and FIG 7 is a block diagramof a nmenory
control | er accomdimugy moduhe2(d éoentig. dvieshown. Thevivenog/ hodak 200

PCT/ USOL/ 2S9s7 _g_ DETAI LED DESCRI PTI ON OF EXEMPLARY ENMBODI MENTS Now

referring to the,drawm erMIﬁH%hich‘i@u&%if o UGS tHé’HEﬂﬁ{aidC@édkg@@m( li ke
el ements, there is sho in Fig. a nore detailed di agram of one

synchronous semc nduct or dev i e 20 . In the
exenpl ary enbo ‘fﬁmm{aﬂ S%@fﬂ%&ﬁﬁ%?@@@%ﬂ&ugﬁ 5 | s a
doubl e data rate SDRAM wi t h i ndependent command and vvrl te cI ocks. A doubl e
dat a rate SDRAMIpsk CISORA comnieindacnd ptidresses M {ADDR botthe he ri si ng and
falling transitions of the wite clock. Each rising or falli ng transition

of theawite cl@ekithi¥ed fo t&hMTME sERhfoddikemldddlrot EGARb

sem conduct or rrermry devi ce includes a varl ety of circuits used to control,
address, and i ut data. F nchr ono em conduct or
menory devi ce |£¢# 3§§§P“amﬁ‘?5ﬁ?lr &ﬁ“aﬂ}a dgri Q%E‘étbteg' g &ﬁﬁé’ﬁlbe el ock
CCLK on signal line 104, a wite cl ock V\CLK on signal line 103, and

commands and adbinek sach afitbe ApBrRronoussemipdnduskon menforg devieds 2027285 105. The
control logic 601 includes a command decoder 602 for decoding received

commands, and ahfRGhek Yarabghal Bhe §@ltétﬂﬂaccs@gﬁaﬂ @hb 109, S&1 Maicdclepekighalonal
paraneters such as the wrlte | atency’ W.. The wite Iatency is the nunber of

wite clock ovches phich sl arass PRRSRBbAFL 16 (SHRE OB ATt 1D the
10 clock CCLK signal is delayed by being buffered via register 201 while the
write clock WCLK is directly coupled to the semiconductor memory
devices 202-205, an arbitrary phase shift exists between the write and
command clocks. For example, Figs. 5A and 5B are timing diagrams for a
write operation with a 1 write clock write latency WL. In Figs. 5A and 5B
15 the write and command clock wave forms appear identical. However, in
Fig. 5A, the phase shift PS is 1.5 write clocks, therefore the synchronous
semiconductor memory device should satisfy the write latency WL

requirement on clock T2 and accept data on clocks T3-T6, while in Fig. 5B

the phase shift PS is 0.5 write clocks, therefore the synchronous



WO 02/ 17323 PCT/ USOL/ 2s9s7 _9 sem conductor menory devices accepts a wite
command and the tinme (synchronized with the wite clock) the synchronous
sem condygh @b, 43, Menory device begins to accept wite datapcfNgdBosyst em
initialization, the menory controller 100 initializes the synchronous

sem conductor nenory device to operate at a specified wite |atency W. by
writing an appropriate control value into a field of the register 603. Once
initialized, the synchronous sem conductor _srenory devi ce begins to accept
wite data with the specified wite latency and the nenory controller is
responsi ble for providing wite data to the synchronous sem conduct or
menory device |0 at that tine. The use of these features are conventi onal
and further description is omtted for the salve of brevity. The
synchronous sem conductor nenory device 202 al so i ncludes an address

regi ster 605 cosphizgndecronniconyyslsmize showdantidy thauwtite Jagagy ¥¥laddr ess t he
menory arrays 611 of the synchronous sem conductor ~5 nenory device. These

circuits incl Ud?cc?dl?qn{&lftro@lschb&@?maﬁﬂ 2B pc wiite daVbRESEIRSE2 MH. t $inkengr 606,
t he bank control Togic 608, the row address | atch and decoder 610, the

col um address | atch d.counter 6Q9. and the col u decoder . 613. The
synchr onous serrpgﬁsﬁcf&g? 5t ??6@@)’ %lgwlﬁeeexg?rélﬁf f%%f}ﬁl&nggoné’r‘ils isﬁrBfﬁonéﬁc “out put
path which includes an 1/0O Gating and = WO 02/17323 -1o0 PCT/ USQL/ 25957

Maski ng Gircui t nepRoryaevisas ipif intpagsibledior g1synghropgrp semigendestos19, a read
strobe generator 620, a receiver 614, a nmask register 615, an input

regi stes 616, amgbiibiytdvick t@aaditaddly d&@kamiad the Ei’@e& epde of tlgberigedieclat or 620

is used to generate a data strobe signal STROBE when t he synchronous

sem conduct or n@@@ device. putputs read.data. lLin_a conventiona
synchronous sem ﬁﬁﬁﬁﬁ%ﬂ“ﬁ%ﬁ3P3”§¥b?%ﬁP“?%8“ﬁ% %BStrobe signal STROBE is
normally tristated when the device is not outputting read data. The use of
these circuits are conventional and further description of their functions
are onitted for the sakécaidibglyithere it ongsl for eniappatusand methed tand shown
in Fig. 2, when a plurality of synchronous sem conductor nenory devices

202-205 are assgyiiheeniof (Rité dHRTR e BH Wy Se AR @Yo E A sésdrmdednanieli St er
201 that buffers the command cl ock CCLK but which directly couples the

wite clock WCLK, ;an.arbitra phase shift exists between the two cl ocks as
seen by each OfaPﬁ&“?%CEV%%H%%#H@%Yggw%&&%%%%%%é'nEnDry devi ces 202- 205
even though the nenory controller 100 transmts both clocks in a

synchroni zed fashion. As a result of this, it is inpossible for the
synchrafous seni conduct or nenory

THE 1 1

The present invention is directed at a method and apparatus for
synchronizing write data in a synchronous semiconductor memory device
and system which supports separate write and command clocks. The

15 present invention permits the synchronous semiconductor memory device
to accurately determine upon which write clock cycle it begins to accept
write data, even if there is an arbitrary phase shift between the command

and write clocks. The present invention takes advantage of the unbuffered



devi ces 202-205 to accurately determ ne which wite clock WCLK cycl e upon
whi ch to begin accepting wite data. V1' O 02/17323 -1i PCTIUSQO /2~957 The
present i i sol ves this problem by enploying a new Al sbdie

unbuf f er e\gaﬁg/ﬁgggtrobe signal STROBE. In a conventional sﬁ@H%@ﬁS?ﬁ

sem conductor nenory device, the data stobe signal STROBE is driven by the
synchronous sem conduct or nenory device when it 5 outputs read data and is
tristated under all other circunstances. .As shown in Fig. 3, the present

i nvention adds a strobe detector circuit 604 to the control |ogic 601 of

t he synchronous sem conductor nenory device 202. The strobe detector
circuit 604 is connected to the data strobe signal line 102. The strobe
detector circuit 604 is enabled after the synchronous io sem conductor
menory device receives a wite conmand and is turned off after a wite
burst is conpl eted.strabe stpmahwhithRs gorridallyt ureisné doripg comtivcodpesatict00The t he
present invention includes a wite strobe generator 700. During a wite
operation, the 613 c%ﬁ%?}l@xl %Pﬂlc]ﬁgselﬁ BrveHEEn LRsHREa Vritk MR Whi che St robe
generator 15 700, drives the data 'strobe signal 1n a particullar manner to
marls the wite cl ock.cycle upon ich the nchr onous. sen conduct or menory
devi ce 202 shoulAtEGPA Sﬁf’é@‘s‘{‘)‘? Ag Hr MEe E‘QF];%'C%BP%W?% SAFERPPRR
menory controller 100 drives the data strobe signal to narls the proper
wite cycle is stoimninctoheemornynigvite abowdh bsginraagepténg write detaexldrepl ary
enbodi nent, the WD 02/17323 PCT/ US(11/2S9s7 -12 nmenory controller drives
the data strobe gaigrdhous seRbrdRcibr REh6A! ddvidhofahe prdstABineOhdH di ng wi th
the start of wite data and drives |ow the data strobe signal STROBE during
t he remai nder of thetﬁ/rite glurst. The ﬁ){r&ﬁ{oe detector circuit, 604 detects
the | ogical hi gHeBFEHRE WIE a%ﬁ%%”%‘?“g eSMERBREOBTAG AN REBDS: he | nput
wite path (receiver 614, mask register 615, input register 616, and wite
FI FO and dri ver sc@piipgtvoitachepwhen ittdetefat the wiitedlagpeci fical |y, the menory
controller 100 drives data strobe signal STROBE through four separate state
changes. Initially, the data io strobe signal STROBE is tristated. This
region of the data strobe signal STROBE is indicated by TS1 in Fig. 6. The
first state change is fromthe tristated condition to |ow | ogic |evel
preanbl e signal P. The strobe detector circuit 604 is enabled and the
strobe generator 620 i % PTI v D

10 FIG. 1 illustrates a computer with a memory system including a

memory controller, a plurality of memory modules, and a memory bus;

FIG. 2 is a more detailed illustration of a memory module from
FIG. 1 including a register and a plurality of synchronous semiconductor

memory devices;

15 FIG. 3 is a more detailed illustration of a synchronous

semiconductor memory device from the memory module of FIG. 2;



when the synchronous sem conductor nenory device receives a wite 15
comand. |f the strobe detector circuit 604 is enabled at a tine when the
strobe si pe is at a tristated condition, there is ility

t hat the ‘9(?%/ e detector circuit 604 may fal sely det ect ai’%gl czlls‘bﬁl gh
state of the data strobe signal STROBE. Fal se detection can be prevented by
driving the data strobe signal to a logical |ove when the strobe detector
circuit 604 is WD 02/17323 PCT/ USQL/ 2S9s7,_-13 enabled. This is

acconpl i shed by the use of a preanble portion P of the data strobe signal
STROBE, which is a logical |ow signal. The amount of time which the strobe
signal needs to be driven low for a reliable detection of the transition to
a logical high is dependent upon the speed of the strobe 5 detector 604. In
t he exenpl ary enbodi nent, the preanble portion is maintained for 1.5 cycles
(i.e., 3 ticks) of the FiG t£iscd tholng dingam ﬂiotvenglaﬂeneitb@mdmmquﬂ he
preanble portion is maintained for 1 cycle (i.e., 2 ticlcs) of the wite
clock. In yet a i) i sydensed
with entirely. ?%@Egﬁ‘é%ﬁéﬁ%*‘@?ﬁ%ﬁghg&gk A R PPl P to
a flag F which marks t Ee _belnnl)g)g T-\Afl‘(rﬁizte data. The flag F is

communi cat ed t o WHE Clagks Aicdiige S ctor menory devi ce when the nmenory
controller 100 drives the data strobe signal STROBE to a |ogical high for
one tick (i.e., half a cycle) of the wite clock WCLK. Upon receiving the
i5 flag signal, the syrnElG®réAIsnd&Bi xonciing diagnenvshovdeygivdenbgi ns
accepting wite data, which it buffers in the wite FIFO and drivers

ci reui €617, Thiyg dal e, dhnibsh i Helo ga&émoqﬁf gccatspméﬂ@ata HeLnder of

t he wrlte bur st witten to e nenory array 611 at the end of the wite
bur st . w0 112/17323 -14 PCT/ USOL/ 59 he thir te chan‘gg f} t he
deassertion of thEe?dd Prigg clck 0 e‘Pf’dFerﬁ%‘f(ﬁfc > R PRFTVES > Bt

which is 7 ticks in the exenplary errbodl ment, the synchronous sem conductor
menory devi ce cahifi berezen chacomptandrantievdiatcbockBumidng this tine, the nmenory
controller 100 drives the data strobe signal STROBE | ow, as indicated by
the region nmarked as F'. As additional wite data arrives, the synchronous
sem conductor nenory d e drivers
circuit 617. The fi nal X Gz;lt%?s %ang ?@géﬂ?gel?ovkﬁg:tggtu ebftrflﬂs% L:ghﬂrtgondi tion.
Once the nenory controller has conpl eted .transm ssion of the data 1 o
associ at ed wi t h mak the wirie glackcycle I’#@%)}Yk&?ﬁ BchroppEs sReeRiuGtehor y

devi ce should no | onger accept data. The nenory controller signifies this

10 memory device accepts write data; and

FIG. 7 is a block diagram of a memory controller according to

the present invention.



v

condition by tristating the data strobe signal STROBE, as indicated by the
region marked TS2 in the figure. This causes the synchronous sem conduct or
menory deyis,4;9; Stop accepting wite data. Additionally, pdpybfi®sess
synchronous 'sem conductor nmenory device also wites the data I ch had been
buffered in the wite FIFO and driver circuit 617 to the nenory arrays 611,
thereby conpleting the wite operation. As previously discussed, the use of
the preanble P is designed to prevent a falgse detection of the flag since
the data strobe signal STROBE is WO 02/17323 -1s PCT/ US01/ 2S9S7
ordinarily tristated absent the output of read data. The length of tine the
preanbl e needs to be maintained to ensure reliable detection of the flag
signal is dependent upon the speed of the strobe detector circuit 604 and

i npacts the m ni num anount of tine which nust el apse between a read conmand
and a wite co D ESCRIBTION QFeEXEMIIARY BYIBNRIMEREES devi ce
when a wite conmand follows a read command, it would be desirable not to
have a preanble signal P, or to mnimze its effect. Accordingly, the
invention further encomam%&rﬁm%@meeaﬂa%?gs,emefy RENVeferdiieCilukéh i Nat es
the to potential inpact the preanble P would have on a wite conmand whi ch
follows a read gonmand.. The first, al ternate. engbodi nent takes, advant age of
the fact that t ARG SIS RTemensS bl TREHIn 18 AAdoOB GAE LROURE S | o
arbitrary, remains constant. Thus, the use of the flag signal on the data
strobe signal | bnesymhroheuspenposeluwtorsyembriohivideng. gy daviceddp2 ohdegl 1 s
only be perforned only during the initialization of the nmenory systemif

the synghronous)semige QQ%@%@E‘E@%Q&Y%@yﬁ&HoH@u& seibbnditeot ¥y
rel ati onship between the c nd and wite Clocks. For exanple, the

initialization pracess can .include Mrite during which the nenory
control | er 100 gF‘éﬁﬁ"sfﬁ%éO%E%F%%@%%‘FFBﬁé%ﬁgOWO@dﬁS&% 601
WO 02/ 17323 PCT/ US01/2S9S7 -16 is nodified to observe which wite cl ock
edge (relative tlckheAohmbdndatelraciSRRYM isrnndPBAM ndLchRICTEPtS orita ddta s
accepted) corresponds to the one upon which it begins accepting wite data.

I'n this manner, oh%m&ﬁmg%hrﬁmhgrm%&&o%8&5&1@1&%@@&@' Ba@\Gsihg 88
signals on the STROBE signal” line to teach the control |ogic 601 the phase

di fference bet 1 the comm and write clocks. This ase.wdi fference can
be expressed a\é\%ﬁﬁ%g ﬁﬁﬂﬂﬁ‘gf’n&r}%\?ml&c Elpﬁlﬁﬁycifil'éllkélgw\ﬂhﬁ‘scah&g'aéglgs bet ween t he
time the WRITE conmand i s accepted and the tinme the nenory devi ce begins

acceptilig dat a, spmlirerensrenicendigiorfroemeradplics, infludas ¢ sty of cisguitshe nenory
devi ce,

used to control, address, and input/output data. For example, the
synchronous semiconductor memory device includes a control logic 601
which accepts a command clock CCLK on signal line 104, a write clock
WCLK on signal line 103, and commands and addresses CMD /ADDR on
15 a plurality of signal lines 105. The control logic 601 includes a command
decoder 602 for decoding received commands, and a register 603 for
setting controlling certain operational parameters such as the write latency
WL. The write latency is the number of write clock cycles which elapses

between the time (synchronized with the command clock) the synchronous



to such as a field of the nenory device's node register. During normnal
operation the control |ogic 601 can use the stored timng difference to
determn e synchronous seni conductor mnenory devic | d
accept MSY eﬁggggn This elimnates the need to transm t tﬁ%%gégég‘ e and
flag signals over the data strobe signal |ine during normal 15 operation of
t he synchronous sem conductor nenory device, thereby inproving the
performance of a the nmenory device when sepvicing a wite which follows a
read. In the second alternate enbodinent the flag is transmtted on the
data strobe signal on each wite transaction, but the preanble signal is
WO 02/ 17323 PCT/ US01/ 2s9S7 -17 elimnated. The fal se detection issue which
required the use of the preanble signal can be managed if the fal se
detection is discovered befog a any data buffered after  the fal se detection
is witten to t¥eifeRdRSoORMERISY devicessrepts pauite icermand 3d te tipe ¢ he
synchronous sem conduct or nenory devi ce accepting the WRI TE command, the

control |ogic 6Q@indirsatlcasvitinehesskriedodgithe bichébHonemdoaciestarhe write
circuit path (receiver 614, mask register 615, input register 616, wite

FI FO and drivers 617) in a,res Ll AL circuit
path from accep’lnl":fzpé)rgﬁi Vllgglbf: g ?%%g%gg ia%%cei%tgt ﬁje‘ﬁ%ﬁgﬁ’é cgg%%?{?%’accept ed,
the control logic 601 to enables the strobe detector 604 and negates the
reset signal, whiedhemory comtielinra0p isitighass the BN SHMEEIHECIHe write
circuit path to accept and buffer data under the control of the strobe
detectos 604. |ﬁmhhﬁymﬁﬁﬁéyoQ?Bﬂmdﬂddﬁpcdﬁas“nﬂtlmmﬁxwwwwhynMdﬁﬁgshgnal, t he
strobe detector 604 may falsely detect the tristated condition of the data
strobe signal |[] L REBE . i i s gy circuit
path to begin a}gg%ﬁ)?lp;ng aﬁlﬁgﬁlgﬁt%gl%g%g?&&gfg\[}gﬁ a'fegflgiu%%ﬁgg?’l on of
the flag will not be followed by aeven consecut.i vgs]g.o ical |lows on the data

strobe signal | thesystmomeupsemisoadudiar memsry device O FERSPIMVILLC SHAd a
true flag Wthin seven ticks of asserting the WRI TE command. Therefore, the

strobe det ect or wiB4he apecifiMDwRied b3 P aRCThd Hldid A$eeiitroller vecspodsibleed t o
send the reset signal to the wite circuit path if it does not count seven

consecutive | ogj . | LEGL i i dat a
strobe signal I%ro(rilr rg%%}fféaéﬁg%en Srs res?gsg?%%g}iﬁﬁor%&%@e&?%g wite
circuit path to discard any buffered data and begin data ¢ ure upon

recei ptl0of the doWRBEMS | BRe uiheidhess ey uresars AeD 9“(5‘8?%0"&‘(‘33{%?  bei ng
witten to the nenory arrays 611. The strobe detector 6D4 is disabled after
it has det ect eddesyvipriondnemiued foor thogikealf bremiy. on t he data strobe signal
line STROBE, in order to prevent it fromfalsely detecting the second
tristated condition (i.e., signal state TS2) as a flag. The second

alternate The synchronous semiconductor memory device 202 also

includes an address register 605 coupled to various conventional circuits
used to address the memory arrays 611 of the synchronous semiconductor
15 memory device. These circuits include the refresh counter 607, the row
address multiplexer 606, the bank control logic 608, the row address latch
and decoder 610, the column address latch and counter 609, and the
column decoder 613. The synchronous semiconductor memory device also

includes an input and output path which includes an I/O Gating and

. AN AL A~



1o enbodi nent can al so optionally |Iock out the reset feature after it has
detected | ess than seven consecutive logical lows. It may be desirable to
prevent tg ,d43;strobe detector 604 fromissuing a resetpsigossoer
alternatively, to prevent the wite circuit path fromresponding to a reset
signal) after it has detected, for exanple, five or six consecutive |ogical
|l ows 15 on the data strobe signal |line STROBE following a | ogical high
This is to prevent the strobe detector signal 604 fromissuing a reset if
it falsely detects the second tristated condition (i.e., signal state TS2 )
as a flag. WO 02/17323 -19 PCT/USOL /2S' | S7 Wil e certain enbodi ments of
the invention have been described and illustrated above, the invention is
not limted to these specific enbodi ments as nunmerous nodifications,
changes and substitutions of equival ent el enents can be made w t hout
departing from Mk Cirtuiatli2 scopetpof raghster 618 rni @npurddor §ldgkyead he
scope of the present invention is .not to be considered as limted by the
speci fics of the pgg gb&éfw_r 60! M EdUfves 6 YOI £hhaflangikacs) Flaachplnadging
illustrated, but 1s Oonly limted by the scope of the appended clains. 10

WO (1 2/17323 - at i s. clLained is: PCI/ [2S9S7 1. A nethod of
operating a rrerrgllg\?%il?"(‘f’é‘? %ggée@ﬂﬁWSﬁ%Sﬂ%%F% S JE’F&?EF’\#‘?‘}gbd)‘éPWi te
clock signal; receiving a wite conmand; receiving a wite strobe signal
whi ch has a fir sbkedsto ghrergorntdaonstassoigrad STRMABE vherl thekymahrenoes of sai d
wite clock signal; and clocking in wite data using said wite clock

signal after reg&h&bnaﬁgﬂogm nﬁﬁgggagb&e o PITE Rk dangh DRYL BAANGHWNEIN t he

cl ocki ng edge assocl ate first  strobe portion. 2. A nmethod as in

claim 1l wherein saihd wite strope sirgnal has. a ﬁ?r?e@rrblteraﬁri.glr to said first
strobe portion. SECHEORUSGHICRNGUREQLIHFREY JHVirca e dait 57PT 11874 r obe 15

signal has no preanble prior to said first strobe portion. WO (12/17323
STROBE is normally tristated when the device is not outputting read data.

The use of these circuits are conventional and further description of their

functions are omitted for the sake of brevity.

10 As previously explained and shown in Fig. 2, when a plurality of
syﬁchronous semiconductor memory devices 202-205 are assembled onto a
memory module 200 which includes a register 201 that buffers the
command clock CCLK but which directly couples the write clock WCLK,
an arbitrary phase shift exists between the two clocks as seen by each of the

15 synchronous semiconductor memory devices 202-205 even though the
memory controller 100 transmits both clocks in a synchronized fashion. As
a result of this, it is impossible for the synchronous semiconductor memory
devices 202-205 to accurately determine which write clock WCLK cycle

upon which to begin accepting write data,



-21 PCT/ USQOL/ 25957 4. A nmethod as in claim1 wherein said first strobe
portion is a first predetermned logic level of said wite strobe signal.

S. A nmet Rpg 9357529 claim4 wherein said first strobe portipppfgi@she at said
first predetemned logic level for a period of time 5 which is equal to one
clock tick of said wite clock signal. 6. A nmethod as in claim5 wherein
said wite strobe signal includes a second portion followi ng said first
strobe portion, said second portion being g a second predeterm ned |ogic

| evel for the duration of the clocking of wite data into said nmenory
device. 10 7. A nethod as in claim6 wherein said wite strobe signal has a
preanble prior to said first strobe portion, said preanble being at second
predetermned logic level. S. A nethod as in claim7 wherein said preanble
| asts for a predeterm ned nunber of ticks of said wite clock signal. 15 9.
A method as in clai m8 Tnepissent devamtionesakvss this peiblemdy amployinglesne¥ sai d
write clock signal. WO 02/17323 -22 PCT/USOL/ 2S9S7 10. A nmethod as in

clai m 8 wher ei nusaicd thé aaBhif&el AataSstidWe sidHESTRIOIS, O a8hfenMonhp cl ock
signal. 11. A nethod as in claim7 wherein said first predeterm ned | ogic

level is a high |ogic |level.and said second s predetermned |ogi el is
a lowlogic | ev@in.Cﬂi%O% Shat 8@“&%“ RBP4 ‘%\‘ cv\ipgr%t%stg)]gfalgwf ﬂ;ﬁgﬁ%be
signal is a tri-state signal. 13. A nethod as in claim®6 wherein said
menory devi ce ciscbken bvt%cisvlechd@mws semdenprlustorsnemhvilericeavheretet er ni ned
nunber of bits, 1o said first strobe portion of said wite strobe signal

bei ng coi nci dedowtguts kg daeLai is Wstatedaridel 8l oBhdr Hcumsehakes. Y dowrsai d
second portion of said wite strobe signal being coincident with the

remai ni ng bits ofysai,d data burst. .14, net hod .as in clai rein said
Wrice st obe oi GhER B R imicnrdadh TEPBE e Reit crepls Bt P UL " nemror y
device which 15 is al so used by said nenory device to send a read strobe
signal to a neneeyiredesicdtQleef thasymdiranaemismiconshigterpeemorodevice 3@3.02/ 17323
-23 PCT/LJSOL/ 2S9S7 15. A nethod as in claim1l wherein said wite comand

and write strob&hsisgadl defeRtdrag@iit &4 ik 0fRechRTEY theClid stedbbeEdignal Gine A MENDIY
device conprising: s a wite clock input path fox receiving a wite clock

signal; a conmang,si . pat .ecei vl j X east one
data signal pat Eggorﬁ{r} 281%1% \%idr%égc\%ﬁ ‘{ne&'?a(%/dég ggﬁa%%ta%ﬁ%@g&gfﬁg{m%oat h for
receiving a wite strobe signal which includes a first strobe portion; and
1o a | &Yic cir céamicpRAPIAE MEaQry dgvige recsives privaie commadpnchinramedsfgnal
path and said first strobe portion of said wite strobe signal for clocking
in data recei vedftan seitclbdat B cdhgplededpath using a wite clock signal
received on said wite clock input path. 17. A nenory device as in claim16
wherein said first 15 strobe portion is a first predeterm ned | ogic |evel

of said wite strobe,3igngl i Fig. 7, the memory controller 100 of the present

invention includes a write strobe generator 700. During a write operation,
the memory controller 100, through the use of the write strobe generator
15 700, drives the data strobe signal in a particular manner to mark the write
clock cycle upon which the synchronous semiconductor memory device
202 should begin accepting write data. The manner in which the memory
controller 100 drives the data strobe signal to mark the proper write cycle is

shown in the timing diagram of Fig. 6. In the exemplary embodiment, the



W O 02117323 -24 PCT/US01/ 25957 18. A nenory device as in claim17 wherein
said wite strobe signal has a preanble prior to said first strobe portion,
said pregpdheiBejting the data strobe signal path to a seg@pgdsifssiet er m ned
logic level different fromsaid first predetermned logic level. 19. A
menory device as in claim17 wherein said first strobe portion remains at
said first predetermned logic level for a period of tine which is equal to
one clock tick of said wite clock signal.;20. A nenory device as in claim
|9 wherein said wite strobe signal includes a second portion follow ng
said first strobe portion, 1o said second portion being at a second
predeterm ned logic level for the duration of the clocking of wite data
into said nmenory device. 21. A nenory device as in claim20 wherein said
wite strobe signal has a preanble prior to said first strobe portion, said
preanbl e being atcnyawndtrpﬁgdéws thadaraistgbe sigaelei TROBB M 2 bogieahbigh devi ce
as in claim2l1l wherein said preanble |asts for a predeterm ned nunber of

ticks of said w4 fnfel RekcidingRath the 00t O2AkifS ddra-add dNivES ISWA2SRA7 23. A

menory device as in claim22 wherein said preanble lasts for two ticks of

said wite clock_ signal . mory.device as (n clajm22 rein said
preanble | asts F%‘?b‘?ﬂg%"é St%ﬁg%ﬁ\Egﬁm&ﬁy @CMW‘@ SJéﬂles‘iwd#a%qu%mg% StA&?Fermr y
device as in claim?21 wherein said first predetermned logic level is a
hi gh | ogi ¢ | eveHetgawrsiiit S84 sietecpy dtdpgicali gl of diyi dath strebe signal | ow | ogi ¢
| evel . 26. A nenory device as in claim21 wherein said wite strobe signal

is atri-state STRGBE aAd tAdgerMHETBLY Wiy p&@ (2Eceiver 6/12] MadOrappesrei n sai d
logic circuit causes said nenory device to clock in wite data in data

b havi q ] m f 4 i.d fi b [ f
i a wri e otrobbourgharBRT annerisd T ind Ao BTl kSN BPPURR oot

of a data burst, said second portion of said wite strobe signal being
coi nci dent withda®-the remaining bits of said data burst. V1~ O 02/ 17323
-26 PCT/US01/2S9s7 A menory device as in claim 16 wherein said data strobe
signal path is also used by said nenory device to send a read strobe signal
to a menory controller Myfd §@cHicBTRRY iRty @B8r8A4rON0 drives data strobe
signal STROBE through four separate state changes. Initially, the data
10 strobe signal STROBE is tristated. This region of the data strobe signal
STROBE is indicated by TS1 in Fig. 6. The first state change is from the
tristated condition to low logic level preamble signal P. The strobe
detector circuit 604 is enabled and the strobe generator 620 is disabled
when the synchronous semiconductor memory device receives a write
15 command. If the strobe detector circuit 604 is enabled at a time when the
strobe signal line is at a tristated condition, there is the possibility that the
strobe detector circuit 604 may falsely detect a logical high state of the data

strobe signal STROBE. False detection can be prevented by driving the

data strobe signal to a logical low when the strobe detector circuit 604 is



29. A nenory nodul e conprising: at |east one nenory device, said nenory
device conprising: a wite clock input path for receiving a wite cl ock

si gnal ; ﬁ 2 signal path for receiving a wite comapdrudl Jsast one
data signa pat for receiving wite data; 1o a data strobe signal path for
receiving a wite strobe signal which includes a first strobe portion; a

l ogic circuit responsive to a wite command on said conmand signal path and
said fast strobe portion of said wite str?pe signal for clocking in data
received on said data signal path using a write clock signal 15 received on
said wite clock input path; and w0 02/17323 -27 PCT/ USUL/ 2S) 57 a
connector for electrically connecting said nodule to a signal bus. 30. A
nodul e as in claim29 wherein said first strobe portion is a first
predetermned logic level of said wite strobe signal. 5 31. A nodule as in
cl ai m 30 wher ei enstded| VFli$ & astompksheddyahe has ofia preaartit poptiorP of thesai d
first strobe portion, said preanble setting the data strobe signal path to

a_second prede! giiliiefle RALFsTRYAE c{»ﬁlg%ﬁﬁfoﬁieaapmﬁggﬂf iR leirer m ned

| ogi c | evel. as In aim Insad first strobe |0
portion renalns at s first predeternj ne c.level eriod of
time which is e&&}fl Wﬁ’ﬁgoﬁ’é Sé'lot%kﬂ&q Re gﬂdﬂ&(@fltl‘éwé?’o%lﬁ’é‘%’% recton A
nodul e as in claim32 wherein said wite strobe signal includes a second
portion Fol | owi oftisatrahsitiorsto stogita highr s idependeat dperchanspaedrdfitba stoebarg at a
second predetermned logic level for the duration 15 of the clocking of

urite data i nt oAl RN MEUEEplary lybo@Adl A% eunble RERORSOL/ 25957

34. A nodule as I'n erel sard wite &trobe sigmal has pr eanbl e

prior to said first str ort said pre | e. bej ng at second

predet er mi ned | SYRL efb CA?%dg I“élﬁsgsof%ﬁgw’é? ﬁiogg éftﬁm%ﬁ d
preanble lasts 5 for a predeterm ned nunber of ticks of said wite clock
signal. 36. A nodibodiment, the pleamildpontioarieimigaindd foehapile (i.as? sickgr two
ticks of said wite clock signal. 37. A nodule as in claim35 wherein said
preanbl e lasts {pghd \Qﬁﬁiecl@)él@ ITE R@{ adéther Mélh?tc(%h%ﬁn%'eﬁf‘élc II)ﬂc:ngﬁ méy hodul e
as in claim34 wherel n said t predetermned logic level is a high |ogic
| evel and said e eterm ned logic level is alowlogic level. 39. A
modul e as in cl F %ﬁn ERENUIEY write strobe signal is a tri-state
signal. 15 40. A nodul e as in claim33 wherein said logic circuit causes
said menory device to clock in wite data in data bursts having a

predet @o m ned nunber of Tk $expndatatle tharpk isfroobehepuedrhble signab Ritd avitaigtle
strobe  V1' O 02/17323 PCT/ USOL/ 2s9S7 -29 signal being coincided with the
reception of a gk bl (AL b@%g\%ﬁlﬁlgﬁgﬁe dadl theegntisRekiheRcatdsai d wite

strobe signal being col nciden

the synchronous semiconductor memory device when the memory
controller 100 drives the data strobe signal STROBE to a logical high for
one tick (i.e., half a cycle) of the write clock WCLK. Upon receiving the
15 flag signal, the synchronous semiconductor memory device begins
accepting write data, which it buffers in the write FIFO and drivers circuit
617. This data will be combined with the data from the remainder of the
write burst and written to the memory array 611 at the end of the write

burst.



remai ning bits of said data burst. 41. A nodule as in claim?29 wherein said
data strobe signal path is also used by said nenory device to send a read
strobe sivg(r}%/{.;s%a nmenory cgntrol | er duri ng a menory readpco,qggtﬁyzis%q. 42. A
processor SySt e conprising; a processor; and a nmenory device coupled to
sai d processor, said nenory device 10 conprising: a wite clock input path
for receiving a wite clock signal; a command signal path for receiving a
wite command; at |east one data signal paiph for receiving wite data; a
data strobe signal path for receiving a wite strobe signal which 1s
includes a first strobe portion; and WO 02/17323 -30 PCTI USO1/ 2S9S7 a

|l ogic circuit responsive to a wite command on said conmand signal path and
said first strobe portion of said wite strobe signal for clocking in data
received on said data signal path using a wite clock signal received on
said wite clock input TigatthirdddateAhpngenshodesystiomadishée writt dagrF4Fomher ei n
said first strobe portionis a first predetermned |logic |evel of said
wite strobe si 4y . 0 e TR o] JF-1 Simerein said
wite strobe si g%cnh%édeé%gﬁéﬁgﬁBBFS?%«’?&??@?Fh f@r@?%ﬁ%&%@ portion, said
preanbl e setti ngph%&rgata strobge signal at& to a secon redeter m'tned

| ogic | evel 1o S ERHeoTRRS R QRO SQRICRPAYIPE FEHEY CS%FEOP%’\%CIS. 945. A
processor systemas in claim43 wherein said first strobe portion renains
at said first prempterie ded. [RDgiiag they émef dre memery oontwdllari A9 deisesithd s equal
to one clock tick of said wite clock signal. 46. A processor systemas in

cl aim 45 wher ei pﬁa%%bwsi(gggl $PREIBL RSy Ss GRdikarkd By 1HE e Bod AERRH ROFL T ON

foll owi ng said rst str portion, said second’portion being at a second

predeterm ned lagic |eve] for the duration of the clqcki of wite data
into said menor W&é@%@é‘aj wrifgrylee pirpss g §§1n6%€?lp®§(§f}15§§§£9€50}_ MEMENocessor
systemas in claim46 wherein said wite strobe signal has a preanble prior
to said first stdedbebpfiersithadawdndhpweanblEO hedrlyivats Gevontl Jor edet er mi ned

| ogic level. 48. A processor systemas in claim47 wherein said 5 preanble

| asts for a predeterm ned nunber of ticks of said wite clock signal. 49. A

processor _system as i | imgl ghilsfife tRE(R! 02 28uth BS BRRLEcaebaifioh. two ticks

of said wite clock signal.

Once the memory controller has completed transmission of the data

10 associated with the write burst, the synchronous semiconductor memory
device should no longer accept data. The memory controller signifies this
condition by tristating the data strobe signal STROBE, as indicated by the
region marked TS2 in the figure. This causes the synchronous
semiconductor memory device to stop accepting write data. Additionally,

15 the synchronous semiconductor memory device also writes the data which
had been buffered in the write FIFO and driver circuit 617 to the memory

arrays 611, thereby completing the write operation.

As previously discussed, the use of the preamble P is designed to

prevent a false detection of the flag since the data strobe signal STROBE is



50. A processor systemas in claim48 wherein said to preanble | asts for
three ticks of said wite clock signal. 51. A processor systemas in claim
47 wher ei i irst predetermned logic level is a high LG el and
sai d secéﬂ(a%&]éa;et ermned logic level is a lowlogic | eveT&ﬂgé'ﬁ/Jﬂ D\|c§7r ocessor
systemas in. claim47 wherein said wite 15 strobe signal is a tri-state
signal. 53. A processor systemas in claim46 wherein said logic circuit
causes said nenory device to clock in wit 5data in data bursts VI'O

02/ 17323 PCT/ US01/ 2S9S7 -32 having a predeternm ned nunber of bits, said
first strobe portion of said wite strobe signal being coincided with the
reception of a first bit of a data burst, said second portion of said wite
strobe signal being coincident with the remaining bits of said data burst.
54. A processor systemas in claim42 wherein said data strobe signal path
is al so used by osdihgriljefiBmieditieemerht @uspuithfacsiddatas tiatengtihgrfaime thea nmenory
controller during a nenory read operation. 55. A nethod of operating a
memory devi ce,  Sal.thiTeh0OM SUPRaHGed fPeddid bl dlieddaf SERRPIYg devi ce,
said initializing Turther conprising: receiving a command cl ock sTgnal;
accepting a first wite command in synchrognismwth a clock e of, the
command cl ock spigaalis dEBCWéF‘PPHéh%SR&eHPg ‘F%&%H@tﬁ&qof Cu'c'%bgg‘glaﬁ323 -33
PCT/ US01/ 2S9S7 receiving a wite strobe signal which has a first strobe
portion associ aimgasts the mikihoek anguadgbtin wlaich mwst elpsd betwesi gmedd
counting a nunber of wite clock signals between the acceptance of the
first ite comgﬁﬁ_ i be portion of the 5 wite strobe

si gnal %56. A nme g‘ asa[%&ngéx{rg{s %’lgg{,z&l&herei n said step of initializing
further conprises: storing the nunber in a register of the nenory devi ce.
57. A nethod as in claim56, wherein said register is a 10, rmqg regi ster of
the memory device. 58. Ia evdergelimBrava the snegdxd the mamery deyicp™hePdg t he step
of operating the nmenory device, said operating further conprising:
accepting a seceite Woiringarkbfoiiend ai adyorahrad] Rwmild bealetivatde ookimigavedge of
the wite clock signal; WO 02/17323 -3~

a preamble signal P, or to minimize its effect. Accordingly, the invention
further encompasses two alternate embodiments which eliminates the

10 potential impact the preamble P would have on a write command which
follows a read command. The first alternate embodiment takes advantage
of the fact that the phase shift between the write and command clocks,
while arbitrary, remains constant. Thus, the use of the flag signal on the
data strobe signal line for the'purpose of synchronizing write data need

15 only be performed only during the initialization of the memory system if
the synchronous semiconductor memory device can be taught the timing
relationship between the command and write clocks. For example, the
initialization process can include a dummy write during which the memory

controller 100 transmits the preamble and the flag. The control logic 601



PCT/ USOL/ 2S9S7 clocking in wite data using said wite clock signal after
the counted nunber of wite clock signals has el apsed. 59. A nethod as in
claim SGW ldE/tlﬂ% conpri si ng.the step of operating the nep@fma‘ﬁ?z\gibcle, sai d
operating Turtiér conprising: accepting a second wite conmand i'n
synchronismw th a cl ocking edge of the wite clock signal; clocking in
wite data using said wite clock signal after the counted nunber of wite
clock signals has elapsed. |0 60. A net hod_légf operating a nenory devi ce,
said nmethod conprising: receiving a wite clock signal; receiving a wite
command and enabling a strobe detector, said strobe detector sensing a
write strobe signal line which has a first logical 15 state correspondi ng
to a first portion of a strobe signal associated with a WD 02/17323

PCT/ USOL/ 2~9~7 -35 cloclcing edge of said wite clock signal and a second
| ogi cal state cormedifieddiorubstime aviserwric: doclt edge @tlatihetovlic @nsmanbe si gnal ;
when the strobe detector senses the strobe signal at the first | ogical
state, starting Wi dnk8vRRTR d i i cl ock
signal on the cf%gﬁi%ﬁggg‘%@@l%{??%ci at e}c::i1 C\k/)\nﬁ%rﬁarg{a?ti&%ﬁt%@%g? ?38 %ﬁ}?\é@ﬁhgn; when
t he strobe detector sense {he strobe signal. at the second | ogjcal state,
continuing to clP8&KPPR W@ét REEIS AFSTRHPES I éﬁtf‘t EDEIFJBBMH%%UHH ng the
ticks of the wite clock signal while the strobe signal is sensed at the
second | ogi cal stanery @mdrollor 3A@ ms¢sttbe praaniide dad dogsignsksmsethe$d ROBEbe
signal at the first logical state, resetting the buffer to discard

previougly cloc %%%ir hdy &a%ﬁ tﬁchﬁ)nglgﬂ M§difB01 $heé BRSseldMteAcd béthleen the

predet erm ned nu 61. The neth of claim 60, further conprising the
step of 15 when the countng has reaghed a sgcond predetern ned nunber,
M g o

preventing the KOFR0 clse sHifis pha FFRTRPSE DORIREESTT €/ 2s')s7
62. The nethod of claim60, wherein said first predeterm ned nunber is
equal to one ti clntesofvria dduk opcles whishredapstschapiecntheting the VORI Hevi ce.
63. The nmet hod of claim60, wherein the wite burst
command is accepted and the time the memory device begins accepting
data, and can be stored, for example, in a register of the memory device,
10 such as a field of the memory device’s mode register. During normal
operation the control logic 601 can use the stored timing difference to
determine when the synchronous semiconductor memory device 202
should accept write data. This eliminates the need to transmit the
preamble and flag signals over the data strobe signal line during normal
15 operation of the synchronous semiconductor memory device, thereby

improving the performance of a the memory device when servicing a write

which follows a read.

In the second alternate embodiment the flag is transmitted on

the data strobe signal on each write transaction, but the preamble signal is



5 length of said nenory device is Sticks and the first predeterm ned
nunber is 7 ticks. 63. The nethod of claim61l, wherein said second

pr edet em er is equal to two ticks less than the i o[ild | engt h
of sai d%&rﬁng}évi ce. 10 64. The nethod of claim61, \/\h\é\ﬁ%f@s@é?%%second
predeterm ned nunber is equal to three ticks less than the wite burst

| ength of said nenory device. 65. The nethod of claim®6l, wherein the wite
burst length of said nmenory device is 8 ticks and said second predeterm ned
15 nunber is 6 ticks. WO 02/ 17323 -37 PCT/USOL/ 2S9S7 66. The net hod of
claim6l, wherein the wite burst length of said nmenory device is 8 ticks
and sai d second predeterm ned nunber is 5 ticks. 67. A nenory device
conprising: a wite clock input path for receiving a wite clock signal; a
command signal path for receiving a wite command; at | east one data signal
path for recei veligintéd.eTHatfdse detetaion isdueotddcls rgnatedphtuseofifleed to a
strobe detector which senses a |ogical state of the data strobe signal

path, salc data hLale Shinah bRl bR Al ict dhn | ERERES e
correspondi ng t8 A 11 TSP 5t Tobe portion and a Second ogi cal state
corresponding to a _second strobe partion; a logic circuit responsive to the
wite command amey fae bificspbatiaithe fabse %é?cémlﬁdvr’ctﬁéqu tEPgiYfYSt ate to
start clocking in wite data into a buffer using said wite clock signal;
15 wherei n sai d6ll bgiMotd gpetificallys pries potigi syaclironbheseshicobéuatet exetory
detecting the second |logical state to continue to clock in wite data into
t he | 12/ 17 RS S o) r i he
wite clock whi ﬁé‘ﬁf{g‘!gyrég%égdet e(};@ogoﬁg{aégfg{%t g@é%ggpgﬁg}egg%te; and
wherein said logic circuit is responsive to the strpbe dete Hﬁ)r det ecti ng
the strobe si gnérobg detestariqQérandgylaces the weife cirgit BB reqqvep At fanafy 5

di scard previously clocked in data if the count is less than a first

predet er mi ned nusgiger 668, inphieragiomrol 6 ewite #1BO aidaduiveds 61 Mhiaraeiesetsai d | ogi ¢
circuit is responsive to the count reaching a second predeterm ned nunber

Lo prevent the LESEih BbdheoNktelicd (ph folhSc R oy iesing! c ai m

68, wherein sai Irst predeterm ne u I's equal "one tick | ess than the
wite burst length sai devi ce., 70. The et hod .of cl aim 68,
wherein the wi %t%%@@nltgﬁgfwc‘%‘&PHnﬁé%gﬁﬁ Flﬁeecqutr%q%l&l@lland t he
first predetermned nunber 15 is 7 ticks. o

10 enables the strobe detector 604 and negates the reset signal, which is a

momentary signal, thereby permitting the write circuit path to accept and
buffer data under the control of the strobe detector 604. If the memory
controller does not use a preamble signal, the strobe detector 604 may
falsely detect the tristated condition of the data strobe signal line STROBE
15 as a logical high and cause the write circuit path to begin accepting and
buffering data. However, a false detection of the flag will not be followed
by seven consecutive logical lows on the data strobe signal line STROBE
because the memory controller 100 will send a true flag within seven ticks

of asserting the WRITE command. Therefore, the strobe detector 604 can
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second predeterm ned nunber is equal to tw ticks less than the wite burst
| engt h of J enory device. 72. The method of claim 68, i ai d
second 5‘%6@%{2132% ned nunber is equal to three ticks Iess&f/ﬁg'ﬁ/ -Z wite
burst length of said nenory device. 73. The nethod of claim 68, wherein the
write burst length of said nenory device is 8 ticks and said second

predet erm ned nunber is 6 ticks. |0 74. Thi8 nmet hod of claim 68, wherein the
wite burst length of said nmenory device is 8 ticks and said second
predeterm ned nunber is 5 ticks. 75. The nethod of claim1l, wherein said
menory device is a synchronous dynam ¢ random access nenory. 15 76. The
menory devi ce of claim 16, wherein said nenory device is a synchronous
dynam ¢ random access mnenory. WO 02/ 17323 PCT/ US01/ 2S9s7 -40 77. The
menory nodul e obe ¢hadifie® o semtiktheireses sigdalado the awite @irevitrpatr i itbes ooti s a
synchronous dynani ¢ random access menory. 78. The processor systemof claim
42, wherein sai r : S
merory. 6 70, ThE ROe R B Rl MBRE HARH DO URERLE IBREAIBRTESS
synchronous dynani ¢ random access 80. The nethod of cl aj

wherein said neﬁ&ﬁr?atﬂévpbé Si%%yﬁﬂ@@éourghﬂmfgaWéﬁ%ﬁ%g&é]c‘@’élscah‘é‘?mr y.
8l. The nethod of claim67, wherein said nmenory device 10 is a synchronous
dynam ¢ random aecesite aeamt yath8a disdamienyryuffwetleta codpregai dga cagptook; a
first conmand signal path for receiving a command; a first command cl ock

signal path for gs}@%ke/%ﬁhggmm%%mw&dfh lewdifS nﬁ%@&@@qu@fo&hseﬁxgrst

comand si gnal irst co ocC nal pat wherein said
regi ster outputs the command WO 0 7323 PCT/ U 01/25 7 41 cei ved on
the first comraﬁ@[ltgqng‘i?a‘lh%‘ﬁ?fﬁmfycfu%?y%gﬁnﬁ‘&ﬁﬁ%ﬁf LG %ﬁtq‘\saghgl out put s
the command cl ock received on the first command cl ock signal path to a
second command aftecik has demktedatven cnsedutze dbgicld lowpon thatitafsoobe sigaial/i ng a
wite clock signal; a data signal path for receiving wite data; a data

strobe si gnal pﬁh@sﬁ?{ BECHI a;d@gt&ﬂegfv&mtﬁrorn@megﬁ@a@é- ineheddied udes a

first portion; and eaét one ne devi ce ry device coupl ed

to the second com’ran Si at cl ock the wite
1 o clock input t 3%@1 @ is Stﬁgfﬁé)ﬂ %?tsgc‘%‘?‘i’lg@gn@icgnal
pat h, wherein each of said rrermry devi ce further corrprl ses a logic circuit

respongbve to aembddimenntmmnadscooptmiatly dedkomd thomesenttagirgafkr wdeh and sai d
first strobe portion of said wite strobe signal on said data strobe signal

path for clocki ngidcheARELHHESENRBnRLuBRL el fovid. IR Fhay e BesitableGoa

prevent the data strobe detector 604 from issuing a reset signal (or
alternatively, to prevent the write circuit path from responding to a reset
signal) after it has detected, for example, five or six consecutive logical lows
15 on the data strobe signal line STROBE following a logical high. This is to
prevent the strobe detector signal 604 from issuing a reset if it falsely

detects the second tristated condition (i.e., signal state TS2) as a flag.
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What is claimed is:
1. A method of operating a memory device, said method
comprising;:
5 receiving a write clock signal;
receiving a write command;
receiving a write strobe signal which has a first strobe portion
associated with a clocking edge of said write clock signal; and
clocking in write data using said write clock signal after receipt of
10 said write command and beginning with the clocking edge associated with

said first strobe portion.

2. A method as in claim 1 wherein said write strobe

signal has a preamble prior to said first strobe portion.

3. A method as in claim 1 wherein said write strobe

15 signal has no preamble prior to said first strobe portion.’
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4, A method as in claim 1 wherein said first strobe

portion is a first predetermined logic level of said write strobe signal.

5. A method as in claim 4 wherein said first strobe
portion remains at said first predetermined logic level for a period of time

5 which is equal to one clock tick of said write clock signal.

6. A method as in claim 5 wherein said write strobe
signal includes a second portion following said first strobe portion, said
second portion being at a second predetermined logic level for the duration

of the clocking of write data into said memory device.

10 7. A method as in claim 6 wherein said write strobe
signal has a preamble prior to said first strobe portion, said preamble being

at second predetermined logic level.

S. A method as in claim 7 wherein said preamble lasts for

a predetermined number of ticks of said write clock signal.

15 9. A method as in claim 8 wherein said preamble lasts for

two ticks of said write clock signal.
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10. A method as in claim 8 wherein said preamble lasts for
three ticks of said write clock signal.
11. A method as in claim 7 wherein said first

predetermined logic level is a high logic level and said second

5 predcferrnincd logic level is a low logic level.

12. A method as in claim 7 wherein said write strobe

signal is a tri-state signal.

13. A method as in claim 6 wherein said memory device
clocks in write data in data bursts having a predetermined number of bits,
10 said first strobe portion of said write strobe signal being coincided with the
reception of a first bit of a data burst, said second portion of said write

strobe signal being coincident with the remaining bits of said data burst.

14. A method as in claim 1 wherein said write strobe
signal is received on a data strobe signal path of said memory device which
15 is also used by said memory device to send a read strobe signal to a memory

controller during a memory read operation.
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15. A method as in claim 1 wherein said write command

and write strobe signal are received from a memory controller.

16. A memory device comprising:

5 a write clock input path for receiving a write clock signal;
a command signal path for receiving a write command,
at least one data signal path for receiving write data;

a data strobe signal path for receiving a write strobe signal which

includes a first strobe portion; and

10 a logic circuit responsive to a write command on said command
signal path and said first strobe portion of said write strobe signal for
clocking in data received on said data signal path using a write clock signal

received on said write clock input path.

17. A memory device as in claim 16 wherein said first

15 strobe portion is a first predetermined logic level of said write strobe signal.
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18. A memory device as in claim 17 wherein said write
strobe signal has a preamble prior to said first strobe portion, said preamble
setting the data strobe signal path to a second predetermined logic level

different from said first predetermined logic level.

5 19. A memory device as in claim 17 wherein said first
strobe portion remains at said first predetermined logic level for a period of

time which is equal to one clock tick of said write clock signal.

20. A memory device as in claim 19 wherein said write
strobe signal includes a second portion following said first strobe portion,
10 said second portion being at a second predetermined logic level for the

duration of the clocking of write data into said memory device.

21. A memory device as in claim 20 wherein said write
strobe signal has a preamble prior to said first strobe portion, said preamble

being at second predetermined logic level.

15 22. A memory device as in claim 21 wherein said
preamble lasts for a predetermined number of ticks of said write clock

signal.
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23. A memory device as in claim 22 wherein said

preamble lasts for two ticks of said write clock signal.

24. A memory device as in claim 22 wherein said

preamble lasts for three ticks of said write clock signal.

5 25. A memory device as in claim 21 wherein said first
predetermined logic level is a high logic level and said second

predetermined logic level is a low logic level.

26. A memory device as in claim 21 wherein said write

strobe signal is a tri-state signal.

10 27. A memory device as in claim 20 wherein said logic
circuit causes said memory device to clock in write data in data bursts
having a predetermined number of bits, said first strobe portion of said
write strobe signal being coincided with the reception of a first bit of a data
burst, said second portion of said write strobe signal being coincident with

15 the remaining bits of said data burst.
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28. A memory device as in claim 16 wherein said data
strobe signal path is also used by said memory device to send a read strobe

signal to a memory controller during a memory read operation.

5 29. A memory module comprising:
at least one memory device, said memory device comprising;:
a write clock input path for receiving a write clock signal,
a command signal path for receiving a write command;
at least one data signal path for receiving write data;

10 a data strobe signal path for receiving a write strobe signal which

includes a first strobe portion;

a logic circuit responsive to a write command on said command
signal path and said first strobe portion of said write strobe signal for
clocking in data received on said data signal path using a write clock signal

15 received on said write clock input path; and
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a connector for electrically connecting said module to a signal

bus,

30. A module as in claim 29 wherein said first strobe

portion is a first predetermined logic level of said write strobe signal.

5 31. A module as in claim 30 wherein said write strobe
signal has a preamble prior to said first strobe portion, said preamble setting
the data strobe signal path to a second predetermined logic level different

from said first predetermined logic level.

32. A module as in claim 30 wherein said first strobe
10 portion remains at said first predetermined logic level for a period of time

which is equal to one clock tick of said write clock signal.

33. A module as in claim 32 wherein said write strobe
signal includes a second portion following said first strobe portion, said
second portion being at a second predetermined logic level for the duration

15 of the clocking of write data into said memory device.
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34. A module as in claim 33 wherein said write strobe
signal has a preamble prior to said first strobe portion, said preamble being

at second predetermined logic level.

35. A module as in claim 34 wherein said preamble lasts
5 for a predetermined number of ticks of said write clock signal.
36. A module as in claim 35 wherein said preamble lasts

for two ticks of said write clock signal.

37. A module as in claim 35 wherein said preamble lasts

for three ticks of said write clock signal.

10 38. A module as in claim 34 wherein said first
predetermined logic level is a high logic level and said second

predetermined logic level is a low logic level.

39. A module as in claim 34 wherein said write strobe

signal is a tri-state signal.

15 40. A module as in claim 33 wherein said logic circuit
causes said memory device to clock in write data in data bursts having a

predetermined number of bits, said first strobe portion of said write strobe
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signal being coincided with the reception of a first bit of a data burst, said
second portion of said write strobe signal being coincident with the

remaining bits of said data burst.

4]. A module as in claim 29 wherein said data strobe
5 signal path is also used by said memory device to send a read strobe signal

to a memory controller during a memory read operation.
42. A processor system comprising;
a processor; and

a memory device coupled to said processor, said memory device

10 comprising:
a write clock input path for receiving a write clock signal;
a command signal path for receiving a write command;
at least one data signal path for receiving write data;

a data strobe signal path for receiving a write strobe signal which

15 includes a first strobe portion; and
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a logic circuit responsive to a write command on said command
signal path and said first strobe portion of said write strobe signal for
clocking in data received on said data signal path using a write clock signal

received on said write clock input path.

5 43. A processor system as in claim 42 wherein said first

strobe portion is a first predetermined logic level of said write strobe signal.

44, A processor system as in claim 43 wherein said write
strobe signal has a preamble prior to said first strobe portion, said preamble
setting the data strobe signal path to a second predetermined logic level

10 different from said first predetermined logic level.

45. A processor system as in claim 43 wherein said first
strobe portion remains at said first predetermined logic level for a period of

time which is equal to one clock tick of said write clock signal.

46. A processor system as in claim 45 wherein said write
15 strobe signal includes a second portion following said first strobe portion,
said second portion being at a second predetermined logic level for the

duration of the clocking of write data into said memory device.
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47. A processor system as in claim 46 wherein said write
strobe signal has a preamble prior to said first strobe portion, said preamble

being at second predetermined logic level.

48. A processor system as in claim 47 wherein said
5 preamble lasts for a predetermined number of ticks of said write clock
signal.
49. A processor system as in claim 48 wherein said

preamble lasts for two ticks of said write clock signal.

50. A processor system as in claim 48 wherein said
10 preamble lasts for three ticks of said write clock signal.
51. A processor system as in claim 47 wherein said first

predetermined logic level is a high logic level and said second

predetermined logic level is a low logic level.

52. A processor system as in claim 47 wherein said write
15 strobe signal is a tri-state signal.
53. A processor system as in claim 46 wherein said logic

circuit causes said memory device to clock in write data in data bursts
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write strobe signal being coincided with the reception of a first bit of a data

burst, said second portion of said write strobe signal being coincident with

the remaining bits of said data burst.

5 54. A processor system as in claim 42 wherein said data
strobe signal path is also used by said memory device to send a read strobe

signal to a memory controller during a memory read operation.

"55. A method of operating a memory device, said method
comprising:
10 initializing the memory device, said initializing further
comprising:

receiving a command clock signal;

accepting a first write command in synchronism with a clock

edge of the command clock signal;

15 receiving a write clock signal;
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receiving a write strobe signal which has a first strobe portion

associated with a clocking edge of said write clock signal;

counting a number of write clock signals between the
acceptance of the first write command and the first strobe portion of the

5 write strobe signal.

56. A method as in claim 55, wherein said step of

initializing further comprises:

storing the number in a register of the memory device.

57. A method as in claim 56, wherein said register is a
10 mode register of the memory device.
58. A method as in claim 55, further comprising the step

of:

operating the memory device, said operating further comprising:

accepting a second write command in synchronism with a

15 clocking edge of the write clock signal;
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clocking in write data using said write clock signal after

the counted number of write clock signals has elapsed.

59. A method as in claim 56, further comprising the step
of:
5 operating the memory device, said operating further comprising:
accepting a second write command in synchronism with a
clocking edge of the write clock signal;
clocking in write data using said write clock signal after
the counted number of write clock signals has elapsed.
10 60. A method of operating a memory device, said method
comprising:

receiving a write clock signal;

receiving a write command and enabling a strobe detector, said
strobe detector sensing a write strobe signal line which has a first logical

15 state corresponding to a first portion of a strobe signal associated with a
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clocking edge of said write clock signal and a second logical state

corresponding to a second portion of the write strobe signal;

when the strobe detector senses the strobe signal at the first
logical state, starting to clock in write data into a buffer using the write

5 clock signal on the clocking edge associated with said first strobe portion;

when the strobe detector sense the strobe signal at the second
logical state, continuing to clock in write data using said write clock and
counting the ticks of the write clock signal while the strobe signal is sensed

at the second logical state; and

10 - when the strobe detector sense the strobe signal at the first
logical state, resetting the buffer to discard previously clocked in data if the

counting is less than a first predetermined number.

61. The method of claim 60, further comprising the step

of:

15 when the counting has reached a second predetermined number,

preventing the buffer from being reset.
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62. The method of claim 60, wherein said first
predetermined number is equal to one tick less than the write burst length

of said memory device.

63. The method of claim 60, wherein the write burst
5 length of said memory device is 8 ticks and the first predetermined number
is 7 ticks.
63. The method of claim 61, wherein said second

predetermined number is equal to two ticks less than the write burst length

of said memory device.

10 64. The method of claim 61, wherein said second
predetermined number is equal to three ticks less than the write burst

length of said memory device.

65. The method of claim 61, wherein the write burst
length of said memory device is 8 ticks and said second predetermined

15 number is 6 ticks.



(10! 10947& ()-1Z1097& () - 109T& ()- 10M 10M 10M.3 109%VE ()-& 10%VE ()-
fby}A?bC 112 109F& ()- 109F& ()-fmlov@& ()- 109F& ()-!. 109 T& () |v| X

10% & C 1A 210%W& ()- . 109%& |+ 100078
W&OW&'()\Q’?;HS‘@/E}) i @\BCOchC()ll" smw(%)-ll&y& -F(F%owﬁgﬁgﬁ T0%& () -

10T 10T 10T 4100/(7&' ()-QdEbC 1A 3 “10% ()- f10%& () 9109&’ () -
109& ()- GLOY& ()- 9109& ()-#]idEBC 11~ / 109%& ()-, 109%& ()-|
@ 10%& ()-y&" 109%& ()- 3 #10%& ()-fL! 109%& (-defg ~\= 114
910% & ()-1!109BPBP& ()-Z !SI 10%6 % & ()-Z 10 10

66. The method of claim 61, wherein the write burst
length of said memory device is 8 ticks and said second predetermined

number is 5 ticks.
67. A memory device comprising:
5 a write clock input path for receiving a write clock signal;
a command signal path for receiving a write command;
at least one data signal path for receiving write data;

a data strobe signal path coupled to a strobe detector which
senses a logical state of the data strobe signal path, said data strobe signal
10 path having a first logical state corresponding to a first strobe portion and a

second logical state corresponding to a second strobe portion,;

a logic circuit responsive to the write command and the strobe
detector detecting the first logical state to start clocking in write data into a

buffer using said write clock signal;

15 wherein said logic circuit is responsive to the strobe detector

detecting the second logical state to continue to clock in write data into the
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buffer and to count ticks of the write clock while the strobe detector

detects the second logical state; and

wherein said logic circuit is responsive to the strobe detector
detecting the strobe signal at the first logical state to reset the buffer to
5 discard previously clocked in data if the count is less than a first

predetermined number.

68. The memory device of claim 67, wherein said logic
circuit is responsive to the count reaching a second predetermined number

to prevent the resetting of the buffer.

10 69. The memory device of claim 68, wherein said first
predetermined number is equal one tick less than the write burst length of

said memory device.

70. The method of claim 68, wherein the write burst
length of said memory device is 8 ticks and the first predetermined number

15 is 7 ticks.
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71. The method of claim 68, wherein said second

predetermined number is equal to two ticks less than the write burst length

of said memory device.

72. The method of claim 68, wherein said second
5 predetermined number is equal to three ticks less than the write burst

length of said memory device.

73. The method of claim 68, wherein the write burst
length of said memory device is 8 ticks and said second predetermined

number is 6 ticks.

10 74. The method of claim 68, wherein the write burst
length of said memory device is 8 ticks and said second predetermined

number is 5 ticks.

75. The method of claim 1, wherein said memory device

is a synchronous dynamic random access memory.

15 76. The memory device of claim 16, wherein said memory

device is a synchronous dynamic random access memory.
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77. The memory module of claim 29, wherein said at least

one memory device is a synchronous dynamic random access memory.

78. The processor system of claim 42, wherein said

memory device is a synchronous dynamic random access memory.

5 79. The method of claim 55, wherein said memory device

is a synchronous dynamic random access memory.

80. The method of claim 60, wherein said memory device

is a synchronous dynamic random access memory.

81. . The method of claim 67, wherein said memory device

10 is a synchronous dynamic random access memory.
82. A memory module comprising:

a first command signal path for receiving a command;

a first command clock signal path for receiving a command

clock;

15 a register coupled to the first command signal path and the first

command clock signal path, wherein said register outputs the command
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received on the first command signal path to a second command signal
path and outputs the command clock received on the first command clock

signal path to a second command clock signal path;
a write clock input path for receiving a write clock signal;
5 a data signal path for receiving write data;

a data strobe signal path for receiving a write strobe signal which

includes a first portion; and

at least one memory device, said memory device coupled to the
second command signal path, the second command clock path, the write

10 clock input path, the data signal path, and the data strobe signal path,

wherein each of said memory device further comprises a logic
circuit responsive to a write command on said second command signal path
and said first strobe portion of said write strobe signal on said data strobe
signal path for clocking in data received on said data signal path using a

15 write clock signal received on said write clock input path.



