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SYNCHRONI ZED WRI TE DATA ON A H GH SPEED MEMORY BUS BACKGROUND OF THE
INVENTION 1. Field of the Invention 5 The present 'i nvention rel ates

generally to.

-synchronizing wite data on a high speed menmory bu

~synchronous nenory systens, and nore particul ar|
ot 2 1M [ on o

the Related Art An exenplary conputer systeml1 is illustrated in Fig
« The 10 conputer system 1l includes a processor 401, a ” 2, ‘and
a expansion bus controller 402. The nenory system 2 an | on bus
.controller 402 are coupled to the processor 401 via a |ocalshys 400. The
_expansi on bus controller 402 is also coupled to one or nore expansion
“buses 403 to whi ch various peripheral devices such as nmass storage
devi ces,’ §§#ﬁ§%%gﬁﬁfnusegﬂaﬂﬁghlCS ada ters and nul ti medi a adapters ‘may
be attached REEBMEMQRY whi ch

is connected to a pIuraI ty of nenory nndules 200 300 via a nenory bus
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FEEE Tt reer it
1. Field of the Invention

- The present invention relates generally to synchronous memory

.systcms, and more particﬁlarly to synchronizing v.vritc data on a high' speed

memory bus.
2. Description of the Related Art

An exemplary computer system 1 is illustrated in Fig. 1. The
computer system 1 includes a processor 401, a memory system 2, and a
expansion bus controller 402. The rncm_ory. system 2 and the expansion

bus controller 402 are coupled to the processor 401 via a local bus 400.

The cxpansibn bus control.l_cr 402 is also éouplcd to one or more expansion

buscs.403, to which various peripheral devices such as mass storage devices,

keyboard, mousc,-graphits 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
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*G00002*




*c00002* 1 March 2007 -2 106. The nenory bus conprises a plurality of
signal lines 101-105, which respectively conmunicate data DATA (over a
plurality of lines 101), a data strobe STROBE, a wite clock WCLK, a

command dock CCLK, and conmands and data CMD/ DATA (over a plurality of
lines 105). The 5 nenory nodul es 200 300 accept connands1ﬂﬁﬂﬁﬁpﬂé menory
controller 100 synchronized on the rising edge of the command dock CCLK on
signal line 104. A short tine 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 wite2clock WCLK. The 10 nunber of
wite clock cycles which el apses. between the synchronous sem conductor
‘renory devi ce accepting a wite command and the time the synchronous

sem conductor nenory devi ce begins accepting wite data is known as write
latency. During systeminitialization the menory controller and the nenory

nodul es are inithgki erate the nemory 15 system 2 with a desired
wite |atency. Eggh' ﬁle%%orbgm??%ﬁEF%C%BH%ﬂQP@%Ofé@ﬂ@CSM-%,WMCh t he
exanpl e shown, a plurality of synchronous sem conductor nenory devices

202-205. The ti nfHiBedivaYyreommanicatenits ® APAr (@bt od phRalieofaines 101), a data
strobe STROBE, a write clock WCLK, a command clock CCIK, and
commands and data CMD/DATA (over a plurality of lines 105). The

{ _. 5 memory modulcs 200 300 aécept commands from the memory controller
100 syn;hronizcd on the rising cdgc. of the command clock CCLK on
.signal line 104. A short time after the memory modules 200 300 aécept a |
Wﬁtc éommand, the memory modules 200 300 accept write d;xta
synchronized on the rigiixg and falling edges of the writc-clock WCLK. The

10 nmbcr of write clock cycles which elapses between the synchronous

semiconducto; mcﬁow device accepting a write command and. the tlmc
the synch}-oqous Scmicon_ductor memory device begins acccptiﬁg writc‘ data
is known as wr_itc.latcncy. .Duzing system initialization the memory
controller a;d the memory modules are mmahz,cd to operate the memory

15 systemn 2 with a desired write latency.

Each memory module 200'cont_ains 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.



synchronous sem conductor nenory devices 202-205 is illustrated in Fig. 1
March 2007 -3 | 4. The wite dock WCLK operates at double the frequency of
the comuand dock CCLK. Both clocks are synchroni zed, so at the begi nning
of a dock cycle N of the conmmand clock CCLK the wite clock WOLK is

begi nning a corresponding 2N clock cycle. In Fig. 4, the1é%@ﬁﬁwg y 5.
menory i s being operated with a wite latency W. equal to 1 wite dock
cycle. Thus, when the wite command is asserted on the comand bus CMD on
dock cycle T1, the system waits to satisfysthe wite latency W

requi rement on clock cycle T2, and begins to accept wite data on dock
icycle T3. The synchronous sem conductor nenory device operates in 10 what
is known as a burst node, so it continues to accept wite data over the
next several clock cycles. 1in the illustrated exanple, the synchronous

Sem conduct or 1y device a ts an 8-length burst over 4 dock cycles
T3-T6. Thus, iPzwfcmﬁedaﬁggﬁﬁQ%rﬁétkédgublcghaﬁsqummwﬁnhbzed t he

synchronous seni conductor nmenory can count the 15 nunber of wite clock

et e, et COLSe S syl o g,
accepting writEofl@bRck cycle N of the command clock CCLK the write clock WCLK is
beginning a corresponding 2N clock cycle. In Fig. 4, the exemplary
5 , ~memory is being operated with a write latcncy.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 épcratcs 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 synchrénous
semiconductor mcm&ry device accepts an 8-length burst- over 4 clock
i 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 aﬁcr the device accepts a write

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

should being accepting writé data.

However, the command and write clocks may not be

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



However, the command and wite clocks may not be synchronized. Referring
now to Fig. 2, a nore detailed diagramof the 1 March 2007 -4 nenory
modul e 200 fromFig. 1 is. 'shown. The nenory nodul e 200 features a
tegister 201 which is used to buffer the command cl ock CCLK and_ comands
and addresses CMY ADDR. The buffered command cl ock CCLK'#MarFhOffrands and
~addresses CVDJ ADDR are then 5 distributed to each of the synchronous '
sem conductor nenory devices 202-205 on internal signal lines 104" and
105" respectively. On the other hand, each of the synchronous

seni conduct or menory devi ces 202-205 have tfreir data signal |ine 101
_Strobe signal line 102, and wite dock signal [|ine 103 directly coupled to
‘the menory bus 106. Since the command 10 cl ock CCLK signal is del ayed by
being buffered via register-201 while the wite clock WCLK is directly
Lcoupled to the sem conductor menory devices 202-205, an arbitrary phase

shift exists bet waeRoky\BoWile! 0AR8m pigrqrquh&{,ﬁ)cm rﬁ%oﬁx’a}%& %& gs. SA

and 5B are tinming diagranms for a wité€ operation wth-a ock wite
oo 1 g g s S 0, SRS €Lk e L o
docks, therefore the synchronous sem conductor nenory device should
satisfy the witand gommandstand 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 <;leviccs
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 lin; 101, strobe signﬂ line 102, and write clock signal
line 103 directly coupled to thé memory bus 106. Since the commana
10 clock CCLK signal is delayed by being buffered via register 201 while the
writc. clock WCLK is directly coupled to the scmicfonductor 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
Wlitc 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



Fequi rement on dock T2 and accept data on docks T3-T6, while in Fig. 5B
the phase shift PSis 0.5 wite clocks, therefore the synchronous 1 March
2007 -5 semiconductor nenory devi ce should satisfy'the wite |atency W
requirenent on. clock Ti and accept wite data on docks T2-T5. Since the
phase shift is induced by a device external to a synchroﬁM?éCh?Qﬂ? conduct or
menory device, it is inpossible for the synchronous sem conductor.5 nmenory
device to accurately determ ne the proper cycle of the wite clock WLK
upon which to begin accepting wite data.” Ascordingly, there is a need for
an apparatus and nethod to synchronize wite data in nenory systens

_enpl oyi ng separate command and wite clocks which may incur a phase shift.
10 SUMMARY OF THE DqVE=ON The present "invention is directed at a nethod
and apparatus for synchronizing wite data in a synchronous sem conduct or
menory device and.system which supports parate wite and._conmmand docks.
The 15 present is?f?écr%ﬁ ALY SRGHeY %@ﬁ@ﬁ%&@ééﬁ@dﬂé@ﬁ%mmry
device to accurately determ ne upon which wite dock cycle it hegins to
accept wite datquirement orf clotleT? ansl sepy Wiite daty opldceks ID-T5. Bihvede t he
conmmand

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 cbmmand

and write clocks which may incur a phase shift.

10
SUMMARY OF THE INVENTION
: = !
The present invention is d.ircctcd at a method and apparafus for
synchronizing write data in a synchionous semiconductor memory device
-and system which supports separate write and command clocks. The
15 present invention permits the synchronous semicondtctor 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



and wite docks. The present invention takes advantage of the unbuffered 1
March 2007 -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 g%@igvﬁ%gle upon
whi ch the synchronous sem conductor nenory devi ce shoul ccepting
wite data. The 5,a synchronous sem conductor nenory device of the present
invention detects the wite flag transmtted by the nenory controller and
begins accepting wite data when it detects the wite flag. BRI EF:
DESCRI PTI ON OF THE DRAWNGS 10 FIG 1 illustfates a conputer with a nenory
_systemincluding a menmory controller, a plurality of menory nodules, and a

‘menory -bus; FIG .2 is a nore detailed illustration of a menory m)dule
fromFIG 1 incl ud| ng a register and a plurality of synchronous -
.sem conductor nenory devices; 15 FIG 3-is a nore detailed illustration of

2. "1 "Nar o 2007 o R Sl VR cRtB b A § WY PERFCBy R onos
memory controller of the present invention transmits a write flag on the
data strobe signal line on the write clock cycle upon which the synchronous
semiconductor niemory device should begin accepting write daﬁa. The
‘- 50 synchronous semiconductor memory device of Ehe present invention
detects the write flag transmitted by the memory controller and begins

accepting write data when it detects the write flag.

BRIEEDES.CBIEHQN_QF_IHE_D&AWIHGS

10 FIG. 1 illustrates a coxﬁputcr 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 2 memory module from

FIG. 1 including a register and 2 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;



sem conductor nenory device accepts wite data when the command and wite
cl ocks are phase synchronl zed; FIGS. 5A and. 5B are timng diagranms show ng
when ‘the 5 synchronous sem conduct or menory devi ce should accept wite data
when thereis a 1.5 wite clock cycle and 0.5 wite dock c%cle
respectively, phase shift between the command and wi te! O7and FIG 6
is a timng diagram showi ng the use of. a flag signal to mark the wite

cl ock cycl e upon which the synchronous sem conductor 10 nenory device
accepts wite data; and FIG 7 is a block diagram of a nenory controller
according to the present invention. 1 March 2007 -8 DETAI LED DESCRI PTI ON
OF EXEMPLARY EMBCDI MENTS Now referring to the drawi ngs, where like
‘reference nunerals designate like elenents, there is shown in Fig. 3 a
nore detail ed diagram of one synchronous sem' conductor nenory devi ce,
-e.9., device 202 of Fig. %CZ In the exenpl ary enbodi nent, the synchronous
sem conduct or nenory dg\l $§mm4@mgﬁmmmonmﬁapendent
command and wite docks. A double data rate SDRAM is an SDRAM whi ch
accepts wite datmconﬂthﬁéﬂmthﬂ)ryd&hega@dégtﬁﬁhtd dta WiRipSthei coRfmAtd dde Wwrite
dock. Each rising or

write clocks are phase synchromzcd;
FIGS. 5A and 5B are timing diagrams showing when the
5 synchronous semiconductor mcinory device should accept write data when

there is a 1.5 write clock cycle and 0.5 write clock cycle, réspcctivc.ly, 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 synch.rdnous semiconductor

10 © memory device accepts write data; and

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

- the present invention.



falling transition of the wite dock cycle is known as a tick. The 10
synchronous sem conductor nenory device includes a variety of circuits

used to control, address, and input/output data. For exanple, the
synchronous sem conductor nenory device includes a control |ogic_ 601 which

accepts a conmand dock CCLK on signal line 104, a wite dlen K 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

decodi ng recei ved conmands, and a register 603 for setting controlling
certain operational parameters such as the wite latency W. The wite
latency is the nunber of wite clock cycles which el apses between the tine
“(synchroni zed with the command dock) the synchronous 1 March 2007 -9

sem conductor nenory devices accepts a wite conmand and the tine
[(synchroni zed with the wi te cl ock) the synchronous seni conductor nenory
‘devi ce begi ns t oDETAN BRI TON OB XM PE ARV EM B t he
menory controller 100 initi alizes the synchronous. Sem conduct menory.
device to operate at a specified wite latency W. by witing an
appropriate control val |nt a fiel f the register 603. Once
initialized, the synchltigﬂ %IEH%GB & arepe dike referapsgnnmerads accept
wite data wth the speC|f|ed wite Iatency and the nenory controller is
responsi bl e dcslgnatc like clcmcnts there is shown in Fig. 3 a more detailed diagram of

one synchronous semiconductor memory device, e. g., device 202 of Fig.
5 2. In the exemplary embodiment, the synchronous semi_coxiductor memory
~device is a double data rate SDRAM with independent c'dmmand and write
docks. A double data rate SDRAM is an SDRAM which accepts write data
on both the nsmg and fal.lmg transitions of the wntc clock. Each nsmg or
falling transition of the write clock cyclc is known as a t1ck The
10 | .lsynch:onous semiconductor memory d¢vicc includes a variety of circuits
used to cont;ol, addx_;css, and input/outéut data. Fof example, the
synchronous s'grniconductor 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



tor providing wite data to the synchronous sem conductor nenory device 10
at that tine. The use of these features are conventional and further
description is omtted for the sake of brevity. The synchronous

senmi conductor nenory device 202 also includes an address rgghﬁ@ﬁn 605
coupl ed to various conventional circuits wused to addr esd M3 ry arrays
611 of the synchronous sem conductor 15 nenory device. These circuits

i nclude the refresh counter 607, the row address mnultiplexer 606, the bank
control logic 608, the row address latch afld decoder 610, the colum
address |l atch and counter 609, and the colum decoder 613. The synchronous
sem conductor nenory device also includes an input and output path which
includes an 1/0 Gating and 1 March 2007 -10 Masking Circuit 612, an out put
register 618, an output driver 619, a read strobe generator 620, a

ITeceiver 614, a aRskd &tl%m detbes! agpérbtt%égg_?%tc%&mg&(?o a2 ! e FIFO

and drivers 617. The read strob e generato use ate a data
5 sem conduct or, nepory device

strobe si gnal STRCB when,th ynchron

out puts read dat(§yR CEFP%‘ZEGNG Cdﬂ&‘le d%#‘iéh‘?mo%@-ﬁﬁ%iéﬁ@ﬂﬁommry

device, the data strobe si gnal STROBE is nornmally tristated when the

~ device is not oumqmoty devicebeginatmaccegtwritisdataf DiGEE sydtdrd linitislizution,
conventional and further description of their

the memory controller 100 initializes the synchronous semiconductor

5 mcinory device to operate at a specified write latency WL by writing an
appropriate control value into a field of the register 603. Once initialized,

. tbc synchronous semiconductor memory device begins to accept write data
with the specified write latency and the memory controller is responsible
for providjng write data to the synchronous semiconductor memory device

10 at ;hat tifnc. The use of these features are convcnﬁonal and further

description is omitted for the sake of brevity.

‘The synchronous semiconductor memory dcﬁq: 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 countér 607, the row
: addrcss multiplexer 606, thc bank control logic 608, the row address latch
and decoder 610, the column address latch and counter 609, and the
column decoder 613. Tﬁc synchronous semiconductor memory device also

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

L R XL LT YN



functions are omtted for the sake of brevity. 10 As previously explai ned
and shown in Fig. 2, when a plurality of synchronous sem conduct or nenory
devi ces 202-205 are assenbled onto a nenory nodul e 200 which includes a
register 201 that buffers the . commuand cl ock CCLK but which directly
couples the wite dock WCLK, an arbitrary phase shift exMard 08t ween t he
two docks as seen by each of the 15 synchronous sem conductor nenory

devi ces 202-205 even though the nenory controller 100 transmts both
clocks in a synchronized fashion. As a result of this, it is inpossible
for the synchronous semiconductor menory d&vices 202-205 to accurately
_determ ne which wite dock WCLK cyde upon which to begin accepting wite
“"data. 1 March 2007 -11 The present invention solves this problem by
enploying a new use for the unbuffered data strobe signal STROBE. In a -
cconventional synchronous semi conductor nenory device, the data stobe

el ST, ol el 61 URGHCORE O SO S ETET 01 o

when it 5 outputs read data and | | st er circunst ances.
As shown in Fi o % t he %r?éf(gt i nventjon adds a strobe detector circuit
604 to the contHoPeIBsHFE 2 EREIVEn i AgRakre gt QMR R iBputisgistey

devi ce 202. The strobe detector circuit 604 is connected to the data
strobe signal |i6dé, and write FIFO and drivers 617. The read strobe generator 620 is

used to generate a data strobe signal STROBE when the synchronous

5 semiconductor memosy device outputs read data. In a conventional
synchronous semiconductor memory device, the data suébé 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 andlshqwn in Fig. 2, when a Plu_ra]ity of
syﬁcb:onous semiconductor memory devices 202-205 are .assem.blcd onto a
memory module 200 which includes a register 201 that buffers the .
command dock CCLX but which difectly couples the write clock WCLK,
an arbitrary phase shift cmsts bctwclcn the two clocks as seen by each of the

15 synchronous sémi_conductor 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.



4102. The strobe detector circuit 604 is enabled after the synchronous 10
sem conduct or nenory device receives a wite command and is turned off
after a wite burst is conpleted. As shown in Fig. 7, the nenory controller
100 of the present invention includes a wite strobe generator 700. During
a wite operation, the nenory controller 100, through t HMALOf the wite
strobe generator 15 700, drives the data strobe signal in a particular
manner to mark the wite dock cycle upon which the synchronous

sem conductor menory device 202 should beggn accepting wite data. The

manner in which the menory controller 100 drives the data strobe signal to

mark the proper wite cycle is shown in the timng diagramof Fig. 6. In
‘the exenpl ary enbodi nent, the 1 March 2007 -12 nenory controller drives

t he data strobe signal STROBE to a logical high at a time coinciding with
the start of wite data and drives low the data strobe signal STROBE
during the remai nder ofThépresenttiavintiosi solvdsehiStproblem bBgesploying armewi t 604
detects the logical high of the data strobe signal 5 STROBE and triggers

e WTte H o uiids chk SABMMSIA Yt s BRGERAISTHRORED 1B ¢ LARNLREL 1 o | D16

and wite FIFO and drivers 0 accept®wité dafa: re specifically,

the menory controller 100 drives data strobe, . -
synchronous semiconductor memory device, the data stobe signal STROBE

is driven by the synchronous semiconductor memory device when it
5 outputs read data and is tﬁstated under all other circumstances. As shown
in Fig. 3, the present invention adds a strobe detector c1rcu1t 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 dctcctor circuit 604 is enabled after the synchronous
10 _ scmiéondﬁctor mczhory. deﬁce receives a wﬁtc coﬁ1ménd 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 'op_cration,
the memory controller 100, through the use of the write strobe generator
15 700, drives -thc data strobe signal in a particular manner to mark the write
clock cycle upon Whi;:h fhe synchronous semiconductor memory device
202 should begin accepting write data. The manner in which the memory
controller 100 drives the data swobe signal to mark the proper write cycle is

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



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 TSL in Fig. 6. The first state change is fromthe
tristated condition to low logic |evel preanble signal P. The strobe
detector circuit 604 is enabled and the strobe generator1é@ﬂmﬁ@oaisabled
when the synchronous sem conductor nenory device receives a wite 15 _
command. If the strobe detector circuit 604 is enabled at a tine when the
strobe signal lineis at a tristated conditign, there is the possibility
that the strobe detector circuit 604 may fé@éely 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 1 March 2007 -13 enabled. This is acconplished by
the use of a preanble portion P of -the data strobe signal STROBE, which is

a | ogical |ow sigratory toatraliotdiivedithe dafst¥bbech IS THORTE Sk WAkl Agds to

be driven low for a reliable detection of the Transition to aTogical high
i s dependent upo S of t.he strobe detector ,604. |n the exenplary
embodi nent, the ip}réea °|‘§’?%%‘?’?‘58‘r’%ﬁ? Eﬁc ?‘F&ftn‘?fgwgo&f%ﬁnﬂ. vey lqwihe daa - 3
ticks) of the wi tebdqck. In an_alternate enbodinent, the preanble portion
i s maintai ned fofTabesjgnal STRQBE during: thy) remefindéreofitht: tweritel bankt. The stedbe
anot her alternate enbodi nent the preanble may

detector circuit 604 detects the logical high of the data strobe signal

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

dara.

Mo;c specifically, the mcrﬁory controller 100 drives data strobe

signal STROBE through foﬁ: separate state changes. Initially, the data

10 | strobe signal STROBE is tristated. This region of the data strobe signﬂ
STROBE is indicated by TS1 in Fig. 6. 'I'he first state change 1s 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 wﬁtc

15 command. If the strobe detector circuit 604 is enabled at a time when the
strobe signal line is at a tristated condition, there is the possibility that the
strobe detector circuit 604 may falsely detect a logical high state of the data
strobe signal STROBE. False detection can be prevented by driving the

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



be dispensed with entirely. 10 The second state change is fromthe preanble
signal Pto a flag F which marks the beginning of wite data. The flag F
is communi cated to the synchronous seniconductor menory device when the
qrenory controller. 100 drives the data strobe signal STROBE to a | ogi cal
high for one tick (i.e., half a. cycle) of the wite dod®a#13€°7 Upon
receiving the 15 flag signal, the synchronous sen conductor nenory device
begins accepting wite data, which it buffers in the wite FIFO and
drivers circuit 617. This data will be conmbined with the data fromthe
remai nder of the wite burst and witten t8-the nenory array 611 at the
end of the wite burst. 1 March 2007 -14 The third state change is the
“deassertion of the wite flag F. For the renmainder of the wite burst,
which is 7 ticks in the exenplary enbodi-nment, the synchronous

.sem conductor nmenory device continues to accept wite data. During this

time, the nmenor¥ngedr orkigts 208 %.e,j],k ||9§? HROBE | ow,

as indicated by theregion mark SH@SW%&&&??% 5#1%?@?? jf’a§arr| ves,

t he synchronous ;-se onduc eV| e buffers the data in the wite

FI FO and dri vergaté‘l 36’?? %’fggh{ﬁgg %( Wdﬂ‘éﬁf&@s Theamewnt afo t he

tristated condition. _
time which the strobe signal needs to be driven low for a reliable detection

of the transition to a logical high is dependent upon the speed of the strobe
5 detector 604. In the exemplary embodiment, the preamble portion is
maintaich for 1.5 cycles (i.c.,l 3 ticks) of the Wﬁtc 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 éhangc i-s.ﬁ-om the preamble signal P to a flag F
which marks the beginning of Wﬁtc:_ data. The flag Fis co@@catcd 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 bcgins
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.



Once the nenory controller has conpleted transm ssion of the data 10.
associated with the wite burst, the synchronous sem conductor nenory

devi ce shoul d no | onger accept data. The nenory controller signifies this
«condition by tristating the data strobe signal STROBE, as ingic ed by the
region marked TS2 in the figure. This causes the. synchré { g 1 conduct or
menory device to stop accepting wite data. Additionally, 15 the
synchronous sem conductor 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 opelation. As previously

di scussed, the use of the preanble P is designed to prevent a false
‘detection of the flag since the data strobe signal STROBE is 1 March 2007
-15 ordinarily tristated absent the output of read data. The. |ength of
time the preanble needs to be maintained to ensure reliable detection of

‘the flag signal is dep : f the strgbe detgctgr. circuit
604 and inpacts the ni ﬁ?ﬁg%&éﬁgﬁgﬁ %g?ﬁfngl%v&%laﬁﬁ%f’%g?ea%g @ﬁgmegﬂra
read 5 conmand gnd a v_vritefgtgémmnd. 0. e In order to inprove the speed of
the menory devi cEPGFRERRBdenpf the waiterhusst, Piichdiss ticksdmthe oxameplery i t woul d be
desirable not to have _
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 fhc tristated condition.

Once the memory controller has complctca transmission of tﬁe data

10. ' _associatéd with the write burst, the synchronous semiconductor memory
device should no longer accept data. The memory controller sigb.iﬁcs this
condition by tristating the daﬁ strobe signal STROBE, as indicated by the
regior_x 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

afrays 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



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 conmmand. The first alternate enbodi nent takes advantage of

the fact that the phase shift between the wite and commane" , Wwhile
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 perfornmed only during the initializagkion of the nenory systemif

t he synchronous sem conductor nmenory device can be taught the tim ng.

rel ati onship between the command and wite docks. For exanple, the
‘initialization process can include a dunmy wite during which the nenory
controller 100 transmts the preanble and the flag. The control logic 601 1
March 2007 -16 is nodified to observe which wite clock edge (relative to
the conmand docRrdigaslyi mistapgdabsenethermmput ofreaddlars  The dentgih of tisne ®ponds

to the one upon which it begins accepting wite data. In this nmanner, the

nmenory control | epredéitble seedd cbdmaithined 30 énéire telsitle defecBBn I th SAREBE 5
signal line to teach the control |ogic 601 the phase difference between the

command and writ cks. This phase,differ e cah bge expressed t he
nunber of wite glgg%élé ?ﬁ%‘?"ei“\iﬁ?&’ﬂe% a&@ﬁq \Rggﬁctcﬁgcq&r@r%té%ch
impacts the minimum amount of time which must elapse between a read

5 command and a write command.

In order to improve the spccd of the memory de\;ice when a
Wﬁtc command follows a read commapd, it Would .bc desirable not to have
- apreamble signal P, or to minimize.its éﬂ'cct. Accordingly, the invention
g ﬁu'thcr encompasses two alternate embodiments which eliminates the
10 . potential impact the preamble P would have '6:1 a write command which
~ follows a read command. The first éltcmafc embodkncnt takés advmﬁge |
of the fact that fhe phase shift between the write and comnianci clocks,
wlﬁ.lc arbit;afy, rcrﬁains cbﬁstarit. Thus, fhé usc.of the ﬂ.;ag sigﬁal on the
dat# strobe sigrial ling for the purpose of syﬁchrorﬁzing write data need
15 only be pcrfofihcd on.ly.dun'.ng the initializaﬁon of the memory system if
the synchronous sc*:miconductor memory dévicc can be taﬁght fhc timing .
relationship between the command and write clocks. For example, the
initialization process can include a dummy v.vritc during which the mcrﬁory

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



command i s accepted and the tinme the nenory devi.ce begins accepting data,
and can be stored, for exanple, in a register of the nenory device, 10 such
as a field of the nenory device's node register. During nornmal operation
sthe control logic 601 can use the stored timng difference to _determ ne
when the synchronous sem conductor nenory device 202 shéﬁ#ﬁ*&@eépt wite
data. This elimnates the need to transmt the preanble and flag signals
over the data strobe signal line during normal 15 operation of the
synchronous sem conductor nenory device, thereby inproving the performance
of a the menory device when servicing a wil% which follows a read. In the
second alternate enbodinent the flag is transmtted on the data strobe
"signal on each wite transaction, but the preanble signal is 1 March 2007
-17 elimnated. The fal se detection. issue which required the use of the
_preanbl e signal can be nmanaged if the fal se detection is discovered before

"any data buff er edmaldifid EebietheRhIBIGIGEIBBLH &g {rbfafile b9 chd\EorIRIRAY AT T aY'S

611. More specifically, prior to the synchronouds Sem conductor nmenory 5

devi ce acceptin l. [ contral. logic 601 di sables the

strobe det ector%%gﬁg%ﬁggggﬁwiﬁﬁomlf ancated) cRrEsspaRdy e np sk

register 615, input register 61.6, wite FIFO and drivers 617) in a reset
one upon which 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
commgnd and write clocks. This p'hase djﬁ'crénce can be expressed as the
number of write clock cycles which claéscs betwe;n the time th¢ WRITE
command is accepted ggd the time thc. mcniory device begins accépting
. data, a.ndﬂ.can be stored, for g:xampi_c, in a register of th;: mcﬁow device,
10 su;h as a field of the mc@oq device’s médc rcéistcr. Duﬁng normal
| béc;atioé the control logic 601 can use the stored timing diﬁ'c;cﬁce to
-ldctc_rm.inc wh;n the synchronous scu_ﬁco_nducté; ﬁcmow dcx;icc 202
shpuld accept write data. This elumnatcs tﬁc need to trgnsrﬁit the
preamble and flag sigpéls over the dﬁta sfrobc signal ﬁne duriﬁg noﬁnal
15 operation of the syncﬁ:bnous scmicqnductor memory device, thereby
imprqving the pcrforrﬁgncc of a the memory device when ;crﬁéing 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



condition to prevent the wite circuit path from accepting and buffering
data. When. the WRITE command is accepted, the control logic 601 10 -.
enabl es the strobe detector. 604 and negates the reset signal, which is a
.onentary signal, thereby permtting the wite circuit path to accept and
buf fer data under the control of the strobe detector 604}Mach3987 nenory
control l er does not use a preanble signal, the strobe detector 604 may
falsely detect the tristated condition of the data strobe signal |ine
STROBE 15 as a logical high and cause the wj;te circuit path to.begin
accepting and buffering data. However, a false detection of the flag wll
not be foll owed by seven consecutive logical |lows on the data strobe
"signal line STROBE because the nenory controller 100 will send a true flag
within seven |lids of asserting the WRI TE command. Therefore, the strobe
detector 604 can 1 March 2007 -18 be nodified to send the reset signal to
‘the write circuitlipirated.f The falsedetaetion sseumwhishxequiredgbe wis¢ vEtheogi cal | ows
after it has detected a logical high on the data strobe signal line

STROBE. The nonepieafiblé cigahl SGinbttinahddd if usRlsel i@eMMdd 8 diidoFitel H@?érﬁ to

di scard any buffered data and begin data capture 5 upon receipt of the
correct flag, whj revent s, i ncarrect ta.from hein itten to the
NMENDry arrays 61%@%%¥$F6@e t%ﬁ?%‘?c %ﬁq@mwgpggotﬁ?mmq)qy RS
detected seven consecutive |ogical lows on the data strobe signal

More specifically, prior to the synchronous semiconductor memory

5 device accepting the WRITE command, the éoq,trol 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
o dafa. When thc.WRITE command is acccpfcd, the éontro_l_ logic 601
10 - enables the strobe detector 604 and negates the reset signal, which is a
- momentary signal, thereby permitting the write circuit path t‘o accept and
buffer data under the control of the strobe detector 604. If the memory
controller does riot use a preamble signal, the strobe dct_:cctc;r 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 folléwcd
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



d4ine 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 nent can al so optionally |Iock out the reset feature
after it has detected | ess than seven consecutive logical lows. It may be
desirable to prevent the data strobe detector 604 fron1ﬂ§§ﬁ¢ﬁ@°5 reset
signal (or alternatively, to prevent the wite circuit path from
responding to a reset signal) after it has detected, for exanple, five or
si x consecutive logical lows 15 on the data strobe signal |ine STROBE
following a logical high. This is to preveﬁ?‘the strobe detector signal
604 fromissuing a reset if it falsely detects the second tristated
‘condition (i.e., signal state TS2) as a flag. 1 March 2007 -19 Wile
certain enbodi ments of the invention have been described and illustrated
.above, the invention is not limted to these specific enbodinents as

nuner ous modi f i ch¢ hantified RARGRBthaNEseE Yfpshi idléﬂe%tc%cuﬁgb&cn?h%&seﬁ&mm S

can be nmade without departing fromthe spirit and 5 scope of the 1nvention.
i ted byt he SSAERRIE epesenBnEdpBeel PR ster Bt et OB BE R
described and illustrated, but is only limted by the scope of the
appended cl ai ns.thg@lata 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
writtch to the memory arrays 611. The strobe detector 604 is disabled -
after it has detected seven consecutive logical lows on the data strobe signal
' ling STROBE, in order to prevent it from falsely dctccu'ng. the second
tristated condition (i.e., signal state TS2) as a flag. The second altcrnafe
10 cmbodiment_can also optionally lock out the reset feature after it has
detected l.e'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 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,.



1l March 2007 20 CLAIMS: 1. A nethod of operating a nenory device, said
met hod conprising: receiving a wite clock signal; receiving a wite
command; receiving a wite strobe signal which has a first strobe portion
associated with a clocking edge of said wite clock signal nd ¢l ocking in
wite data using said wite clock signal after receipt 6%“% f@oﬁﬁite
command and begi nning with.the clocking edge associated with said first
strobe portion. 2. A nmethod as in claim1l wherein said wite strobe

signal has a preanble prior to said first stgobe portion. 3. A nethod as in
claiml1l wherein said wite strobe signal has no preanble prior to said
first strobe portion. 4. A nethod as in claim1l wherein said first strobe
‘portion is a first predetermned logic |level of said wite '

While certain embodiments of the invcntidn have been described
and illustrated above, the invention is not limited to these specific
embodiments as numerous modifications, changes and substitutions of
cquivélcnt Elénicnts caﬁ be made wirhout .dcparting from_ the spirit and

5 scope of the invention. Accordingly, the scope éf 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



Sstrobe signal. 1 March 2007 21 5. A nethod as in claim4 wherein said
first strobe portion remains at said first predetermned logic level for
a period of tinme which is equal to oné clock tick of said MWIte cl ock
isignal. 6. A nethod as in claim5 wherein said wite strobe (%nal
i ncl udes a second portion foll ow ng sagg first strobe pdﬂV?ﬂh Lai d second
portion being at a second predetermn |l ogic level for the duration of
the clocking of wite data into said nenory device. 7. A nethod as i'n
claim6 wherein said wite strobe signal has a preanble prior to said
first strobe portion, said preanble being at second predeterm ned | ogic
level . 8. A, )d as in claim7 wherein said preanble |asts for a
‘predeterm ne nber of ticks of said wite <clock signal. 9. A nethod as
in claim8 wherein said preanble lasts for two ticks of said wite clock
;signal. :
1. A method of operating a memory device, said
method comprising:
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 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 method as in claim 1 wherein said first strobe
portion is a first predetermined logic level of said write

strobe signal.



22 1 March 2007 )05 10. A nethod.as in claim8 wherein s lasts for three
ticks of said wite clock signal. 11. A nethod as in claim?7 wherein said
first predetermned logic level is a high logic I evel and said second
ipredetermned logic level is alowlogic level. 12. A netg&d a%%#n claim?7
wherein said wite strobe signal isa érl-state si gnal . argl hod as in
. claim6 wherein said nenory device cl dks in wite data in data bursts
having 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
coincident with the remaining bits of said data burst. 14. A nethod as in

"clai m 1" wherein sai d Ardthod BRI @Nghimrd tehstd Dhes$iangl r 8¢ est£s8i ved
froma nmenory controller. 15. A nenory device conprising: a wite clock

J nput path dore fGeelathithd IV 146 &l £k Sé%@étermlned logic level

for a period of time which is equal to one clock tick

of said write clock signal.

6. A methed as in claim 5 wherein said write strobe
signal includes a second portion following said first
strobe portion, said second portion being at a éecond
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.



23 1 March 2007 )05 a command signal path for receiving a at | east one
data signal path for receiving wite data; a data strobe signal path for
receiving'a wite strobe signal which includes a first strobe portion; and
a logic circuit responsive to a witg command on said commnd si gnal
and said first strobe portion of saizg wite strobe signél 320 8?OCkI ng |n
data received on said data signal path using a wite clock signal received
on said wite ciOck A MRRNQAIAE Mhetlad i shivhekR* strobe signal path is

al so used by said nmenory device to send a read strobe signal to a nenory
control | er lagtisnfer memey tidm ahesatd ornecitds. coglenpignalevi ce as in claim
15 wherein said first strobe portionis a first predeterm ned | ogic |evel
‘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

Jportion, said preanblge gatiddthd hen datfi Sty oheersSiwnadidatird® a second
‘predet ermi ned | ogi c | evel

predetermined logic level is a high logic level and said

second predetermined logic level is a low logic level.

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

gignal 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
said write strobe éignal 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
command and write strobe signal are received from a memory

controller.

15. A memory device comprising:
a write clock input path for receiving a write clock

gsignal;



[different fromsaid first predetermned logic level. 24 1 March 2007 )05
18. A nenory device as in claim1l6 wfirst strobe portion remains at said
first predeternmined logic level for a period of time which is equal to one
siclock tick of said wite clock signg!. 19. A nenory device as in_claiy18
wherein said wite strobe signal iH¢l udes a second porti'd¥@¢%24%8wi ng " sai d
first strobe portion, said second portion being at a second predeterm ned
| ogic | evel for a&heonfuard i igndl tpeth cfockiege¥ingiae data into said
menory device. 20. A nenory device as in claim19 wherein said wite
strobe signal heast dgastamhe @torsignshiphthrfér sécobeiporerore sai d
preanbl e being at second predetermned |logic |level. 21. A nenory device as
“inclaim2@aherein said preanble |asts for a predeterm ned nunber of
ticks of said wite clock signal. 22. A nmenory device as in claim?21

wherein said preaghle dasise I Oloha JAOkSe St fabdiWhg Ca hipkesignal . 23,
A nenory device as I1nh claim 21 ﬁ%erel sai d
strobe signal which includes a first strobe portion; 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, wherein said data strobe
signal path is also used by said memory device to seﬁd a

read strobe signal to a memory controller during a memory

read operation.

16. A memory device as in claim 15 wherein said
first strobe portion is a first predetermined logic level

of said write strobe signal.

17. A memory device as in claim 16 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.



preanble lasts for three ticks of said wite clock signal. 25 1 March 2007
)05 24. A nenory device as in claim20 wherein said first predeterm ned
logic level is a high logic level and said second predetern ned | ogic

devel is alowlogic level. 25. A ngnory device as in claim2 er ghg
said wite strobe signal is a tri-rsqiate signal. 0 26. A@@%%O evi ce as

in claim19 wherein said logic circuit causes said nenory device to clock
inwite data il dathk mrmery deNigr) a8 prredetaimi Hed¥ nunber of bits, said
first strobe portion of said wite strobe signal being coincided with the
recepti on ofimstf igtstols tpaft fon dedea ing At s@idl Secendopedeieormbiedai d
wite strobe signal being coincident with the remaining bits of said data

“burst. 27. dierevdDoide £05@FiSd NgE ttime edsiclones nedquay tevone, said
menory device conprising: a wite clock input path for receiving a wite

Cclock 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
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.

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.

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.



.signal;

a conmand signa

path for receiving a wite conmand; 26 1 March

2007 )05 at |east once data signal path for re data; a data strobe signal

path for
sportion,

device to send a read strobe signa
read operation; a logic circuit responsive to a wite command on said

path and said first strobe portion of said wite strobe
path using a

comand si gna
signal for clocking in data received on said data signa

receiving a wite strobe signal which includes a first strobe

wherei n said data strobe %%gnglngﬁ;?ylchLf?OFFgﬁa£X?&ﬁld

wite clock sigmd. recanamsicpndedidel adiie €lank 20puitepaih; sahdl a
connector for electrically connecting said nodule to a signal bus. 28. A
“nodul e as lﬂﬁé@lﬂe?deefmﬁfﬁéasm@lélié&el sig oben P tiofid s1@vél remd
predetermned logic level of said wite strobe signal. 29. A nodule as in

;Cla|n128 nggfarké%gﬁhvgféé%termlned 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:

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;

nory
nory



Strobe signal has a preanble prior to said first strobe portion, said
preanbl e setting the data strobe signal path to a second predeterm ned
logic level different fromsaid first predeternmined logic level. 27 1
sMarch 2007 )05 30. A nodule as in ai m 28 wherein strobe portign r i ns
at said first predeterm ned |ogic ﬁ%vel for a period of1ﬂwﬁﬂ’aﬁﬁch §§?
equal to one clock tick of said wite clock signal.. 31. A nodule as in

cl ai m 30 wher ei ritsaiehsir ierce sigtobes nmlalpdtit| igtesrear second portion
following said first strobe portion, said second portion being at a

second predits;mned logic level for the duration of the «clocking of wite
data into said nenory device. 32. A nodule as in claim31 wherein said

‘wite strobe signaltdias folsl eHENLlL A fdr Stdckiving Stwebge portion,
said preanbl e being at second predetermned logic Ilevel. 33. A nodule as

TR\ e A PSS o) o0 PeEBbe st O
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 ag in claim 27 wherein said first
! strobe portion is a first predetermined logic level of

said write strobe signal.

29. A modulé as 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.



34. A nodule as in claim33 wherein said preanble lasts for two ticks of
said wite clock signal. 35. A npbdule as in claim 33 wherein said preanble
| asts for three ticks of said wite clock signal. 28 1 March 2007 )05 36.°
A nodule as in claim32 wherein said first predeterm ned Iogic égyel é% a
high logic level and said second prédeterm ned |ogic | evEMEER 2007 o\ gic
level. 37. A nodule as in claim32 wherein said wite strobe signal is a
tri-state signal30.38.A Andtille ea@iSin ncdah mBwhvdwessin said logic circuit
causes said nmenory device to clock in wite data in data bursts having a

predet er m Nad-dWE RS riofordi dsma 59 tat fdd5d SiFrHbHRMEt OmDhegaisgiite
strobe signal being coincided with the reception of a first bit of a data

burst, sal d apeondpor tion o sal dide e ol rabealanalo Sk ngisoknc dent

with the remaining bi sai d data urst. 39. A processor system
ponprising;tiék;gfm§§f rwrfggiéhégﬁmg§§ﬁgyice coupled to said processor,

sai d
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 strobe
portion, said preamble being at second predetermined logic

level.

33. A module as in claim 32 wherein said preamble
lasts for a predetermined number of ticks of said write

clock signal.

34. A module as in claim 33 wherein said preamble

lasts for two ticks of said write clock signal.

35. A module as in claim 33 wherein said preamble

lasts for three ticks of said write clock signal.



Jrenory device conprising: a wite clock input path for receiving a wite
clock signal; a command signal path for receiving a wite comand; 29 1
March 2007 )05 at |east one data signal path for rec. data; a data strobe

isignal path for receiving a wite sftrobe signal which inglude fir
strobe portion, wherein said data & obe signal path isqu§§1%?Zd bﬁééaid
menory device to send a read strobe signal. to a nenory controller during a
menory read operation; and a logic circuit responsive to a wite comand on
said command signal path and said first strobe portion of said wite
strobe signal f@scl awkiddulie sattnrereimeIR orhereth siaid@ Sigsal path using
a wite clock signal received on said wite clock input path. 40. A

"processor syt asnined Bhdn 3N eI eid sahthhfissic sSiepbe peatiandis a
first predetermned logic level of said wite strobe signal. 41. A

.Processor %¥§&ﬁﬂ3q§ré&bégfmfﬂé@ F@gf@ifbéﬁﬂcks 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
being coincident with the remaining bits of said data

burst.

39. A processor system 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
signal;

a command signal path for receiving a write command;



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 |ogic

il evel . 42. A processor systemas in glaim40 wherein said,  first_str
portion remains at said first predetzcé?rm ned 30 1 March de\’?arﬁrb@ml Og?@@

| evel for a period of tinme which is clock tick of said wite clock signal.
43. A processor dysteastasone ddtd nsdmaheratih el dreqwite strobe signal

i ncludes a second portion followng said first strobe portion, said second
portion beidarat a second predetermned logic |level for the duration of
the clocking of wite data into said nenory device. O 44. A processor

‘systemas in cl al M herehd Saithl Watle S6F Ohecsigivey dasracereanbl e
~prior to said first strobe portion, said preanble being at second

Predeterm nad 1001 & develynfth TPl QEES SO £ SYSH &R AShéd HSEEI Sh 44 wherein
said preanble lasts for a predeterm ned nunber of ticks of sald
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; 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.

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 processor system as in claim 40 wherein said

first strobe portion remains at said first predetermined



wite clock signal. 46. A processor systemas in claima45 wherein said
preanble lasts for two ticks of said wite clock signal. 47. A processor
systemas in claim45 wherein'said preanble |asts for three ticks of said
wite clock signal. 31 1 March 2007 &95 48. A processor system as ingglaim
4 first predeternmined logic level is’a high logic |evel af#323% second
predetermned |ogic level is a lowlogic |level. 49. A processor system as
in clai m44lagie elevehi for v i per5ed obe Simmavhighaisri-state signal. 50. A
processor systemas in claim43 wherein said logic circuit causes said
menory devickoth ticdckof nsaidteridatalockdatendlirsts having 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 coincident with the

Jemaining bits of3saifd pHtEsHYF SbysOdm AsMBANELa0h PPEURELEInASHREDIY
device, 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.
44. A processor system 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 processor system as in claim 45 wherein said

preamble lasts for two ticks of said write clock signal.

47. A processor system as in claim 45 wherein said

preamble lasts for three ticks of said write clock signal.



ethod conprising: initializing the nmenory device, said initializing
further conprising: receiving a command cl ock signal; accepting a first
write command in synchronismwith a clock edge of the conmand cl ock
ssignal; receiving a wite clock signal; 32 1 March 2007 )05 receivi a
wite strobe signal which strobe portlion associated with BMer$e¥ng ggﬁe of
said wite clock signal, wherein said wite strobe signal is received on
a data strobe sigdal Ppaphooéssar dsyetemyasdeni ckawhi¢h is al so used by said
menory device to send a read strobe signal to the nenory controller during
a menory repfstopsrédéodiminedtisgia IeNOEriofaWhige ToéoLk Begsal andiet ween
the acceptance of6the first wite command and the first strobe portion of

‘the wite Sééi)&)eséé&q@lpré&et&ﬂﬁ@@dl@éi%nlébé‘i”lé_la Yber £bg 8ai d step of
initializing further conprises: storing the nunber in a regiSter of the

JTEnory level.

49. A processor system as in claim 44 wherein said

write strobe signal is a tri-state signal.

50. A processor system as in claim 43 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.

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;



device. 53.. A nethod as in claim52, wherein said register is a node

regi ster of the nenory device. 54. A nethod as in claimb5111, further
conprising the step of: operating the nmenory device, said operating
sfurther conprising: accepting a sec%nd wite command in synchroni sm, Lth

a clocking edge of the wite clock s%gnal: 33 1 March 200Ma€h &% ng i
wite data using said wite clock signal after the counted nunber of wite
cl ock signals hassetbpseg.a B5itd\ setdloel abgnal claiein52, further conpri sing
the step of: operating the nenory device, said operating further

conpri si NQ:statsePt pdet Hor1s eLOHEE 1 At éd ew COHTRNEL bk Biydi Cddgai S sqid a

cl ocking edge of the wite clock signal; clocking in wite data using said

‘wite clockysinaliodf tEIghde, Coneteth neuherwef car it go6d 0Oskgshonaks has
received on a data strobe signal path of said memory
device which is also used by said memory device to send a
read strobe signal td the memory controller during a
memory read operation;
counting a number of write clock signals between the
acceptance of “the first write command and the first strobe

portion of the write strobe signal.

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 claim}Sﬂ, further comprising the
Lo

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;



el apsed. 56. A nethod of operating a nenory device, said method
conprising: receiving a wite clock signal; receiving a wite command and
enabling a strobe detector, said strobe detector sensing a wite strobe
ssignal line which has a first logigal state corresponding to a first
portion of a strobe signal associated with a clocking edg¥26f°&id wite
clock signal and a second |ogical state corresponding to a second portion

of the wite SQUPENG| Hrarrity dataresingoT2385WrihenctREXsBLgRE det ect or
senses the s the first logical state, starting to clock in wite data into
a buf f er afdien the eeunted| wearbey gkl wohte heletkcriagaledhasassociated with
said first strobe portion; when the strobe detector sense the strobe signal
at the sda=pwkd.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 43 the second |ogical state; and

55. A method as in claim 52, further comprising the
step of: )

operating the memory device, said operating further
comprising:

accepting é 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 signais 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
signal 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 signal;



-when the strobe detector sense the strobe signal at the first |ogical
state, resetting the buffer to discard previously clocked in data if the
counting is less than a first predeterm ned nunber. 57. The nethod of
siclaim 56, further conprising the step of: when the counting has_reached a
second predeterm ned nunber, preveﬁ#ing the buffer fronﬂﬂ@%ﬂbg¥@setSB§8
The nethod of claimb56, wherein said first predeterm ned nunbher is equal
to one tick | esswhdranthdest mbé¢ edduestor esgpdenftisai g nenory device. 35 1
March 2007 )05 59. The nethod of claim56, wherein | ength of said nenory

device is &He ckSrathdlddpbcdl rstat@f esed £f Mhdpetlo nehbek is writek8at&0. The
method of claim57, wherein said second predeterm ned nunber is equal to

“two ticks | &% thasuffer WEi4E BHE Skl €8t Took S8hHalesR! ¥hdeyisexkifd. The
met hod of claimb57, wherein said second predeterm ned nunber is equal to

three ticks,dess, 4000 10& W LA CRYESE: LE0ILErOhe SELEL MBAPT Y devi ce.

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 °

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.



62. The nethod of claimb57, wherein the wite burst Iength of said nenory
device is 8 ticks and said second predeterm ned nunber is 6 ticks. 63. The
met hod of claim57, wherein the wite burst length of said nmenory device
is 8 ticks and said second predeterm ned nunber is 5 ticks. 64. A ry
device conprising: a wite clock i ngt path for receiving M #4% clmégg
signal; a command signal path for receiving a wite command; 36 1 March
2007 )05 at | ead. orehalatetlsodnaf @bdimfos, nédeedkaim; a data strobe signal
path coupled to a strobe detector which senses a |logical state of the data

strobe signagtiatds sid Aehergtaobecsi ghad padiks havdngha first | ogi cal
state corresponding to a first strobe portion and a second |ogical state

‘correspondiélge&é{@rm%%@peispprgi(ggg. a logic circuit responsive to
the wite command and the strobe detector detecting the first |ogical

;stateto'

60. The method of claim 57, wherein said second
predetermined number is equal to two ticks less than the

write burst length of said memory device.

61. The method of claim 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
1ength 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;



start clocking in wite data into a buffer using said wite clock signal
wherein said logic circuit is responsive to the strobe detector detecting
the second | ogical state to continue to clock'in wite data into the
sbuffer and to count ticks of the write cl ock while the strobe dgtecggg
detects the second | ogical state; ang wherei n sai d | ogi ¢ ¢VeEUF7;
responsive to the strobe detector detecting the strobe signal at the first
| ogi cal state t @b dsast neuddter signhbdath pfewivesly clocked in data if
the count is less than a first predeterm ned nunber. 65. The nenory device
of claim 64, whetaiay; said logic circuit is responsive to the count
reaching a second 37 1 March 2007 )05 predeterm ned nunber to prevent the

‘resett buffer. HGatHhestRsme Vs dgvaTepHih b &, tohgretrosai d first
predet erm ned nunber is equal one tick less than the wite burst |ength of

said menor 3 deViiCh iicH EehBIDTY A8Yi &8 odc £ Qi HF 6Bne VISESI BribBeW it e

signal path, said data strobe signal 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;

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



Jburst length of said nenory device is 8 ticks and the first predeterm ned
nunber is 7 ticks. 68. The nenory device of claim®65, wherein said second
" predetermined nunber is equal to two ticks less than the wite burst
length of said nenory device. 69. Thg nmenory device of cIaimGS(j whergé n
said second predeterm ned nunber is equal to three ticks' Y&E:2%%han the
wite burst length of said nenory device. 70. The nenory device of claim
65, wher ei rPEgRetg@TRiNedrEWIbe BNy PBEVeRE dthemirsetevice is 8 ticks and
said second predeterm ned nunber is 6 ticks. 38 1 March 2007 )05 71. The
menory devilmeffdr cl ai m 65, w burst length of said nmenory device is 8 ticks
and said second predeterm ned nunber is 5 ticks. 72. The method of claim
*1, wherein said menory device is a synchronous dynanmi ¢ random access
menory. 73. The menory device of claim 15, wherein said nenory device is a

.synchronous dynagg ¢ reilGRRASEESSevIBIEY - cV4im 18, NRHBLYiADEEt @ of claim
27, wherein said at :
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.



least one nenory device is a synchronous dynam c random access nenory. 75.
The processor systemof claim 39, wherein said nenory device is a
synchronous dynam ¢ random access nenory. 76. The nethod of claim51,
.wherein said nmenory device is a sy ronous dynam ¢ random access BRI Y-
77. The nethod of claim56, wherein %aid menory device is MEy£R%r onous
dynam ¢ random access nenory. 39 1 March 2007 )05 78. The nenory devi ce of
claim64, w. nmenbky dEw deemery dewvicee opbuslalimap? c wandom access nenory.
79. A nmenory nodul e conprising: a first command signal path for receiving a
command; &odrststleomimnof ctacd segory @eathcé oisreéceioksgand saindand cl ock;
a register coupled to the first command signal path and the first command

*clock signadedsid, pré@sedimsaéd ntifeest €8 out pelks,. the command recei ved on
the first command signal path to a second command signal path and out puts

’

72. The method of claim 1, wherein said memory

device is a synchronous dynamic random access memory.

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

access memory.

75. The processor system of claim 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.



the command cl ock received on the first command clock signal path to a
~second conmmand clock signal path; a wite clock input path for receiving a
wite clock signal; a data signal path for receiving wite data; a data
-strobe signal path for receiving a wite strobe signal which includ 85 @
first portion; and at |east one rrerﬁ?ry device, said rrermr'vara'é%(? e coupl ed
to the second cammand signal path, the second comand cl ock path, the
wite clock inpuis patThe trmmatay adewigmabf pakdnm a6, thhe data strobe signal
pat h, wherein each of said nenory device further conprises a logic circuit
responsi ve didndryvdd i comand spnsiatshdids ldMumic 200hdgMSacsesand command
signal path and said first of said wite strobe signal on said data
*strobe signadnmoRath for clocklng in data received on said data signal path
using a wite clock signal received on said wite clock input path. O

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
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;

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 cammand signal path, the second
command clock path, the write 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



40 1 March 2007

second command signal path and said first . )
of said write strobe signal on said data strobe signal
path for clocking in data received on said data signal

path using a write clock signal received on said write

clock input path.

)05



