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SYNCHRONI ZATI ON Cl RCUI T AND METHOD FOR DOUBLE DATA RATE, MULTI - B{{UE\IFI TIGES
TECHNI CAL FIELD This invention relates to nenory devices, and, no 20
particularly to a 5 circuit and nmethod for strobing rrulti%Ie bits of wite
data into AVAdWHPBBata rate nmenory devi ce. BACKGROUNDPERUSHE/G2ARAENTI ON
Menory devi ces, such as dynanic random akcess nenory ("DRAM') devices, are
commonly used in a wide variety of applications, including personal 10
conputers. A great deal of effort has been devoted, and is continuing to be
devoted, to increasing the speed at which nmenory devices are able to read

and wite datpATIAKTREBE%YNCTRIOKIZAEHNGER CUIEAS A ERY OB HCHDBR/BLE and a
single set of data were read fromor witten to the nmenory device

responsive to a set of nmenor PAIRRAREsMULAE-BIEVARITESNdwi dt h of nenory

devi ces were subsequently increased by reading and witing data 15 in
synchronismw th a clock signal. Synchronously reading and witing data al so
al l owed for pEbENICAY.¥MEES i N the data bandwi dth of nmenory devices, such as
burst node and page npde DRAMs, in which a |arge anpunt of data could be
transferred with a siTis éveetias: splates taomemorgydavineso aodismonsrimrtjcudpalyiteedss such

as DRAMs i.nitially trans red.data .20 10 synchrqni sm w th gne, ed (either
rising or 5f aflfﬁuﬁg%’do?lgtgmé ﬁ{’)rc gtrosblmﬁréllult]@gechﬂsc Pg(‘ﬁ? te g?% |8 %@8 rd,a%vm&f%

i ncreases i nmeMeryWedlices of data paths in synchronous nmenory devices, it
subsequent|ly becane possible to transfer data in synchronismw th both the
rising edge and the falling edge of each clock cycle. As a result, these
"doubl e data > vime ' ices transferred data tw ce each cl ock
cycle. Wen gﬁt?@so%%?ﬁmr%ﬁ%&: tten to a DDR nenory device, the data
regi stered with both edegasryafevictd)euet ScCEynainimahddi @céesd aefdly §*DRANZS er r ed
in asingle read or wite gperation. Therefore al t hough DDR nenory devi ces
support twi c€eviges ersteonEBeMiiget e wide ravietyt olorplications,c MEWAMGsDRONE) v

gg\éiac e, tlrbeycdﬁ&ﬁﬁé?g.eAi éi]éa? ﬁgﬁ lok' Xfféﬂ hésh)%ef @é%teﬁ?ﬁﬁqs @éntﬂlu&%qg gL hé\%?e%l, to1 10CT

increasing the speed at which memory devices are able to read and write data. Initially,
memory devices operated asynchronously, and a single set of data were read from or
written to the memory device responsive to a set of memory commands. The data
bandwidth of memory devices were subsequently increased by reading and writing data
15 in synchronism with a clock signal. Synchronously reading and writing data also
allowed for other 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
20 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
25 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



WO 2005/ 008673 PCT/ U52004/ 021946 2 nmenory device. DDR nenory devices are
able to provide twice the data bandwi dth conpared to conventi onaL
synchronous nenory devi ces because they have internal data paths {ZHQJ Z%Be
twice as wide as the data paths in conventional nenory devices. In an
attenpt to YOPREPTher ease the data bandwidth of memor FCHAFIRER1465 ppRo
menory devi ces have been devel oped. Date.,are transferred to or from DDR2
menory devi ces on each edge of two adj acgnt cl ock cycles, although, like
conventional DDR nmenory device, data are transferred internally over a
relatively wide data path in a single read or wite operation. Thus, DDR2
menory devi casemhay eletics.c DDR enetiwiadevivendie atildtooproeide \teiteithandita Bikdwidgthor y

devi ces, which are _now known as "DDRI" 10 npry devi ces. At high operating
speeds, the t9MPAGdH copvamionalsypehisenops memprysdeyiest becayssithey haye ipbatpl dgfacapt ur e

wite data atpsdati Qé@wicgrawagﬂ&ad\%}#%ﬁﬁ gﬁ@éﬁ%geﬁgs}%ﬁg‘ggge& in practice,

a data st robep W ndow exl sts during are consi dered
valid. The DS wi ndow i & areattesrpe ¢b Hinthermiaéressd diee difta bandwiidth of mBBopudesizss,and

CrL o 12 R 858 Bl ST S0 et SO s B8 e oo
o 00 Conesiad tabicin SREGEUPNATMleh: B SRR RTERTRERY,

devices is that ndise on
pul se may be DDRimemery detieeddats am tidgsfenmad isternaipotdr autlatively widedetatphth ib$ pul se

is substantially delayed.relative tq th ta. As 20 result, the first and
second edges SH?gYet Frads rr‘g’fltelﬁ’efﬁﬁ‘f’g'e,ﬁ'(“is’. @ 3 _ﬁﬁmaﬁ’dgwef haye twise the d8far pr et ed
as the third ppgyiigust ndaitRna HOR mdh@p Aedib@NHhidh%r@ Bew REdwn aREDDRG >t I ue

DS2 and DS3 transitions will be ignored. Under these circunstances, the
i ncor r ect 10w imemaindevicasaybe strobed into the nmenory device. There is

therefore a need for a,ci.rcuit and nethod that is.substantially, 25 | mmune
to noise on the data sf‘?&'ﬁ%‘ PP%%mngpﬁ%a’ﬁEWB'W %fe%i%&%s&'io&}egvléga % uring
spurious dat ayhisHyNMR Yo ShptiddvritblEiNIl abd this fedindnald dafl RErySY e WhAN TRakfof)

circuit generates first data strobe signals responsive to global_ data
st robe si gnalis pragiice, ddats sivohe ymdew sxists dudeg whigh date strebe Bgnalsiargcausidire@ 006

valid. The DS window is centered on each edge of a pair of DS pulses and extend

15 'before and after each edge by %4 clock period. During each of these windows, the data
applied to a data bus terminal of the memory device must be considered valid.

One problem that may exist with DDR2 memory devices is that noise on
the DS line in a “preamble” prior to the first DS pulse may be misinterpreted as a DS
pulse, particularly where the DS pulse is substantially delayed relative to the data. Asa

20 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 DS3, 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 substanfially

25 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



WO 2005/ 008673 PCT/ US2004/ 021946 3 signal responsive to a gl obal data
strobe signal until a wite control signal is generated. The dat a‘iBg@?@
signals are used to store respective sanples of a data signal in re @e
storage dev| hat data signal sanples obtained responsive to the first
dat a strobe%&gﬁaﬁﬁpénare overwitten with data signal saﬁ%yggm%wpgﬂﬁed
responsi ve to subsequent data 5 strobe signals. Wien the wite control
signal is generated, the first data stro signals are no | onger generated
responsive to the global data strobe signals. As a result, a data signal
sanple | ast obtained prior to the wite control signal being generated is
saved and a sigiahrssponsive to argidbal ddvd stiobe digadltumiil & heite\Edrine] g?ﬂiﬁl isogendragtdal i S
saved. BRI EF DESCRI PTI ON OF THE DRAWNGS 10 Figure 1 is a logic diagrama
data strobe crPqata steohg sigadlhaig uaedde storsrssRestive sAmPIshBbH¥ 3t pignad in geppective

i nvention. Fi I Lagi [ | I liaqi jrcuit
used inine AeEe dplidsdo (A dita UARH LR SO TRAChERI] 1 st ol ool

di agr ams showsigigalsvare ooersvristeny with dlaarsignelnaimples bhigined fespaisivesd sutsequentrdati t  of
Figure 1. Figure 4 is a_block diagram of one enbodi nent, of a nmenory device
using the dat sirobe siggals.c W e the yriteqogiplsignal s aja?réteérﬁg figst igpig shroks o of

one enbodi nen | i i e 4. 20
DETAl L ED DEcCEr Bb gL pilafia SUBRAR (o R el 88ty TROBY ghi| A0 il ol
circuit 10 t hsignal sampis tastsottainel ror toothe writencontialt signal beiigegdnierated imsadted mds
captures wite. dat.a responsjve on to valid data _strobes is shown in
Figure 1. As %Q"g?ﬂ%&”’rﬁ?QLWE#%&%WEPWOSF%%}HSaY ‘operates by strobing
data on each transition of a DS pul se on a data strobe DS |ine, saving the
data strobed 25 on the last two transitions prior to a predetermned wite
command, and BRIBFRQESCRIATION OBTHBRMRAWINGSe first two transitions follow ng

th det 1 ned ite.c d, As,. | t dat t db i
1 gnal S T3t he or eanbl GRSl Gt Atk st diepf i Befonatroried® % o
CT 2006 WO 20Q5hRR8RTH: B HSaRRA/ 021946 ~

Figure 2 is a logic diagram of one embodiment of a logic circuit used in

the data strobe circuit of Figure 1.
Figures 3A-J are timing diagrams showing various signals present in the
15 data strobe circuit of Figure 1.
, Figure 4 is a block diagram of one embodiment of a memory device
using the data strobe circuit of Figure 1.
Figure 5 is a block diagram of one embodiment of a computer system

using the memory device of Figure 4.

20 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
25 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.



4 Wth reference to Figure 1, the data strobe circuit 10 includes a data
strobe input circuit 14 and a data input latch circuit 18. As descr}'Hﬁd I n
greater detail below, the data strobe input circuit 14 functions 1ti) 2006
generate da signals, and the data input latch circuit 18 uses

t hose strob&ﬁ’%ﬁ@?gﬂto latch four bits of wite data. SPEHESHUBIMAput
latch circuit 18 includes 4 flip-flops 22, 24, 26, 28 each of which

i ncludes a data ("D') input coupled to a™espective DQPAD |ine. The DQPAD
lines to of all of the flip-flops 22-28 are coupled to a common data bus
termnal (not shown). The flip-flops 22-28 are clocked by a respective data
strobe signal, DSA, DS#ih rdBBaceOoHigurehetie ddiestrdbe @REitAMAinBRdées §£@aR! ement
signal. Thus, DSAI is the 10 conpl ement of DSA. As explained bel ow, the DSA,
DSAi , DSB andioRBinpy ¢jfeaitd4-and a peftlatgh piycuiths. dAs dessribeshia greatardetailr cui t

14. The DSA g iy, | : 4. 0Or. LISt bi. Al
signal ist h:degg‘?gl és(?artz%%g)bg %&rp% % E%Jugggé NG “8%?@ %ﬁ%r?étdﬁ%%ge élélbar%%lqgﬂl {é-ﬁg t he
data strobe fdataihpue 14t ¢icbuitd® asdsithose athsbetsipaalDfBlatchifgidiits bfwiittalathat a st robe

for the fourth data bit. Thus, after all of these data strobe signals have
occurred, ?he col | ecti e data fput latch geuit ¥8ypclydasidflipdlops 22,2469 128 eagheof

captured by t - ) g . |t hts are
applied as L(ﬁ!ﬁ%{ glﬁgld%éd?ﬁ?ta@ﬁrmugb(ﬁlc?i%dﬁgta(fg{bgm}‘%pu?sﬂlgmdre égrglgg@:/e
flip-flops 32ineStb ofldibof theflip-flops22B28 asdoapled th ookimdn idtacbueVierirghal $naynal |

' menory devjces one, clock cycle

which is conventionally. gener i n DDR2 \

before the w 9¥n)dafrge él‘lé'ﬁ%’ﬁ ?i—gg apegclggked Y3 respectivpiatp sobe signal, MPAhe
menory devic h | iyt | Y] Ct i f et second
bits of wri %S‘%é{basﬁ’u Dy White %%nﬁ,é‘cis{égg‘g%fg?d{’/@ﬂwéﬁsg&?}ﬂﬁ“sénﬂgﬁ‘;‘éﬁ{rﬁ?h bits
of wite dét aomblenent af lISAN A3 explamedbielpwif thel DSAC DISAif DSBnahd BSBI signdl$ aps 26,
28 at ‘about the sane ti that the Witel si | .beconmes active._ The
flip-flops 3ZngaedPytls %t@LsmPBwr #dd i@gﬁﬁ%w_i ésgtgﬁeatsﬁ?gbeofprwi te
data to the R v IRDSA ddhatis ﬁlelda{a%HBbé;qof @w? colfl ks b Ahe DYl dierlifis 25

presented to the nenory array at substanti e sanme tinme. As nti oned
previously, tthedadasteobe dgnthe thitl datadbity andi the DSBsget stthsddth strobed dtrahs foudhe

signals, DSA, N ,..DSB and..DSRi at the proper .tinme, and jt es so.in a
miner t hat. BB oTRRCa A10% Diort ot Aol Rt VS cnapb fs wlepertite
signals. The daf@Aor §éiﬂélé|wn1t§c}8%r£%&bﬁ:9edh%rtﬁé“ﬂjbm@@ﬂ%fm_ fromits
conplinentary DSAI signal, and the DSB 30 signal is simlarly generated by

an inverter 42 from it $hedmyldndenecendywigBlatas bignate. applied 23 LA0TaRDDEN]
signals to the data inputs of respective flip-flops 32, 34. The flip-flops 32, 34 are

clocked by a Writel signal, which is conventionally generated in DDR2 memory
devices one clock cycle before the write data are written to an array of memory cells in
20 the memory device. The flip-flops 32, 34 then output respective first and second bits of
write data, Din0 and Dinl, respectively. The third and fourth bits of write data, Din2
and Din3, are output directly from the flip-flops 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

25 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
30 signal is similarly generated by an inverter 42 from its complimentary DSBi signal. The



WO 2005/ 008673 PCTJus2004/021946 5 DSAI and DSBi signals are, in turn,
generated by respective logic circuits 46, 48. The function of Hﬁé i C
circuits 46, 48 is to pass a global data strobe DS signal whenever! 2006

| ogi ¢ circuj 48 is enabled by a high enable data strobe input ("EDSIN')
si gnal andwé’l%%ﬁsé@s%ﬁe logic circuit 46 or the logic ci r%‘?ﬁ’?szﬁ(@/@’s94éel ected
by a high ENA or ENB 5 signal, respectively. One enbodi nent of the logic
circuit 46, 48 is illustrated in Figure 2. The logic circuit 46, 48

i ncludes a NAND gate 50 that is enabled by a high Si input, which, as shown
in Figure 1, is coupled to receive the EDSIN signal. As explained in greater

detail bel ow,DSAcandISHMN stgr@Radre, ii$ eyl defidiated b radpdctive 10picdirdaits 26,81 theenabl e
signal and is 10 switched to inactive | ow when 4 bits of data have been

captured by tiHectigntof th logis sircwisfi6a#8 isggmasspsgipbal dep siabe DEmignal whesevari vel v.

The other in -he. i e . pod s

mul ti pl exer ggé %ngcté"&lglégé \%Sgtaehgolé.%}}gg{gg %glébq%g‘&tgis%%zﬁ lgg‘étqﬁgg@aﬁgla’%put and
i s enabl ed byandaithétahé logichvirgtit MIKNDS iIcHi@tiroaiidh8an saetddsy 4 Bigh MdAPosEgBal . As
shown in Figure 1, 15 the MJXN signal is active high and the MJXP signal is

active | ow wighal BsPecHECIENA or ENB signal coupled to the logic circuits 46,

48, respectively, is agf.l i: : . . : 50 w Il
be the conplinment of t?gbéébgq%gg O-E\I;t'\%zlﬁg\?rgir}g?ﬁ%’ Qggéﬁ{{ft%’i&gn%@%gggﬁfve hi gh
and t he respdogic ccuindd) Ue ilhglenh NAMD gate BOIEhat & dnialolbd byl dighdSitippuit, wafich,he NAND

gate is coupled to the nultiplexer inpyt to e NAND gate 5Q by, an 20
inverter 56 <4 SheVR ot guradzmoublﬁdf%@cwe&i} M-l&@@?w%ﬂ@e%ter t he

mul ti pl exer i j %@ﬁ‘fm . tgl%gl% LS reset
hi gh when theééggl%ﬁw’y gha tsr ns#sgﬁg%qltg%gghfg§ghh& e%%gr%hulkni ng to
Fi gure 1, 18i rsewtchddetol ingitive dow onticns4 Bifs ofl Bata thirvee BeieA capilrddNBy thei dpeabtsobt hat
enable the logic circuits 4 4 g generated by a flip-flop 60. However,
25 since the Sg@@%_swﬁqbgit@wg&a?@%hée%w&w@%i rcuit 46 is coupled to the Q
output of the flip-flopnEQuRPGhdul%o wmg% 9PN olipfed (thqnd B8fpGt 6F BCUI L 848

is coupled to the Q output of ‘the fli 60, the Togic circuits 46,
are al t er nat imatiplexam &R itk reckivesthe date siréteddd bigpal whissdatdmphid dnd-if ¢émapledbyi s

Chabl es the 1grEvHiEt N gichabitecen tsbysion MUKP sgnal. Wshonttn Figate "
15 the MUXN signal is active high and the MUXP signal is active low whenever the ENA
or ENB signal coupled to the logic circuits 46, 48, respectively, is active high. Thus,
the output of the NAND gate 50 will be the compliment of the DS signal whenever the
EDSIN signal is active high and the respective enable signal ENA or ENB is high. The
output of the NAND gate is coupled to the multiplexer input to the NAND gate 50 by an
20 inverter 56 so that the output of the NAND gate 50 will be latched after the multiplexer
52 is disabled. The latched output of the NAND gate 50 is reset high 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,
25 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.



WD 20051008673 PCT/ E52004! 021946 6 The flip-flop 60 is reset by a high at
the output of a NAND gate 64, which occurs whenever either input to the
NAND gate 64 is low. An active |ow enable data strobe ENDSi si gni;lzdpz 006
normal |y low, so an inverter 66 nornally enables the NAND gate 6 e2

ot her i nput ND gate 64 is coupled to a pulse g 68, whi ch
outputs a lvgtv)\g%otg{ﬂﬁsg%sul se responsive to a rising edge o?eﬂiﬂg&%gﬁ%@l gnal .
expl ai ned above, the DSBi signal is genepated by the logic circuit 48, and
it transitions high upon strobing the fourth data bit into the flip-flop
28. Thus, the flip-flop 60 is reset to enable the logic circuit 46 when the
logic circuit 48 outputs the data strobe signal DSBi to strobe the fourth
bit of data. 10 The flifhe ﬂipaﬂolﬁﬁoiisretsbtdt}kedﬁg)yatah@wpsﬁ gihaINﬁdtlDtgaE @ht put of

a NOR gate The si veld | i ed ta the flop 60
i s the ENA 5| feh oy ﬂlgf dtoé{‘ hﬁﬁ&i’)@at%@z{ ’55 EWBV‘? IOW nP‘i’le 60.

Therefore, tmataf sttobe fltmsﬁagmqg I8 fmatiyedw, &b caﬁlqﬁ%rtay dshﬁorﬁfdhwha&és thge DSC
signal. The Sate 70 is enabled by an active low Wite2i  signal, which

i s generated ete Gfer Thedgthdydnmit éo thatNANP egaterG4tis souptled to awpuimgenmfatoar ray in

a nenory dgvi n|n t he. dat a strobe Glrey it e nabl ed 2 clock
peri ods bet or gpﬁtp %W(?Bg\g&’t”f%ﬁesl’?lﬁge ?Fﬁlspggég%%em%5§ﬁ

pul se froma eﬂpﬂla’ﬁl@d am@eﬂhamm Ei%nal\/i@gé‘ﬂéra@éﬂcﬂytﬁe mgut Roulti4R A @dﬁelﬁttnst he
DSAi signal. As explained above, thé DSAi signal is used to latch the

second bit ofhighaeneni strobing Hiee fqurtb -datagyit info ﬂfﬁtﬂ;p-lﬂ@m% sThysathet flipdlopt60dns hi gh
when t he DS SI I t.o the recul t 46t n Oand
the logic ci e f}’ QH?BF ﬁ%‘f 8ﬁcmtr%]‘|€§’ nglﬁlcérc‘&ltt u?p i%ﬂ‘ie da#arﬁ P | y
enabl ed so th@almmt@&fo@ﬁﬂhfa&%bﬁbgmﬁs are continuously generat ed from
the DS signal. The trailing es of the DSAi pul ses cause the pul se

generator 14 to apply T&B@cﬂq ipgloskes by PBE Slglﬂmtgbﬁt@m of g#e t hese

pul ses are igpor | i r b cause

the Wite2i g’?grﬁ’g 1:@514?3&?(&93&% %H%ﬁ@ ﬁteﬂwpv@ &g@e % tﬁ%s(S?ZS

active |ow, tgBgerited htle €oatpaf ofcthe fljefip dOSATheffidrs, &h@@lﬂiﬁﬂsﬁ) 80 RpGlepwihee to be

generated V\/mchéwgglesthefllggflo 60 to enable the logic circuit 48.
&

The | ogic ci rclagked bysthe getput féé]iifep ignglh ThpdiDR gric FRE eneblgﬁaygn petmlee next

two transiti f and
DSBi si gnal s%tteg Slélﬁg ‘{?ﬁl -3 55hd at?our oﬁkg‘y@%?;’%%fa@i q’?&tetn tggﬁﬁr%ﬁl ops
26, 28, respenty ited snemdhedaviceicogadiigethe tath b@oHBSJB*'cmsitgna‘Vhdnmﬁbléd)z khteh 30

the fourth bit ,of data triggers the pul se generator 68 to glenerate a pul se
that resets Pp@ods before a data Write operation, the flip-flop 60 is clocked by a pulse from a pulse

generator 74, which occurs on the rising edge of the DSAI signal. As explained above,

the DSAI signal is used to latch the second bit of data into the flip-flop 24. The DSAi
signal transitions high when the DS signal applied to the logic circuit 46 transitions low

20 and the logic circuit 46 is enabled. Thus, the logic circuit 46 is initially enabled so that
' the DSA and DSAI signals are continuously generated from the DS signal. The trailing
edges of the DSAi pulses cause the pulse generator 74 to apply respective pulses to the
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

25 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

30 the fourth bit of data triggers the pulse generator 68 to generate a pulse that resets the
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enable the logic circuit 46. In summary, when the Wite2i signal bec S
active, the data strobe circuit 10 strobes the two bits of data intld E‘ﬁnﬁmﬁ
flip-flops 22d 240 respectively, on the last two DS transitions prior to
the Wite2i S%HEY%BYoning active. The data strobe cir cREFULOHRBMG st r obes
the next two bits of data into the flip- 5 flops 26, 28, respectively. As
ment i oned above the logic circuits 46, 487are enabled by an EDSIN signal
applied to their Si inputs. The EDSIN signal is generated by a flip-flop 80
formed by two NOR gates 84, 86, the output of which is coupled through an

inverter 90. glheod kb s bdpPeBBid iRufAgblg ' " Hiehi 48 by
appl ying a hi ghlndg a st r%beel%g vvrie'?%riceénlgbgﬁeeDS\/\%ﬁlg{iﬁg éﬁ’ht&(l)%eh‘gﬁﬁ%l?ﬁg%a%e 84.

The flip-fl opbe@®nies actissethetdatadgirebdticcuit @ strblrgithe twiortgisiof dlatdGnto 4l Gipeflopeset

t heir outputs hi ei ther. a lng a tive | ow BRSTi__ signal .to an

i nverter 94 oﬁb@‘{:é‘:ﬁp‘?‘\?i"ﬂéj’ cﬁﬁtlhg ﬁ?ﬁg&“ﬂr)%é ﬁPl&Hl%‘NBé?f tg i ‘éﬁntng sigpd Rt e
86. However, ag;veeMHealpstAlde theuit 1@ iehlaBbbes ) Alxt itfo BRE TRl if6 tthe/fipl OW
during the operation of the data strobe circuit 10, so the NOR gate 86 is

nor mal | y erfablflogs 26)\28.aespedtivetyansi t i oni ng BRSTi pul se, which resets the

flip-flop 80, is generafed aj the.output of .th ulse gener at or enever
the DSBi signal transi t%‘%ﬁ’sﬁnﬁ?“&a.ab% %Pi?%ﬂ%ﬁ“ﬁs éQp‘iSZ?Iﬁ%B%ﬁe‘f‘fW%“g@éﬁﬁls when
the fourth bikighl plied ko ted! SiMRGuts. Nt Thet IIBSIN kiPndl i RerGatedDYEN Alp-fisy BEE t he

DSVE is normal I'y high when the data strobe circuit 10 is active, these BRSTI
pul ses do not fergwéby twieNOR gatds| &dp8@ thetantpiit obwwhich istrouplod throughrap divegerf), 48.

However, when 20 the data strobe ciycuit 10 ig.tn be disabled. f ite
oper ati on, thﬁﬁ%ﬁ@? g@éﬁ & EOr %{ﬁgféttﬁ%ﬁ?% BRrE gﬁ’a‘ﬁ quh?@n%ﬁ C%E?I S§8¥’\% o be
gener at ed 1heRritdienabRIDSWERidnalh tEeNaRNaE shemp h-fep8d id k@ tbagableihe- f 1 op
28. The operation of the entire data strobe circuit 10 will now be_expl ai ned

with ref er encéogiocirayits 46t andiress)ibeis eutpithhigh eithgapelying athactive dvoRBSTar i ous

signals 25 pr | E ' 11 QfF Figur 150 | . od as
indi cated at t %g:ﬁ{l %Sh E)l} elalgrgétjdr %ﬁg} appgbnﬁra@qga}f%‘s’%g%%y@? 1oSEIS ag?%gth%ﬁ%tlﬁgatte

provi des the 8g6sHowedt f0némdionéd 45oRE)te ENDSi dgnal BQtonaboyiive (v diftigitBe t he
data strobe circuit 10 of Figure 1. Figure 3B shows a data strobe signal DS

havi ng sever alpgetioseofihy daia etibr cipuit, ep thedNQR gaterdgris sermally waabledsiA low of
data i nto {sne HRERInn A fibulseSwiit ROGE el MRy Hop Bo, T SERicdRe 0 ARl ofihie NO! S©

pul ses
pulse generator 68 whenever the DSBI signal transitions high. As previously explained,

this occurs when the fourth bit of data is latched into the flip-flop 28. However, since

the DSWE is normally high when the data strobe circuit 10 is active, these BRSTi

pulses do not reset the flip-flop 80 to disable the logic circuits 46, 48. However, when

20 the data strobe circuit 10 is to be disabled for a write operation, the DSWE signal

transitions low to allow the BRSTi pulse to be generated when the fourth bit of data has
been strobed into the flip-flop 28.

The operation of the entire data strobe circuit 10 will now be explained

with refe:rence to the timing diagram shown in Figure 3, which shows various signals

25 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

30 occur on the DS line starting at about 115 ns. As explained above, the logic circuit 46 is



30 occur on the DS line starting at about 115 us. As expl ai ned above, the
logic circuit 46 is 110 C T 2006 WD 2005/ 008673 PCT/U82004/02194qéF
initially enabled so that each DS pul se shown in Figure 3B causes @fSTAm6
pul se to be enerated, as shown in Figure 3C. This DSA pul se |atches the
first and s@ggﬁﬂyﬁﬁf@.blts into the flip-flops 22, 24, YEHPRLWMRIERG. When
each DSA pulse is generated, the Wite2i signal shown in Figure 3J is
active low so that the falllng edge of t®e DSA pulse (the 5 rising edge of
the DSAI pul se) causes a DSC pul se to be generated at the output of the NOR
gate 70, as shown in Figure 3H Each of these DSC pul ses toggles the
flip-Tlop 6QnithieemBledHoShk! aBDE N ée%ﬁbv@nﬁiFi%Hi ol 35 B0y BRA dlé&&otb@e l.ogi c
circuit 48. As a result, the subsequent DS se causes a DSB pul se to be
gener at ed, asgeun¢raiad as ﬁhcm'rlgmrlﬁglﬁﬁ)?:c EhrerSZSBllpe.ﬂlat;hed the¢ Gitseand deeontdidatachitand

DSR pu data g o Rl 42,24 PisoeiEye sh ShohDahRERE R estorie, BE VeiEln T o
Figure K. Thiggnl B%ﬁo%'1ﬁ%%§§§l 8 dofife fow & thhtofe Ein %@@e%QXh@Dshlﬂum (tnee

logic circuit 46 and di sabl the logic circuit so that the subsequent
DS pul se @;ermmt@ge af tbSDS;MIpsléSG} ettuhﬁsra b pulse DR @mb@Ed ah sheapufiud phihd above

Th h t t b t 0 t t
bt soa on ¢ oV RN & SR B HBE AR Hhhor b DGR lnekS msriPIeRe (o
Figures 1 andso, terch}haiablie thoiogR di’ﬂéhﬁ%aﬁd&laﬁﬁﬁgem@tl@ﬁc BieduieRn Aslbreddf ns,

they each cause a DSA pulse to be generated as shown in Figure 3C, whi ch
| at ches dat a thhsubsequenttP$ pulse opises2 DSBpulsetip he generatod s shewen fif Figeret3ye DS

pul se occurs 2 ti e spur.i Qus, dat a tc t he
f1ip-flops 22%5"}‘419§B Pue%%ﬁhue?ﬁ’gﬁh%r?‘ﬁ”g h.dqtabits it tBﬁ‘H’n ORSe?; &ﬁg and 20
trailing eolgesspedtivelyi endaubesl SDSR PulBitd be @etekated ithBe B@pGICoMHE NANTILGats Ot
toggle the fllp flop 60, which would result in the disabling of the logic

circuit I46 arfd esshewn g Figure He Thisgd$C pelse teaets ﬂwghpﬁﬂppﬁﬁeﬂlpr@gy enapling{ipt | 48
et ch the 1 fQE SHEHE 46 3nY' BBlng Y RHCORIE R, fb MR e b5 Rmct b dultg)

third and fmgehéiatésaaasm;ﬁmraih&m@mmye ramexwm@mbw ses do not toggl e

the flip-flop 25 60 is that the Wite2i signal shown in Figure 3J is
i nactive high when theThomsangs inseduch thedats gepbpcircyt 18 is wmﬂvettﬁémfsal ling

her of or e amiare &F Rete O IRPLA abP bRl ol RraBitedo fond el 1 ng

after the noi3seWnen #snoitUndses aftcgehtraill befvbes ¢ LHN20 dgttheybédch c‘me taa)$1at ched
Into”

pulse to be generated as shown in Figure 3C, which latches data into the flip-flops 22,
24. However, when the first true DS pulse occurs at the 120 ns time, the spurious data
latched into the flip-flops 22, 24 is overwritten with data latched by the leading and
20 trailing edges of this DS pulse. Significantly, the noise pulses do not toggle the flip-flop
60, which would result in the disabling of the logic circuit 46 and enabling of the logic
circuit 48. If the logic circuit 48 was enabled, the true DS signal would generate a DSB
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
25 60 is that the Write2i signal shown in Figure 3] 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



the flip-flop 22, 24, and the second DS pul se occurring after the noise

pul ses causes the 1 2 OCT 2006 WD 2005/008673 PCT/ US2004/ 021946 9 third
and fourth data bits to be latched into the flip-flops 26, 28. Th&2d&d 2006
strobe circuit 10 is thus insensitive to noise pulses in the preanble prior
to the firswoD®sfpe6se. One enbodi nent of a nenory devi c@Cugistg4/ihigédat a
strobe circuit 10 of Figure 1 or sone other enbodi nent of the invention is
shown in Figure 4. The nenory 5 device Pllustrated therein is a synchronous
dynam ¢ random access nenory ("SDRAM') 100, although the invention can be
enbodied in other types of synchronous DRAMs, such as packetized DRAMs and
RAMBUS DRAM 4 . y - el . (0] iogi-t al .ces. The
SORAM 100" 1 e o deyEBid 't 1Al 1S e AP RRp0 26, 7 TR aal Bt el
address or a 1064 thaninselditivs $o Muiseulstdinakksifreanblbytorltd4he fileEDS Pallk@ss bus 114 is
generally coupled to a nmenory controller (not, shown in Figure 4).

Typi cal |y, a row addr e98e pabodimentafiayneraorgdeviee wjng fhe dalgsirebescirliilfodr 112
and applied t d 41 . e | Dl exer
118 “Ooup es "Rl § BLERESEATmBcRl G injchhon Kot FRALSE "SRy

ei t her of 3 wdevioenibluptrated atyiareih2@s d 2sydetpenvus Nngynapid tahdorat agoessofmeindrank
address bit f ] art of 15 the . row_ address. Associated with each of the
memory array$ W’l’ngqos aéthP‘éé'pé]& iigentiony cap be, fphodied| i @ﬁheIZ'@PCS\/\A??ch
stores the rQwWAARLES SDRAME. 2 shW d€ B2 Rgm?(ic pRla VYR A4
signals to i?gﬁresggszt]?ve ar’rgyﬂlzag g?&%%eaag)a Snrca{]?on 0 [tjﬁe(ﬂstorgd r ow
address. Th&RPRaAMSIY) & welt hucthervipped of idigitalvddvicasje The SBR A t100 ahcbudes apect i ve

rows of menory cells, 20 ineéhe nenogeé‘parrays 120, 122. The rqw address

mul ti pl exer PAgress| gisten J P dhat, 15GFives FifPers s &9V 1 dESHE OF GupoAtEn eddess ks 126
for the pygp f eshl ' 2. The
row addr egfsega(gr? % b&éﬁi&'a?@%%%sgrg%ﬁggig‘gﬁ%l ?8@1%y{02ﬁn ?‘é?‘?’ﬁ’?ﬁ&‘ﬁ%ﬁﬁ%ﬁr 130,
whi ch i s contshoind mdFifpye 4). r Bfpicalli, acowtadddebseis iniGAly rédeived biytiee addwsantdisess has

been applied t he address regi.ster 112 an 25 stored in one of the row
addr ess |atcﬂi§a&§6m>3§3&madﬁw a%ﬂﬁﬁ%g’é‘t‘ipﬁexﬁrpg]igi'e G O™ HETRa AT fé@exefébfster
112. The addiggsles’ @1 oWChiddlekd t& AURInSHRr to?%oﬁlgbﬁé‘f{& Adoi s Wil é}thﬁpbpwoaddress
| at ch 140. Dependi ng on the operating node of the SDRAM 100, the col um

address is aientvey awaysd28d12 dependjig epdnuths stateafiatbank iddiedsditaforning part @fldr ess

buf f er 14145 rerEn?raEi %ss.

Associated with each of the memory arrays 120, 122 is a respective row
address latch 126, which stores the row address, and a row decoder 128, which applies
various signals to its respective array 120 or 122 as a function of the stored row address.
These signals include word line voltages that activate respective rows of memory cells

20 in the memory arrays 120, 122. The row address multiplexer 118 also couples row

addresrses to the row address latches 126 for the purpose of refreshing the memory cells

in the arrays 120, 122. The row addresses are generated for refresh purposes by a
refresh counter 130, which is controlled by a refresh controller 132.

Afiter the row address has been applied to the address register 112 and

25 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

30 buffer 144 starting at the column address output by the address register 112. In either



burst counter 142 which applies a sequence of colum addresses to the colum
address 30 buffer 144 starting at the columm address output by the %giiiﬁﬁ
register 112. In either 1 "2 OCT 2006 WD 2005/008673 PCTI US2004/ 02

case, the cql umm _address buffer 144 applies a colum address to a columm
decoder 148 WRRICH"3EHhI i es various signals to respectivePSENSEOYMINCE i er s
and associated colum circuitry 150, 152 for the respective arrays 120,
122. Data to be read fromone of the arrays 120, 122 is coupled to the
colum 5 circuitry 150, 152 for one of the arrays 120, 122, respectively.
The data is then coupled through a read data path 154 to a data out put

regi ster 156, cide) B calafini AddrebdMurital 44 ippliss a Edltudn RedreskTS a Ot dedodie 148 1 tt en
to one of the arrays 120, 122 is coupled fromthe data bus 158 through a
data i nput redfhichedppligt varinns signelstte wgenestivsasensel emplifiers sad gesogisted aofumn
circuitry 150, hes EL 4l r ferr tg,0ne of the arrays 120, 122,
respectively.c?%g@%gﬁglg%?%ggﬁglF@ﬁ??ﬁ%ﬁq?g’Q%Upled to the data input

register 160 to |atch fDatatdbé Radfrofiaing of hequayt128] 122 iapplpl&btotite doiénat a
bus 158 reigonsiye to an externally generated data strobe ("DS") signal.
i €

 These four geudtry 430, 452 fox opp ahithe guprsdd0s RRotesectivrly. wFhe dataisdlen qoupled 162 t o
th | i Loy . i ster .
setectivoly' afilddehd e b 1 R G Ll W RIS bl ud e

152, such as dtgbselssctively nmasking data to be read fromthe arrays 120,
122. The above-descri bed operati,on of the SDRAM 100 is. controlled bg a
command decoder 104 resP¥A& bewikentoprg qfithsiaga L0y Eeis cawplehiramdbndaty) bus

170. These hqug\r&ﬁ%.gyg%mtg@t& 14 Yrffe LRl 12 UPRR" @it BY @

menory 20 control gure , are a clo ena si gnal
CKE*, a clHdckcstunglS0CLE2 where dthis prarsédned to qie@fitie aiays 120, 122, repedtiaélyeThe gnal
VE*, a row address st r,ob,er@i,gnal RAS* and a caql.umm adgress sﬁ)&gbe si gnal

, I I
CAS*, which t fafastzobegitcpid J045 erypleddo Seflain ingat registes, 160 1p dgich {ayr byig ef data
combi nati ons i r j r ecld S such
o Toad comeREARHF BpRRISUR G B8 T Eufe RO e SUCN
sequence of cetndted'DST)griglal Thasp doweibits of datataee themeaudeds thgnahshd ericadaty out

the function .0., aread or a wit signated by each of the comand
si gnal s. Thes_egtﬁol%%aﬁth_hesqo Sircwing 154,650 maﬁwwﬁeehléjﬁwggy B BFHII sh
their respgct kyf&til e GitkONS floRdf data into and out of the column circuitry 150, 152, such as
by selectively masking data to be read from the arrays 120, 122.
The above-described operation of the SDRAM 100 is controlled by a

command decoder 104 responsive to command signals received on a control bus 170.

These high level command signals, which are typically generated by a memory
20  controller (not shown in Figure 4), are a clock enable signal CKE*, a clock signal CLK,
a chip select signal CS*, a write enable signal WE*, a row address strobe signal 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 104 generates a
25 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.



conventional. Therefore, in the interest of brevity, a further explanation
of these control signals will be omtted. 1 1 OCT 2006 WO 2005/3&@

PCT/ US2004/ 021946 11 Figure 5 shows a computer system 200 contai

SDRAM 100 of ure 4. The computer system 200 includes a processor 202 for
perfornlng‘WQPWHﬁ@&W%onputlng functions, such as execut iB¢d/USU40219¢ sof t war e
to performspecific calculations or tasks. The processor 202 includes a
processor bus 204 that normally 5 i ncl udds an address bus, a control bus,
and a data bus, which includes the data strobe signal. In addition, the
conput er systen1200 i ncl udes one or nore input devices 214, such as a
keyboard or a nouse, cg eﬂstfowstar&ngmsw26@8oﬂtﬂnﬁgltﬁavsﬁwqoabpr to
interface with the conputer system 2 ypically, the conputer system 200
al so i ncl ud&guoné cFhenomputenspstem 364 inshdea prosessen 22 foopt:ﬂmrpmg)mg@r 202,

h output 10 11y, b t On
vor o dat b st rRgEG Sl ofh e SadRe DmeRRF ] it toa PPOT PR escor

202 to al | owchlbgatiing &8 $5RE. 3‘23 ptResbOI® indRlies 4 BrdééssBﬁBﬁé Mthgﬁﬁ(ﬁmfaﬂ?m
internal or external storage nedla (not shown). npl e of pi cal storage

devi ces 2%8 inebidesian pddress s, efmppybm encsa detabes, détsgtemcbsiesmq tacfdm’p%lct di sk
read-only nmenori 2 is also t. coupl ed
o cache. monBRHis 38 i conitifarftas 20 inefides b B8t lERyes 2 A

and to the SERMMslORybOrewe R Iﬁoﬁer&hme@wufegjrb@rsso?am td aﬁowaﬂ%yrato@wt roll er
230 normal ly includes the control bus 106 (Figure 4) and the address bus 114

that are coiperége voth fhe SDRAkar sygem1309. dEyRic thf5®mm1t@osypﬁr:@d200r gae t he

SDRAM 100 to.t roc s sh h the
remory cont r BiFeY 53557 Bt SuBurdsyicth 208 calPEER, 0¥ mefGadf U] speh NG

wi || be agppr deviedsegpiddllgtbeinglatgtidetslor & RRIH tdrfinak "DAElbiMBeSd a8 stérige ddw;e@tl on
have been descri bed herein for Eurposes of illustration, various

nodi fi cati ondléaip alse tielyidoupledto @ewwssgrgZ%f@mllpWeth@pmcﬁqsorazﬂi tostose of the
i ti A t
pmented o1 atRf bl Girue b doBY B by RS stdrhgt héita ER6E Sovnl]> ERAmbIAF

of typical storage devices 218 include hard and floppy disks, tape cassettes, and

compact disk read-only memories (CD-ROMs). The processor 202 is also typically

15 coupled to cache memory 226, which is usually static random access memory

(“SRAM”), and to the SDRAM 100 through a memory controller 230. The memory
controller 230 normally includes the control bus 106 (Figure 4) and the address bus 114 that:
are coupled to the SDRAM 100. The data bus 158 is coupled from the SDRAM 100 to the

processor bus 204 either directly (as shown), throﬁgh the memory controller 230, or by

20  some other means.

From the foregoing it will be appreciated that, although specific

embodiments 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.



1. A data strobe circuit, conprising: a first logic circuit coupled to
receive a global data strobe signal and a first enable signal, hf QT @
logic circuit generating a first data strobe signal responsive to H @ﬁ bal
data strobe signal when the first enable signal is active; a second |ogic
circuit coupled to receive the global data strobe signal and a second
enabl e signal, the second logic circuit2generating a second data strobe
signal responsive to the global data strobe signal when the second enable
signal is active; and a control circuit coupled to the first and second
logic circuits, the control circuit receiving a wite control signal, the
control circuit being operable to generate the active first enable signal,
the control circuit being operable to generate the active second enabl e
signal .responsive to receiving the wite control signal being active after
the active first enable signal is generated. 2. The data strobe circuit of
claim1l wherein the control.circuit is operable to termnate the active
first enable signal when the active second enable signal is generated. 3.
The data strobe circuit of claim1 wherein the control circuit conprises: a
flip-flop being set or reset responsive to a transition of a signal applied
toa 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 out put
coupled to an enable input of the secoddLAIMS c circuit, the first and
second out put being conplinents of each other so that either the first logic
circuit or the second logic circuit in enabled dependi ng on whet her the
flip-flop is set lor rAshhshnh&ﬁ&uﬁkMﬁwﬁﬁngand a Iogic gate having an out put
coupled to the co ut of .the f th 0 ate receiving the
first data str obéqir?t ot °’§?HH °?‘FPéeWF‘i°8Wgﬁﬁl B&da‘gl, ﬁ'ﬂtéﬂ gliah@%l Ftcenﬁfi‘fe bei ng
1 2 CCTsigil6ihe fizst fopadtieshitvdeasratidpen Hirst Hfa @@csﬁers@gnastegﬁmlswé o &etdlotl Ha al | ow
the first data stroﬁg signal to set or reset the flip-flop. 4. The data
strobe ¥fobe sigpal gehep heifisst snahiesignahispet¥econt rol i nput of the flip-flop
conprises a cl oclasedaawlog;&ufcmecé leeté }ee&vénﬁe biogd1 dﬁlm%tr&mk amhh%stoh@ the
clock input sets or resets i p-flop by toggling the p-flo . The
dat a st enshle signal thetseeanddpgir mrgnmpretmg 3 prsond: data pirqbe Fignpl qea:p@nsv«gwatﬁe appl i ed
to the eRbhkal srdioUlgndlwielBedeldahidhe sihfis WifvefdogP- {1 0P, and wherein the

data st circult
a control circuit coupled to the first and second logic circuits, the control circuit

receiving a write control signal, the control circuit being operable to generate the active first
enable signal, the control circuit being operable to generate the active second enable signal
responsive to receiving the write control signal being active after the active first enable signal is
generated.

2. The data strobe circuit of claim 1 wherein the control circuit is operable to
terminate the active first enable signal when the active second enable signal is generated.

3. The 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 a
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



further conprises a |logic gate having an output coupled to reset input of
the flip-flop, the logic gate receiving the second data strobe itgﬂg1 @Q

al l ow the second data strobe signal to reset the flip-flop. 6. ag
strobe circuit of claiml1 wherein each of the first and second |ogic
circuits further conprise a second enable input to enable or disable the
first and second logic circuits, the ¢g&cond enable input of the first and
second logic circuits being coupled to receive a data strobe wite enable
signal. 7. A data sanpling circuit for sanpling a data signal applied to a
data termnal, the data sanpling circuit conprising: a plurality of data
capt ur eerfabled whes teagrite Bentioh gigtal thadctived foRUbw Clruirkiedtd strobd SighlltRset biereses nal ,
each of tQF aata capture circuits further including a clock input coupled to
recei veth§ eSective data strobe signal for sanpling data applied to the
data term nal regponsiieddtPsthobe citdf chini 9RMeRindAdtontdNEpa dtdledligbpbe i nput
circuit receiving a global data strobe signal and a wite contro si gnal

t he dat sPmRrisehclPsloipputcp theflip-flopi sa ghah g sigas) aprlicd tg dbrotlagkeinpuisels 95 oes dat a
strobe %%ﬁﬁh&pbﬂagéﬂng%éﬁi Idgg' clock inputs of successive ones of the data
capture circuits resp nsivg the wite control signal being active. 8.
The data sanpling- ci r €bd datafstrebearipauit afrdeimi h whiargind the drapsition o€ thsi signal t s each
conpri s iR . t I Y0 O T CUi L gl ai N the
Gata st fosed b e bortinbus oG At fop XA A1 il inefi e Bl flER T

r ecei vefitther gmplisds adagia gsterhabieg an gupht canpledtof reses inpueofahé Bipsflap dle,logibie fir st

l ogic circuit. generating.first and .second data strob i ghal.s responsive to
the g oBilr sty RE IR SeamDa iovs Afal RENON sie’sefondidole GroB e o GFTHE” { e
first dflipsfleplrobe signal 1 10 CT 2006 14 being applied to the clock input
of a first of the datg cgpture circuits and the second, data strobe _signal
bei ng applied tob%he i‘l‘bg&a STEPRSt CIEGHIL & §@%ﬂdW]EfFe‘{‘ 98¢ t'ge duffapd eeopd cuits: a

second 0@ Gregity furthér oipBbEE sé@nd 8BleVBpite MRS disiMaths traad stand! and a
second _enpable signal, the second logic circuit generating third and fourth

dat a st logisecizepigm shesseeenghenableviaput of thenfirsyandhserondalpgic siteiscbeinggerabledsien t he
second gR&H §dﬁiﬂﬂﬁkgkﬁeéﬁﬂgéﬁn?yhe third data strobe signal being applied
athirdo

to the clock Input o the data capture circuits and the fourth
dat a 7. A data sampling circuit for sampling a data signal applied to a data

terminal, the data sampling circuit comprising:

a plurality of data capture circuits each having a data input coupled to the data
terminal, each of the data capture circuits further including a clock input coupled to receive a
respective data strobe signal for sampling data applied to the data terminal responsive to the 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.

9. The data sampling circuit of claim 7 wherein the data strobe input circuit
comprises:

a first logic circuit coupled to receive the global data strobe signal and a first
enable signal, the first logic circuit generating first and second data strobe signals responsive to

the global data strobe signal when the first enable signal is active, the first data strobe signal



strobe signal being applied to the clock input of a fourth of the data
capture circuits; and a control circuit coupled to the first and‘ﬁf ﬁpﬂmﬁ
logic circuits, the control circuit receiving the wite control s g af" t he
control circuit being operable to generate the first enable signal and the
second enabl e signal, the first enable signal being active responsive to
receiving the wite control signal beil#g active, the second enabl e signal
being active after the first enable signal is active. 10. The data sanpling
circuit of claim9 wherein the control circuit is operable to make the
first enable signal inactive responsive to generating the second enabl e
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further conprises a Iogic gat e _havi ng an output coupled to reset input of
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circui tactivert her conprise a second enable input to enable or disable the

first and second 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 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.

12.  The data sampling circuit of claim 11 wherein the control input of the flip-
flop comprises a 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 sampling circuit of claim 11 wherein the transition of the signal
applied to the control input of the flip-flop sets the flip-flop, and wherein the data strobe circuit



logic circuits, the second enable input of the first and second | ogic
circuits being coupled to receive a data strobe wite enable S|gpgg %ﬁﬁ
The data sanpling circuit of claim9 wherein the first and second Fg
strobe signals conprise 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 cosiprise the leading and trailing
edges, respectively, of a second pul se generated responsive to the gl obal
data strobe signal. 16. A nenory device, conprising: a row address circuit
operable to receive row address signals applied to an external term nal and
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termnal: .an a circuit coupled to a conponent of the nmenory
devi ce, "FH¥ é’cﬁ%’asgr E?W)‘ bﬁ?ﬁlﬁ? conprising: a first logic circuit coupled
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enabl e signal, the second logic circuit generating a second data strobe

si gnal the g iaptrailing edges, @?SBWCIMGR & se¢ond pulse pepertedapipAnsitrcto dhecaloal enabl e
si gnal Ha?a?cﬁ:tbb!ﬁgmaland 1'2 OCT 2006 16 a control circuit coupled to the
first and second logic circuits, the control circuit receiving a wite
control si gnal, tlﬁe cémqncqrydctvmmonnm@mgg operable to nake the first enabl e
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active edt¢red tértinal andtd deoddothe rew gdiadss signadsctd iprowide a row address;

a column address circuit operable to receive column address signals applied to an
external terminal and to decode the column address signals to provide a column address;

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;

a second logic circuit coupled to receive the global data strobe signal and a second

enable signal, the second logic circuit generating a second data strobe signal responsive to the

global data strobe signal when the second enable signal is active; and



17. The menory device of claim 16 wherein the data strobe circuit is coupled
to the data path circuit so that the first and second data strobe;zhgﬁigﬁ
can be used to sanple wite data coupled the external data ternik‘l. :
The menory device of claim 16 wherein the control circuit is operable to
make the first enable signal inactive when the second enable signal is
active. 19. The nenory device of claim4g6 wherein the control circuit
conprises: 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 out put coupdoatiolt drcain ceupdddl t6 thefirst andfseidne 16g2¢ GiRchith, B¢ Cortdol €ittult, t he

fast and second out put . bei conpl j nents ,of each other so_.that, either the
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allow the first data strobe signal to set or reset the flip-flop. 20. The

menory #ethe data péth eirquitrso tigat hiedirstiand sagendcdata strobe signalstcanbe vied tq sanplef writg

conpri s Lok lip-flop so that a signal applied to the
cl ock i g%tﬁgo@llee@;tﬁeoér resg%tgtér{;lﬁlgf'fl ip-flop by toggling the flip-flop. 21. The

menory devi ce of 18l ai fhd ewlogr divive tofi elainr 4 hereinrthofontrokbciviug nadperahfepbi ed t o
op,sets the flip-flo and wherein the data
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wherein the nenory device conprises a dynam ¢ random access nenory devi ce.
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.

20.  The memory device of claim 19 wherein the control input of the flip-flop
comprises a 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.

21.  The memory device of claim 19 wherein the transition of the signal
applied to the control input of the flip-flop sets the flip-flop, and wherein the data 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



24. The nenory device of claim 16 wherein the gl obal data strobe signal is
applied to an externally accessible term nal of the nenory device,, @? @
menory devi ce operating in synchronismw th a clock signal, conp1? %&.Ba
row address circuit operable to receive row address signals applied to an
external termnal and to decode the row address signals to provide a row
address; a colum address circuit opergple to receive colunmm address signals
applied to an external termnal and to decode the colum address signals to
provi de a colum address; at |east one array of menory cells operable to
store data witten to or read from the array at a |l ocation determ ned by

t he rowcRéelasats sl énable GRud BNtha digkt @S secehddagia ciR@its being coiipledap et e t o
coupl e data signals corresponding to the data between the at | east one
array adefasiFobs Wi ensblegignal t ermi nal , the data path circuit including a
write data path cgnpr il Bigmofy Mvitedrlclain 96 witeleh the RleHfofy Gdvice tbinprigegh havi ng
a data input coupled to the external data termnal, edch of the data

capt ur e dpnamigifapdont ageessamenail Hesdléeng a cl ock i nput coupled to receive a
respective data strobe signal for sanpling data applied to the external data
term nal responsive to the data strobe signal; and a data strobe input
circuit receivin@da glfbbalemdgyt devideraflzhnig i l§rvetiereim theaglobal tiga swottersignal isi gnal |

the data_strobe input circuit. bei erabl e,t © generate successive data
strobe &P lreng?osan e&gegffaﬁlg8°cte§)sﬁfl?1teem%'lngh%ﬁfer{ﬁﬁ°§y 8"%hccessi ve ones of the data
capture circuits 25esp@nshamsory Oddvite Wpdriting O RYyHchtonishyneith keiclvgk agigrale; and a
command si gnal generator operable to generate a sequence of control signals
cor r es pSHAPHTYE o comand signals applied to an external conmmand termi nal.
26. The menory deyvidie a@dres! @tcit OpeMBRI B1 Rcdite rod iali@e&OOEHaR aflisdab an.
conprises a wite signal generated_a predetermned nunber of "clock signa
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circuits each conprise a flip-f he nenory devi alm 25

: P : .
wher ei n extamaldeninal eadtoalecadp the column Addresssignpls it provide a column address;

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, the data path circuit including a
write data path comprising: ,

a plurality of data capture circuits each having a data input coupled to the external
data terminal, each of the data capture circuits further including a clock input coupled to receive
a respective data strobe signal for sampling data applied to the external data terminal responsive
‘to the 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; 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.



a first logic circuit coupled to receive the global data strobe signal and a

first enable signal, the first logic circuit generating first anﬁ%gﬁf%ﬂg
data strobe signals responsive to the global data strobe signa

first enable signal is active, the first data strobe signal being applied
to the clock input of a first of the data capture circuits, and the second
data strobe signal being applied to thg clock input of a second of the data
capture circuits; a second logic circuit coupled to receive the global data
strobe signal and a second enable signal, the second logic circuit
generating third and fourth data strobe signals responsive to the gIobaI

data strobe signah. whehe hithoBeaond EMdine25SwaGah the date lcapre difkGitd fichd dat a
strobe sigpal bejng applied to the clock input of a third of the data
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coupled to the first and second logic circuits, the control circuit
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~ operable to make the second enable signal active after the first enable signal is active.
29.  The memory device of claim 28 wherein the control circuit is operable to
make the first enable signal inactive responsive to the second enable signal being active.
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 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.



32. The nenory device of claim30 wherein the transition of the signal
applied to the control input of the flip-flop sets the flip-flop, ﬁ 2
wherein the data strobe circuit further conprises a logic gate h 5 @%
out put 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. 33. The nenory degyice of claim28 wherein each of the
first and second logic circuits further conprise a second enable input to
enabl e or disable the first and second logic circuits, the second enable
input of the first and second logic circuits being coupled to receive a
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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.

35.  The memory device of claim 25 wherein the memory device comprises a

synchronous dynamic random access memory device.

36. The memory device of claim 25 wherein the global data strobe signal is
applied to an externally accessible terminal of the memory device.

37. 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 memory device coupled to the processor bus adapted to allow data to be stored,

the memory device comprising:



at | east one array of nmenory cells operable to store data witten to or read
from the array at a |location determ ned by the row address and HgguepzNgn
address; a data path circuit operable to couple data signals correspon g
to the data between the at | east one array and an external data termnal; a
command si gnal generator operable to generate a sequence of control signals
corresponding to command signals applied to an external termnal; and a data
strobe circuit coupled to a conponent of the nenory device, the data strobe
circuit conprising: a first logic circuit coupled to receive a gl obal data
strobe signal and a first enable signal, the first logic circuit generating
a first data strabewshdiiés diRGip@peiable tb Gedel@ @O bddresd alighalsSippliie tsa@nal when
the first enable signal, i ctive;, a second logjc circyit coupled to receive
the gl oBismeldgrmine] mktia degod e row addsess SigeAlEio pEaY |13dowiagfats; the second | ogic
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data strobe signal when the second enable signal is active; and a control
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wherei n the cont ASOTEAE §ienal; engraior gp§rabls jo sqhgiale 3 FauercP f Crrd) Signdls gnal

i nact i veorwegiading o Sodeifdid stpnalb hplied @l extenal RALIMAlYShd 40. The conputer system
of claim 37 wherein the control circuit conprises; a flip-flop being set or
reset responsi ve %2 stqbg fitepif SouRlgd 9 & coARAnenif] the anampry devieo b @42 nput  of

the fli prdokeReuitddfiptising-f1op having a first output coupled to an enable
i nput of the fi rstp | ogic circuit and a second output coupled to an enabl e

input of the secarisstilegy eireiteeunled toreceivg a globddaagebe sianat snds firstrenallecond
ci'rcui ¢ B RE AL Bty Hen 2l EE ad St el el O Bh'elfenl BB 1
f1i p-f| stpobe sigealtwhen thedissenablessignabisiactivey; and

a second logic circuit coupled to receive the global data strobe signal and a second
enable signal, the second logic circuit generating a second data strobe signal responsive to the
global data strobe signal when the second enable signal is active; and

a control circuit coupled to the first and second logic circuits, the control circuit
receiving a write control signal, the control circuit being operable to generate make the first
enable signal active and to make the second enable signal active responsive to receiving the write
control signal being active after the first enable signal is active.

38.  The computer system of claim 37 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.

39.  The computer system of claim 37 wherein the control circuit is operable to
make the first enable signal inactive when the second enable signal is inactive.

40.  The 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



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 wite contro
signal, the logic gate being enabled when the wite control sigqq4?¢p20q
active to allowthe first data strobe signal to set or reset the I p-Tlop.
41. The conputer system of claim40 wherein the control input of the
flip-flop conprises a clock input to the flip-flop so that a signal applied
to the clock input sets or resets the2flip-flop by toggling the flip-flop.
42. The conputer system of claim40 wherein the transition of the signal
applied to the control input of the flip-flop sets the flip-flop, and
wherein the data strobe circuit further conprises a |logic gate having an
out put Grstiidesecand onputdteirigropmpliments pleach otherfsp that eithisethe digst dogiapitcsit pethei vi ng

t he sec .ohe sj | : rob Lanal to
roser o Raond Pl cEbE BoRb R AkphBnEich WNeliEnE HiRRG, AN:LoSbi Bk T, 10
the firaid and second logic circuits further conprise a second enabl e i nput

to enable or disable the first and seco | ogic, circuits,. the secand enabl e
put of the 111 eloSnERCI ko SERPE b SBPLEPY he TP RIGEF e
dﬁt a st ga@@ecw:lrigeﬂleﬂﬁh|®ttﬁktgjba|ségnﬂl4aqd'rme waieTRukites] signal, ahe nfgioggaﬂe@ Btiﬁg4\£/rl6[|_ ﬁi n
t he menor eyi ce copprises .a nam ¢ random access nor evi ce. : e
conput e?n%&ﬁgt‘%ﬁﬁlﬁ? VTth pRAtS} sighal AV tﬂé‘h@‘i"g‘&;%rs‘dfﬁaa‘“@g‘!ra%@ 49 g5hap resel

appl i edife@ipogXxt ernal |l y accessible termnal of the mermory device. 46. A
conput er system conprising: a processor having a processor bus; an input

devi ce coupl ed t ¢1t heTha eouipuics pystemy of répim 14 avhereicthe erobinputaf thetfliptlen  al | ow
data to 1 thenins i d to the
pr ocess T Rr ook Bhile CREIBAER L Har AT PR @ A tibel s S BT Dt o
t he conthetflip-flepy kst tepglingriep flipglogT 2006 22 a synchronous nenory device
operating in synghroni 1 C Wolg) Y, . y devi ce
bei ng coupl ed to%?he E@géé%@g?qﬁﬁ%ﬁdﬁag?ga gmégﬁbgﬁdgﬁghﬁg%ggmﬁgg%éed, t he
synchr oagplied toethe contwé inpeieofabaflipHiiprsgts tie flipvilop,coid ederein the wata strpleer ciobie t o

recel Ve sl c%gn%?igesssa l%lgig régtle%a\?igg Iarll G4 ltltoco%ﬂed 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.

43,  The computer system of claim 37 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.

44,  The computer system of claim 37 wherein the memory device comprises a

dynamic random access memory device.

45.  The computer system of claim 37 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



external termnal and to decode the row address signals to provide a row
address; a colum address circuit operable to receive colum addﬁggg ﬁ' al s
applied to an external termnal and to decode the col um address' %n to
provi de a colum address; at |east one array of menory cells operable to
store data witten to or read from the array at a |l ocation determ ned by
the row address and the colum address22a data path circuit operable to
coupl e data signals corresponding to the data between the at | east one
array and an external data termnal, the data path circuit including a

wite data path conprising: a plurality of data capture circuits each having
a data input couplsgthtchotimemniyadenist opatating ih eyrthfoalsm witie B clokk bigral diiaé a

capture circuits further, i pcludi ng a c|lock input coupled to receiv a

r espect FXAENIGERUS I%etnf%ge F%H%H’g F‘B’rpg a‘ﬁp‘l“? H@cﬁé&;%%ﬁﬁpﬁggto[ ?Jl?ct"h At §q g? nal data
t er m nakiore@ IR RENShout ey dbaica cohprdh: Si gnal ; and a data strobe input
circuit receiving a global data strobe signal and a wite control signal
the data strobe Rrigtt 2ddresg sircuibopsrable e ragsive 1oy addiess signals appbiek i an dat a

strobe gigRahGmiPRd 1§ 8edofe tHEFo h@irdss @siigigal-lgtg ﬁéﬁd%%%%%ﬁ&%& ones of the data

capture circuits responsive to the wi ntrol signal being active; and a

command si gnal gerselumnaddisgseizghit eparableyiorescie soimpaddeesscignals appliditokn si gnal s
corresp i i Led. e d termnal.
37 ThooBEhl b et SR ICont BT ARRNES Hahdhs RBSlhe O ROBRAS, (10
conprises a wit et kagoaé agenei mémaly aelraemblertoistosddatuwtigen of orataldkonsi gnal

periods,prior .t nternal ly witin at a the arr of menory cells. 48.
The conpGfe# %?g?céh?rb‘fet?ﬂng}eﬁ]bﬁgle\ﬁﬂ‘gggﬁaﬁsstaﬂ‘iﬁﬁ5? &m{}&f@gﬁﬁe circuits each
c;)rrp[)i se a I l'i p- Blatm p#f.cirtiie opﬁalﬁlu%t@rcoxtﬁyieﬂamsﬁgn_am@hm: t p@ﬁdm?edéeitmdattdﬂe dat'a
strobe j npu i rcui conprises: a fir 0gi ircuit cauple receive
Che gl oPEIPestifs 2Ciepsione aiihand aiheriematidate termlpelthe cBtacath SrHdnalydiag 2| ogi o
circuitwg@Qﬁﬁqﬁngm%ﬁﬁﬁg and second data strobe signals responsive to 1:2 0
CT 2006 23 the global data strobe sjgnal when the first enable signal is

active, the firs@PiEalHy of daprarBresirnits g3eh bryinglafadaput soumied fethsetermitbut of a
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applied to the clo I nput of a secon ata capture circuits;
a respective data strobe signal for sampling data applied to the external data terminal responsive

to the 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; and

a command signal generator operable to generate a 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.

49.  The computer system of claim 46 wherein the data strobe input circuit
comprises:

a first logic circuit coupled to receive the global data strobe signal and a first

enable signal, the first logic circuit generating first and second data strobe signals responsive to



a second logic circuit coupled to receive the global data strobe signal and
a second enable signal, the second logic circuit generating thirg g
fourth data strobe signals responsive to the global data strobe ‘?gﬂ ?m&hen
t he second enable signal is active, the third data strobe signal being
applied to the clock input of a third of the data capture circuits and the
fourth data strobe signal being applied to the clock input of a fourth of
the data capture circuits; and a control circuit coupled to the first and
second logic circuits, the control circuit receiving the wite contro
signal, the control circuit being operable to make the first enable signa

active {hePABEME sttdbetst@amvhé@the Hdt re9£b1§b gﬁ@lls h&ive gth@?ffrdt \aeta skB6e e I ol
circuit further bei ng]e perabl e to make the second enab nal active

af t er t bing snplied orthd Fleck Ingu0f a figstpf thedata %unetm@u@wtth@aec dagnstiobe cl ai m 49
wher ein [ (st enabl e signa

i nacti vgb?ggépﬂ%@pﬁéd Qéﬁfﬂg&sﬂé@égggéna gtt%dgg%%&g&? gra&‘ését ive. 51. The

conput er syst em efseaohdlogicsircpihequpled tq heelwhc global datastidtie S(gnal[md gseecond

flip-fl t_or rese S ngiti appl i ed
to on  SBLERAR, BE e IACknR YRRk Bk AP B RRe lonls R CEF ¢
coupl edtot the gtobdrda:ltd graba pighaloWhdnhthe sédond tndbiegsignat isr avtivée, thendmﬂ daecarle out put
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Ci r cui t stdbe kigal beiag Aplicl Othe cl6éN @it lof & Foutth 3Pihe datd e4pturd cid@iiteinwhet her t he
flip-flop is set or r%set resgﬁ t|v%1¥ and Ioglc %ate haV|ng an out put
coupl ed to the c@rfPRER CirFYtgoupied g thegifr trfmfllsﬁfﬁn {as girsyits thegconiol et vi ng t he
first datavingePeriel Gnabl ﬁ%tdﬂ tihe céMtiol Rir&Nbeifll oetdBPlo. mhiketht AWt enflld € being
enabl ed when the wite con is active to allow the first data

st robe SiERghagtive gespensivgto ﬂ@s"@tte cwﬁ-@l ﬁlgthébplpz) petivs,the yppsrok eirquittfithes peipgm of

cl ai m S{p eS8 bkt B s ﬁ&ﬂatﬁbwsmlatacet 4dPl R eldbRigni AL, BES a cl ock 1nput
to the Ip-flop so that a signa I nput sets or resets
the flip-flop by 5ﬂoggﬂ“h¢1@mm®r$)f8iep¥¢ﬂctqyn 493/hefﬁhleth@mmut@rcui§jmpembbﬂo claim 51
wher ei n f. 1 nput of the
1ot Bt SR abe MlaBindee e TRl il MBI it 07 177 o7
2006 24 further conprises a logic gate haV|ng an output coupled to reset
input of the flipsflop, the |v1 econd dat a strobe
signal to allow gt‘t E@%‘f?&l b‘iﬂgy %H%EL&“EA‘SP@ e ct"i‘igltc‘?nilf?rﬁesfl op.

a flip-flop being set or reset responsive to a transmon 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.

52.  The computer system of claim 51 wherein the control input of the flip-flop
comprises a 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.

| 53.  The computer system of claim 51 wherein the transition of the signal

applied to the control input of the flip-flop sets the flip-flop, and wherein the data strobe circuit



54. The conputer system of claim49 wherein each of the first and second
logic circuits further conprise a second enable input to enable or disable
the first and second logic circuits, the second enabl e input of F@gﬁfbmgt
and second logic circuits being coupled to receive a data strobe wite
enabl e signal. 55. The conputer system of claim49 wherein the first and
second data strobe signals conprise the |eading and trailing edges,
respectively, of a first pulse generatéd responsive to the global data
strobe signal, and the third and fourth data strobe signals conprise the

| eading and trailing edges, respectively, of a second pul se generated
responsive to the global data strobe signal. 56. The conputer system of

cl ai m 48irthéresogiprisasiadlogie igateyhavieg ar eutpemonpled® raset spntoli the fipsflapy drribgic r andom
access [y jce. b7, T ter em. of aj.m 46. rein the globa
data st g%ggecéiv%gge sl%gon%a%aﬁa[ thoggg gggir%ggﬁ‘g?%eaﬁef%nda(%kaesstrs%:b% P V\{{]g? FSRETC of t he
menory flpvflape. 58. A nethod of generating data strobe pul ses responsive to

gl obal data stro pyl ses, the t had, conpri.ses: ner at i a first data
strobe pul se res ghsiwée f?fh%“?risyggm oo 4 IW&?‘“&%&OJ‘;@%%% ang) see0pd. ang
gener at ogl3 dircGiGCftHerddbpriss & 0E@nd vhable MPRAEREADIE Ot AisableShe didl aal sédagd gl obal
data sjrobe pul ses ogfg%{{a&aa wite gﬁmmnd is aﬁctive, the. second data

strobe [P8IC<AeBLs: B ¥ 1pRpt ofj theofinst #dntgeond logig ofrevits; being couled dhe pul'se

was genfeaiesldatLsBe firiveentible biggall i r st of the global data strobe pul ses,
and, if so, generating the second data strobe pul s?_ SIi;}sy;)onsive to the second
3

of the global dafa sthowmmyiar sytem sirlaim A9svheesin te pesencddatratiebe i gnal

r es pons . ] o vqf* p . ] N .

ber o SE ety B0 RagHEL GhREBaPRy e, Bt SR ke 30RLES REponsive

r esponstovthe global daig lstratfe signpl, amdathe thirdaind dduth alatadtiole sgnablvemprisestbs jeadingl 11 OCT
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the dat 4 SO BHE Rty o7 » SROTT B BT Bt B Qe R e bl
dat a stsigia pul ses and sanpling the data signal using a second storage
devi ce responsi V39t o] re%B)ectri vgﬁﬁg{)@ﬁ)al 4gath3 eStthObe pul%t(‘al. 60'pr'iA§e£rEt hod of
generating data SProbe pingEer 5¥s 48 %P 3"GTeb af MERCR € 6E
synchronous dynamic random access memory device.
57.  The computer system of claim 46 wherein the global data strobe signal is
applied to an externally accessible terminal of the memory device.
4 58. A method of generating data strobe pulses responsive to global data strobe
pulses, the method Vcomprises:
generating a first data strobe pulse responsive to a first of the global data strobe
pulses; and
generating a second data strobe pulse responsive to a second of the global data
strobe pulses only if a write command is active, the second data strobe pulse being generated by
determining if the first data strobe pulse was generated responsive to the first of the global data
strobe pulses, and, if so, generating the second data strobe pulse responsive to the second of the
global data strobe pulses.
59. 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



pul ses present on a signal |line on which noise pulses may be present in a
preanble prior to a first of the global data strobe pul ses, the g?pmv)g 06
conprising: generating a first data strobe pul se responsive to the Q of
the gl obal data strobe pulses present on the signal line; generating a
second data strobe pul se responsive to a second of the global data strobe
pul ses present on the signal line; and25nhibiting either the first or the
second data strobe pul se from being generated responsive to noise pul ses
present on the signal line during the preanble. 61. The nethod of claim60
wherein the act of inhibiting either the first or the second data strobe
pul se from bei ng igéravattedwritesq@amsind dbetames acthe, gistantiauipg sanplingahe tdte si gnal
i ne conprises: c king if .a wite coniral. si.gnal .is present when the noise
Ul ses SR i 8 N loriks deyife EhnenSiys Bahe Shed o Sroe RS EemBliEt b

pr event gangsifie usSecHdordiidtagel de ol repptinsi@e tofa rodPediive RIHbEIEIAE shbBipulRS ponsi ve to
t he noi se pul se. §2. ggstget od of , clai mago V\,Eerei n the a?t Pf I nhi biting
either the first %8r tfdue ganegating dafe sEens RylspsEsHoR 1elohg! datnittokt ed

I eSponshigespRséiR b 8 sigHa1IBe oR WRARE Mbis@Pulbel tra§ b8 BRbent td I\ AMIPHIGIS 2 fithecki ng.
iIf a wite control signal is present; as long as the wite control signal is
not pr esithe global detp strebsgpulspss thejmethod gamprising: obe  pul se responsive to each
pul se on the sig ' ' udi I I . se

Bul ses: when ¢ he Mgt 88 L L e ot B B B e
first dpulsespresgiben thowignaldinty om bei ng generated responsive to each pul se on
the signal |ine includi 0 str.o y t e | se

pul ses; and when gfrheéé{lmﬁi%lgse&églgn #ao%%éic gﬁg‘iar oélts)lﬁggo %rsée@g%f)fﬁ%e%%ag zi”rllg t he
second stedba pslses@iesent pu tlessigneklpenaidve t o t he gl obal data strobe pul ses.

inhibiting either the first or the second data strobe pulse from being generated
responsive to noise pulses present on the signal line during the preamble.

61.  The method of claim 60 wherein the act of inhibiting either the first or the
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 the second data strobe pulse
from being generated responsive to the noise pulse.

62.  The method of claim 60 wherein the act of inhibiting either the first or the
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 the 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 the global data
strobe pulses and the noise pulses; and _

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

pulse responsive to the global data strobe pulses.





