;e3de<, $$% ((+6+T<,} 14 January 2005 -i SYNCHRONI ZED WRI TE DATA ON A HI GH
SPEED MEMORY BUS 1. Field of the Invention The present invention rel ates
generally to synchronous nenory systens, and nore particularly to

synchroni zing wite data on a high speed menory bus. 2. Description of the
Rel ated Art An exenplary conputer system 1l is illustrateduig &&22 45 The 10
conputer system 1 i ncl udes a processor 401, a nenory systen15 ng a
expansi on bus controller 402. The nenory syistem 2 and t he expansi on bus
controller 402 are coupled to the processor 401 via 'a |ocal bus 400. The
expansi on bus controller 402 is also coupled to one or nore expansi on buses
403, to which various peripheral devices such as nmass storage devices, 15
keyboard, nouse, graphics adapters, and nultinmedia adapters may be

attached. Th ] 1C I h |s
connect ed t oK ORERSEE Wi PAaER Sk Tol ot bED MinataRy

January 2005 -2 106. The nenory bus conprises a plurality of signal Ilnes
101- 105, which respectively communi cate data DATA (over a plurality of
lines 101 ), a data strope STROBE,_ a wite clock WCLK, a command cl ock
CCLK, and conmmands and dgfsSxBObANL LR, d R INVENILL | i nes 105). The
menory nodul es 200 300 accept connands fronlthe nennry controller 100
synchroni zed on the rlilqﬁ Sﬁge o;nthe command cl ock CCLK on signal |ine
104. A short. time after tASLHERS Jo¥GtNtes 200 300 accept a wite comand,
the nenory nodul es 200 300 accept wite data synchronized on the rising and
falling edges of the wite clock WCLK. The 1o nunber of wite clock cycles
whi ch &l apses bet ween- e prgsenhinvention selates grederatlp to spmabirpndey imeenagcept i ng
a wite command and the tine the synchronous sem conductor nenory device

begi ns accepti t 3% '%Hﬂ&?lﬁjg]g"?%
initialization%?ﬂ%ﬁ%bﬁ%fgﬁﬁ% tro t%n the nme S@ﬁﬁg é%gg¥%y§%ltlallzed
to operate the qy 15 system2 with a desired wite latency. Each menory
modul e 200 cont’%?‘ﬁ? AbR%gi ster 201 and, in the exanpl e shown, a plurality
of synchronous seni conductor menory devi ces 202-205. The tining di agram f or
a wite operation to one of the synchronous sem conductor nenory devices
202-205 is illustrated2i Ddtfption b thaRuhated 2405 -3 4. The wite dodo WOLK
operates at double the frequency of the command dock CCLK) Both docks are
synchroni zed, so at the beginning of a dock cycle N of the comuand dodo
CCLK the wite- dock . K is beqginning a correspondi n N dock, cycle. In
Fig. 4, the exenplary rFEFVP?agY tﬁﬁ@?‘&%@%ﬁ@ﬁ“&*‘-@wdﬁ 1]a't ﬁrc?fy W
equal to 1 wite dock

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



cycle. Thus, when the wite command is asserted on the command bus CMD on
dock. cycle Tl, the systemwaits to satisfy the wite | atency W

requi renent on clock cycle T2, and begins to accept wite data on dock
cycle T3. The synchronous sem conductor nenory device operates in lo what
is knowmn as a burst node, so it continues to accept wrlteMd hﬁ%&%%t he

next several dodo cycles. In the illustrated exanple, the's onous

sem conductor nenory devi ce accepts an 8-1ength burst over 4 dock cycles
T3-T6. Thus, if the conmand and wite docks-2are phase synchronized the
synchronous sem conductor nenory can count the 15 nunber of wite dock cyes
whi ch el apses after the device accepts a wite command (synchronized with

t he conmand dock) to determ ne when it should being accepting wite data.
However, the command and wite dodos may not be synchronized. Referring now

‘to Fig. 2, a no d j j m of. t he 4 Janpary.. 200 ry. nodul e
200 from Fi g. 11P¢: g%ﬁ?%%%%wnﬁﬁ&?@é%‘&é%&l/lé%“af%gﬁg?‘éf cho1
which is used to buffer the command cl ock CCLK and conmmands and addr esses
CVD/ ADDR The buffSBfeictiotrramdniatk dogRATAN cvermphaalignef laskdrl€d3 es d&D/ ADDR
are then distributed to each of the synchronous senm conductor nenory

devi ces 202-205stoob¢ STROBE, &giékidck WELIOH cofidadfRodkeoRER Y. 1 the
evi

ot her hand, each of the synchronous seni conductor menory es 202- 205
have their data.g$] Ly L 0, t ignal Jine 102, and wite dock

signal line 103 3. Fect éhggﬁél é@éwﬁ@ﬁkﬂffrﬁlﬁ’i&'ﬁg‘q&iﬂﬁ EQ@-tW@%omnd
lo cl ocsk CCLI C signal is_delayed by being buffered via register 201 while

the wite dock ATy sefiesc20Q 380wptat commamdsoinctrdnemoty omm@olerdevi ces
202- 205, an arbitrary phase shift exists between the wite and conmand '

docks. For exaniﬂ@syﬂahg@niz&ﬁoﬁrtﬂcmn%rﬁ i 40 tRE B {m] I i.fe
operation with a 1 wite dock wite Iategtr?cy V\L.c %T%H |gS?EEE(gIﬁ¥d§E 15 the
wite and co ve, forns. appgar i denti cal . wever, in Fig. 5A
the phase shi ftyl;%,gglgglg}_ " st Hisng ten theraemony A} 3ABascept a

sem conductor nenory device should satisfy the wite [atency W. requi renent

on dock T2 and “Eetceinmaand, b meaorysotilesi0 300 acipy wisi dabe phase shift
PSis 0.5 wite docks, therefore the synchronous 14 January 2005 -5

sem conduct or @mmuimmgaﬁ@}-m% ell ?ST%%E%@@‘E@WLK%# rement

on dock Tl and accept wite data on clock i nce e phase shift is

i nducggl by a deyj e tnal t0o a,synchropous sem conductor nmenory device,
1 is T iposei briBer ‘%Eh”e&‘trs}ycrl.%ﬂ?%’ﬁlﬁﬁg}é‘gﬁFg&?ﬁf&ﬁtﬁ’F%%Wcm% to
accurately determne the proper ryde of the wite dock WCLK upon which to
begi n accept i n§EWGAnEugtaramemerdeiogiccepting naviite apnueed faad the tappar at us
and method to synchronize wite data in nenory systems enploying separ at e
command and wr mesﬁﬁhkdn_oﬁsl sethidBRcHS Cmenfbrp MRFite BREMS 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 aﬁd, 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.



to The present invention is directed at a nmethod and apparatus for

synchroni zing wite data in a synchronous sem conduct or nenory devi ce and
system whi ch supports separate wite and command dodos. The 15 present
invention permts the synchronous sem conductor nenory device to accurately
determ ne upon which wite dolt cycle it begins to accept | , even
if there is an arbitrary phase shift between the connand1§£@ &??ggbgodos.
The present invention takes advantage of th® unbuffered 14 January 2005
data strobe signal which is normally unused during a wite operation. The
menory controller of the present invention transmts a wite flag on the
data strobe signal line on the wite dock cycle upon which the synchronous
sem conductor nenory devi ce shoul d begin accepting wite data: The

synchronous senj cenduct.or evice of th resent inventjon detects
t%e wite flagnaf'r R TS ggwqﬁeﬁr?@ﬁffgﬁs %‘ﬁﬁ‘ﬁﬂ%‘g‘? ﬁﬂ‘dF‘lﬁ‘g?r}lﬁbcaccepti ng

wite data when it detects the wite flag. 10 FIG 1 illustrates a conputer
with a nenory sypsumandriddCadka Betoelgcksmare sphdbropizad psauatathietbegbining nor y
nmodul es, and a nmenory bus; FIG 2 is a nore detailed illustration of a

menory modul e fgrandibkiSeycle Nﬂ@fﬂﬁidaﬂmaaﬁ&gi&lcgwgizgt& WhL @bl WK is

synchronous sem conductor nenory devices; 1 31s a nore detailed

illustration of_a.synchronous sem duct or ry. device fromthe nenory
mdul e of PG PSERAEE SCirPonSREIN flock iy 1Pig: £ HRICHBAIY am show g
when the synchronous sem conductor nenory device accepts wite data when
t he cofmand andnemptreisdiang spemediwitha writclatanty 280, eqah 3% 1 aitartbdkB ar e
ti mng diagrans showi ng when the synchronous sem conductor nenory device

shoul d accept Wilee FifisawMRBNhE Weft8 chfrRard B a¢drici P tle %@%0-5 write

dodo cycle,_respept!veliz phase shift between the comand : e docks; -
Wite dock cyclMIG SREEH L TSRO BRS G RO LSEAER Oy devi co-
accepts wite data; and FIG 7 is a block diagramof a nenory controller
accordi ng to requirement on clqck cycle T2, and begins to accept write data on clock
cycle T3. The synchronous semiconductor memory device operates in
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 mcnu‘jry device accepts an 8-length burst over 4 clock
cycles T3-T6. Thus, 1f the command and write clocks are phase
synchronized the synchronous semiconductor mémory 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 rriay not be

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




the present invention: 14 January 2005 g Now referring to the draw ngs,
where |ike reference nunerals designate |like elenents, there is shown in
Fig. 3 a nore detail ed diagram of one synchronous sem conductor nenory
device, e.g., device 202 of Fig. 5 2. In the exenplary enbodi ment, the
synchronous sem conductor nenory device is a double data EEée S VWi t h .
i ndependent command and wite cl ocks. A double data rate % SDRAM
whi ch accepts wite data on both the rising and falling transitions of the
wite dock. Each rising or falling transition of the wite dock cycle is
known as a tick. The synchronous sem conductor nenory device includes a
variety of circuits used to control, address, and input/output data. For
exanpl e, the synchronous sem conductor nenory device includes a control

| ogi ¢ 601 which accepts a command dock CCLK on signal line 104, a wite

clock WCLK on simembry imeiuld300 frh Famierdhoand Eﬂ@ﬁﬁﬁﬁﬂ?n@@ﬂé@@@ on 15 a
I NC

plurality of signal lines 105. The control |ogic 601 udes a command

decoder 602 for glgondi J C and n regi ster, 603 f etting
controlling certain opaglrgﬁs ?%?gﬁ e‘g’%‘r@ﬁg% tos%%ﬁcrggctcﬁ@wq éﬁﬁcgt‘g:l{f W

The wite latency,is the nunber of wite clock cycles which el apses between
the time (synch%ﬂi@%@%@@%@@d@%eTbymm:mmeﬁd January
2005 _g_ sem conductor nenory devices accepts a wite command and the tine

(synchroni zed wicldeki@ELE dricbcatagiehds Bed SH8RE8 TMD SADSRAMIGH Menory
device begins to accept wite data. During systeminitialization, the

menory gontrol | Lt ad i he; synchronous sem conduct Qr .nmenory
device to opera?&%?ggusmgeég%égfm%%ﬁuéﬁww T PERRLY aﬁwﬁﬁpropri ate -
control val ue ;T?bg ﬁ {i eld of the register 603. Once initialized, the
synchronous senttgrdin 8 sl signablinesd 048 ghd 4 050 respeetivelyw Qrethatagthemi t h
the specified wite |atency and the nenory controller is responsible for
providing wri t ehaiad aeach offike sprRbRGRABUETS@ARESIUBERIOFBEREYs ﬂﬁz'-b% 1o at
that tinme. The use of these features are conventional ‘and further

description is } . ak f brevity,,.Th ynchr onou .

seni conduct or rrgér?t)eﬁ %l/l%g-eé/a?% (%lrggglzlﬁ%fl g%ﬂl SHobS (f&“\%ﬁn%lg 82 e%%‘i] PEyf 5@&# sigga!
coupled to variQus_conventional circuits used to address the nmenory arrays
611 of the syncﬁ?"oﬁéﬁ§’-‘I§€ﬂf‘!é@ﬁﬁledtt©ﬁhqsmm@lsd&ﬁ.cSinca'Hmseomtnamdi ts

i nclude the refresh counter 607, the row address nultipl exer 606, the bank

controld | ogi c 608ck OGLKGignalidrdetsyel dyBeing Budeeads rélder 10F Wil
address latch and counter 609, and the coiu”%nn decodef 61%? Tﬁe syﬁ’gﬁrqnous

sem conduct o TRARY AP WER kAl 8L A7) U5 31 o ME, 219, QUL UL path whi

i ncludes an I/ trng an

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 P§ is 0.5 write clocks, therefore the synchronous



-io Masking Circuit 612, an output register 618; an output driver 619, a
read strobe generator 620, a receiver 614, a nmask register 615, an input
regi ster 616, and wite FIFO and drivers 617. The read strobe generator 620
is used to generate a data strobe signal STROBE when the synchronous

sem conductor nmenory device outputs read data. In a.conve$ghQﬂFJ 2005
synchronous sem conductor nenory device, the data strobe signa néTRCBE IS
normal |y tristated when the device is not o8tputting read data. The use of
these circuits are conventional and further description of their functions
are omtted for the salve of brevity. 1o As previously explained and shown
in Fig. 2, when a plurality of synchronous sem conductor nenory devices
202- 205 are assenbled onto a nenory nodul e 200 whi ch includes a register

201 that buffergathe, 1%%5: ,'3;;@ j I | es the
wite dock V\CLK,§can %@%ﬁ?ﬁ%ﬁ’%‘% shi tlameﬁgéfs Se m%g%éc%ﬁﬁg%o cl ocks as
seen by each of the 15 syncgronous sem conduct or nmenpry devices :202- 205
even though t he 'fBHEFeRt AR clork Il angoccepinwmiie datp onrrlerds k2 15. aSince the
synchroni zed fashion. As a result of this, it is inpossible for the
synchronous senphasecshiff: &y indecst by delevice exttdRal 202 sikAclronviabahitogdheion ne
which wite clock WCLK cycl e upon which to begin accepting wite data. 14

January 2005 -1 g?m N :J j j rahl. | oying a
new use for thehtf%u feesgcg’ {Eé‘i@éﬁ%ﬁf%%ﬁgﬁw;sgﬁgéﬁ%cﬁgﬁti onal
synchr osgous sem conductor nenory device, the data stobe sinr%gal STROBE i s
driven by the s{HERPD cdeRFEAtRIE determintby Rrepercecloeftherwiiiglods read
data and is tristated under all other circunstances. As shown in Fig. 3,
the present i nvBCLEmpattwhithbrigdpen dedeptingrwriterdatd.t 604 to the control

| ogic 601 of the synchronous sem conductor nenory device 202. The strobe
detector circuit 604 is connected to the data strobe signal line 102. The
strobe detector circuit 4.1 s, enabl ed aft t he synchroneus to

seni conduct or menory de%%%édl}lglé'éfq\’/%g Baaﬁf?fgorﬂﬁ?gﬁﬁrﬁ%@‘??etth?ﬂéﬂ of f
after a wite burst is conpleted. As shown in Fig. 7, the nmenory controller
100 of the pres onize write data in memory systems employing separate command

and write clocks which may incur 2 phase shift.

10
SUMMARY OF THE INVENTION
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




invention includes a wite strobe generator 700. During a wite operation,
the nmenory controller 100, through the use of the wite strobe generator is
700, drives the data strobe signal in a particular nmanner to mark the wite
dock cycl e upon which the synchronous sem conductor nenory device 202

shoul d begin accepting wite data. The manner in which the j 05
controller 100 drives the data strobe signal to mark the proper wite cycle
is showmn in the timng diagramof Fig. 6. In the exenplary enbodi nent, the
14 January 2005 | ? nmenory controller dri ves®the data strobe si gnhal STROBE
to a logical high at a time coinciding with the start of wite data and
drives | ow the data strobe signal STROBE during the remainder of the wite
burst. The strobe detector circuit 604 detects the logical high of the data
strobe signal STROBE and triggers the input wite path (receiver 6Z4, mask
regi ster 615, i iatd strSiH & : ,-ME, QuRR b accept
wite data. Mre specifi c%ﬁlﬁﬁt@%}e nmenor y !%(ﬁn%drfol I eg %{6&3?}?3@3 'atqgcst r obe
signal STROBE through four ,separate state changes. Initially, the data 1o
strobe signal STHCB i@qqq@gﬁé@; PHIFRL geRnEN BROSTARS g Amtedlag ARt gnal
STROBE is indicated by TSI in Fig. 6. The first state change is fromthe
tristated condi datastrabe signal dige on theeiriprdorbiyelcsupmaiwhizh fhesyathohous
dctector circuit 604 is enabled and the strobe generator 620 is disabl ed

when the synchr gaaienaReic: REHEHPAHE o Id ¥ Cack 51l it tﬁvﬁin he

command. If the strobe detector ‘circuit 604 IS ena at a tine

strobe §ignal line,is at a tristated conditjon, %g]g?re i.'s the possibility
that thd strobe HESPEQRS CiEoR LEONMGRPIY SEVSE (1 g BESSCRL YWERRAR hi gh ;
state of the data strobe signal STROBE. Fal se detection can be prevented by
driving the dat deectsabe vrigihlg tasmitedibyahe memehecordthalertandtiegiteat ect or
circuit 604 is 14 January 2005 -13 enabled. This is acconplished by the
use of a preanbhge [ : .Sipgpal STROBE, which is a

| ogi cal | ow signal _Eﬁ%%g&gtﬁglﬁ{ “%?ﬁtlgan%éﬁ:t%ﬁla?ﬁgﬂg robe 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 the exenplary
enbodi ment, the preanble portion is nmaintained for L5 cycles (i.e., 3
ticks) of the wite dodo. In an alternate enbodi nent, the preanble portion
is maintained for I cycle (i.e., 2 ticks) of the wite dock. In yet another
al ternate enbodi mrent tRBRIBEDHICRIEN (DN OQF I4 " tirely. 10 The
second state change is fromthe preanble signal Pto a flag F which marks
the beginning of wite data. The flag F is communicated to the synchronous
sem po?éjuct or nmenory dgﬁfg‘c%b@ﬂ'nen t he rrermrg controller 100 dr.ives.the data
strobe si gnal STROBE t | oA A SRS LWL g mary Systepdnelu | e) of
the wite dock WCLK. Upon receiving the i5 flag signal, the synchronous
seni conduct or nEeErY denfroden agineality of memory modules, and a memory bus;

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

memory devices;

FIG. 3 is a more detailed illustration of 2 synchronous

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




accepting wite data, which it buffers in the wite FIFO and drivers

circuit 617. This data will be conbined with the data fromthe remai nder of
the wite burst and witten to the nenory array 611 at the end of the wite
bur st . 14 January 2005 -14 The third state change is the deassertion of

the wite flag F.- For the renai nder of the wite burst, V‘M&éhdaﬁ;iodé cks in
t he exenpl ary enbodi nent, the synchronous sem conductor nenory device
continues to accept wite data. During this7ime, the nenory controller 100
drives the data strobe signal STROBE |ow, as indicated by the regi on nmarked
as F. As additional wite data arrives, the synchronous-sem conductor
menory device buffers the data in the wite FIFO and drivers circuit 617.
The final state change is a return to the tristated condition. Once the
menory controller has c | gted. .tr 1 SSI ci ated
with the wite burst, the 's%%sc%%%ggmge%hggﬂ%@%ﬁcgre%ngf%&%@%% shoul d no
| onger accept data, The nmenory controller signifies this condition b
tristating the SapigoBdyRevs mergan! deyiRaEBEEPE Tits dlatawhan she commasgl W8 mar ked
TS2 in the figure. This causes the synchronous sem conductor nenory device
to stop accepti fagitaveldcks Qﬁt;ﬂ;ase\d;aﬁd&@;mb&y, 15 the synchronous

sem conduct or nenory device also wites the data which had been buffered in
the wite FIFO and driver circuit 617 to the nenory arrays 611, thereby

conpleting the wite o ion. reviously discussed, the use of the
preanble P is designed r%‘v]@'ﬁ@% ?rﬁltg’ém@e‘%i%% 8?“‘?%3’%‘P €since the

data strobe signal STROBE is 14 January 2005 -15 ordinari ly tristated
absent %he out piynchbfonmusdenatendiier inemyr dovice sheuldreceptomitsl datnwbeds t o be
mai ntai ned to ensure reliable detection of the flag signal is dependent

upon the speed gerd R& P55/ WHE: BLRE)AQE 28d WWté%crﬁ}Eng,”f@gééivEl%?msﬂi mim
anount of tinme which nust el apse between a read co nd” and a wite

command. In ordgr.to i nmprgve the speed of. the .menpry device when a wite
command fol | om%ﬁ’@ﬁ‘ﬁ%ﬁ’rﬁ‘?ﬂ}?’l}a{l “dnf?egﬂ‘é‘?P %I e not to have a
preanble signal P, or to mnimze its effect. Accordingly, the invention
further enconpasses two alternate enbodi nents which elimnates the 10

potential inpact the prEH&hE s Riming diageane showmgnhietiese cfnfbagcsigntal ¢ f ol | ows
a read coomand. The first alternate enbodi nent takes advant age
- mark the write clock cycle upon which the synchronous semiconductor

10 * " memory device accepts write data; and

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

the present invention.




of the fact that the phase shift between the wite and command docks, while
arbitrary, remains constant. Thus, the use of the flag signal on the data
strobe signal line for the purpose of synchronizing wite data need 15 only
be perforned only during the initialization of the nenory systemif the
synchronous sem conductor nenory device can be taught the,fim

rel ati onship between the conmand and wite docks. For exak%ﬂéﬂ&¥¥%905
initialization process can include a dutmmy wite during which the nenory
controller 100 transmts the preanble and the flag. The control |ogic 601
14 January 2005 -16 is nodified to observe which wite dock edge (relative
to the command dock edge in which the WRITE command i s accept ed)
corresponds to the one upon which it begins accepting wite data. In this
manner, the nenory controller 200 uses the preanble and flag signals on the
STROBE si gnal | ilagIdLEI 0 BRIPDIDN EYEMARE HODEMENTS

bet ween the command and wite cl ocks. This phase difference can be
expressed as the nunber of wite dock cycles which el apses between the tine

the WRITE command is ac tine.the Ly device begin
accepting data, and can Ee 2?%?’%%{$§1r°%r§’r%ﬁge?’H?W°r%§ﬁf§?%ﬁ%fﬁe?ffe menory
device, to such as a field of the nmenpry device's node register. During
normal operati oﬁl%flﬁﬁa@ Jement theso s shawnusdighd agnoredetailed diggint bér ence
to determ ne when the synchronous sem conductor nenory device 202 shoul d -

accept write dabae sfhilroabussamiceadufior aeesoialéiceNeE. [ddvite PpgaAte and
flag signals over the data strobe signal |ine during nornmal |S operation of

t he synghronoussseami i t hereby inproving the

per f or mance of 2 eﬁﬁ%ﬁqﬁﬁéﬁgﬁﬁé%ﬂcgﬁ%ﬂ%%@mﬂw P5MBhs a
read. In the seqond alternate enbodi nent the flag is transmtted on the
data strobe si gHal“®H edenblgrdatarate SPFAM with indepenidenpeemnbind aidgwrite i s

14 January 2005 17 elimnated. The fal se detection issue which required the

use of the preaslbkks. sAgiaible datdac BDRAAM id in SDRARI wBicteiceshts KRitk Hata
di scovered before any data buffered after the false detectionis witten to

the nmenory arra, £l e Prior, to the,synchr onous

sem conduct or ngﬁob?}ﬁé%%%é%ﬁ%%u |°cf|§h88ﬂ#§ﬁ£°‘5& %"‘c@&%f’rl ogi c
601 di sables thg strobe detector 604 and places the wite circuit path
{receiver 614, @%Fﬁ@?@f’éﬂf@‘smtﬁﬁmkﬁﬁéﬁﬁwvmwa\ﬁth eIkt FO and
drivers 617) in a reset condition to prevent the wite circuit path from

acceptihg and biyhthronumsdetrcontifbort MemORf d&vieOMPRtEsaSvafiefEOt @itk he
control logic-601 to , enables the strobe detector 604 and ‘negates the

reset signal, | [ k. gnal her ermtting.,the wite
circuit path -t g@gg?gp%nar%?%% X%%f‘%‘%ﬁag&"ﬁé%oﬁ?’? SROgIE e St r obe
detector 604. If the nmenory controller does not use a preanble signal, the
strobe det ect orYBeRrOReRs samicondugargeempnedevicesinglistes amoaital dogiob01he dat a
strobe signal |ine STROBE

which accepts 2 command clock CCLX on signal line 104, a write clock

WCLK on signal line 103, and commands and addresses CMD /ADDR on
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




i5 as a logical high and cause the wite circuit path to begin accepting
and buffering data. However, a false detection of the flag will not be

foll owed by seven consecutive logical |ows on the data strobe signal |ine
STROBE because the menory controller 100 will send a true flag within seven
ticks of asserting the WRITE command. Therefore, the stro 604
r=n 14 January 2005 -18 be nodified to send the reset sﬁgHgﬁh§g5ﬁg% wite
circuit path if it does not count seven conSecutive logical |lows after it
has detected a | ogical high on the data strobe signal |line STROBE. The
nmonentary reset signal will cause the wite circuit path to discard any

buf fered data and begin data capture upon receipt of the correct flag,

whi ch prevents incorrect data frombeing witten to the nmenory arrays 611.

The strobe det egt@icdfactsr sibmimpy devédsaiccdpts hadridaioauhesd aad ehe dansecut i ve
| ogical Iows on the data strobe signal I'ine STROBE, in order to prevent it

TS2) s o 11 ag. (o RduRg il Bt AT AIEROAAR ifondr D 3 Mol

out the reset feature after it has detected |ess than seven consecutive
| ogi cal |ows. |memyrbdcdesbeging to acseph wiithdatah Dwdng systergieitighizatianer 604
fromissuing a reset signal (or alternatively, to prevent the wite circuit

path from resporisé AkrhSryecorfstler 300 maikhlizdstthe syicHiofotleécpsicatldudior exanpl e,
five or six consecutive logical lows 1s on the data strobe signal |ine

STROBE foll ow n | ogi,cal high. This is.ko,prevent r . def ect or

si gnal %04 fromgll%‘slﬂ%‘a&&cﬁg’sg?c F3ta SP%?‘@%‘]{ %r%&?%ﬁé’hmggg%glﬁ% ri stated
condition (i.e., signal state TS2) as a fl ag. 14 January 2005 -19 while
certain enbodi méPPEORstate Rentral elid into hdiskd bgéw waisceri 9 Qwge inidalizadat ed
above, the invention is not limted to these specific enbodi nents as

nurer ous nodi fi eied sytbrokO@ @aRficoHhcBdtRkinony devige Bbgiad b \tatpitwrae AR S

can be made without departing fromthe spirit and scope of the invention.

i mited by tne SHREER wcifa e bRt PR wbthrd O8tahBe RERaOEIAE, o

described and illustrated, but is only limted by the scope of the appended
clains. 10 20fapyovislingavrikgsdata §p theGsnghronons serpitopflugies Ay acwehor y
devi ce, said nethod conprising: receiving a wite clock signal; receiving a
wite gopmmand; aegRit\me. Therdst of Sidse fersied Aad cotieabiofaSari hirtlfer

description is omitted for the sake of brevity.

_The synchronous semiconductor memory de\ricc 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

L R L L Ty



strobe portion associated with a clocking edge of said wite clock signal,
and clocking in wite data using said wite clock signal after receipt of
said wite command and beginning with the cl ocking edge associated with
said first strobe portion. 2. Anethod as in claim1l wherein said wite
strobe signal has a preanble prior to said first strobe pg%tion. 2%£ﬁ
nmethod as in claiml wherein said wite strobe signal has Saﬁﬁg% Qe prior
to said first strobe portion. 4. A nethod as in claim1l wherein said first
strobe portion is a first predeterm ned Iod@c | evel of said wite strobe

si gnal . 21 14 January 2005 5. A nmethod as in claim4 wherein said first
strobe portion remains at said first predetermned logic |level for a period
of tinme which is equal to one clock tick of said wite clock signal. 6. A
method as in claim5 wherein said wite strobé signal includes a second

portion fol | ow Ngasﬁﬁi%dc&bﬁ%u;weacﬁﬁrr&igm: 638! &n td19) .beidg at a

second predeterm ned 1ogic level for the duration of the clocking of wite

data into said marrgré devi c claimg wherein said wite
oQe

Zs?.AmatgﬁgasiE g
strobe signal h3SO% BPRALRIO4D R ETCRET Offty 2 MIsETegistesid Sp 3R ARRH: Fegiy
preanbl e being at second predetermned |logic level. 8. A nethod as in claim
7 wherein sai d plégaryd writeFIBOfand drivers@kr .cdineread stwrobe gendratordd®d isf  sai d
wite clock signal. 9. A nethod as in claim8 wherein said preanble |asts
for two ticks ofiseditdclgcerite ada@fkrShOBhal STROBE when the synchronous
5 semiconductor memory device outputs read data. In a conventional
synchronous semiconductor memory device, the data strobe 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 omitted for the sake of brevity.

10 As previously explained and shown in Fig. 2, m}hen a Rlu.rality of
synchronous semiconductor memory devices 202-205 are .assen:gbled onto a
memory module 200 which includes a register 201 that buffers the
command clock CCILX but which d.;ll'CCt[Y 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.



22 14 January 2005 10. A nethod as in claim@8 wherein said preanble |asts
for three ticks of said wite clock signal. 11. A nethod as in claim7
wherein said first predetermined logic level is a high logic |evel and said
second predetermned logic level is alowlogic |level. 12. A nethod as in
claim7 .wherein said wite strobe signal is a tri-state SI égp

nmethod as in claim6 wherein said nenory device cl ocks |n @y 2 I n
data bursts having a predeterm ned nunber pf 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. 14. A nethod
as in claiml wherein said wite command and wite strobe signal are
received froma nenory controller. 23 15. A nenory device conprising: 14
January 2005 a wite cllhelprésaptinvpation salves dhissprobhgn byempleyisigozRe®i gnal ; a
command signal path for receiving a wite command; at |east one data signha

path for recei \aieg?iv%t iﬂe&a ga%fwm Beai&oﬁeénﬁ&w ving a

wite strobe sign I nc ues a t strobe portion; and a |l ogic
circuit responsi 0Oawite orrmand on said commpand signa said
first strobe pmﬁiéﬂnB‘FS%cﬂl‘éP qctt%r@FW@i”@ €103t bgﬁi@gfﬁﬂéﬁﬁ
received on said data signal path using a wite clock signal received on

said wite cl oikddivguby fat dynchvoanas sermiziodddetoa nsdmotyedsiignathepét h i s al so
used by said nmenory device to send a '

5 outputs read data and is tristated under all other circumstances. As shown

in Fig. 3, the present invention adds a strobe detector circuit 604 to the
control logic 601 of the synchronous semiconductor memory device 202.
The strobe detector circuit 604 is connected to the data strobe signal line
-102. The strobe detcctor circuit 604 is enabled after the synchronous
10 semiconductor memory device receives 2 write command and is turned off

after a write burst is completed.

As shown in Fig. 7, the r.o.cm.ory 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 strobc 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



read strobe signal to a nenory controller during a nenory read operation.
16. A nenory device as in claim1l5 wherein said first strobe portionis a
first predetermned logic |level of said wite strobe signal. 17. A nenory
device as in claim 16 wherein said wite strobe signal has a preanble prior
to said first strobe portion, said preanble setting the d 24 .14
January 2005 signal path to a second predeterm ned | ogic ﬁ%@@ﬁﬁéﬁgﬁg?ent
fromsaid first predetermned logic level. 18. A nmenory device as in claim
16 wherein said first strobe portion remains at said first predeterm ned

|l ogic level for a period of tinme which is equal to one clock tick of said
wite clock signal. 19. A nenory device as in claim18 wherein said wite
strobe signal includes a second portion follow ng said first strobe
portion, said second portion being at a second predeterm ned |ogic |evel
for the durati onmemadryeontollkt dgvasfthardatesttebasipnil S TRO® Bresp logiod higie.  20.
A nenory device as in claim19 wherein said wite strobe signal has a

preanble prior t i i -5t ' -SAj [ second
pr edet er m ned | oég}l acszaﬂelvéeollﬁa%f% tﬁ}ﬂ?@%ﬁ%%&g@tﬁ%%ﬁ%@l@% tﬂ\?\%&?‘%i n said
preanble | asts for a predetern ned nunmber of ticks of said wite clock
signal. 25 14 S 3@3@3&%5 dquirgthe regeainder ofsthewrtedurst 1Tha srabs

said preanble lasts for two ticks of said wite clock signal.
detector circuit 604 detects the logical high of the data strobe signal

5 STROBE and triggers the input write path (receiver 614, mask register
615, input register 616, and write FIFO and drivers 617) to accept write

data.

More specifically, thé memory controller 100 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 signél
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 mcmofy device receives a write

15 command. If the strobe detector circuit 604 is enabled ar 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 sigﬁal STROBE. False detection can be prevented by driving the

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




23. A nenory device as in claim21 wherein said preanble lasts for three
ticks of said wite clock signal. 24. A nenory device as in claim 20
wherein said first predetermined logic level is a high logic |evel and said
second predetermned logic level is alowlogic level. 25. A nenory device
as in claim20 wherein said wite strobe signal is a tr!'ﬂtﬁnﬁa?ﬁ?}%" 26.
A nenory device as in claim19 wherein said |ogic circuit causes said
menory device to clock in wite data in data bursts having a predeterm ned
nunber of bits, said first strobe portion'ﬂ? 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. 27. A nenory nodul e conpri sing: 26 14 January
2005 at | east one nenory device, said nenory device conprising: a wite

clock input patepabled. r TR hét@niplidhel yche Gie F § paéamBlesuptidnd of geal pat h
for receiving a wite command; at | east once data signal path for receiving

wite data; a 0 i th.f.or receiying a i strob i gnal
whi ch i ncl udes a%?t?éljt;e @%éﬁ@%ﬁlﬁﬁeﬁﬁw&‘ﬁ%&% @ﬁFSﬁ@“&gagm pat h
is also used by said nenpry device to send a read strobe signal to a nenory
control | er dur it#ae ¥hishhshe strebelsigmel nedds to bg drivgndowifor airelizkde dotestior to a
write command on said conmand signal path and said first strobe portion of
said wite strefehet@nstion @ adbgiki B@H@d@ﬁéﬁcﬁ@ﬁ@bﬁ%ﬁc@?c&ﬁbﬂt&%b&l gnal

path using a wite clock signal "recei'ved on said wite clock input path;

and a gonnect ofycl o, P4FE! 1 B beciHARELb OGS SO HAS i@ pBRhPe!  PUS:
maintained for 1.5 cycles (i.e., 3 ticks) of the write clock. In an alternate
embodiment, the preamble portion is maintained for 1 cycle (i.e., 2 ticks)

of the write clock. In yet another alternate embodiment the preamble may

be dispensed with entirely.

10 _ The second state change i.s_from the preamble signal P to a flag F
which marks the beginning of write data. The flag F is co@unicatcd to
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,



28. A nodule as in claim?27 wherein said first strobe portion is a first
predeterm ned logic |level of said wite strobe signal. 27 14 January 2005
29. A nodule as in claim?28 wherein said wite strobe signal has a preanbl e
prior to said first strobe portion, said preanble setting the data strobe

signal path to a second predetermned logic level differept fr jed first
predeterm ned logic level. 30. A nodule as in claim?28 mﬂ‘i%ﬁwgg}a?@jsgi rst

strobe portion remains at said first predetermined logic |evel for a period
of time which is equal to one clock tick ofl4said wite clock signal. 31. A
modul e as in claim30 wherein said wite strobe signal includes a second
portion following said first strobe portion, said second portion being at a
second predetermned logic |evel for the duration of the clocking of wite
data into said nenory device. 32. A nodule as in claim31 wherein said

write strobe signal hasyRe P IRk e o L ot ian, said

preanbl e being at sécondﬁf)ggejggtggr[% ne&gllso{gq%c e%g:ﬁd.u’i gkﬁéﬁp‘gﬂa%lg'r ;5-%8005

33. Anodule as,in claim 32ftggerei said preanble lasts for a predeterm ned
t

nunber of ti cks i reRamderofitae ety Which is 4 ticksip gt exemplasy cl ai m 33
wherein said preanble lasts for two ticks of said wite clock signal. 35. A
nmodul e as in cl enirodBnedte ket syrwhrochqrseamidonduatiranémory Hedee tdadeuedto sai d
wite clock signal.
accept write data. During this time, the memory controller 100 drives the
5 data strobe signal STROBE low, as indicated by the region marked as F°.
As additional write data arrives, the synchronous-semiconductor memory

device buffers the data in the write FIFO and drivers circuit 617.

The final state change is a rcﬁlm to the tristated condition.
Once the memory controller has completed trénsmission 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



36. A nodule as in claim32 wherein said first predetermned logic level is
a high logic level and said second predetermned logic level is a lowlogic
| evel. 37. A nodule as in claim32 wherein said wite strobe signal is a
tri-state signal. 38. A nodule as in claim31 wherein said Iogic circuit
causes said nenory device to clock in wite data in data.?l gnngm5ng a
predeterm ned nunber of bits, said first strobe portion of sard*wite
strobe signal being coi ncided with the recegtion of a first bit of a data
burst, said second portion of said wite strobe signal 29 14 January 2005
being coincident with the remaining bits of said data burst. 39. A
processor system conprising; a processor; and a nenory device coupled to
sai d processor, said nenory device conprising: a wite clock input path for
receiving a wite,cla k 5| ommand signal , path.for_ recei g2 wite
command; at | eaSFA; ?fg%ﬁ t 9P$ﬁ?°¥g?@' %ﬁ &RfﬁFgggéﬁg é%ta
strobe signal path for rece|V|ng a wite strobe s naI whi ch includes a
first strobe popreiamblcmedsetmbsaladntdmcdtetcnmrs aldetestipniof the fag used by
said nenory device to send a read strobe signal to a nmenory controller

during a memorys; ARBER IR Ripod e 3pt QObLrheisirobe dctQEBPERMME60PaRd W i t e
command on said onnand si gnal “path aﬂd sai d flrst strobe portion of said

wite strobe si Bﬂgl a@ﬁ}cl ocki n%I in datfa rec ergugtnelgggeq)et%%gnglgyl pat h

using a wite ¢

5 command and a write command.

In 6rdér to improve the speed of the memory device when a
write command follows a read command, it would be desirable not to have
. 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 advanfagc
of the fact that the phase shift between the write and command clocks,
while arbitrary, rcfnajns constant. Thus, the use of the ﬂég signal on the
data strobe sigrial line for the-purpose of synchronizing write data need
15 only be pcrforﬁlcd only during the initialization of the memory system if
the synchronous semiconductor memory device can be taﬁght the timing
relationship between the command and write clocks. For .examplc, the
initialization process can include a dummy v-vritc during which the memory

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




said wite clock input path. 30 14 January 2005 40. A processor system as
in claim39 wherein said first strobe portion is a first predeterm ned
logic level of said wite strobe signal. 41. A processor systemas in claim
40 wherein said wite strobe signal has a preanble prior to said first

strobe portion, said preanble setting the data strobe signal,.pa a
second predetermned logic level different fromsaid fi rsﬁaﬁlﬁﬁﬁé&gpﬁ?ned
logic level. 42. A processor systemas in claim40 wherein said first
strobe portion remains at said first predetermned logic |evel for a period
of time which is equal to one clock tick of said wite clock signal. 43. A
processor systemas in claim42 wherein said wite strobe signal includes a
second portion follow ng said first strobe portion, said second portion
being at a second predeterm ned logic |evel for the duration of the

cl ocki ng of wri tsemgdified tat cbsaradwhizhowrjte dbikosige (relhtidd td diiesnin2@ds 44. A
processor systemas in claim43 wherein said wite strobe signal has a

essor s inclair sai d wi | |
b1 caetermned | ok Eval e BORRITE orfien SOk AR RA ottt Rl

said preanble | asts for lglicﬁr_el(;let,errn' ned nunber_ of ticks of said
One¢ upon w. it begins accepting write data. In this manner, the

memory controller 200 uses the preamble and flag signals on the STROBE
5 signal line to teach the control logic 601 the phase difference between the
command and write clocks. This p}:ase difference can be expressed as the
number of write clock cycles which elapses between the time the WRITE
command is accepted and the time the memory device begins accepting
data, and_ can be stored, for gxample, in a register of the mc.rnory device,
10 such as a field of the mcmory device’s mode register. Duﬁng normal
| bég;ation the control logic 601 can use the stored mmng difference to
-_dctcmﬂqc whén the synchronous semiconductor memory device 202
should accept write data. This climinatés the need to transmit the
preamble and flag signals over the data sﬁobe signal line during normal
15 operation of the synchronous semiconductor memory device, thereby
improving the performance of 2 the memory device wheq 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 preambile signal is




wite clock signal. 46. A processor systemas in claim45 wherein said
preanble lasts for two ticks of said wite clock signal. 47. A processor
systemas in claima45 wherein said preanble |lasts for three ticks of said
wite clock signal. 48. A processor systemas in claim44 wherein said

first predetermned logic level is a high logic |evel and 1d s
predetermned logic level is alowlogic level. 49. A pro&igg%‘faigg em as

in claim44 wherein said wite strobe signalj7is a tri-state signal. 32 14
January 2005 50. A processor systemas in claim43 wherein said |logic
circuit causes said nenory device to clock in wite data in data bursts
havi ng a predeterm 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

coi nci dent wi t h eligingtadni Fhe fplssi desecsionsiasug which rearised the userofiiehod of
operating a nenory device, said nethod conprising: initializing the nenory

devi ce, said inigreahbld 98ndl\¢hh bRmaRIERE iSthedalse etictioRds diseeverad Gefreck
signal; accepting a first wite conmand in synchronismwth a clock edge of

Strobo 81 gnal  witERePAC gerR et cBY e Yk ek B P RE bhe EBROK el

edge of said wite cl.ock signal, wherein said wite strobe signal is
recei ved on a d#&ild.sMasbepedificedly, paohtathesnchnomous yemippndyctringémpy al so
used by said nmenory device to send a read strobe signal to the nenory
control lser duri iigvite RS thg AROVRITE driifhand, the control logic 601 disables the
strobe detector 604 and places the write circuit path (receiver 614, mask
register 615, input register 616, write FIFO and drivers 617) in a reset
- condition to prevent the write circuit path from accepting and buffering
- data. When thc.W'RITE command is accepted, the control logic 601
10 . enables the strobe detector 604 and negates the reset signal, which is a
momentary signal, thereby permitting the write circﬁit path 1;0 accept and
buffer data under the control of the strobe detector 604. ifthc memory
controller does not use a preamble signal, the strobe dctcctﬁr 604 may
falsely detect the tristated condition of the data strobe signal line ST ROBE
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



14 January 2005 counting a nunmber of wite clock signals between the
acceptance of the first wite command and the first strobe portion of the
wite strobe signal. 52. A nethod as in claim51, wherein said step of
initializing further conprises: storing the nunber in a register of the
menory device. 53. A nmethod as in claimb52, wherein said,eqi e @ node
regi ster of the nenory device. 54. A nethod as in clain1§ffg$a&?ﬁgpg
conprising the step of: operating the nenory device, said operating further
conprising: accepting a second wite commaid in synchronismwth 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 el apsed.
3a 14 January 2005 55. A nethod as in claimb52, further conprising the step
of : operating the nmenory device, said operating further conprising:

accepting a secbathodifiéd 16 @R refecsigiah t@eSWHYS et SaBGKItesdae of the
wite clock signal; clocking in wite data using said wite clock signal

of operating a SoRBAVaLePeetalloBaliond R e iR K digh g 1 o
clock signal; receiving a wite conmand and enabling a strobe
- the data strobe signal line STROBE. The momentary reset signal will cause
the write circuit path to discard any buffered data and begin data capture
5 upon receipt of the correct flag, which prevents incorrect data from being
written to the memory arrays 611. The strobe detector 604 is disabled -
after it has detected seven consecutive logical lows on the data strobe signal
~ line STROBE, in order to prevent it from falsely detecting the second
tristated condition (i.e., signal state TS2) as a flag. The second altcmaﬁ
10 embodiment can also optionally lock out the reset feature after it has
detected le-ss'. than seven consecutive logical lows. It may be desirable to
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 2 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.



detector, said strobe detector sensing a wite strobe signal |ine which has

a first logical state corresponding to a first portion of a strobe signal

associated with a cl ocking edge of said wite clock signal and a second

| ogi cal state corresponding to a second portion of the wite strobe signal

when the strobe detector senses the strobe signal at the first |ogical
tRRugY 2085

state, starting to clock in wite data into a buffer usi nd4 cl ock
signal on the clocking edge associated with;gaid first strobe portion; 35
14 January 2005 when the strobe detector sense the strobe signal at the
second | ogical state, continuing to clock in wite data using said wite
clock and counting the ticks of the wite clock signal while the strobe
signal is sensed at the second | ogical state; and when the strobe detector
sense the strobe signal at the first |logical state, resetting the buffer to
di scard previously cl ocl8uleioertdin embpdinhents ofititd inyentson bave bermdescfibedt
predet erm ned nunber. 57. The nethod of claim56, further conprising the

step of: when t BRdGRMHAADIBAR, &@ﬁ%&%&%ﬁé&ﬁgﬁfg&g@éﬁ@meh

preventing the buffer frombeing reset. 58. The net ' al m 56, wherein
said first predeterm.ned nunber is equal to one tick lesg than the.wite
burst |ength of c'&%"@%raﬁ R RArens %@ﬁ’@“ﬁ’eﬁﬁﬂﬁcﬁmﬁi‘ SHEsEons®er i n t he
wite burst length of said menory device is 8 ticks and the first
predet er mi ned negwwalent slefhenindan be made without departing from the spirit and
5 scope of the invention. Accordingly, the scope of the present invention is
not to be considered as limited by the specifics of the particular structures

which have been described and illustrated, but is only limited by the scope

of the appended claims.

10



14 January 2005 60. The net hod of claim57 wherein said second
predeterm ned nunber is equal to two ticks less than the wite burst length
of said nenory device. 61. The method of claim57, wherein said second
predet erm ned nunber is equal to three,ticks less than the wite burst

| ength of said nmenory device. 62. The fret hod of cl aim 57, ¥H§?§i%?é wite
burst length of said nenory device is 8 ticks and said second predeterm ned
nunber is 6 ticks. 63. The nmethod of claimb57, wherein the wite burst

| ength of said nenory device is 8 ticks and said second predeterm ned
nunber is % é&&ﬁ@i 64. A nenory device conprising: a wite clock input path
for recei vim ite clock signal; a conmand signal path for receiving a
wite command; at |east one data signal path for receiving wite data; a
data strobe signal path coupled to a strobe detector which senses a | ogical
state of the data strobe 37 14 January 2005 signal path, said data strobe
signal path havilng aX imesthdd g alpestattina & mepondidryiera 32¥38t strobe
portion and a second | ogical state corresponding to a second strobe
portion; ametx$icd Gonpiitsiresponsive to the wite command and the strobe
detector detecting the first logical state to start clocking in wite data
into a buffer uSiRGiSAIry W W8 td elodt Hidnamherein said logic circuit is
responsive to the strobe detector detecting the second |logical state to

continue to cIo&%délﬁgﬂéeatﬁyf%érgéhﬁgﬁapuffer and to

receiving a write strobe signal which has a first
gstrobe portion associated with
a clocking edge of said write clock signal, and

clocking in write data using said write clock signal
after receipt of 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
signal has no preamble prior to said first strobe portion.
4. A methed as in claim 1 wherein said first strobe

porticn ig a first predetermined logic level of said write

strobe signal.




count ticks of the wite clock while the strobe detector detects the second
| ogi cal 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 discard previously C|Oc%ﬁg in data if the count is |ess than
2a{ hrlsg predeterm ned nunber. 65. The nory device of C'ﬂﬂn@%wmr ein
gic circuit is responsive to the count reaching a secon
predet ermi ned nunber to prevent the resetting of the buffer. 38 14
January 2005 66. The nenory device of claim®65, wherein said first
predeterm ned nunber is equal one tick less than the wite burst |ength of
sai d nmenory devj ce. 757%nethied nesoiy ¢leviwes ofhetaim £oidwheret nsthebarite
burst length of said nmenory device is 8 ticks and the first predeterm ned

nunber s ofy tCles. il i d16 TBEDS o @l%&g%péd&&@fm@éd Pb§1&i Nesaid second

predetermned nunber 1s equal to tw ticks less than the wite burst |ength
of said eI Y, device, 69. .The y. deyi of . cl ai in said
second preé)e et enllelcPc}luorT%etrl-l;F% V['e%ua Jf% éf/ 1(rj%le ttfcljcéf’silé r&eg(gc}t{\kll\gﬁéfﬁhe wite
burst | ength of, said nenn devjce.. 70. The nmenory device of claim 65,
wherein t vﬁallt‘i BYst ¢ %‘a‘fh‘“”b‘?n@ai d menory device is 8 ticks and said
second predeterm ned nunber is 6 ticks. 71. The nenory device of claim 65,
wherein the wite burst length of said nenory device is 8 ticks and said

second predeterm ned nunber is 5 ticks. 39
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.

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.

8. A method as in claim 7 wherein said preamble
lasts for a predetermined number of ticks of said write

clock signal.

9. A method as in claim 8 wherein said preamble

lasts for two ticks of said write clock signal.



14 January 2005 72. The nmethod of claim1, wherein said nenory device is a
synchronous dynam ¢ random access nenory. 73. The nenory device of claim
15, wherein said nmenory device is a synchronous dynam ¢ random access
nmenory. 74. The menory modul e of clai 27, wherein said at |east one menory
device is a synchronous dynam c random access nmenory. 75'11@9ﬂ@&ﬁ9@5§0r
system of claim 39, wherein said nenory device is a synchronous dynam c
random access nmenory. 76. The method of claim51, wherein said nenory
device is a synthronbusedypdnie iandbaimceekenennr yaid7preasbhet hod of

cl aim56, wherein said nenory device is a synchronous dynam ¢ random access
menory. 78ladite fenothreevitekofof| anid 64drivheckooksaidgnatnory device is a
synchronous dynam ¢ random access nenory. 40 79. A nenory nodul e
conprising: 14 January 2005 a first command signal path for receiving a
command; a first command cl ock signal path for receiving a command cl ock; a

regi ster coupl eth to A NG £h5gta60MBRY, $hopaLBALInagdifheitkest command

cl ock signal path, wherein said register outputs the command recei ved on

the first co nd signal.path 1o a,second ¢ nd. si gn p out put s
t he conwa@?éﬁ%%%?@%@%?v% 01 i%%e%i%%tac%ﬁﬁgﬂgogfgc eg%éngﬁgpgggdto a
second command cl ock_si gnal th; a ite clock |npu ath_for._receiving a
wite cl ocfr@%?rgfﬁame%ee%lfrm?@nﬂ?gbat eYet 1BcRi %?ﬁgiaﬁmlag?&:

12. A method as in c¢laim 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, said first strobe portion of
gsaid 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 ag in claim 1 wherein said write

command and write strobe signal are received from a memory

contrcller.




data strobe signal path for receiving a wite strobe signal which includes
a first portion; and at |east one nenory device, said nenory device coupled
to the second command signal path, the second command cl ock path, the wite
cl ock input path, the data signal pat and the data strobe signal path,
wherein each of said nmenory device furt?'her conprises a loﬂifarﬂah}:ﬁﬂdé‘;
responsive to a wite command on said second comrand signal path and said
first strobe portion of said wite strobe signal on said data strobe signal
41 14 January 2005 patreniary clecidagampriingecei ved on said data signal
path using a wite clock signal received on said wite clock input path
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18, A memory device as in c¢laim 16 wherein said
first strobe portion remains at said first predetermined
logic level for a periocd of time which is equal to one

clock tick of said write clock signal.

19. A memory device as in claim 18 wherein said
write strobe signal includes a second portion following
gaid 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.

20. A memory device as in claim 19 wherein said
write strobe signal has a preamble prior to said first
strobe portion, said preamble being at second

predetermined logic level.

21. A memory device as in claim 20 wherein said

preamble lasts for a predetermined number of ticks of said

write clock signal.
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22. A memory device as in claim 21 wherein said

preamble lasts for two ticks of said write clock signal.

23. A memory device as in claim 21 wherein said

preamble lasts for three ticks of said write clock signal.

24. A memory device as in claim 20 wherein said
first predetermined logic level is a high logic level and
said second predetermined logic level is a low logic

level.

25. A memory device as in claim 20 wherein said

write strobe signal is a tri-state signal.

26. A memory device as in claim 19 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 the remaining bits of said

data burst.

27. A memory module comprising:
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comprising:

a write clock input path for receiving a write clock
signal;

a command signal path for receiving a write command;

at least once data signal path for receiving write
data;

a data strobe signal path for receiving a write
strobe signal which includes a first strobe portion,
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;

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; and

a connector for electrically connecting said module

to a signal bus.

28. A module as in claim 27 wherein said first
strobe portion is a first predetermined logic level of

said write strobe signal.
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3Y109%3& () -!j 109G (B mddulld &9 in claim 28 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.

30. A module as in claim 28 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.

31. A module as in claim 30 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.

32. A module as in claim 31 wherein said write
strobe signal has a preamble prior to said first stxrobe
portion, said preamble being at second predetermined logic

level.
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34. A module as in claim 33 wherein said preamble

lasts for two ticks of said write clock signal.

35. A medule ag in claim 33 wherein said preamble

lasts for three ticks of said write clock signal.

36. A module as in c¢laim 32 wherein said first
predetermined logic level is a high logic level and said

second predetermined logic level is a low logic level.

37. A module as in claim 32 wherein said write

strobe signal is a tri-state signal.

38. A module as in claim 31 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
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being coincident with the remaining bits of said data

burst.

39. A procesgor gystem comprising;

a processor; and

a memory device coupled to said processor, said
memory device comprising:

a write clock input path for receiving a write clock
gignal;

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, wherein said data strobe signal path
igs also used by said memory
device to send a read strobe signal to a memory controller
during a memory read operation; and

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.
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40. A processor system as in claim 39 wherein said
first strobe portion
is a first predetermined logic level of said write strobe

signal.

41. A processor system as in claim 40 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.

42. A procegsor system as in claim 40 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.

43. A procesgor system as in claim 42 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.
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44, A processor gystem as in claim 43 wherein said
write strobe signal has a preamble prior to said first
strobe portion, said preamble being at second

predetermined logic level.

45. A processor system as in claim 44 wherein said
preamble lasts for a predetermined number of ticks of said

write clock signal.

46. A processgsor system as in claim 45 wherein said

preamble lasts for two ticks of said write clock signal.

47. A procegsor system as in claim 45 wherein said

preamble lasts for three ticks of said write clock signal.

48. A processor system as in claim 44 wherein said
first predetermined logic level is a high logic level and
said second predetermined logic level is a low logic

level.

49. A processor system as in claim 44 wherein said

write strobe signal is a tri-state signal.
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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 the remaining bits of said

data burst.

51. A method of operating a memory device, said
method comprising:

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;

receiving a write clock signal;

receiving a write strobe signal which has a first
strobe portion associated with a clocking edge of said
write clock signal, wherein said write strobe signal is
received on a data strobe signal path of said memory
device which is also used by said memory device to send a
read strobe sgignal to the memory controller during a

memory read operation;
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52. A method as in claim 51, wherein said step of
initializing further
comprises:

storing the number in a register of the memory

device.

53. A method as in claim 52, wherein said register

is a mode register of the memory device.

54. A method as in clairn 51, further comprising the
step of:

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.
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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.

56. 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
gsignal line which has a first logical state corresponding
to a first portion of a strobe signal associated with a
clocking edge of said write clock signal and a second
logical state corresponding to a second portion of the
write strobe gignal

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 clock signal on the clocking

edge asgsociated with said first strobe portion;
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data using said write clock and counting the
ticks of the write clock signal while the strobe signal is
gensed at the second logical state; and
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.

57. The method of claim 56, further comprising the
step of:
when the counting has reached a second predetermined

number, preventing the buffer from being reset.

58. The method of claim 56, wherein said first
predetermined number is equal to one tick less than the

write burst length of said memory device.

59. The method of claim 56, wherein the write burst

length of said memory device is 8 ticks and the first

predetermined number ‘is 7 ticks.
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write burst length of said memory device.

61. The method of c¢laim 57, wherein said second
predetermined number is equal to three ticks less than the

write burst length of said memory device.

62. The method of claim 57, wherein the write burst
length of said memory device is 8 ticks and said second

predetermined number is 6 ticks.

63. The method of claim 57, wherein the write burst
length of said memory device is 8 ticks and said second

predetermined number is 5 ticks.

64. A 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;

a data strobe signal path coupled to a strobe

detector which senses a logical state of the data strobe
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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;
wherein said logic circuit is responsive to the
strobe detector detecting the second logical state to
continue to clock in write data into the 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 discard previously

clocked in data if the count is less than a first

predetermined number.

65. The memory device of claim 64, wherein said
logic circuit is responsive to the count reaching a second
predetermined number to prevent the resetting of the

buffer.
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first predetermined number is equal one tick less than the

write burst length of said memory device.

67. The memory device of claim 65, wherein the write
burst length of said memory device is 8 ticks and the

first predetermined number is 7 ticks.

68. The memory device of claim 65, wherein said
second predetermined number is equal to two ticks less

than the write burst length of said memory device.

69. The memory device of claim 65, wherein said
second predetermined number is equal to three ticks less

than the write burst length of said memory device.

70. The memory device of claim 65, wherein the write
burst length of said memory device is 8 ticks and said

second predetermined number is 6 ticks.

71. The memory device of claim 65, wherein the write
burst length of said memory device is 8 ticks and said

second predetermined number is 5 ticks.
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73. The memory device of claim 15, wherein said

memory device is a synchronous dynamic random access

memory.

74. The memory module of claim 27, wherein said at
least one memory device is a synchronous dynamic random

accesgg memory.

75. The processor system of c¢laim 39, wherein said
memory device is a synchronous dynamic random access

memory.

76. The method of claim 51, wherein said memory

device is a synchronous dynamic random access memory.

77. The method of claim 56, wherein said memory

device is a synchronous dynamic random access memory.

78. The memory device of claim 64, wherein said

memory device is a synchronous dynamic random access

memory.
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79. A memory module comprising:
a first command signal path for receiving a command;
a first command clock signal path for receiving a
command clock;
a register coupled to the first command signal path
and the first command clock signal path, wherein said
register outputs the command received on the first command
gignal 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;
a data signal path for receiving write data;
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 clock input path, the data
gignal 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
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