WO 02/ 17323 PCT/ USOL/ 25957 -1 SYNCHRONI ZED WRI TE DATA ON A HI GH SPEED
MEMORY BUS BACKGROUND OF THE INVENTION 1. Field of the Invention 5 The
present iwo@eniilen rel ates generally to synchronous nenoryPCEYSt1&25857 and
nore particularly to synchronizing wite data on a high speed nenory bus.
2. Description of the Related Art An exenplary conputer system1 is
illustrated in Fig. 1. The 10 conputer system 1 includes a processor 401,
a nmenory system 2, and a expansion bus coniroller 402. The nenory 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 nore expansion buses 403, to which various peripheral devices such as
mass st orage devices, 15 keyboard, nouse, graphics adapters, and multinedi a
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1. Field of the Invention

5 The present invention relates generally to synchronous memory
systems, and more particularly to synchronizing write data on a high speed

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



WO 02/ 17323 PCT/ USOL/ 25957 -2 106. The nenory bus conprises a plurality of
signal lines 101-105, which respectively conmuni cate data DATA (over a
pluralitweob2/iidmes 101), a data strobe STROBE, a wite cPOTKSMOSHKS7 a
command cl ock CCLK, and conmmands and data CVD/ DATA (over a plurality of
lines 105). The 5 nenory nodul es 200 300 accept commands from the nenory
controller 100 synchronized on the rising edge of the command cl ock CCLK
on signal line 104. A short time after the-nmenory nodul es 200 300 accept a
wite command, the nmenory nodul es 200 300 accept wite data synchronized
on the rising and falling edges of the wite clock WCLK. The 10 nunber of
write clock cycles which el apses between the synchronous sem conduct or
menory devi ce accepting a wite command and the tinme the synchronous

sem conduct or ry,devi ce hegins accepting.wite data . wn .as wite
ot ency. Dur ngl GG KBTI OT A TEarTagtie: he iy szahte 18 ERaER merory
modul es are initialized to operate the menory 15 system 2 with a desired
wite |atency. Rapdrtivelrmommuaigite 2GODAIM fdvies aplumbiysefdineg 391 hrrddatin t he
exanpl e shown, a plurality of synchronous sem conductor nenory devices
strobe STROBE, a write clock WCLK, a command clock CCLK, and
commands and data CMD/DATA (over a plurality of lines 105). The
5 memory modules 200 300 accept commands from the memory controller
100 synchronized on the rising edge of the command clock CCLK on
signal line 104. A short time after the memory modules 200 300 accept a
write command, the memory modules 200 300 accept write data
synchronized on the rising and falling edges of the write clock WCLK. The
10 number of write clock cycles which elapses between the synchronous
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.

Fach 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.



202-205. The timng diagramfor a wite operation to one of the

synchronous sem conduct or nenory devices 202-205 is illustrated in Fig. WO
02/ 17323 WVRe04/USed/ 25957 -3 4. The wite clock WCLK oper aperust/zeirl e t he
frequency of the command clock CCLK. Both cl ocks are synchronized, so at

t he beginning of a clock cycle N of the command clock CCLK the wite clock
WCLK is beginning a corresponding 2N clock. cycle. In Fig. 4, the
exenplary 5 nenory is being operated with & wite latency W. equal to 1
wite clock cycle. Thus, when the wite conmmand is asserted on the commuand
bus CMD on clock cycle TlI, the systemwaits to satisfy the wite |atency
WL requirenent on clock cycle T2, and begins to accept wite data on
clock. cycle T3. The synchronous sem conductor nenory device operates in
10 what is kno

[ d
the. next " severdn LoFQERL R, 85 'aﬁcm?ﬁt bPiiiBe SBalREFE e <y nohr onous

sem conduct or nenory devi ce accepts an 8-length burst over 4 clock cycles
T3-T6. Thus, i fcameagdeaskdCahl vﬁqthetkcql@@kessyaﬁlém@meswmw beginreagt he
synchronous sem conductor nmenory can count the 15 nunmber of wite clock
cycles which elapsésciatic¢ N bfrhdevitgartdepk €CGLIMhE @rite clock WCLK is

beginning a corresponding 2N clock cycle. In Fig. 4, the exemplary
5 memory is being operated with a write latency WL equal to 1 write clock

cycle. Thus, when the write command is asserted on the command bus
CMD on clock cycle T1, the system waits to satisfy the write latency WL
requirement on clock 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 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



command (synchroni zed with the command cl ock) to determine when it should
bei ng accepting wite data. However, the conmand and wite clocks may not
be synciwon¥rsedi Referring nowto Fig. 2, a nore detail edCcousagrzansof the
WO 02/ 17323 PCT/ USOL/ 25957 -4 nenory nodule 200 fromFig. 1 is shown. The
menory nodul e 200 features a register 201 which is used to buffer the
command cl ock CCLK and commands and addresses CMD/ ADDR  The buffered
command cl ock CCLK and commands and addregses CVMD/ ADDR are then 5
distributed to each of the synchronous sem conductor menory devices

202- 205 on internal signal |lines 104" and 105 respectively. On the other
hand, each of the synchronous sem conductor nenory devices 202-205 have
their data signal line 101, strobe signal line 102, and wite cl ock signal

line 103 directly coupled.t e nor,y. bus 10 Since the ¢ d 10 clock
CCLK signal is l&é%%‘%gﬂ%gf)@gr%‘ﬁ%rle‘a SE?‘XHT g&eﬁwoﬁ'ﬁo\%ﬁﬁmhe wite
clock WCLK is directly coupled to the sem conductor nenor devi ces

202- 205, an ar bfeatuaesya ysigisser HHi Whichys usesl todhutbesthe hemprandeclagkdCCd dmrand

cl ocks. For exanple, Figs. 5A and 5B are timng diagrans for a
and commands and addresses CMD/ADDR. The buffered command

clock CCLK and commands and addresses CMD /ADDR are then
5 distributed to each of the synchronous semiconductor memory cievices

202-205 on internal signal lines 104’ and 105’ respectively. On the other
hand, each of the synchronous semiconductor memory devices 202-205
have their data signal line 101, strobe signal line 102, and write clock signal
line 103 directly coupled to the memory bus 106. Since the command

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



wite operation with a 1 wite clock wite latency W.. In Figs. 5A and 5B
15 the wite and command cl ock wave forns appear identical. However, in
Fig. 5A woexphase shift PSis 1.5 wite clocks, thereforBCT/8018p037Thr oNOUS
sem conductor nenory device should satisfy the wite latency 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 the synchronous WO

02/ 17323 PCT/ USQOL/ 25957 -5 sem conduct or +fenory device should satisfy the
wite latency W requirenent on clock TI 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 seni conductor 5 nmenory device to accurately determ ne the

proper CyC| e of etmhlg?l\li'\%r&gr r%lepan dVW‘e Sﬁj&'ﬁ& SX)@;?Q} t‘grlgiel CnC??]&%pt I ng write

data. Accordi ngly, €’1s For an app us an
synchroni ze wite data in nennr systens enpl oyi ng separate command and
wite clocks whieghirgmgnt aeglock Thade agiept writa dagMarsksG2-TiFE $iveENr oN

phase shift is induced by a device external to a synchronous semiconductor
memory device, it is impossible for the synchronous semiconductor
5 memory device to accurately determine the proper cycle of the write clock

WCLK upon which to begin accepting write data.

Accordingly, there is a need for an apparatus and method to
synchronize write data in memory systems employing separate command

and write clocks which may incur a phase shift.

10

SUMMAR 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



The present invention is directed at a nethod and apparatus for

synchroni zing wite data in a synchronous sem conduct or nenory device and
syst em wwa@h2/suspports separate wite and conmand cl ocks. FOBRUSE/PpESent
invention permts the synchronous sem conductor nenory device to
accurately determ ne upon which wite clock cycle it begins to accept
wite data, even if there is an arbitrary phase shift between the comand
and wite clocks. The present invention takes advantage of the unbuffered
WO 02/ 17323 PCT/ USOL/ 25957 -6 data strobe signal which is normally unused
during a wite operation. The nenory controller of the present invention
transmts a wite flag on the data strobe signal line on the wite clock
cycl e upon which the synchronous seni conductor nmenory device shoul d begin

accepting wite data. ,The 5 synchronous,sen conductor nory_devi of the
present invent | G- HePecEad WA FatRl R A Peaa il T diior e
controller and begins accepting wite data when it detects the wite flag.
BRI EF DESCRI PTI @NneEy TRErDEm\#iNGS prescat Gvention frgasmiss esvrifedogomtde with a
menory systemincluding a nenory controller, a plurality of menory

nmodul es, and a @RAREAbBYEINAl line on the write clock cycle upon which the synchronous
semiconductor memory device should begin accepting write data. The
5 synchronous semiconductor memory device of the present invention
detects the write flag transmitted by the memory controller and begins

accepting write data when it detects the write flag.

B DESCRIPTIO F THE DRA S

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;



FIG 2 is a nore detailed illustration of a nenory nodule fromFIG 1
including a register and a plurality of synchronous sem conductor nenory
devi ces; WOOFIG233 is a nore detailed illustration of a spoTUSOIR3NET

sem conductor nenory device fromthe nmenory nodule of FIG 2; WD 02/17323
PCT/ US01/ 25957 -7 FIG 4 is a timng diagram show ng when the synchronous
sem conduct or nenory device accepts wite data when the conmand and wite
cl ocks are phase synchroni zed; FIGS. 5A and-5B are timng diagrans show ng
when the 5 synchronous sem conductor nenory device should accept wite data
when there is a 1.5 wite clock cycle and 0.5 wite clock cycle,
respectively, phase shift between the command and wite clocks; and FIG 6
is atimng diagramshowi ng the use of a flag signal to mark the wite

cl ock cycle upon which ynchronous sem,conductor .10 nor y_devi ce
accepts write data; anoﬁlgﬁésgé?ti“g”g PERR OGP NS e fE (\}n%gntrol | er
according to the present invention.

semiconductor memory device accepts write data when the command and

write clocks are phase synchronized;

FIGS. 5A and 5B are timing diagrams showing when the
5 synchronous semiconductor memory device should accept write data when
there is a 1.5 write clock cycle and 0.5 write clock cycle, respectively, phase

shift between the command and write clocks; and

FIG. 6 is a timing diagram showing the use of a flag signal to
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 memory controller according to

the present invention.



WO 02/ 17323 PCT/ USOL/ 25957 -8 DETAI LED DESCRI PTI ON OF EXEMPLARY

EMBODI MENTS Now referring to the drawi ngs, where |like reference nunerals
desi gnat avO oXe73ed enents, there is shown in Fig. 3 a nore Beraséiextozti agram
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 rate SDRAM wi t h i ndependent command and wite

cl ocks. A double data rate SDRAM i s an SDRAM whi ch accepts wite data on
both the rising and falling transitions of the wite clock. Each rising or
falling transition of the wite clock cycle is known as a tick. The 10
synchronous sem conduct or nenory device includes a variety of circuits

used to control, address, and input/output data For exanple, the
synchronous se ..c A ¢ 601 which
accepts a commafi ! grar ' WCLK on
signal line 103, and comTands and addresses CND/ADDR on 15 a plurality of
signal lines 105. The control |ogic 601 includes a command decoder 602 for
decodi ng recei ved comueNew,reterdng to difi dreingo®hewy likesiefaremey monerels| | i ng
certain operational paraneters such as the wite |atency

designate like elements, there is shown in Fig. 3 a more detailed diagram of

one synchronous semiconductor memory device, ¢.g., device 202 of Fig.

5 2. In the exemplary embodiment, the synchronous semiconductor memory
device is a double data rate SDRAM with independent command and write
clocks. A double data rate SDRAM is an SDRAM which accepts write data
on both the rising and falling transitions of the write clock. Each rising or
talling transition of the write clock cycle is known as a tick. The

10 synchronous semiconductor memory device includes a variety of circuits
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



W.. The wite latency is the nunber of wite clock cycles which el apses
between the tinme (synchronized with the command cl ock) the synchronous WO
02/ 17323 VRe02/USed/ 25957 -9 sem conduct or nmenory devi ces BCTEPUIRSHSMW i te
command and the time (synchronized with the wite clock) the synchronous
sem conductor nenory device begins to accept wite data. During system
initialization, the nenory controller 100 initializes the synchronous
sem conductor 5 nenory device to operate af-a specified wite |atency W. by
witing an appropriate control value into a field of the register 603.
Once initialized, the synchronous sem conductor nenory device begins to
accept wite data wth the specified wite |atency and the nenory
controller is responsible for providing wite data to the synchronous

sen conduct or j hat, L4 tures are
aﬁﬂpﬁgﬁg&&ﬁ@%&@ﬁ&b& ackdt®a wilte Bafndd Lhear daa

conventi onal _ ption is omtted for the sake of brevity.
fogi ot or 605 coiPRGHORBEUANTLHE WO GharRenF o eI E B addr ess. ¢ he
menory arrays 611 of the synchronous sem conductor 15 nmenory device. These
circuits incl udeettvey defice bhgine tmaexcp6@7ite dite. dduving system initialization,

the memory controller 100 initializes the synchronous semiconductor

5 memory device to operate at a specified write latency WL by writing an

appropriate control value into a field of the register 603. Once initialized,

the synchronous semiconductor memory device begins to accept write data

with the specified write latency and the memory controller is responsible

for providing write data to the synchronous semiconductor memory device

10 at that time. The use of these features are conventional and further

description is omitted for the sake of brevity.

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



address nul ti pl exer 606, the bank control |ogic 608, the row address |atch
and decoder 610, the columm address |atch and counter 609, and the colum
decoder &M@ 02/TH3e3 synchronous sem conductor nenory devi ce BCBOSOW25g37udes an
i nput and out put path which includes an 1/0O Gating and WD 02/ 17323

PCT/ USOL/ 25957 -10 Masking Circuit 612, an output register 618, an out put
driver 619, a read strobe generator 620, a receiver 614, a mask register
615, an input register 616, and wite FIF®-and drivers 617. The read
strobe generator 620 is used to generate a data strobe signal STROBE when
t he synchronous 5 sem conductor nenory device outputs read data. In a
conventional synchronous sem conductor nenory device, the data strobe
signal STROBE is normally tristated when the device is not outputting read

data. The use t.hese ci. its are conventiqnal and further,d ri ption
of their funct%ﬁ@ﬁf@%ﬂ{% d SHPERE Sg reéfc))%] aBroél\FP’tlty&m;leﬁ%,&g’ fg)r%éa\ﬁ ously

expl ai ned and shown in Fig. 2, when a gl urality of synchronous
seni conduct or n¥tehygeEvitor §200prezoene  aswasiblegistas s, an ippidegstesdul e
200 which includes a register 201 that buffers the command cl ock CCLK but

which directly epsPIRBwHREFIFOD bid ekivels OMZKlhe read strobe generator 620 is
used to generate a data strobe signal 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, 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 acceptirig write data.



an arbitrary phase shift exists between the two cl ocks as seen by each of
the 15 synchronous sem conductor nenory devi ces 202-205 even though t
menory covooplizes 100 transmits both clocks in a synchronpewdSéizzshion. As

a result of thi

S, It is inpossible for the synchronous sem conduct or

devi ces 202-205 to accurately determ ne which wite clock WCLK cycl e
accepting wite data. WO 02/ 17323 PCT/ US01/ 25957 -11 The

whi ch to begin

present invention solves this problem by empl oying a new use for the

unbuffered data strobe signal STROBE. In a conventional synchronous
sem conductor nenory device, the data stobe signal STROBE is driven

synchronous sem conduct or

tristated under
i nventi on adds

circuit 604 is
detector circu
menory device r

10

15

he

menory
upon

by the

menory device when it 5 outputs read data and is

all other circunmstances. As showmn in Fig. 3, the present

a strobe~detector _cir.cuit, 604 .10 the an . 1 ogl ¢ 601 of
t he synchronous sem con 6@?8$m%gH§P%OH§9P@%ﬁﬁ%@#ﬂﬁ?ﬁégg%r@@gm§é€%§¥or
connected to the data strobe signal |line 102. The strobe
usesos the uabafiired datatsgiobetsegnal HE usn 2cosEsRtimsluct or

_ eceives a wite command and is turned off after a wite
burst is conpl e§ye@hronous semiconductor memory device, the data stobe signal STROBE

is driven by the synchronous semiconductor memory device when it
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 detector circuit 604 is enabled after the synchronous
semiconductor memory device receives a write command and is turned off

after a write burst is completed.

As shown in 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
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



As shown in Fig. 7, the nenory controller 100 of the present invention
includes a wite strobe generator 700. During a wite operation, the
menory covoowiiies 100, through the use of the wite strobprCDEReraEpIr 15
700, drives the data strobe signal in a particular nmanner to mark the wite
cl ock cycl e upon which the synchronous sem conductor nenory device 202
shoul d begin accepting wite data. The manner in which the nenory
controller 100 drives the data strobe signat- to mark the proper wite cycle
is shown in the timng diagramof Fig. 6. In the exenplary enbodi nent, the
WO 02/17323 PCT/ US01/ 25957 -12 menory controller drives the data strobe
signal STROBE to a logical high at a tine coinciding wwth the start of
wite data and drives |low the data strobe signal STROBE during the

[ agrcal hi gn of Mo SPRER R S AR See bR BR R R I b SRR DL

wite path (receiver 614, mask regi ster 615, input register 616, and wite
FI FO and dri ver &t ®time coincdiogpyitinthe ssart @4paite Notacanshdidves lewithy datahe nmenory
controller 100 drives data strobe signal STROBE through four separate

state changes. {whbbd abhal STTROBHARing the remainder of the write burst. The strobe
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, the 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 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. Ifthe 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



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 fromthe
tristatedvaondizei on to | ow | ogic | evel preanble signal P.PTh@sstasedre
detector circuit 604 is enabled and the strobe generator 620 is disabl ed
when the synchronous sem conductor nenory device receives a wite 15
command. |If the strobe detector circuit 604 is enabled at a tinme when the
strobe signal line is at a tristated condi-iti-on, there is the possibility
that the strobe detector circuit 604 may fal sely detect a |ogical high
state of the data strobe signal STROBE. Fal se detection can be prevented
by driving the data strobe signal to a |ogical |ow when the strobe
detector circuit 604 is WO 02/17323 PCT/ US01/ 25957 -13 enabled. This is

acconpl i shed by t se.of. a preanbl ortion of t data str.obe signa
STROBE, which i Enag&‘?c}cj)g?%’éﬁ lslaS%%P@%ﬁﬁ@fh‘é e\t %Pre&fn%? Pﬂﬁn%f éﬁ?ﬁ%e strobe
signal needs to be driven low for a reliable detection of the transition
to a | ogical hid#taisgrobiepignale Rt ROFIH witieh sspelegicek lowhsigralr difee angowir@lct or

604. In the exenplary enbodi nent, the preanble portion is maintained for
1.5 cycles (i.etme3whickkk solobk REENM hékls ¢b Geldriven 16w fat 4 edlindleederedoadi nent ,

the preanble portion is maintained for 1 cycle (i.e., 2 ticks)
of the transition to a logical high is dependent upon the speed of the strobe
5 detector 604. In the exemplary embodiment, the preamble portion is
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 is from the preamble signal P to a flag F
which marks the beginning of write data. The flag F is communicated 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.



of the wite clock. In yet another alternate enbodi nent the preanble may
be di spensed with entirely. 10 The second state change is fromthe preanble
signal PwooaifBkag F which marks the begi nning of wite Barasoimses# | ag F
i s conmuni cated to the synchronous sem conductor menory devi ce when the
menory controller 100 drives the data strobe signal STROBE to a | ogica
high for one tick (i.e., half a cycle) of the wite clock WCLK. Upon
receiving the 15 flag signal, the synchronous seni conductor menory device
begins 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 burst. WD 02/17323 PCT/ USO01/ 25957 -14 The third state

change is the deasserti.gn of e wite Il F. For t remaiynder 0f the
oo burst wnien s rby it st i P dF s Bp titRe MERE £AS Bl e onous

sem conductor nenory device continues to accept wite data, During this
time, the nenorthecismainddrof thowride byess, whish & 4 sicks istthelsacwiplpmal STROBE | ow,
as indicated by the region narked as F'.

embodiment, the synchronous semiconductor memory device continues to

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 return to the tristated condition.

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



As additional wite data arrives, the synchronous sem conductor nenory
device buffers the data in the wite FIFO and drivers circuit 617. The
final stav@ovhmaye is a return to the tristated conditi onPCT/OR€IE2593Te Menory
controll er has conpleted transm ssion of the data 10 associated with the
wite burst, the synchronous sem conductor menory device should no | onger
accept data. The nenory controller signifies this condition by tristating
the data strobe signal STROBE, as indicateths-by the region marked TS2 in
the figure. This causes the synchronous sem conductor nenory device to stop
accepting wite data. Additionally, 15 the synchronous sem conduct or
menory device also wites the data which had been buffered in the wite

FI FO and driver circuit 617 to the nenory arrays 611, thereby conpleting

h I d I
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signal STROBE is WD 02/17323 PCT/USOl/25957 -15 ordinarily trlstated
absent the out ppreaptble aerflsqathe myinsainechtn ensute ralighletdrsectinneeiibe dageeds to
be maintained to ensure reliable detection of the flag signal is dependent

upon the speed gfndlhedgpdkat dpdeehospeet Ethd stédlk @ddctor circuit 604 and
impacts the minimum amount of time which must elapse between a read

5 command and a write command.

In order 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 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 sigrial 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



i npacts the m ni num anount of tinme which nust el apse between a read 5
command and a wite command. In order to inprove the speed of the nenory
devi ce wveaoz173a5ite conmand follows a read conmand, it weOl/@S@esesssi rabl 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 preanble P would have on a wite
command which follows a read command. Theldirst alternate enbodi nent takes
advantage of the fact that the phase shift between the wite and comuand
clocks, while arbitrary, remains constant. Thus, the use of the flag
signal on the data strobe signal line for they purpose of synchronizing
wite data need 15 only be perforned only during the initialization of the

menory systemif th nchr onous. sem.condyct or ry. devic n,be taught
the tining rel ﬁﬁ%ﬂgﬁaﬁo l?@ts%%ﬁ’%twﬁ’ew gen%lgﬁﬁe%ed&gln}q}%t%%&ﬁ?%&%%% exanpl e,
the initialization process can include a dummy wite during which_ the

menory cont r ol tleek ¢dge i whishithe WRELD cemminns! is paceptied )fqosegspands tedhe r ol
| ogi ¢ 601 WO 02/17323 PCT/ USO1/ 25957 -16 is nodified to observe which

wite clock edggnd 1fbatwhieh ithekhif scedpimgdurite 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}lase 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 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



cl ock edge in which the WRITE command i s accepted) corresponds to the one
upon which it begins accepting wite data. In this manner, the nenory
control | avoBD03eses the preanmble and flag signals on the BIROBH/S9%I gnal
line to teach the control logic 601 the phase difference between the
command and wite clocks. This phase difference can be expressed as the
nunmber of wite clock cycles which el apses between the tine the WRITE
command i s accepted and the tine the nenory7-devi ce begi ns accepting data,
and can be stored, for exanple, in a register of the nmenory device, 10 such
as a field of the nenory device's node register. During normal operation
the control logic 601 can use the stored timng difference to determ ne
when the synchronous sem conductor nenory device 202 should accept wite

d . Thi lim h d ' . : I fl [ I
over the data StPBBELSgRar TR sorial o BERIRRTERT g TR 0" °

synchronous sem conductor nenory device, thereby inproving the performance
of a the nenorypueviblesighalcandevnanaggdaf deifalse dajscen islisconered bhedatg. |1 n t he
second alternate enbodinent the flag is transmtted on the data strobe

SP Ic%n ?Jlsoi /nzggg g sy 8 8ra R sATift@the Bilde ddiectivoneia M teerSiogih@lmémoMQrfigs 17323

611. More specifically, prior to the synchronous semiconductor memory

5 device accepting the WRITE command, 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 the WRITE 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 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



-17 elimnated. The fal se detection issue which required the use of the
preanbl e signal can be managed if the fal se detection is discovered before
any datavobi/enesl after the fal se detection is witten toPChESoEses?ry arrays
611. More specifically, prior to the synchronous seni conductor nmenory 5
devi ce accepting the WRITE command, the control |ogic 601 disables the
strobe detector 604 and places the wite circuit path (receiver 614, mask
regi ster 615, input register 616, wite FI-BD and drivers 617) in a reset
condition to prevent the wite circuit path from accepting and buffering
data. When the WRITE conmand is accepted, the control logic 601 10 enabl es
the strobe detector 604 and negates the reset signal, which is a nonentary
signal, thereby permtting the wite circuit path to accept and buffer

control o dogsongiofistle 52 b EEnERATE' Bh ot ishie HABRRIES ot vy

fal sely detect the tristated condition of the data strobe signal |ine
STROBE 15 as a fwyltearemhéajisenitic degisd lowe afipy it dagdetecicd adagisalilighegi n
accepting and buffering data. However, a false detection of the flag wll
not be fol | owedihehyats eirebe sighd e ITTMROBEYI Tid modvénhtfy rkdee sigahlawislt daoke

signal line STROBE because the nenory controller 100 will send a true flag
Wi thin seven tigkSy e 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 alternate
10 embodiment can also optionally lock out the reset feature after it has
detected less 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 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.



of asserting the WRI TE conmand. Therefore, the strobe detector 604 can WO
02/ 17323 PCT/ US01/ 25957 -18 be nodified to send the reset signal to the
wite cinmcont/ipath if it does not count seven consecuti VECT/O§1cEb57 ows
after it has detected a logical high on the data strobe signal line
STROBE. The nonentary reset signal will cause the wite circuit path to

di scard any buffered data and begin data capture 5 upon receipt of the
correct flag, which prevents incorrect dat-#-frombeing witten to the
menory arrays 611. The strobe detector 604 is disabled after it has

det ect ed seven consecutive |logical |Iows on the data strobe signal |I|ine
STROBE, in order to prevent it fromfalsely detecting the second tristated
condition (i.e., signal state TS2) as a flag. The second alternate 10
enbodi ment can al so opty,pnally.l oc ut the reset feature after it S
detected | ess than seve %ﬁgé@%FFbg IB&W:éftﬁ%ﬁg?n??nﬁﬁvj@%mﬂggpﬁﬁgfe to
prevent the data strobe detector 604 fromissuing a reset signal (or
alternatively, sl Blustraise abpee,the inveatipaid potplimited tohases ng to a reset
signal) after it has detected, for exanple, five or six consecutive |ogical
lows 15 on the gabadihébes Su@bRusnho@fiSHREBEC K ltombaittibagisalf hi gh.
This is to prevent the strobe detector signal 604 fromissuing a reset if

it falsely equivalent elements can 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



detects the second tristated condition (i.e., signal state TS2) as a fl ag.
WO 02/17323 PCT/ US01/ 25957 -19 Wil e certain enbodi nents of the invention
have beewdezcmebed and illustrated above, the inventi onPCHUR@25P37MI ted to
t hese specific enbodi nents as nunerous nodifications, changes and
substitutions of equivalent elenents can be nmade wi thout departing from
the spirit and 5 scope of the invention. Accordingly, the scope of the
present invention is not to be considered2@s limted by the specifics of
the particular structures which have been described and illustrated, but
isonly limted by the scope of the appended clains. 10 WO 02/17323

PCT/ US01/ 25957 -20- What is clained is: 1. A nethod of operating a nenory
device, said nmethod conprising: 5 receiving a wite clock signal

receiving a wite ComT%ﬁét 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.'



receiving a wite strobe signal which has a first strobe portion
associated with a cl ocking edge of said wite clock signal; and clocking in
wite daveoouyings said wite clock signal after recei pt of PCLOS&GIZS4W it e
command and beginning with the cl ocking edge associated with said first
strobe portion. 2. A nethod as in claim1 wherein said wite strobe signal
has a preanble prior to said first strobe portion. 3. A nethod as in claim
1 wherein said wite strobe 15 signal has2no preanble prior to said first
strobe portion.” WD 02/17323 PCT/ US01/ 25957 -21 4. A nethod as in claiml
wherein said first strobe portionis a first predeterm ned |ogic |evel of
said wite strobe signal. 5. Anethod as in claim4 wherein said first
strobe portion remains at said first predetermned logic level for a

period of time 5 which js equal, to,one clogck tick of said wjte clock
signal. 6. A nethod as Ajf‘n cl ai f%%qem?glraéi’ﬂ Cg‘érf‘r} ‘(XFFrtegl %at“?'%f)%sjtrggﬁnal
includes a second portion followi ng said first strobe portion, said second
portion bei ng aporiaeis arfstpredetcommeddagicdeyiet of sidvritostrobesigntlat i on

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.

8. 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.



of the clocking of wite data into said nenory device. 10 7. A nethod as in
claim®6 wherein said wite strobe signal has a preanble prior to said
first stmvobe2/pwseii on, said preanble being at second predeCEURIIRSHST 0gi C
|l evel. 8. A nethod as in claim7 wherein said preanble |asts for a
predet erm ned nunber of ticks of said wite clock signal. 15 9. A nethod as
in claim8 wherein said preanble lasts for two ticks of said wite clock
signal. WD 02/17323 PCT/ US01/ 25957 -22 1022-A nethod as in claim8 wherein
said preanble lasts for three ticks of said wite clock signal. 11. A
method as in claim7 wherein said first predetermned logic level is a
high logic |l evel and said second 5 predetermned logic level is a |ow
logic level. 12. A nmethod as in claim7 wherein said wite strobe signal
is atri-state signal. . A nmgthad as i.n ¢lai her ei,n_sai
device clocks in wwitéﬁgata i A5 ()‘ﬁfgfgmﬁég%ﬁﬁrgnﬁ?géggg?ﬁ?gggﬂﬁﬁnber
of bits,

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 predefermined 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.



10 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 wi tveo 051130be signal being coincident with the renai PCVYS@IA58570f sai d
data burst. 14. A nethod as in claim1 wherein said wite strobe signal is
received on a data strobe signal path of said nenory device which 15 is
al so used by said nenory device to send a read strobe signal to a nenory
controller during a menory read operation.-23AD 02/ 17323 PCT/ US01/ 25957 -23
15. A nmethod as in claim1 wherein said wite command and wite strobe
signal are received froma nmenory controller. 16. A nenory device
conprising: 5 a wite clock input path for receiving a wite clock signal;
a command signal path for receiving a wite comand; at |east one data

signal path for receivi wite data; a.dafa t& Qe.sE%QaLtgath for
receiving a wite strobe signat* RATEH PMAERPHesV AT & 66855 on; and

10 a logic circuit responsive to a wite comand on said command signal
path and said findwrise swoee pignaliawe restived fipnna imemerny edraiegnal f or

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.



clocking in data received on said data signal path using a wite cl ock
signal received on said wite clock input path. 17. A nmenory device as in
claim 16 whereidms said first 15 strobe portion is a first pergstieasssned
logic level of said wite strobe signal. WO 02/17323 PCT/ USOL/ 25957 -24
18. A nenory device as in claim17 wherein said wite strobe signal has a
preanble prior to said first strobe portion, said preanble setting the
data strobe signal path to a second predetéfm ned |ogic |evel different
fromsaid first predetermned logic level. 5 19. A nenory device as in
claim17 wherein said first strobe portion remains at said first
predetermned logic level for a period of time which is equal to one clock
tick of said wite clock signal. 20. A nenory device as in claim19 wherein

said wite strobe signg] incl %d{ﬁém% 1P GG AR AN 7 YInbRMh BG4 Sied fiTst

strobe portion 10 sai d second portion being at a second predeternlned

| ogi c | evel e duration of t ecJocklnaﬁgf wite dataﬁla@t geerrermry

desi ce. 51 A §s1gRY hag 2 pEeqmbIE PSR FRIHEET TP DS AUTIQR

signal has a preanble prior to said first strobe portion, said preanble
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.

2]. 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.



bei ng at second predetermned logic level. 15 22. A nenory device as in
claim21 wherein said preanble |lasts for a predeterm ned nunber of ticks
of said woovmiskdck signal. WO 02/17323 PCT/ USOL/ 25957 PCHUS®/25857menory
device as in claim?22 wherein said preanble lasts for tw ticks of said
wite clock signal. 24. A nenory device as in claim22 wherein said:
preanble lasts for three ticks of said wite clock signal. 5 25. A nenory
device as in claim?21 wherein said first -pfedetermned logic level is a
high logic | evel and said second predetermined logic level is a low logic
| evel . 26. A nenory device as in claim?21 wherein said wite strobe signal
is atri-state signal. 10 27. A nenory device as in claim20 wherein said
logic circuit causes said nmenory device to clock in wite data in data

bursts having a predetgeym ned,nu [ bits, sal i .Strebe portion of
said wite strobe signdl" bei né‘r@%?lﬁgf (géevégevéstlﬁ C?%Iéldzrje{é’é%{clug%\m%f a first bit

of a data ) i )
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.



burst, said second portion of said wite strobe signal being coincident
with 15 the remaining bits of said data burst. WO 02/ 17323 PCT/ US01/ 25957
-26 28. AvoenonBy3 device as in claim 16 wherein said data PeT/USHE5357gnal
path is also used by said nenory device to send a read strobe signal to a
menory controller during a nenory read operation. 5 29. A nenory nodul e
conprising: at |least one nenory device, said nenory device conprising: a
wite clock input path for receiving a wi-2e cl ock signal; a command si gnal
path for receiving a wite command; at |east one data signal path for
receiving wite data; 10 a data strobe signal path for receiving a wite
strobe signal which includes a first strobe portion; a logic circuit
responsive to a wite conmand on said command signal path and said first

strobe portion of said ite sirobe signal for ¢l i in recei ved
on said data signal pat 'usinghénﬂpPpﬁg%?%ﬁﬁlgfgﬁgﬁ%ﬁgﬁggg%%gggggn sai d

wite clock input path; and WD 02/17323 PCT/ US01/ 25957
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



-27 a connector for electrically connecting said nodule to a signal bus.
30. Anodule as in claim?29 wherein said first strobe portionis a first
pr edet er waedi13ey)yi c | evel of said wite strobe signal. 5 BaT/USowaselknl e as in
claim 30 wherein said wite strobe signal has a preanble prior to said
first strobe portion, said preanble setting the data strobe signal path to
a second predetermned logic level different fromsaid first predeterm ned
logic level. 32. A nodule as in claim30 werein 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 wite clock signal. 33. A
nodul e as in claim32 wherein said wite strobe signal includes a second
portion following said first strobe portion, said second portion being at

a second predetermned |ogic |level for. tthe duration.15 o e_cl ocki ng of
wite data into said n@ﬁﬁgﬁcﬂgﬁ%%ﬁ#eﬂﬁfﬂgff?gﬁ%nﬁ%ﬁyiﬁ%%ﬁgégﬁ%%gg 34. A
nodul e as in clgin133 wherein said wite strobe

us.

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.



signal has a preanble prior to said first strobe portion, said preanble
being at second predetermined logic level. 35. A nodule as in claim 34
wherein a0 d2pBeanbl e |asts 5 for a predeterm ned nunber POf/UBIICISSS7T0f sai d
wite clock signal. 36. A nodule as in claim35 wherein said preanble |asts
for two ticks of said wite clock signal. 37. A nodule as in claim 35
wherein said preanble lasts for three ticks of said wite clock signal. 10
38. A nmodule as in claim34 wherein said f28st predeterm ned |ogic |evel
is a high logic | evel and said second predetermned logic level is a |ow
logic level. 39. A nodule as in claim34 wherein said wite strobe signal
is atri-state signal. 15 40. A nodule as in claim33 wherein said |ogic
circuit causes said nenory device to clock in wite data in data bursts

havi ng a predeterm ned, hunber ,of hits, .sajd f,i,rst sitraob rtion of said
wite strobe WO 02/ 173%'PCT/ UéOTPg‘%%fBa‘? n Effgnéisg‘ﬁ]éffreﬁlesiahcg“%@? WP ded with
the reception of a first bit of a data burst, said

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



second portion of said wite strobe signal being coincident with the

remai ning bits of said data burst. 41. A nodule as in claim?29 wherein said
data strobeobiseynal path is also used by said nenory devPCERUS@/3e37d a read
strobe signal to a nmenory controller during a nenory read operation. 42. A
processor system conprising; a processor; and a nenory device coupled to
sai d processor, said nenory device 10 conprising: a wite clock input path
for receiving a wite clock signal; a conmmmnd signal path for receiving a
wite command; at |east one data signal path for receiving wite data; a
data strobe signal path for receiving a wite strobe signal which 15
includes a first strobe portion; and WD 02/17323 PCT/ US01/ 25957 -30 a
logic circuit responsive to a wite command on said command signal path

and said first strqghe. ortlo d wite s i clo King in
data recei ved oncudig ar ey Akt Ry e Bt 3 ce-Lhynbrt
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



received on said wite clock input path. 5 43. A processor systemas in
claim42 wherein said first strobe portionis a first predeterm ned |ogic
| evel of vaoz1mseidte strobe signal. 44. A processor systePCEHESIIR5eI7ai m 43
wherein said wite strobe signal has a preanble prior to said first strobe
portion, said preanble setting the data strobe signal path to a second
predetermned logic level 10 different fromsaid first predeterm ned | ogic
| evel . 45. A processor systemas in claim#8 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 wite clock signal. 46. A
processor systemas in claima45 wherein said wite 15 strobe signal

i ncludes a second portion following said first strobe portion, said second

portion being at a second predeterm ned logic.level for the, duration of
the clocking of wite @Q‘ngi%%msrgﬁpémﬁlg%?8chét\e/iC881.mWS[ BﬁlsTﬁlf?glmmcp
PCT/ US01/ 25957 -31 47. A processor systemas in claim46 wherein said
wite strobe stigmdipatagnd syiddastistiobppooion of suid write sgebesigatldopor ti on,
said preanble being at second predeterm ned |ogic |evel.

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.



48. A processor systemas in claim47 wherein said 5 preanble lasts for a
predeterm ned nunber of ticks of said wite clock signal. 49. A processor
system awon2/ci3ai m 48 wherein said preanble |lasts for tweCTUskRse37 sai d
wite clock signal. 50. A processor systemas in claim48 wherein said 10
preanble |asts for three ticks of said wite clock signal. 51. A processor
systemas in claim47 wherein said first predetermned logic level is a
high logic | evel and said second predeterdt-ned logic level is a lowlogic
| evel . 52. A processor 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 wite data in
data bursts WD 02/ 17323 PCT/ US01/ 25957 -32 having a predeterm ned nunber

of bits, said first stgbe porti on_ of saigl w.it?.st%é)‘pvgmsei. ‘Qa?(i l%géng
coincided with the recéfti on of* PAOFSIUSYHIT 50 £ R Gredt S48 second

portion of said wite strobe signal being coincident with
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



the remaining bits of said data burst. 5 54. A processor systemas in claim
42 wherein said data strobe signal path is also used by said nenory device
to send avoeaw3girobe signal to a nenory controller duripgrasesses?y read
operation. -55. A method of operating a nmenory device, said method
conprising: 10 initializing the nenory device, said initializing further
conprising: receiving a command cl ock signal; accepting a first wite
command in synchronismwith a clock edge-83 the command cl ock signal; 15
receiving a wite clock signal; W 02/17323 PCT/ US01/ 25957 -33 receiving a
wite strobe signal which has a first strobe portion associated with a

cl ocking edge of said wite clock signal; counting a nunber of wite clock
signals between the acceptance of the first wite command and the first

strobe portion Hflfw&é‘ & prgdevtv{arirﬁireleg LLRRR, 3F gpc?,l 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.

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;



56. A nethod as in claim55, wherein said step of initializing further
conprises: storing the nunber in a register of the nenory device. 57. A

nmet hod asvon2/ci3as m 56, wherein said register is a 10 nodeCT/@gisrses7 of the
nmenory device. 58. A method as in claim355, further conprising the step

of : operating the nmenory device, said operating further conprising:
accepting a second wite command in synchronismwth a 15 clocking edge of
the wite clock signal; W 02/17323 PCT/ US@8/ 25957 -34 clocking in wite
data using said wite cl ock signal after the counted nunber of wite clock
signals has el apsed. 59. A nethod as in claim56, further conprising the
step of 5 operating the nenory device, said operating further conprising:
accepting a second wite conmand in synchronismwi th a clocking edge of

the write clock signal; 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;



clocking in wite data using said wite clock signal after the counted
nunmber of wite clock signals has el apsed. 10 60. A nethod of operating a
menory devooex1733ai d net hod conprising: receiving a witePcl/osk/sspiynal ;
receiving a wite conmand and enabling a strobe detector, said strobe
detector sensing a wite strobe signal line which has a first logical 15
state corresponding to a first portion of a strobe signal associated with a
WO 02/ 17323 PCT/ USOL/ 25957 -35 cl ocking esge of said wite clock signal
and a second | ogical state corresponding to a second portion of the wite
strobe signal; when the strobe detector senses the strobe signal at the
first logical state, starting to clock in wite data into a buffer using
the wite 5 clock signal on the clocking edge associated with said first
strobe portion; when the stgjolfe det ecfor sense t.he Stribﬁ signal. _at the
second | ogical state, conti TP PoVHIGLR BHDESHE VG Clo %?1%%1 o wite
clock and counting the ticks of the wite clock signal while the strobe
signal is sensed at thetpoussecbnambeypturiteelaclesigaalsi 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



10 when the strobe detector sense the strobe signal at the first | ogical
state, resetting the buffer to discard previously clocked in data if the
counti ngwa@ot/ese3than a first predeterm ned nunber. 61. TheT/wseasgsiof claim
60, further conprising the step of: 15 when the counting has reached a
second predeterm ned nunber, preventing the buffer frombeing reset. WO
02/ 17323 PCT/ US01/ 25957 -36 62. The nethod of claim60, wherein said first
predet erm ned nunber is equal to one tick-8%ss than the wite burst length
of said nenory device. 63. The nethod of claim60, wherein the wite burst
5 length of said nenory device is 8 ticks and the first predeterm ned
nunber is 7 ticks. 63. The method of claim®61l, wherein said second

predet erm ned nunber is equal to tw ticks less than the wite burst |ength

of said menory gg\c/llcirclg'ed%go?éa'idw}l e@%cig%figngf an glsergoggl’loémlcglrs 1;g said second

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.



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 | emgoh1B83 said nmenory device is 8 ticks and sai d sSPCDUH01/25957
predeterm ned 15 nunber is 6 ticks. WD 02/17323 PCT/ US01/ 25957 -37 66.
The nethod of claim6l, wherein the wite burst Iength of said nenory
device is 8 ticks and said second predeterm ned nunber is 5 ticks. 67. A
menory device conprising: 5 a wite clock -86put path for receiving a wite
clock signal; a command signal path for receiving a wite command; at
| east one data signal path for receiving wite data; a data strobe signa
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 logica
state corresponding to first tro a ogi cal state
corresponding to a second stro Qﬁ gﬁfc p8ﬁ§F Fﬁqﬂéspon5|ve to the
wite command and the strobe

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.



detector detecting the first logical state to start clocking in wite data
into a buffer using said wite clock signal; 15 wherein said logic circuit
is respovedvr113e3 t he strobe detector detecting the seconBCT/O§cAbS7st ate to
continue to clock in wite data into the WD 02/17323 PCT/ USQOL/ 25957 -38
buffer and to count ticks of the wite clock while the strobe detector
detects the second | ogical state; and wherein said logic circuit is
responsive to the strobe detector detectiitg the strobe signal at the first
| ogical state to reset the buffer to 5 discard previously clocked in data
if the count is less than a first predeterm ned nunber. 68. The nenory
device of claim®67, wherein said logic <circuit is responsive to the count
reaching a second predeterm ned nunber to prevent the resetti ng of the

buffer. 10 69. The rre_rr%réy dewgﬁeof (5 mlgﬁ%ﬁghw remal Wn% S

pr edet er m ned nunber is équal Pess UPSET | engt h of

said nenory device. 70. The nmet hod of cl aim 68, V\/nerel n the wite 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



| ength of said nmenory device is 8 ticks and the first predeterm ned nunber
15 is 7 ticks. WD 02/17323 PCT/ US01/ 25957 -39 71. The nethod of claim 68,
wher ei n sedd2/sBednd predeterm ned nunber is equal to twoPCT/URG1/A58%s t han
the wite burst length of said nmenory device. 72. The nethod of cl aim 68,
wherein said second 5 predeterm ned nunber is equal to three ticks |ess
than the wite burst Ilength of said nenory device. 73. The nethod of claim
68, wherein the wite burst |ength of sai-88-nmenory device is 8 ticks and
said second predeterm ned nunber is 6 ticks. 10 74. The nethod of claim
68, wherein the wite burst I|ength of said nmenory device is 8 ticks and
said second predeterm ned nunber is 5 ticks. 75. The nethod of claiml1,
wherein said nenory device is a synchronous dynam ¢ random access menory.

15 76. The me ”Dgl}(ﬁeqea\rllldct% c%]:ln% %:iglltsn(])étgb WIT grcf}cl)crl} v%%ledmg%ﬁ%% 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.



device is a synchronous dynam c random access nenory. WD 02/ 17323

PCT/ USOL/ 25957 -40 77. The nmenory nodul e of claim?29, wherein said at

| east omeonEM3ey device is a synchronous dynanmi ¢ random RCT/®SGI/25e3T0ry. 78.
The processor systemof claim42, wherein said nenory device is a
synchronous dynam c random access nenory. 5 79. The nethod of ‘clai m 55,
wherein said nenory device is a synchronous dynam c random access nenory.
80. The nethod of claim60, wherein said me@wory device is a synchronous
dynam ¢ random access nenory. 81. The nethod of claim 67, wherein said
menory device 10 is a synchronous dynam c random access nenory. 82. A
menory nodul e conprising: a first conmand signal path for receiving a
command; a first command cl ock signal path for receiving a command cl ock

15 a register coupled tg the fiyfst d _signal ,path and the, first
command cl ock signal pdth, mhe?éfﬂ“%ﬁgg%?gﬁFgg P“@ﬁ?ﬁ%??afﬁ%ng%nnand
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.



WO 02/ 17323 PCT/ US01/ 25957 -41 received on the first commuand signal path
to a second conmmand signal path and outputs the comrand cl ock received on
the firstwaommes cl ock signal path to a second command BCDOROIESgITal pat h;
a wite clock input path for receiving a wite clock signal; 5 a data
signal path for receiving wite data; a data strobe signal path for
receiving a wite strobe signal which includes a first portion; and at

| east one nenory device, said nmenory devi e®-coupled to the second comand
signal path, the second command cl ock path, the wite 10 clock input path,
the data signal path, and the data strobe signal path, wherein each of said
menory device further conprises a logic <circuit responsive to a wite
command on said second conmand signal path and said first strobe portion

of said wite strobe signal on.said data strobe . sigpal ;pat.h _f.qr_ ¢l ocking
in data received on sai 'datangﬁﬁﬁﬁ?nﬂﬁfﬂoﬁgfﬁ CguﬁggwpﬁFgﬂ%P% ﬁmg?gha
received on said wite cl ock'input path.

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



WO 02/17323 PCT/US01/25957

41-

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.



