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DATA STROBE SYNCHRONI ZATI ON Cl RCUI' T AND METHOD FOR
DOUBLE DATA RATE, MJULTI-BIT WRI TES TECHNI CAL FI ELD

wohies/sogerent i on rel ates to nmenory devi ces, andpPCumISe004/021946

particularly to a circuit andjnethod for strobing
multiple bits of wite data into a double data rate
menory devi ce. BACKGROUND OF THE | NVENTI ON Menory

devi ces, such as dynam ¢ random access nenory (" DRAM)

devi ces, are nmonly used in a wide variety of
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a cl ock signal nchronously reading and witing

dmmdﬂoctal | oned for other advances in the data
bandw dt h of nmenory devices, such as burst node and
page node DRAMs, in which a |arge anmount of data coul d
%@wamm ENTIohe Menory command.

ronous nenory devices such as DRAMs initially
transf er r eMabadrp demicey rsatlt an dmrmmtrhndme aedbge n{eadrn €T DRAM™)
rising or falling) of ,a clock sign each cl ock cycle.
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pos synchroni SmWI

rﬂcséa@@g eletgspeada whieh hedniory geﬁd@ear@ ﬁblea@keaalaﬁa kvrity dht@. Initially,
As a result, these "double data rate" ("DDR') nenory

BP0 devieesnepiesated: asynalraneuslys end Actingle sekol Jair averanrad from or

ORlBh§ 5F B Mehlos opohPs '€ el S REVG AR The data

smmrosaﬂtha{fenérm@rdealbbsvwéxreamséeqwﬁ@ ihéredsed bYFbRILELAM Wfiting data
write operation. Therefore, although DDR menory

the §ynshronémp m‘.lth at dpdle sighal. dSyschienroaliyditeading zad writing data also

gl?oweecpl”or or%ﬁer advances in the data bandwidth of memory devices, such as burst

mode and page mode DRAMs, in which a large amount of data could be transferred
with a single memory command.

Synchronous memory devices such as DRAMs initially transferred data
in synchronism with one edge (either rising or falling) of a clock signal each clock
cycle. However, with increases in the widths of data paths in synchronous memory
devices, it subsequently became possible to transfer data in synchronism with both the
rising edge and the falling edge of each clock cycle. As a result, these “double data
rate” (“DDR”) memory devices transferred data twice each clock cycle. When data is
read from or written to a DDR memory device, the data registered with both edges of
the clock signal are internally transferred in a single read or write operation. Therefore,
although DDR memory devices support twice the data bandwidth of a conventional

synchronous memory device, they operate internally at the same speed as a conventional
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bandwi dt h conpared to conventional synchronous nenory
devi ces because they have inté&nal data paths that are
twice as wde as the data paths in conventional nenory
devices. In an attenpt to further increase the data
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after each edge by 1A clock period.” During each of

ttheserywiemgess, the data applied to a data bus terninal

of the nenory, device nust be considered valid. [

or obl em t hA® HiEh BEFARE,fo smuméw? A1k CiogbF 4 DS”) signal,
t ' ' ' ! il et i t
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del.ayed relatjve to the data. As a result, the first
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' ik [ te thi rth.
kgt bR IPREL o radt? Il 800 QAR e dota
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circunstances, the incorrect wite data nay be strobed

i nt o the neEdrsrRroblem that mahetist with DRRZ2amemerysdavinse isf that noise on

ciCui t. and method t.hat 1S .Sy antially immne t
o DS o ReBERPIE; pHBElo i SES DB Rutthe P pisded as a DS
}%@V I Oc\llﬁﬁﬂ’} WhireGhS P8 PulieSs SHsBintiSHMRNREd Elafitito the data. Asa
result, the first and second edges of the first DS pulse, (i.e., DSy and DS;) will be

interpreted as the third and fourth data strobe transitions DS; and DSs, and the true DS,
and DS; transitions will be ignored. Under these circumstances, the incorrect write data
may be strobed into the memory device.

There is therefore a need for a circuit and method that is substantially
immune to noise on the data strobe line of DDR2 memory devices to avoid capturing

spurious data.

SUMMARY OF THE INVENTION
A data strobe synchronization circuit generates first data strobe signals

responsive to global data strobe signals, but does not generate a second data strobe



10

15

20

25

A data strobe synchronization circuit generates first
data strobe signals responsive to gl obal data strobe

wei2esass73but does not generate a second data PCT/US2004/021946
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Figure 5 is a block diagram of one embodiment of a computer system

using the memory device of Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

One embodiment of a data strobe circuit 10 that is insensitive to noise on
data strobe lines and thus captures write data responsive only to valid data strobes is
shown in Figure 1. As explained more fully below, the circuit 10 operates by strobing
data on each transition of a DS pulse on a data strobe DS line, saving the data strobed
on the last two transitions prior to a predetermined write command, and saving the data
strobed on the first two transitions following the predetermined write command. As a
result, any data strobed by noise signals in the preamble are overwritten with correctly

strobed data.
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result, any data strobed by noise signals in the
preanble are overwitten with correctly strobed

wdav@/0véda7h reference to Figure 1, the data strBO®US2004/021946

circuit 10 includes a data strobe input circuit 14 and
a data input latch circuit 184 As described in greater
detail below, the data strobe input circuit 14
functions to generate data strobe signals, and the
data input latch circuit 18 uses those strobe signals

to latch f8ith mefersness toyFiguee bathg . datm strehst eirquap L Tpclydes a data
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i . .S' | i :9s T . e i r . e
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i - <28.. The fi i TOU
T B3R 0 AL PR B SEi Bt

kS stRfbe SR Sitdvdatd bik,Rmfl liRPDSBPsiged is the@afal strebé Forfie fourth
32, 34 are clocked by a Witel signal, which is

databitnt Thusakftsr afleofcheseatata sirobDRiEnAls oy ogaiedethegqlective write
G dr SYSETy Oty 18 Spibie v G BirSiharids. e "

flip-flops Tﬁg%ﬁrgt‘laﬁcf@&oﬁ&'tvﬁ’i’t% das Bﬁ@%}é’?pﬁliéd%s 2850 and Ldinl
n ]

second bits of wite data, D nO and

sizagledbitheldata ifipetstdfi respeative flquiflops B2t 34.ofTher flipeflapst 32, 34 are
Din2 and Di_n3, .are qutput directly fromthe flip-{ S
slockesg byta Wafel sigen s&’?‘@ﬁ’t oneoRaRonaE Sanpreiad o a%ﬁ?f memory
s \Y -f-lo , .
UEFOES e R A R S8t 8 o Bors ol

emeEnioBl devices The Hidp-flapd 37, Gdrthddi dputirespettive filat anddebdnd bits of
be presented to the nenory array_ at substantjally th
F

9aiip drierDindaenc il cRBL Uy, (BEahird 2t dowrh bits Apiitite data, Din2
lal% B}ns‘:,la}é: gﬁt})utlc%re%ﬁg} oA iR ﬂig-?lops 26, 28 at about the same time that the

Writel signal becomes active. The flip-flops 32, 34 are used to output the first and

second bits of write data to the memory array so that all four bits of write data will be
presented to the memory array at substantially the same time.

As mentioned previously, the data input latch circuit 18 generates the
data strobe signals, DSA, DSAi, DSB and DSBi at the proper time, and it does so in a
manner that does not result in the capture of data responsive to noise signals. The DSA
signal is generated by an inverter 40 from its complimentary DSAI signal, and the DSB
signal is similarly generated by an inverter 42 from its complimentary DSBi signal. The
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data strobe signals, DSA, DSAi, DSB and DSBi at the
proper tinme, and it does so in a manner that does not

woesuslonsd7a t he capture of data responsive to nBCSAIS2004/021946

signals. The DSA signal is generated by an inverter 40
fromits conplinentary DSAI spgnal, and the DSB signal
is simlarly generated by an inverter 42 fromits
conplimentary DSBi signal. TheDSAI and DSBi signal s

are, |nturn generated by resp ctlvelo circuit
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circuit 46 or the logic circuit 48 is sel ected
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of the |lo %]C”CU” 46, 48 is illustrated in Figure
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Figure 1, is coupled to receive the EDSI N si ghal . As

dogid QT VBTG, H8gnedudasra NANG) ath 60 dhvt it ¢rableidiyn kigh Salnpug, which,
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respectively he ot her |nput to
biANEhedadoeinaétivieslosowhered tits dfhdato bpeibear capturad tblypﬂhexhta strobe
52 that receives the data strobe DS signal at its data

ﬂgﬁﬁﬂﬁ%ﬂ%&elﬁﬁl@éwlaﬁsﬂww hi gh MUXN si gnal and

an active g a
MUXN si gnal ?/s&%%t | @ﬁt ﬁ) hﬁ and t%\g{él\/tg](bfb%lgq b tﬁéqgutput of a
ﬁﬁﬂﬂlﬁﬂexérgw AT BRI tﬁ&l@tﬂ%mmﬂ@na 2y ita datadtypit add fenabled by

the logic circuits 46, 48, respectively, is actjve
B ghtiverhigh MUK ggnad @nd n agtiee EMNM'@Q’ siggal. wAs shoyen i Bigure 1,

L R e A R S C S
EN?NE s ?hﬂhcoufﬂ%& t& YAPId ?wocflrctuHE 4BIAND Bpettivedy, GO u&hv%dng@ Thus,

i pl exer i nput he NAND gate 50 by
threvartputrof 5ike NANI gate tShevitiutethe cmﬁphmentmm @stseg@bwhenever the

be | at ched er .t.he nul t di s
DS I abs astve ek 6hd r Rt LD oL RS BB high. The
Blfe bt NAND etedd Eoupl it ¥he A1 iy BIREKINY gatc 50 by an
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circuits 46, 48 are gener at ed a flip-flop
PR gispbled. The latched ogtput of the N gate S(fJ is reset hlg% when the EDSIN

signal transitions low as described below.

Returning to Figure 1, since the logic circuits 46, 48, the ENA and ENB
signals that enable the logic circuits 46, 48 are generated by a flip-flop 60. However,
since the active high MUXN for the logic circuit 46 is coupled to the Qi output of the
flip-flop 60 and the active high MUXN for the logic circuit 48 is coupled to the Q
output of the flip-flop 60, the logic circuits 46, 48 are alternatively enabled. More
specifically, when the flip-flop 60 is reset, the logic circuit 46 is enabled. Setting the
flip-flop 60 then enables the logic circuit 48.
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to the Q output of the flip-flop 60, the logic
circuits 46, 48 are alternatively enabled. Mre
specifically, when the flip-flop 60 is reset, the
logic circuit 46 is enabled. Setting the flip-flop 60

t hen enabl t gic.circu 8. The flip-flo i
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C signal at the output of a NOR gate 70. The si gnal

applied t Io "Jihhélipl-éloa 60 is nhxngCblby ] HDSEG sigyel faf te Cﬁﬂfplit$|£ #2MNOR gate
7P el i ot o afkoihEs B Biues e fipon b0 B s NA e that i
%ﬂé‘rﬁ%@ aPhel dgﬁ%ﬁﬂﬁtrﬁf{thé)h \})t ﬁﬁ) &Sefﬁér ?é “theTﬁgsl ﬁ%@ ?(iggles when

0 is enable an acti owW|t
ichochedby titcemhtpirt of tekD$E signals TiefNOR gﬁm g\ areﬁabiled by an active low
gyg a_penory g”lay in a mermrz devi ce containing. the
F‘&Zsfls%ew duipenerated owlogk erepdseRploredaticate patiesds 2 memory
g]ﬁ'g éiil‘?c}r? dicd S Gt tthQ :aata sﬂgbé Llll‘(?lét]; 1(5;%\%% e?lﬁbled 2 clock

y a’ pul se P om genera

@enoﬂsﬂ)eﬁlsretahhtaf witegpernion, tthé ﬂli;hﬁolDSG\hs dbekrdlby AAsulse from a pulse
expl ai ned above, the DSAi signal 1s used to latch the

Serapar bhtWihieh geauss omths risiies gdge pf thedpS AusismHe Apgaiplained above,

ThED i) PR b S e lag EDR AT of Gt 48 o BRPRGT 24 e D

Gighflrdns#ons BighRaAnaHe DS al k 1eh@&tlﬁ DS%F CHbihit 4@ tlafsitions low
initially enabled so that A and gnal s are

codhthierlagigsirguiy 46 é enabledf ﬂ&m‘,tthe lag® @rcxyrta% is Tltuaally enabled so that

 Yierarn TR S comtibelily 38Rt Bem e riLeiRE, The wiling

Qéée% of he DSWE ¥6ilses Mﬁ?@ﬁl\l\ﬁﬁthse%eg%n&’élﬁr R Eﬁﬂy Y&kdtive pulses to the

cl ock periods before a
NOR gate 70. However, these pulses are ignored until 2 clock periods before a write

operation because the Write2i signal is inactive high. When the Write2i signal becomes
active low, the rising edge of the next DSAI pulse causes a DSC pulse to be generated,
which toggles the flip-flop 60 to enable the logic circuit 48. The logic circuit 48 then
generates the DSB and DSBi signals from the next two transitions of the DS signal. As
previously explained, these DSB and DSBi signals latch the third and fourth bits of data
into the flip-flops 26, 28, respectively. The rising edge of the DSBi signal used to latch
the fourth bit of data triggers the pulse generator 68 to generate a pulse that resets the
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operation because the Wite2i signal is inactive high.
When the Wite2i signal becones active low, the rising

wedys/008678 he next DSAI pul se causes a DSC pul seCTasShm4/021946

generated, which toggles the flip-flop 60 to enable

the logic circuit 48. The logyc circuit 48 then

generates the DSB and DSBi signals fromthe next two
transitions of the DS signal. As previously explained,
these DSB and DSBi signals latch the third and fourth_ . .
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The risi d f _the. DSBI . Sj | . _
PR St A P Rigar 20 SP8 pd B0t P BE fi-lops
923,'%'5 s h(ﬁVQHl S tHeN Ak t76 DY Sardsthb bAof lodthe §Prifeli @@l becoming
enabl e

e logic circuit 46. In sunmary, when the i
Mitivee ZThesdatp strobiserimais sl Oathei stobes ke textawot hitshel dats inge the flip-
10 st %)es t he tlvvo bits of data into the flip-flops
flops 294 28, Tegx5eWYS el y, on the last two DS transitions

prior to tﬁ?_an%iBﬁ | attve R 10RRCAMBUNS 48CHS ¥R enBBRAUAL &1 EDSIN
strobe circuit 10 then strobés the next two bits o

sighal dpplied thehdit Spfihpups The BIBSIN eigpalcisi gasksatedAby a flip-flop 80
nmenti oned above the laogic circujts. 46, 48, are enabl ed
faymsd brbwe NQR griss 4501 the gunyt f)#gﬁ],ch 3 cquﬁb%ttgljougﬁ an mverter 90.

SRR DR3P BRIl ot 5 400 R s s
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logic circuits 46, 48. However, when the data strﬁ)be
transitions 1w t llews thaBRSThpnleatiorhsgeperpierivehey fae furpit of data has

BRFERYE: IR n o o o g e BT

The operation of the entire data strobe circuit 10 will now be explained
with reférence to the timing diagram shown in Figure 3, which shows various signals
present in the circuit of Figure 2 over a 150 ns time period as indicated at the top of
Figure 3. Figure 3A shows a clock signal that provides the basic timing for a memory
device (not shown) containing the data strobe circuit 10 of Figure 1. Figure 3B shows a
data strobe signal DS having several pulse pairs each of which is used for strobing 4 bits
of data into the memory device. As further shown in Figure 3B, a pair of noise pulses

occur on the DS line starting at about 115 ns. As explained above, the logic circuit 46 is
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been strobed into the flip-flop 28. The operation of
the entire data strobe circuit 10 will now be

wexpisaoss with reference to the timng di agr aRCSS2H4/021946

in Figure 3, which shows various signals present in
the circuit of Figure 2 over g8 150 ns tine period as
indicated at the top of Figure 3. Figure 3A shows a
cl ock signal that provides the basic timng for a

menory deV|ce1£not shown) containing the data strobe
Lﬂlﬁifdb’ enablpdsp thatgraele DS plﬂs@ Qs KRBTtk casen addg b pulse to be

%&%’Fdd A3 gﬁ v n glsgﬁr\é lﬁ%" b§%[ ﬁﬁ ]?tcﬁ?i e ?ifrstvédﬂh SBohd data bits

ﬁﬁd ieetlip Ao fslzat Mrre@B@tway vk bich I38A palseds ger@fratm itlEeeWrite2i
pul ses occur on the DS line startlnglat about 115 ns.
L

signashbwinrie Figyo3é is aqtyello‘gu so thatrthe 11145 edm off the 4194y pulse (the

ggﬁglg geao%@g% %e& cglép &y gﬁg‘}(gpﬁlae tqage 8¢ ec} ﬁt%}gf: ampgt of the
ROR FeS70DRA ISR hgg%fm Ehén bf ihste BRE Iiﬁge@ n@%ﬁ] e flip-flop

bits“into the flip-f 22, 24, respectively.
66,ctherlBBAdisablies the 1o eurameftﬁ artmenaWimg theilogic glrauit é& oVirs a result,

Fi 3J o) th he fall
R SubEBAUGRI 198 PRISAGAHSCS oS 2gisc s be eanpeiah 1 AhoBin gure 3D.
ERUF RISE pIRG hes 0, Qi aRe Bk s .3?@ ngéﬁﬁ%?ﬂwh ops 26, 28,
RSpequirklypand cggees DiSRepiilke fo- b gmeﬁe@ed hihthe eljpud |o£aﬂm| NA@JD -gate

the logic circuit_ 46 and enablln the logic circu
44 asghown i Sigure 3% nbhis DSCepplantesasths flindlopLes élser%bymabhng the

S n t 0 F
ENTRTY T TR, e et .
géneaatéd DDS AdfulsedBther B8 e TISB/Al1Ye, asthlsiastbssove. DSR
pul se to be generated at the output of the NAND-gate

64, as showhe mmnmgm whigh thaldets shebemiicsié 10eisdnsensifize to noise

Bl BB PR b RETRE HecM i et s SShieingPiinferbict to Figures 1 ana

subgret &i&t noRe ﬂﬂée‘é,earél g&%&ﬁé& Beﬁve%&l pubg s @1%9 %ﬁcH é@l@e a DSA
a DSB pul se, as expl ained above. The nmanner

plse unbagetem@bamhomm in Figure SC, m@mis]atohesadat@ 1mto|th@ﬂ1p flops 22,

| ses on t Stro ne DS w w be )
géip UGS w‘f% q}ee?ré ﬁg l%ﬁsr@. Qs &t ?Pea% 1§ty dhe snygious data
h%& iRl HE Sﬂl%g%pg 9??9@1? dyGLNEE Rvifnl gatgr R chst v lﬁ%)’leadmg and
each cause a pulse to be generated as shown
Em@mg edgss, of tikis OIS puddec ISegnifleindy) the ﬁolbhpul&és do-idt omléﬂhe flip-flop
However, when the first true pul se occurs

é@pé?vl?._lszle) wioyld yegwlt i the disghlingeisthe é@gac Pla%h%l and, ?l“élbilﬁé of the logic
{:%cjseu?ﬁ xt agl??}lbezlé 516%41‘0{11% 48k ‘%Abtléde, [ﬂ'le%ébg ] g%a @B&lﬁ%@n&&e aDSB

pulse, which would latch the first and second data bits into the flip-flops 26, 28 for the

third and fourth data bits. The reason why the noise pulses do not toggle the flip-flop
60 is that the Write2i signal shown in Figure 3J is inactive high when the noise pulses
are present. As a result, the falling edge of the DSA signal is not coupled through the
nor gate 70, and it therefore cannot clock the flip-flop 60. Thus, the first DS pulse
occurring after the noise pulses causes the first and second data bits to be latched into

the flip-flop 22, 24, and the second DS pulse occurring after the noise pulses causes the
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trailing edges of this DS pulse. Significantly, the
noi se pul ses do not toggle the flip-flop 60, which

woawstosasul t in the disabling of the | ogic ciPCuiuS2008/021946

and enabling of the logic circuit 48. If the logic

circuit 48 was enabl ed, the tmue DS signal would

generate a DSB pul se, which would latch the first and

second data bits into the flip-flops 26, 28 for the

third and fourth data _bits. The reason why the noise ..

phird aud fhrthgata Wde beisiehon lma-tﬁ¢ ﬂw-éepﬁ 26, Pl b data strobe cireuit
] o . . O . .

Bk ek iR e SRS Solbof i Froddil Cprl 43 e Dyl

falling edg®meddmbdiemEpALsimaabryl devivetusitguht dstatstiopaigifcuit 10 of

the nor gate 70, and it therefore cannot clock the

fHiguyse {105 some otheh gbodiment ofrthe inventing is shewie it Fighs 4 f tleememory

the. noi.se, pul.ses causes the first apd second,data bits
{8¥i6e MRBHrEd et o & 1 PRCPBRis, ABaRie” T docéss “memory
%ES]DRAN@@ FPO‘(_b,S al I (e Gnhnti6h édhe bBROeaBoBidd SRS other types of
causes thethird and fourth data bits to be | atched

ispiahrereas f DRAMSsopsich6 as 2 packplized] aDR A s obvad cRAMBUS1DRAMSs

RPRAS "L RS Vel S i o8 L 8t T oBEFRY 108 inctudes an
FRAREY rébefdiC 11 Mo Gedelies Adihndy %Wo@bﬁgcfr'tb{?%ﬂ b bl address on an

Fi gure or sone other enbodi nent o e ilnvention Is
stidness bus Hidghe addreShbusnElidos geuwkealiyceouplddits tarra¢raoky controller (not
ereln_is a s%nchr nous dy anic,randon1apc§%s menpry

t .
sharinFiguent). Typicalvgrownddresy srpitiaHy sessivied b dscaidasss register

[ . , .
122 b St 2o B AR i o e 18
asuplthére toppaddets & ginumbed ®fi ogondiiite aSEIAMEdLOGh either of two
i ncl udes an_address register 112 that receives either

ey arayesd0, d2 depenshingppodihe state oha hankaerisiress ditpfiggming part of

ﬁ%ﬁb“lﬂﬁn% dress bus 114 is generally coupled to a

nenory controller (not shown in Figure 4). Typically,

a row addr essodifted Withieat ¥f the GRINGS ab¥iyd 20, adAN €8 $espective row
register 112 and applied to a row address nul ti pl exer

ad@essTiashri@h whishetosesiihe roywladstesss, 208 agowpleesder 188 which applies
address to .a.nunmber.of co ne assocjated, wi th

STt G e R 20 07 RBET Y bt roeddress
ThadessiglalPinbRiak wRAE RS SoRddes btk TGP REbechlve th\es bPMemory cells
address. Associated with each of the nenory arrays

2 the medoiys amaysekie d 22 v elheonywa ddtiresssmiikipbexed 26§ alshi ciaples row

A ees G RO sdSreER Aicbes h2G 1 CHGRiSBe f acthiohing thomegpry colls
12 PRy’ L UREN Ple 1 aG4rRSRY aF L WerRIALL ISy refresh purposes by a
refresh counter 130, which is controlled by a refresh controller 132.

After the row address has been applied to the address register 112 and
stored in one of the row address latches 126, a column address is applied to the address
register 112. The address register 112 couples the column address to a column address
latch 140. Depending on the operating mode of the SDRAM 100, the column address is
either coupled through a burst counter 142 to a column address buffer 144, or to the

burst counter 142 which applies a sequence of column addresses to the column address

buffer 144 starting at the column address output by the address register 112. In either
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These signals include word |ine voltages that activate
respective rows of nenory cells in the nenory arrays

wa205/088&23 The row address nultipl exer 118 al seCTawspioes21946

row addresses to the row address | atches 126 for the
pur pose of refreshing the menthy cells in the arrays
120, 122. The row addresses are generated for refresh
pur poses by a refresh counter 130, which is controlled

by a refresh control |er 132. After the row address has
[58%n theotymay addessrhuiig é%wh@é@.cg{l@?n gdgizess oy a cplpuydgepder 148

%ﬁclpfaPéltbg \%agfg%lﬁ glgstol I%EI%EES? LoRe 12_9{1}&1%19?16 I dgxggo%fa?ed column

ress register ress

m&gm&’yalsolﬂsz foothp kespedtive aeralu1m0, a2i2ir ess to a col um
address | atch 140. Deg_endl ng on the ?geratl ng nmode o

tEe SDRAM Titr totheaeadiromrngod tlesairays 189.t 17@rs é@!ﬂéﬁ’cb’ifﬁ’ the column
8915 4 Bt PR E AR 012 RN S conpia

FRGUEN & el dOPMAT 5346 aRBEL tf)@t fepigtet 956, NhidH ApFIsE the data to a
buffer 144 starting at the col um address output by

data baddF&ss regl ster 112. In either case the coI um

address bu to I I es af ol um 3 S ed from the data
col um dec nctt? WSt esalT/aé'rS ’S éﬁ?ﬁ‘ 4§

HES ASE (th@ ﬁ%néﬁa 'rE%ﬁFnS 160 dn@3SREtRIAH ;ﬁ&i Y62 to the column
circuitry %50 152 for the respective arrays 120, 122.

Patwitryd S (),el Dewiteré it ontranséenet to bme aff thagsaysAQ0, 1222 respectlvely The

coupled to th qu C|rCU|try 150, . 152 for one
ORt@ st %19%0%30 151893p pledg dlascdlata wpyt register 4.0 fo latch ﬁ% bits of data

SRR 0 TSP 4 f S s o
Srblee (DITP sighall t Biesé doartdtsadf dareargrthay soup?dd, thidighi the write data
coupled fromthe data bus 158 through a data i nput

ipéf@ 5% o tlyp calgmnacipguitte 166t A5hath nl@k Reélstehel@olna}’nbe used to
f
FHEGHEN. it W 0 B 05 g b OSREIRE it 8T, sv

iy kEl6étivelPmhskitiodipd Rbelread Remdné Ardysnao, r22gi ster 160
to latch four bits of data sequentlallﬁ S plied to the

dat a bus 198e rabsyodescribed opaartiancofthea$ n@Pzs egntrolled by a
dat b Th f. bit f data

ERfhang @3?031?‘ 1FE sdhundiicy o SYRBALBIENLS Taseit g op g sqnul Bus 170
(T‘%éémﬁlgh' &M tebmbal s1%1§a§ @‘hﬁﬁsl&er c%flfr egi%téalalﬂyba? memory

used to selectively al ‘the fl ow ainto and
oountrcdfer (e sham nnF 1guuec-‘l); are g clideB endli2 sigaaldPKBY, dglock signal CLK,

tels}éna dtgtegabtle s1gnalr\$%g Efl go%vmaci(ﬂgssasgr%gg gignal RAS*,
and a column address strobe signal CAS*, which the “*” designating the signal as active
low. Various combinations of these signals are registered as respective commands,
such as a read command or a write command. The command decoder 168 generates a
sequence of control signals responsive to the command signals to carry out the function
(e.g., a read or a write) designated by each of the command signals. These command
signals, and the manner in which they accomplish their respective functions, are
conventional. Therefore, in the interest of brevity, a further explanation of these control

signals will be omitted.
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The above-descri bed operation of the SDRAM 100 is
controlled by a command decoder 168 responsive to

woansmngb7si gnal s recei ved on a control bus 170PCThissm®4/021946

hi gh | evel command signals, which are typically
generated by a nmenory controliler (not shown in Figure
4), are a clock enable signal CKE*, a clock signha
CLK, a chip select signal CS*, a wite enable signha

VWE*, a row_address strobe signal * and .a co

address st Figgee 3ishovs a@QE‘PPte\‘i\ﬁY%?mRt%ﬁg contalrypg f‘]benglgﬁﬁéw 100 of
e_sjgn . .

GEA ST T PRn $Bche o ALY E8R8LP 205 05 8toming varons

sotaputiy Fuhdtivds,C RIS @kecutingi tgecifienyafivvareThe perfaran dspecific

decoder 168 generates a sequence of control signals
caloatinrisvar tagkst hBhacpiomesser 20y mslusies @ nragassordms 3(dethat normally

f ' o ks it ' t.
e s 88 s greRRbo ol flealE” WAL 8 fRHie srobe
GR0AC i AdMOh Cthet BB uRE GPSIBN DD 1hé1@dds dnesReRéreMBput devices 214,

flunctions, are conventionhal. Therefore, in the
suxtheases keyboatdr @va mouse doupleddo thexprioagsaen 202 tsf alidve ga operator to

gg%ﬁ?ggwﬁésggéam\gﬁlﬁlf égﬁ?fgﬁﬁotng ygllggl [ %c%%%\ﬁ%r aspg‘stalgr 200 also
fhcluﬂ%? 0?19'3?%&% ogﬁrﬁ?}t Byl 2'1@%515’1?& 16 R BrgResef %@g,gsuch output

or performng v ous conputin unctions, suc _
daicasttypigalbpising a pristef bmnavled derpendl o Omespenorkidata storage devices
cal cul ations or tasks. The procesaor 202 includes a

k
B ersalen typisalip oaunlethto the DA LHE QU ARV he BRYQrsses2V2 to store
. 0 . i o t
04 By ALl R o B GOl ! Wl e
3DQypicul| ek@ge Qleeices 208 idciutdp Uiardlexd ofgppy 1diskss uape aassattes, and
keyboard or a nouse, coupled to the processor 202 to

aompaet shiskorsed-gubr memoriay €ePREMa).-t Thermsoessprsud®y is also typically

200., Typi cal | t he. t . 2 I
PG eE Gine SPerhaie 236 SO eSS RbEC Ry " iy, gremory
PrOICEVS R land 48 the SDIR AN 1At thﬁﬁ%inl GeSein¥B} Etltio¥leP23MJ TAe memory
printeror a video termni nal. e or nore data storage

dentiadies 230 Soamellyirctudey i ealtdol bup 3p6 @dd tap. addeess bus 238 that are
Bﬁgﬁ‘?. o octhe %35%&@%?@-? #‘ﬁe‘i’]@g‘@% %_g{lplétg %rgtpﬂgfét@@@g@i@o to the
glifséb%oﬁ P d%&ﬂgp%} dir@%grlf(eé Sfovi), th¥Richahe feRioRd &&@weg 230, or by

I nc and oppy di'sks, "tape cassettes,
somnpatbier nheads. r ead- only nenories (CD-ROWs). The

processor 202 is also typi.cal)y coupledt ach .

menory 226Franmi e foregpdig it ywilk b e regiletn Ga eatthough specific
W8 B4i¥nents of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



("SRAM'), and to the SDRAM 100 through a nenory

controller 230. The nenory controller 230 normally
wonelswdeg3a control bus 236 and an address busP@B@Stdan21946

are coupled to the SDRAM 100. A data bus 240 is

coupl ed fromthe SDRAM 100 g? t he processor bus 204

either directly (as shown), Through the nenory

controller 230, or by some other nmeans. Fromthe

foregoing it will be appreciated that, although

specific embodi ments of t&EAMSention have been

descri bed herein for purposes of illustration, various

nodi ficati ons may be made w t hout deviating fromthe

spirit and skdp@ sabbd Eitcuitnv@fprisiy: Accordi ngly, the

invention is not |limted except as by the appended

cl ai ms.&Cfist lagia cirpuiti geupled footseeive ecglPbal debmprabsisignal and a first
i ve | obal dat a

gt G oV ) BRESHIC SR A Rve

globd] Q8tlaGtr6bd §ipdl wiRh eHeAfirsi\éhaBlefsignl isdafive; St r obe si gnal
responsive to the gl obal data strobe signal when the

first ensdsbad $ogimairciit caupiédsto; reacise tnglobalgdata stroteusignal and a
coupl.ed to receive t | ohal . data sirobe si and a .
secorklo SR otefishotie: sane IpHls SBuing BRI &) FEgR] data Stobe signa

a . O
o BB ) 806 Ol s P 8l b SRR Moy
si gnal a sommiliorenit avodplad conthe dirstcande sécond dogik edrcuits, tthe control
. first and second logic circuits, the contro| circuit i
circujt gecsiWitghy Waitawoniel signsly tie contgel circuit Reing GRenable te gpragte an active

first %e‘ig%gﬁl é}%ﬁ gﬂ(}? I(t)oe ééern%éa‘r}g ?12 L8 QoRfilabk élgﬁzﬁ tresg)Pgﬁgig ’bon%clelceiving an

an actlve second ena

activé REROIUHireEsifiel eeeiantRAfng thedetive/ Arsendbt @nilr ol si gnal
after generating the active first enable signal. 2.
The data strobe circuit of claim1 wherein the control

circuit,is erghle.to generat n_inactive first N
cnabl e %1 gnelefian tirde SOREUEOE slimat arbmtR i Rigteqt corouit s

operaBRRQN @nfite sh inkBBvl R cAA1OBRNSI WEeH theQdcti¢é 86dBnd enable signal is
wherern the control circuit conprises: a flip-flop

genegsilng set or reset responsive to a transition of a
signal applied to an control input of the flip-flop,
the flip-flop having a first output coupled to an

enabl e 3 NputTif data strobe circuit of claim 1 wherein the control circuit
comprises:

a flip-flop being set or reset responsive to a transition of a signal applied to an
control input of the flip-flop, the flip-flop having a first output coupled to an enable input of
the first logic circuit and a second output coupled to an enable input of the second logic
circuit, the first and second output being compliments of each other so that either the first
logic éircuif or the second logic circuit in enabled depending on whether the flip-flop is set or
reset, respectively; and

a logic gate having an output coupled to the control input of the flip-flop, the
logic gate receiving the first data strobe signal and the write control signal, the logic gate
being enabled when the write control signal is active to allow the first data strobe signal to set

or reset the flip-flop.



the first logic circuit and a second output coupled to
an enable input of the second logic circuit, the first
wanasgesond out put bei ng conplinments of each oPOBUSIW4/021946

that either the first logic circuit or the second

logic circuit in enabled dependi ng on whether the
flip-flop is set or reset, respectively; and a |l ogic

gate having an output coupled to the control input of

the flip-flop, the logic gate receiving the first data

st r obe %i gnaiheaiatn strobe girpyibofepin éw@reglh the, contrel gy ¢f the flip-

FoR B RO SR PR LRI R hadngys sos o
resetsrtﬁ§gtp ﬂb@bfzkdg@hﬁ%fﬁéfﬂp -fibpe data strobe circuit of
claim 3 wherein the control input of the flipflop

conprises a cl ock |nput to the fllp flop so that a

signal appli cl. oc resets. th .
f1ip- f|5a bﬁ?é{i‘gﬁ tFPg’ S |°f 6 o%WE“%f ol g {fansijon OF the signal

apphe'ii {PBR Gnfrbl hI uPbr %eaﬂfﬁ-ﬁoﬂ"ﬁ@é %@ﬂlﬂlﬂoﬂ rﬁﬁswhér@ﬁh @f data strobe
t he signal applled to the control input of

circuit firhef coppsssss: lopie gate ipvingom, owmd cwhpzlleé nmrdsbtelnﬂultczf the flip-flop,

st robe ci.rcui furt r co se ate havin
the logj %mflvwdfa? %e&me d3ta 58906 %@f topgl c’t"%@efs ‘F‘E‘df$ tm%ﬁ gignal to
- qgate receiving the second data strobe signal to
resetgjlggiéﬁ/fgﬁé second data strobe signal to reset the
flip-flop. 6. The data strobe circuit of claim1l

wherein each of the first and second Ioglc circuits
f ur t he®- conpitieglatastiobe sienibpbepian | iphereit gagnedihe figst and second

loglc g r@lﬁg Ofﬁxetflgl‘e oMﬂrﬁé a 30, ﬁfeﬁx%l? 1Arp?1?k: IbfeC '&%b} ttli]lg ﬁrst and second

econ put o secon

logic @irélﬁtél tie éé@d)tﬂﬂerﬁtﬁléﬁhﬁﬁi dfQhé EEEiaMe séboﬁéﬂ@g@ bfr&ﬂ% M!iﬂgt &upled to

enabl e signal. 7. A data sanpling circuit for sanpling
receivg axiptasteibgvite apgile sgnalo a data terminal, the data

sanpling circuit conprising: a plurality of data

capture circuits each having a data input coupled to

the datza terAnyp@l sanpBGH cituit 16 SRiin gaspﬁé’tﬁeméﬁa[ Gpplicd to a data

further including a clock input couplfed to receive a
terminadsthe datavempngcistitcompsisiggal for sanpl i ng data

appl i ed he d ta term.nal responsive to.th

strobe@ SHtlgﬁ 31 CapHiLe g\mg]llt's SB ]pqy&& a data &tmu[t couptled to the data
termifid C&lcH 1oF Qleadag% %ﬁk qg&ﬂts%ftﬂé}qnﬁh&iﬁ b B i %?chﬁ@ed to receive a

control signa ata strobe Input circ
respectperdatd strdbe siakfortsemplicg dsts iapglicdatbahs tatalberminal responsive to the

flop 00%

n-—-

data strobe signal; and

a data strobe input circuit receiving a global data strobe signal and a write
control signal, the data strobe input circuit being operable to generate successive data strobe
signals applied to the clock inputs of successive ones of the data capture circuits responsive to

the write control signal being active.

8. The data sampling circuit of claim 7 wherein the data capture circuits

each comprise a flip-flop.



signals applied to the clock inputs of successive ones
of the data capture circuits responsive to the wite
_woanmisro$673i gnal being active. 8. The data sanpPCTgS2004/021946
circuit of claim7 wherein the data capture circuits
each conprise a flip-flop.9;, The data sanpling circuit
of claim?7 wherein the data strobe input circuit
conprises: a first logic circuit coupled to receive
t he gl obal data strobe signal and a first enable
si gnal 9-t he Therdata seppling: Firewit of glaiar Atvhstin |ﬂii%fia‘ﬁn$ﬁf°be input
ecr(r)lng data strobe signals responsive to the gl obal
STEPS P obe si gnal when the first enable signal is
active, fifd€lleid Sitcutidboapled t® BReiie JRALI0BSl dia SRfYel 2ghal @nd a first
the cl ock |nFut of a first of the data capture
enable isigoal, the fnsd n@mt @aeeratingofitst anshescendydath siyebhagjgnals responsive
tot ckln ut . of econ
to t§ BBbo e Bcobi eVt o TC B f P\ i data strobe
signal ﬁ&ﬁ% ¥ ﬁé?ietogfhé’ Rk $RhR of tarﬁ‘lgﬁoist!hg ta GBEre cREERN the second
enab I gnal, the second logic circuit generating
data stiobe sigﬁaid)efrxgmpphedjtatthe slbclohnpusmfgrmbm&dsth@daia epttue cirogits;
gl obal data strobe signal en the secqnd . enabl e
si gnal 3 soond i%: CHfHif ‘E%Pkghtaéﬁ%ﬂ“ﬁ ol g stpberiggnal and a
secon@ BB Sidel, 7o bAF el B piCHenfraliy S Plnd B3 strobe signals
respobﬁve’@ thio lotadl dhta strbbe sibnal kvhienfihé seond ehable t;ilgnaifls tabigve, the third
ata capture circuits; and a control circuit cou

ed .
data at@b@ signpl being appiied de diraclpeginputet & thixdsof the é‘a@d‘ﬁpﬁ’é‘P circuits and
C e| i ot l
the fogl!gtﬁt&r& St%::ol%r 3 apg ggp%ﬁed ﬁé’ Q{ocfe ﬁfé%@ efblél{t,}ll? §£ {Illevdeata capture
circuifs; bsd enabl e S|gnal responsive to receiving the active

wite control signal and to generate an active second
enabl e as¢apitigl citwib wogdmb tthe girst endasseonde lqgur sircetsa Bhe control

. 0. The d t cui t.
cireu 83 Ring Pt BgtedpBieT Pl e Portish it B Gt o, sgprrate an
actlvd !ﬁ?é%tén\éﬁlef sigsdl R Ei@e Stogrtivin ?Sﬂh@nﬁﬂtl‘#@ \ifﬁteg@diﬁfo@tsig?ﬁl and to
he active Second enabl e signha 11. The data sanpling
genereueramactuvaﬁecmcbﬂm’oﬁ sygnel aften getreeatingrthe adtiveifirstiengble signal.
conprises: a flip-flop being set or reset responsive
to a transiti on of a signal applied to an control
i nput gf I
out put Coupl eg ol Ee!xﬂ@m%??cuflﬂ bP cfa r? R Rt e tbARAL circuit is
operable to generate an 1nact1ve first enable s1gna1 responswe to generating the active second

CiI'CU.lg

enable signal.

11.  The data sampling circuit of claim 9 wherein the control circuit
comprises:

a flip-flop being set or reset responsive to a transition of a signal applied to an
control input of the flip-flop, the flip-flop having a first output coupled to an enable input of
the first logic circuit and a second output coupled to an enable input of the second logic
circuit, the first and second output being compliments of each other so that eithef the first
logic circuit or the second logic circuit in enabled depending on whether the flip-flop is set or

reset, respectively; and



the first logic circuit and a second output coupled to

an enable input of the second logic circuit, the first
wanasgesond out put bei ng conplinments of each oPOBUSIW4/021946

that either the first logic circuit or the second

logic circuit in enabl ed deggndi ng on whether the

flip-flop is set or reset, respectively; anda |logic

gate having an output coupled to the control input of

the fli -flo he | o te ce| e first data
st robe dt%\h%l“?% @g wﬁ@cwﬁﬁdr %ﬁ?ﬂl i of thsyflip-flop, the
logicO@ut® r | g |
B V%Q%Vg%aﬁl@??f‘?ﬁ%”‘fg??%% 5‘%“%“2@‘“??%’%8@& Ao 3hE0Bhay, e Josic sue
being eswbled whenfthé wrifd coptrolldgnal wactiaé to slfuwpthi lﬂ;‘stt‘dataps#dbe @fgnal to set
ﬂ i@wherelnthe control input of the flip-flop
orrei%ﬁ’ﬁ 1BE9Pa clock input to the flip-flop so that a
signal applied to the clock input sets or resets the
flip-flop by toggling the flip-flop. 13. The data

sanpl i ng. ci rkhei datfaneglimigrairtlit \Wh elagh N lt\ﬂﬁerélﬁarﬁ bt iffut of the

ﬂ;qpe signal applied to the control input of the
flip- iPIPrSE as@f’“sk npet tp Ithfbﬂml'ﬂﬂp soghat anignadappliddgo dlat cock input sets

I rlses a logic gate having
orre%{r? tﬂp lr?u{l&é:% Igé%[étrﬁglﬂé% input of the flip-flop, the
| ogi c gate receiving the second data strobe signal to

all ow the second data strobe signal to reset the
flip-fildp. ilhe dptre saraplingseinpii ofclaim dili whekincthei taBition of the

o RSB R B, AR AR S e s
strobéltis@il firthBe cdrhprides %ﬂgg§%a%‘ga41ﬁ’ b o toaf b r}geq EJ]?eset input of the

second enabl e input o Irs seco
flip-flepthelagic gase rﬂgewmgp:he second deta eirvlee sign’h&tcﬁalﬁdw ﬂﬁ%ewﬂdtdﬁta strobe

enabl 15. The data sanpling circuit of claim
s1gna17tomgf ﬁﬁft’ ﬁ@pfi rst and second data strobe signals

conprise the leading and trailing edges, respectively,
of a first pul se generated responsive to the gl oba
dat a sf4.obeThé giatal sangslithgt ditcuithof dlam® fBeretd 4Rt 8F the first and

é robe, si.gnal s conprise the |eading and trailing
secon i‘g%'é% CirGUAs Swgher gamprise,d sepond enshle pplike apebleraatdimdble the first and

second Q%Q Qﬁ"al\,ﬁ?s e 50Gnd legm gg&gaqjs t%\lﬁ gger%@ggeg})?% i’(i)glc circuits being

evr ce, conmpri si ng

coupl@nerrakematdatmmbwmté@ﬁubwgg@as signals applied to an
external termnal and to decode the row address

signals to provide a row address;a columm address
ress _signals

ng;)IC Iwegs Opeﬁ'ﬁ‘eb liae[a tsgmlr)lelggecln}/c%l clIIalm ’?w%ereln the first and second data
strobe signals comprise the leading and trailing edges, respectively, of a first pulse generated
responsive to the global data strobe signal, and the third and fourth data strobe signals
comprise the leading and trailing edges, respectively, of a second pulse generated responsive

to the global data strobe signal.

16. A memory device, comprising:
a row address circuit operable to receive row address signals applied to an

external terminal and to decode the row address signals to provide a row address;



an external termnal and to decode the col umm address

signals to provide a colum address; at |east one
wanro@yogd73nenory cells operable to store data RCTHUS24/021946

to or read fromthe array at a |ocation determ ned by

the row address and the colggn address; a data path

circuit operable to couple data signals correspondi ng

to the data between the at | east one array and an

external data termnal; a command signal generator .

oper abl&calyny addiess droyit opgiableda resrivesalumyt addressaignals applied to

o SRR ST PPy SRRl i g

to a cofpaseste sfay o thefRIPENIsGP¥aBR; to bidee s Vritfeh @P6r read from
circuit conprising: a first logic circuit coupled to

the arrgcatialecagiogdetsamingd by thst nowtasldesissyarad the walumf addsessienabl e

si gnal , e fl.rst lLogic.circuit erating a first

daa st S8 pelriuit defie o toublP SR sfinaBohTpsgiiing to the data
betwdn tRO S 184s90AL aryfiedtdi@xfeiad Halg RaRligalSi gnal is active;

a second logic circuit coupled to receive the gl obal
dat a sta abensidgsigial gackraosemrabde tngdnbmtesa sgymbncetdfeontrol signals

secqond logic circuit geperating a second, data strobe
COTTeSHOAHS tp ég‘ﬁﬁ’ﬁ‘%ﬁ Fignels a?wdgp a%a?tﬂaﬂaf {erginab gad s, gnal

when t i [, VA I

it cui ¢ GB8 SOKL BRAR, Suplcd19la Lo AREGF (8 Merfor§ AHIcE) the data
strobe tireuil dodnprisiig: control circuit receiving a wite

control signal, the control circuit_bein&@eperable to
gener at e an st 1giq ¢ireyit conplsd &0 cgivale slorpl datagiinbe sigaal and a

a cti | e s] |_responsi ecel Vi .
STFACHRYE FRE I SAEPR AR AR By Bl Bt bonsive
aab itheeolbbdl Ahta®trobd Sighdl Shdh thelffrst diaBleFRSHAI i ad@vd;ce of

claim 16 wherein the data strobe circuit is coupled to

the data patasesprdisigic siscuithesuplerido freqeiie tha@lohut dafd strobe signal

dat g strobe signals .can be d.to s | e ite data
it aerorn R Pigtal i ok Togie.gireti gfonGplibe  fprgpd ata strobe
deyinaf r@boivdl 19 48 W ot §tRBe GIMLT Mheft thE Wdondl Tnable signal is
operabl e to generate an inactive tirst enabl e signal

wheehve;laedact i ve second enabl e signal is generated. 19.

The nenory device_of clJaim wherein the control, . .
cireuit conp PERE! %rwgﬁ?-upl%gpt%@f s and SPeqndslogic circuits, the
r &RRAOSLY Gt Redving A whitd hdl signsl HPLorRPhrESt beinBperable to

generate an active first enable signal and to generate an active second enable signal

responsive to receiving an active write control signal after generating the active first

enable signal.

17.  The memory device of claim 16 wherein the data strobe circuit is
coupled to the data path circuit so that the first and second data strobe signals can be used to

sample write data coupled the external data terminal.

18.  The memory device of claim 16 wherein the control circuit is operable

to generate an inactive first enable signal when the active second enable signal is generated.



control input of the flip-flop, the flip-flop having a
first output coupled to an enable input of the first

woOagismogd7scuit and a second out put coupl ed to aaTRIS2AHE21946
i nput of the second logic circuit, the first and

second out put being conplinmgnats of each other so that

either the first logic circuit or the second | ogic

circuit in enabl ed depending on whether the flip-flop

is set reset,. respectively:. d.a l.ogi c gate having .

an out pg%‘ c oﬁ% @awﬁfﬁgeegﬁﬁ%ﬁ%i‘ﬂﬁmm g?e frol circuit comprises:

i p-flopip-1HSbEIRY G BIERL FBFGIsM i

strobe si gpna}{%aar%dgt he wite corﬁ‘}regﬁ agbgﬁlglk{lagﬁg%glgquhed to an
contighinpubef thg fiprdlobethe fip-flop hevingiat frscanputaouplied ié bn iefable input of
1hefaq;%ye t.0 §{I0m1the first data strobe si%nal to set or _

PRSIO8IG fECutt 3dl 2 segond aqyitput icoupled e angengblecinget of thiensesend logic
circulth BleSfildt hite s8Rl | i ] conprj ses. a

o et BIPKOR Pltopt DEME Bimeliients AP A BARETB T ik the first

logictegreuih er teaedonidripgit cirelisinnabled @egenidtig dnl WhethéraRe Bip-flop is set or

tosch%lﬁi.n the flip-flop. 21. The nenory device of clai'm
reset, TESRERAYY; ™ he transition of the signal applied to the

control, . Lip-flo ts, the flip-flaop, and
wherei n {oﬁgu%ﬁfe‘\a‘éﬁg%%gmg}nr ol 516%1%8?]?%8@@6 ﬁ‘&”it Qgglea&p'ﬂ‘)p’ the
logiclgaty teceiaing tha\firftodAd s@obePsibna AR BE wile 65831 éi%ﬁ‘l‘,gthgflogic gate
on

. the flip-flop, the | ogi.calg)ate receiving the se
beingenabled phep theswijisnontrel sagriabis active toeallomuithe dirst datarstiobe signal to set

i . o reset the flip-flop. 22. The nmenory device
orresg#&(g:?iéﬁ)%qu wherein each of the first and second | ogic

circuits further conprise a second enable input to
enabl e or disable the first and second logic circuits,
the se@dnd dhebhemonypisyicefof tchemf i% wheraindths eompsl thp@i of the flip-

circuits bein upled to receive a data strobe wite
flop compFises %Flafew‘&r“.%ugg’. t%?ﬁlép-heﬂé? vhagasignal gmlied 59 feicdock input sets or
resetsWhE f1IR-1 ¢ / conprises a dynam c random
acce?s %?r%ro)gglgg%?hgg%%ﬁ'rhe menory device of claim 16
wherein the global data strobe signal is applied to an

externglly %cessi ble term nal of the menory device.
25. A m)ra. 8 NETBYY glseicatafdaim 19 yrhergin thes trandition af the signal
applicdl BCHe $ogRa! i .Sh:NGH A OW address circuit.
%)p ‘oper able to rrnggg?e{eﬁer%l%%ﬁ dsre?essﬁllesﬂlg nfiqps andl srhezeinthe gata strobe
circuit further comprises a logic gate having an output coupled to reset input of the flip-flop,
the logic gate receiving the second data strobe signal to allow the second data strobe signal to

reset the flip-flop.

22.  The memory device of claim 16 wherein each of the first and second
logic circuits further comprise a second enable input to enable or disable the first and second
logic circuits, the second enable input of the first and second logic circuits being coupled to

receive a data strobe write enable signal.

23. The memory device of claim 16 wherein the memory device comprises

a dynamic random access memory device.



external termnal and to decode the row address
signals to provide a row address; a col um address
woi200st08678per abl e t o recei ve col utm address si gaaiUus2004/021946

applied to an external termnal and to decode the

col um address signals to prgvide a columm address; at

| east one array of nenory cells operable to store data

witten to or read fromthe array at a | ocation

det er m ned the row, address.a t.he .col unn address; . )

a data %gt hbﬁliler@ﬁﬁnf’ryow}cglﬂ éfﬁ%quﬂ}ﬂr%ngﬁtgog‘?}l@ﬁ@ﬂs@ﬁe signal is
applie@td ﬁﬁ@@&ﬁhlﬁ%@c@ssfﬂ?@teﬂgﬁﬁl BEhRfhdrEeile.| €ast one

array and an external data termnal, the data path

circuit including a wite data path conprising: a

pl ural % of data capture circuits each having a data

i nput 1pl ¢ WEMORE device ropsratingt B swichromgm witera wlock signal,
comidiGdat a capture circuits further including a clock

I nput coupled to receive a respective data strobe

si gnal 4 eow sddmebs igeudtabperatilelté eetetve fohe a@dibRr fghaldabtied to an

term nal responsive to the data strobe signal; and a
exterpalitermingl 3pd tq dgsade therewiaddicscsgnalyig raoyjilobzow dddrass;

strobe sj wite control signal, 't dat a :

st robe ausén%%’?l’ Ca:lla&gfjsl erBgiOB aragi&e'[? 5%‘163’_6%8%@?1 %$‘§‘?§§ sighals applied to
an extdindl @G giinNg af@iPdebdOMe cBludiiPd RirdP Bighf1 td Hrol iR 2oty address;

i nputs of successive ones of the data capture circuits

r es pondit \aastanetaray of memorioerlls opersblgta ktobedatg waitten weor read from

the i 5GHTRR Ot AR b e it B BRap i Sicsmnd

si gnal s, @Phh@CcitcRi 1 ,
The nenory (kj) evi c1 ec‘ilg]?d}) gﬁl’?ﬁ@@“\?ﬁ@é?ﬁ%&% évi% eondﬁ‘% to the data
betwesorthe af least gnakrrep amd i1 extemalvits ersighahe deneatt dftuit including a

. %rede erm ned nunber of clock signal periods prior to
write data PAHLGOMPTIRME | ng data to the array of menory
cells.27. T V] f.cl.ai wherein the
data captur g %cl{lﬁ?gﬁ{ %stﬁgaa%a&)@%rg P! §+1§eéy§g ?‘ FYIB-E f c!)aﬁ% mpgt coupled to
Thiee extemaly daie vraen0f each aif the2GatiVogsteiercitcifts @atir %{dl&?ﬁgd a clock
e

input circuit conprises: a first logic circuit coup
t Gnub cavpled fheccgive watespestive datp shyebes signall forpaimplitfg daga applied to

i.gnal.. the first. | ogic .circuit . i
£ AL SR, B P oBliys BOE afhiiabs adRArER e "Po the
gl obal dat aasdakDbieobi P! citiRTeddMing la’ GbbAMRAR &robe ¥Hal and a

is active, the first data strobe
write control signal, the data strobe input circuit being operable to generate successive

data strobe signals applied to the clock inputs of successive ones of the data capture
circuits responsive to the write control signal being active; and
a command signal generator operable to generate a sequence of control signals

corresponding to command signals applied to an external command terminal.

26.  The memory device of claim 25 wherein the write control signal
comprises a write signal generated a predetermined number of clock signal periods prior to

internally writing data to the array of memory cells.



signal being applied to the clock input of a first of

the data capture circuits and the second data strobe
weigisasdIei ng applied to the clock input of a petmwsenoan21946

the data capture circuits; a second logic circuit

coupled to receive the gl obgh data strobe signal and a

second enabl e signal, the second logic circuit

generati ng third and fourth data strobe si gnal S
when t he,

respons the | obal, st si gnal
Second Shabl he ey p&ice et dulh £ ubeiir B dairepiie gecuits cach
| ng applledtothe clock input of a third of
comlﬁ{ e%gg{)tiﬁ?apt ure circuits and the fourth data strobe
S|gnal being applied to the clock input of a fourth of
the data capture circuits; and a contrqgl circu
coupl ed?§-0 t hee memery devices et elabm Pogrherein the Fii*té Strph% input circuit
Comltﬁﬁ pi.rol circuit receiving the wite control signal,
e control circuit being operable to generate an

active 4 fitsstloge aldbieit Souphal tolresadvdthic \beoHab d4te GRbYE Kigndln@d a first
active wite control signal and to generate an active

enableesignall thn ﬁrﬂt dogi¢ gifit generating Srs nd isergnd hietaé@tobv sighils gesponsive

to thE"] cﬁ)ea? rq% a (@8 ﬁ{zg%g -Iv;/ £ gl?ﬁnﬁrs}/ gn%%% rs%o]fels %ﬂg’ntéF aﬁrét ‘g\arlia strobe

signall 'B)@iiagl ;{)911&1 fosthe@IGHR! Bpi (ﬁ“aaﬁrsﬁ %§ ﬂﬁ:n&dté/ €aﬂt@regt§1‘%ﬁft@ﬁhd‘ ¢he second
the active second enable sign . The nenory device

data gfobe|signgl mm@d tp thhelock nnpU(o bf z saconcﬂ of the wptai captaire @rcuits;
fl flo N set o re responsj ve to .
transi 11 Siro0 TGEiE Eignd BRI e Ve e Sebflofets sohe gl and a
secoﬂcf‘ﬁlafaie' Rorlall, ORe sé&ﬁd fbdi®chrbiGP %Qfé gdtﬁg_tﬁr& 'afn@ Foutt ] strobe signals
coupl ed To ‘an enable Tnput o irst logic circul

respoasllde do teecginbhl alatapaitobe signhlewthérotha secomd Enablie jxial mfactlh@ the third
nd lﬁ%‘ c circuit, the first and second out put

data ﬂ gﬂ%’a sing@pplieddp the elock i o 8 thirdpf therdvian catpﬁtere circuits and
C [ r e r
the f(te irtl {1 %g%gbpeeéﬁ : ngte%l a\}&hgﬁﬁ) th@1 c#(qg%ﬁfcﬁ"a ﬁ)lﬂhﬁ of[%heo (riata capture
circuitesed, respectively; and a Iogl c gate having an out put
coupled to the control input of the flip-flop, the
| ogi ¢ Jae@ntradcdicyit rgupled toithe tfirsfagnd seconbdogi gmmts;rthe control
e. bein

el L% BP0 Sl 9 b e WP B sre

activé iffrtt erthdlen s%hﬁloﬁb@p&isﬁféa{o tRevalg He HAPMRL whRE control signal and to
flip-flop 1. The nenory deV|ce of claim 30 wherein

genel’@mnca@hw mcondmwbledigrmh eftdrigepdrhting the mptivesfast enableignal.
input to the flip-flop so that a signal applied to the
cl ock input sets or

29.  The memory device of claim 28 wherein the control circuit is operable

to generate an inactive first enable signal responsive to generating the active second enable

signal.

30.  The memory device of claim 28 wherein the control circuit comprises:

| a flip-flop being set or reset responsive to a transition of a signal applied to an
control input of the flip-flop, the flip-flop having a first output coupled to an enable input of

the first logic circuit and a second output coupled to an enable input of the second logic

circuit, the first and second output being compliments of each other so that either the first



resets the flip-flop by toggling the flip-flop. 32.

The nenory device of claim 30 wherein the transition
wofhodshesasgnal applied to the control input of PCNAIS2004/021946

flip-flop sets the flip-flop, and wherein the data

strobe circuit further conpmnpses a | ogic gate having

an output coupled to reset input of the flip-flop, the

| ogic gate receiving the second data strobe signal to

ottt 15 S OB BBt S5t i o i st

resetE@sgecively;ndf i rst and second logic circuits further
conprise a second enable input to enable or disable

the fi raioginghtebainglah ogiput couplad tosthe tordred énmn b f einaftipefiop, the
.input of .the first and second | ogic circuits heing i
logio Gl fesavg et tath SUaRE S GPH B8 Wi 1ike GRBBP IR e logic e
beins3éh . ' L Al [ f .
e g S L e S ARV ER I LR st o e
or reghthetflipiflopng edges, respectively, of a first pulse

generated responsive to the global data strobe signal,
and the third and fourth data strobe signals conprise

he | eagi Yy i vel £ ,
s ocong i1 S P bl ddfe ST Hm AP REHN 18 b infipof the flip-

flop wintpises & clpoRlinpuBto thEp TRPRO YhaQWigER] Spliedab Medock input sets or
wherein the synchronous nmenory device conprises a
resetssthe Apr-8ap by, tagghagthe flipfloom access menory devi ce. 36.
The synchronous nmenory device of claim25 wherein the
gl obal data strobe signal is applied to an externally

accessill e tmkthabryodevidieoMBTRA %0 %Yér&ﬁ-th§¥ranﬁtion of the signal
conput er system conprising: a processor having a

appligsk toc hesepntrplinputiaf itrepflip-Gepy sete theofljp-Bop, tamdt Wkerein the data strobe
circuigrg{gﬁl%ssor t.hr oggh t he processor bus ald pted to allow .

1ief Borrisen 2Py s bvinecn iiticarpied & et impicafitpr,lip-flop,
he 10gRV roce .
e ok k0SS RO BB EAANE s

reset thodkiptflep. system and a nenory device coupled to the
processor bus adapted to allow data to be stored, the

menory device conprising: a row address circuit

oper abkg toTye %%Iﬂcﬁ'yrd%ch%g R L k&t and second

logic circuits further comprise a second enable input to enable or disable the first and second
logic circuits, the second enable input of the first and second logic circuits being coupled to

receive a data strobe write enable signal.

34.  The memory device of claim 25 wherein the first and second data
strobe signals comprise the leading and trailing edges, respectively, of a first pulse generated
responsive to the global data strobe signal, and the third and fourth data strobe signals
comprise the leading and trailing edges, respectiveiy, of a second pulse generated responsive

to the global data strobe signal.

35.  The memory device of claim 25 wherein the synchronous memory

device comprises a synchronous dynamic random access memory device.



an external termnal and to decode the row address

signals to provide a row address; a col um address
woi200s08678per abl e t o recei ve col utm address si gaaius2004/021946

applied to an external termnal and to decode the

col utm address signals to prgvide a colum address; at

| east one array of nenory cells operable to store data

witten to or read fromthe array at a | ocation

determ ped by, the row address and the col yon address;
a data ggt h ﬁl‘? SYRCPIOFRYS Memery gevier Bl elaignda viegem the global data

strob@ QIgh@Si8 apslidito bfl ekidfnalGhicdRGbiteShihd1Or Al Ihgﬂ&g cfg%?%e.

array and an external data term ha a conman nal
generator operable to generate a sequence of control

signal s ,}:or r&spondi n%{ft o command signals applied to an

ext er nat -t er fCREIPILER BYpterm, $OMBTISNELhe circuit coupl ed

to a copy : evice, the data strobe
circuit coﬁigasr@{,rs}?‘{%:gfh:pl??%gé%ug’gi c circuit coupled to

recei veamingtitodevicedmupled te (Heepro¢egsialthwngh ehef pro&dss@aR lafapted to

nal, the first logic circuit generating a first

Si .
allowd%a%%tosltqqgggeg}%me COBPBIShEYSIaat o t he gl obal data

strobe gj i rst_enabl e, si is active;
second T ogi tg;é?fég F{"H)g%utﬁlt %pIiOSGSP%rcth}%H% TOPEEQ) bus adapted to
allowddittosie ot Sopi e coffuRr SREANAngnabl e signal , the
second logic circuit generating a second data strobe
si gnal & Bspwasideece goutled ¢ disaprodesser bus admptesli nallow data to be
cond enabl e signal is active; and a control
stored I ke oo

Circu "first and second | ogic

circuits, theroodr@l chédiCoekabiEffield; Il si i
control signal, the cont rlodl"B cei1 rcul te lgigrndgv %%derz%sgbsf%la%soapphed.to
g enexterenl tevmandl andtof dacede tho abw eddiegrsignabind previdgen fivahdiress;
an active secqu enahl e sjgnal responsive to receiving .

an active wd fEYEH 5S SrEiHE PPerble to JeriYen eolipnt afidress signals

aGhi [ S I . e [.SVst of .
IG5 RN il 998 o e BB i
t leeludadt addpsssh circuit so that the first and second

data strobe signals can be used to
at least one array of memory cells operable to store data written to or

read from the array at a location determined by the row address and the column
address;
a data path circuit operable to couple data signals corresponding to the
data between the at least one array and an external data terminal;
a command signal generator operable to generate a sequence of control
signals corresponding to command signals applied to an external terminal; and
a data strobe circuit coupled to a component of the memory device, the
data strobe circuit comprising:
a first logic circuit coupled to receive a global data strobe signal and a
first enable signal, the first logic circuit generating a first data strobe signal
responsive to the global data strobe signal when the first enable signal is

active;



sanple wite data coupled the external data term nal

39. The conputer systemof claim 37 wherein the
woamisro8678i rcuit is operable to generate an i NRCTIUS2004/021946

first enable signal when the active second enabl e

signal is generated. 40. Thejconputer system of claim

37 wherein the control circuit conprises: a flip-flop

bei ng set or reset responsive to a transition of a

signal applied to,an.contr. i nput of .th fI|

the flip-flop HSDE ﬁ%g“é CFFWEPOLB’&‘?‘%& reﬁ%&‘b ngaléWa strobe signal
enabl e i kecBhd tehsbié Lsfgﬁ&l hRAEod 1o lrc%ﬂcgeﬂ %ﬁﬁg Ia%econd data
out put coupled to an enab e input of the seton

ci r cui tstrabhesigrial gespansive éo dhel ghabap dhtabstiobe szglm)lwmnﬂﬁ second
of each o&@er S that ei her the first logic circuit

or the €@ r%gnla 1§i3ES: ARt in enabl ed dependi ng on

whet her the fl I S 0 S S

and a | ogic gg?lgr la@fbﬁg %or?ﬁgegt {ouE %cgltuSt Iaé‘g §88 Ogl‘y birouits, the

cont r ol contrplitcirofit troeei¥ihg pe fritp, cdn&ﬁl |si@'al} tﬁét (Si‘)ntrol circuit being
receiving the first data strobe signal and the wite

cont r ol ORSFabiRfo Sensaate @i actiye dissthana ’@ dgngbland targemerateean active
t t t d .
1 L SRt SR e B0l L8

conput edftes yateeatingfth€Activeiddl eWhifs Sichalt he control i nput
of the flipflop conprises a clock input to the

flip-flop so that a si gnal applied to the clock input
Sets orsresehs the 1

f1ip-flop. ‘-‘ﬂ%’épué% ﬁ{l 08§§%f@%%gwhﬁrgﬁﬁ %64‘51"%@?@ fircuit is

couplell@o tHealh®d %dtﬁ’ Blr&ﬁt Ed“ﬁlaﬁthg Tkt éﬁﬁ%é c%af’a sthl?)%e % Q:Ian be used to
i nput of t p sets the fl op,

Sampl%@i@aiabl @upbdélmmmaltdanBMaal conprl ses a I og| C gat e
havi ng an out put coupled to reset input of the
flip-flop, the logic gate receiving the second data

st robe 391 gnaipet 901ﬁ¢1}t8w S%E%n S%ﬁ Qa9 3Rk PHe Sc%?l% circuit is

to reset the fli e conputer Sys
Operableallorgeﬁé’ramm mactn&aﬁlht efiabld agﬁalhshenaﬂhé a&&ﬁ@@&oh@ @h&ble signal is
ircuits further conprise a second enable input to
gm“”@ﬁgble or disable the first and second logic circuits,
t he second enable input of the first and second | ogic
circuits being coupled to receive a data strobe wite

enabl e46j gndhe computer system of claim 37 wherein the control circuit
comprises:

a flip-flop being set or reset responsive to a transition of a signal applied to an
control input of the flip-flop, the flip-flop having a first output coupled to an enable input of
the first logic circuit and a second output coupled to an enable input of the second logic
circuit, the first and second output being compliments of each other so that either the first
logic circuit or the second logic circuit in enabled depending on whether the flip-flop is set or
reset, respectively; and

a logic gate having an output coupled to the control input of the flip-flop, the
logic gate receiving the first data strobe signal and the write control signal, the logic gate
being enabled when the write control signal is active to allow the first data strobe signal to set

or reset the flip-flop.



44. The conputer system of claim 37 wherein the nenory

devi ce conprises a dynam c random access nenory
wdevisnes6745. The conputer system of claim 37 WReETRISZN04/021946

the menory device of claim 16 wherein the gl obal data

strobe signal is applied tosgn externally accessible

term nal of the nmenory device. 46. A conputer system

conprising: a processor having a processor bus; an

processhl bubSURIY VUl o G AR P B RetaL g oo -
flop Ed1Ep SRR AR iEMR (6 Mo M- MY BihatdPsbes 3%?@!&@?%@ Bobfput sets or

processor through the processor b

resetgjthe dlip-flop by doggbing the Biprfidpe conput er system and a
synchronous nenory devi ce operating in synchronism
with a clock signal, the synchronous nenory device

bei ng cpupl ephd Qdifif %Q&ﬁsif?d'laiﬁijﬁo YRR %(fte @alu%gclo%%f the signal

data to be stored, tﬂé synchronous nenory
applied b thes¢angroh immouy odidthle @gsflop rsetsithe dieflap) and wheefLihéedata strobe
. rqw address signals applied to an external term nal
c1rcu1§%6rt E)

Res campEss 4 1981crgi¢ bayinsansowpyriaupled do pesstingut ef theWip-flop,
the 1 ceid; | eul erabl e t ceive .
he IGATERS Reccfihtbt BLATHAR S0 GG o ERVL TR G Faf siemsl o
reset tredlipdlopecode the col uim address signals to provide a
col um address; at |east one array of nenory cells
operable to store data witten to or read fromthe

I ti det i . byt } ddr ess. and
The L ot & bl Syl o S %7 % a3 G P8 Hr A second
logic eirtiitsefufiBéraobir@ite b Secdd AN Riud b Libld\§ Halbie ﬁ&@&i\i‘gﬁaﬂd second

. the at |least one array and an'external data termn
logic ciseuitsathe sseerd erableuinputi afdhe firshgné sevond doglatacyititeing coupled to

.conpri sing: plyral.ity of data capture circuits each
fecel ﬁalﬁaggt?%gﬂrﬁefﬂ%ﬁ?ﬂ pled to the external data
term nal, each of the data capture circuits further

i ncluding a clock input coupled to receive a
respecttve dhtacehpube sgitgnabf foins @Tphihegeitlatha memory device

comprises a dynamic random access memory device.

45.  The computer system of claim 37 wherein the memory device of claim
16 wherein the global data strobe signal is applied to an externally accessible terminal of the
memory device.

46. A computer system, comprising:

a processor having a processor bus;

an input device coupled to the processor through the processor bus adapted to
allow data to be entered into the computer system;

an output device coupled to the processor through the processor bus adapted to
allow data to be output from the computer system; and

a synchronous memory device operating in synchronism with a clock signal,
the synchronous memory device being coupled to the processor bus adapted to allow data to

be stored, the synchronous memory device comprising:



applied to the external data term nal responsive to

the data strobe signal; and a data strobe input
WOoi2005t008678 ecei vi ng a gl obal data strobe si gnal pamaiS2004/021946

wite control signal, the data strobe input circuit

bei ng operable to generate gyccessive data strobe

signals applied to the clock inputs of successive ones

of the data capture circuits responsive to the wite

control signal_ bei actiyve; d . a command si gnal, )
gener at or g p2t%b ?@%8 Cbréwg PB&rgbr]S IR BRE R £ Badrgﬁgrﬁlglﬁ‘lls applied to
S| ghetEmSIAEmaANRE kd8edofe %m%&%&%% als f’éﬁﬂég@ gﬁn&ggﬁdress;

external command termnal. 47. T ut e
cl ai m 46 whes edlnmnhaldness toércoiv wipemblesiogreadive eofinis 8¢drass signals

wr it I gnal generated a predeterm ned nunmber of clock
Si @Rﬁf’g b‘g‘i‘f} @Ggmﬁf fegpinpland fpdepede the gplummagderss signes tmprovide a
ardoiymPhadregory cells. 48. The conputer system of

claim 46 whefein the data capture circuits each

conprise a fatilgsf bparfs) of EMOEBNGUIE DperabRt 16 e datadkMten to or
46 rein the data strobe input circuit conprises:. a

f TP ogyithe arraxat & lecntioncdpterminedcly fhe rave agiirsbnandidhe column
styqahes.si gnal and a first enable signal, the first

logic Circuit generating first and second data strobe

si gnal s respodutd path eicliin8pGhsIb b cslladah 5RR%s Shl ding to th
when the first enabl e si g%al i's a%t@?ve, t%g fgi rs?@ggtlgg o the
stdatfetwegnihe ablepstpnaapiy eud e extamat date kerinipalyt the Hlata path circuit
fi. . h ta capture. circuits and the second data
stnﬁ%%%lgéfltévr?g?g%gipﬁtécg'}’é’lnfg’él&'to the clock input of a

second of t hepldalify RRHEDuGE hbiitsSsach |

circuit couplqjed t%j recei va(ei) thg g 1obeglﬂ'lC gg\tﬁgggt ragL{e?l%Pcoupled to
si gnal thm@i’(temelet_iﬁbﬁnttrmhmbIeeclsbﬁmmdatatdaptusecimﬁtslf@@h@ including a

circuit neratin hird.,and fourth data strobe _
si gnal S PESRIACoYed 19 Tesrivayt tBTotia ffa ST ULEA Gorsampling data
when t i L A third. )
aa strone QP G aBl @hal SRl b b Up fhCiengl and

a third of ghiatdsttabedapitwiruitireeivihg agiebal [Mataf @bk Rignal and a
data strobe signal being applied to the clock input of
a four MRt coptpd signah t@ﬁ%@@r%mbiﬂ ARRHt toircuih hging eppmblolto generate

Ci rcui I n cond | ogjc .

ci rcui %‘é&g%éwge(%g% rotl))fIg %@rn?l%ia%)? 1{f‘erdgtg 35%?‘8%‘ Wg{s\ﬂfisfl%cessn.’e ones of
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generate an active first enable signal responsive tgo ’

recei vi ng t A€omEang sigppl geaeratonopetablsitg gaeratad sequence of control

signals corresponding to command signals applied to an external command terminal.

47.  The computer system of claim 46 wherein the write control signal
comprises a write signal generated a predetermined number of clock signal periods prior to

internally writing data to the array of memory cells.

48.  The computer system of claim 46 wherein the data capture circuits

each comprise a flip-flop.



generate an active second enabl e signal after

generating the active first enable signal. 50. The
woan@puwogr73syst em of cl ai m 49 wherei n the contr 8CT/US2004/021946

circuit is operable to generate an inactive first

enabl e signal responsive tojgenerating the active

second enabl e signal. 51. The conputer system of claim

49 wherein the control circuit conprises: a flip-flop

belng S orf{ eset r.esponsi ansition of a . L
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data ? & |S’s£in?r]gbet“?geaﬂpﬂll‘3‘§ fo @8?5"% tlTrP(‘}b@f x5egard obihd datacapiuie @rcuits;

control fe bei ng e
wite cao%%crgg?h%ﬂ fdlfgd)ué’é%fl 7™t %}V%%? g\;a Bﬂ &\1‘? Fg{’}’edsdg%?l and a
secomlt embke stgrafahe b&oB@logd ch@fbenbh@ink lthiRt khd R)ur@@datér ?c?obe signals
nput er system of claim51 wherein the control

reSP08$1V? Fothe gipial dptactriebe siseal whenl the Iseqomp wenalylo stgnel is actlve the third
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the transition of e signal applied to the con
circuifs3gad of the flip-flop sets the flip- flop, and wherein

the data s be circuit fur conprises _a_logic gate
havi ng a‘f?n&ﬁ?? GUEUiE Samried te (Sltlﬁ" %g&jtaq dngsgend fogip etreuits, the control

circuit |réd@1vf1ﬁ the \tvﬂ?e &&191]' F %Elh éﬁeggc?ion'l %%a]tﬂlp %e Congabijea agenerate an

strobe S|gna Be Sig ta
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i m49 wherein each of the first and second | ogic
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enabl e signal .
operable to generaté an inactive first enable signal responsive to generating the active second

enable signal.

51. The computer system of claim 49 wherein the control circuit
comprises:

a flip-flop being set or reset responsive to a transition of a signal applied to an
control input of the flip-flop, the flip-flop having a first output coupled to an enable input of
the first logic circuit and a second output coupled to an enable input of the second logic
circuit, the first and second output being compliments of each other so that either the first
logic circuit or the second logic circuit in enabled depending on whether the flip-flop is set or

reset, respectively; and



55. The conputer system of claim46 wherein the first

and second data strobe signals conprise the |eading
wanwstogd7Bi ng edges, respectively, of a first paras2004/021946

generated responsive to the gl obal data strobe signal,

and the third and fourth dabg strobe signals conprise

the leading and trailing edges, respectively, of a

second pul se generated responsive to the global data

strobe sjgnal .. 56.. The conmputer system of ¢laim43
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first data strobe pul se responsive to a first of the
gl obal fat a Fercolfpupss$@én of Qi SN 6 IRIdiN hAcstBOP Hput of the flip-
dat a, strobe pul se responsive to a second of the gl obal

flop ¢paiptises # 6loek prnus éastheflip-flop sa thytiarsignabaprdied to theadoékvimput sets or

1 . @ m 58 wherein the act of
resetsg@ﬁgﬁel??ﬁg&go%%gg%tnh%fg%{ngStrobe pul se responsive to
the second of the global data strobe pulses only if

the first data strobe pul se was generated conprises:
det er m3di ng Tihe aohwputer systerd aifaxlaitr Slowhpreinstheviemmsition of the signal
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data strobe pul ses
the logicogatd rereivingrilss sceonddaa girateatigmiatcealtv b sequuldsita stiobe signal to
t .o_?l conprises: periodically sanpling the data
reset@l%éﬂ% %Bsing a first storage device responsive to each
of a plurality of global data strobe pulses; and in
the event a wite conmmand becones acti ve,
di scontS#nui Mhe sampuiengystdne oflethitn 49 Gltein SAdADLIAHE fikdt 83 second

. Storage device responsive to the global data strobe
logic ﬁlmlgfé&mg]}ﬁg CeBIRFRG meecond enable input to enable or disable the first and second

logic circuits, the second enable input of the first and second logic circuits being coupled to

receive a data strobe write enable signal.

55.  The computer system of claim 46 wherein the first and second data
strobe signals comprise the leading and trailing edges, respectively, of a first pulse generated
responsive to the global data strobe signal, and the third and fourth data strobe signals
comprise the leading and trailing edges, respectively, of a second pulse generated responsive

to the global data strobe signal.

56.  The computer system of claim 43 wherein the synchronous memory

device comprises a synchronous dynamic random access memory device.



the data signal using a second storage device
responsive to a respective global data strobe pul se.
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responsi ve to gl obal data strobe pul ses present on a
signal line on which noise pyl ses may be present in a
preanble prior to the first of a global data strobe
pul se, the nethod conprising:generating a first data

st robe l-se responsive t dfiyst_ of, the global data . )
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gl obal iftwmi gemratitgethp sbad datdstiobe PR1BULGREsivERS the second of the
global data strobe pulses.

60. A method of sampling a data signal responsive to a global data strobe
pulse, the method comprises:

periodically sampling the data signal using a first storage device responsive to
each of a plurality of global data strobe pulses; and

in the event a write command becomes active, discontinuing sampling the data
signal using the first storage device responsive to the global data strobe pulses and sampling
the data signal using a second storage device responsive to a respective global data strobe

pulse.

61. A method of generating data strobe pulses responsive to global data
strobe pulses present on a signal line on which noise pulses may be present in a preamble

prior to the first of a global data strobe pulse, the method comprising:



when the wite control signal becones present,
generating the second data strobe pul se responsive to
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generating a first data strobe pulse responsive to a first of the global data
strobe pulses present on the signal line;

generating a second data strobe pulse responsive to a second of the global data
strobe pulses present on the signal line; and

inhibiting either a first or a second data strobe pulse from being generated

responsive to noise pulses present on the signal line during the preamble.

62.  The method of claim 61 wherein the act of inhibiting either a first or a
second data strobe pulse from being generated responsive to noise pulses present on the
signal line comprises:

checking if a write control signal is present when the noise pulses are
generated; and

if the write control signal is not present, preventing a second data strobe pulse

from being generated responsive to the noise pulse.

63.  The method of claim 61 wherein the act of inhibiting either a first or a
second data strobe pulse from being generated responsive to noise pulses present on the
signal line comprises:

checking if a write control signal is present;

as long as the write control signal is not present, generating a first data strobe
pulse responsive to each pulse on the signal line including global data strobe pulses and noise
pulses;

when the write control signal becomes present, discontinuing the first data
strobe pulses from being generated responsive to each pulse on the signal line including
global data strobe pulses and noise pulses; and

when the write control signal becomes present, generating the second data

strobe pulse responsive to a global data strobe pulse.



