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Technical Field of the Invention The present invention relates generally to
i nt egr at edoariguit s, and in particular to a data path inprPaTmsomo66slevi ce.
Background of the Invention Sem conductor nenory devices such as
synchronous dynam ¢ random 10 access nenory (SDRAM devices are w dely
used in conputers and electronic products. A SDRAM device typically has a
| arge nunmber of nmenory cells to store the data. To read the data, a nenory
read operation is pMULMTRILE BIF¥ PREFEX CHLLOUSPEIaDAJIA PAItHR from t he nenory
cells are accessed and output to a data pad for processing. The operation
of the SDRAM i s based on a common clock 15 signal. There are several

vari ationg of SDRAM devi ces. Tl.p,008 FYad bffheMventlaha fromthe nmenory cells
are accessed and one bit of data 1s output to the data pad in every clock
cycl e. I n anot her Thapresdnt arveotiorSioRidd ghewmiatly &) integrated tiscugts, atdtia ar e
accessed and output to, the data pad in every clock cycle; thus, this
variation 20P@hcupHay @RI § MERGRHRHYISS referred to as double data rate
(DDR) SDRAM device. Currentl g 0ewyef hemheatef SDRAM devi ces has been
proposed by Joint Electronic Devlice Engineering Council (JEDEC), an

i nternational org8¢hicahduetor nhdradrysievisesstuahdasyshfoapus dyregnataadomi r cui t

devi ces including nmenory_devices. A 25 draft of a speci figalti on .for the
SDRAM de\lpcea%PﬁﬁﬁﬁéﬂyH%D?é@étd?vécesiaF&%’rdﬁ rUSCE Y FRITIILES 484 §IeFEIUE ence. I

t he propose YERNP ‘ggﬁ . | i data within
the nmenory g%@?ﬁya&?%ccesg% a#c)illcan ut pu'lt\ﬂi I%gwtu ﬁlg)eﬁ(gt;}génﬁg#%}}gi{ong a read
cycl e. Thus, starcDRRdath. TORANM tHedata,ca membpuricsd dadraticat is petfoginel Zpeed t han a
tradi ti onal DDR SDRAM devi ce. 30 One of the challepnges of operating a DDR H
SDRAM devi cea fegd oppggtienydaty ﬁﬁ‘@fntﬂl*F‘emﬂ‘@QWc“@l@éretﬁaﬁfss?%@‘df%?mﬁg?gatﬁf data from
the memory CEid for BlcRessRle Al opebR Ut ik SPRAMIR Y 3edi3f 2 ddfloPBBoDRAM
devi ce, since a group of two I'ts of data are accessed at a tine, tw bits
from one 19r ogipngtan be output to the data pad in one clock cycle. In the

next clock cycle, the next group of two bits WD 02/089141 PCT/ US02/ 07668
There are several variations of SDRAM devices. In one variation, data

from the memory cells are accessed and one bit of data is output to the data pad
in every clock cycle. In another variation of SDRAM devices, two bits of data
are accessed and output to the data pad in every clock cycle; thus, this variation

20 of SDRAM devices is commonly referred to as double data rate (DDR) SDRAM
device.

Currently a new variation of SDRAM devices has been proposed by Joint
Electronic Device Engineering Council (JEDEC), an international organization
that sets standards for integrated circuit devices including memory devices. A

25 draft of a specification for the SDRAM device proposed by JEDEC is
incorporated herein as a reference. In the proposed SDRAM device or DDR 1T
SDRAM device, four bits of data within the memory device are accessed and
output to the data pad during a read cycle. Thus, a DDR Il SDRAM device
outputs data at a higher speed than a traditional DDR SDRAM device.

30 One of the challenges of operating a DDR II SDRAM device is
implementing the device so that the four bits of data from the memory cells are
properly output to the data pad. In a DDR SDRAM device, since a group of two
bits of data are accessed at a time, two bits from one group can be output to the

data pad in one clock cycle. In the next clock cycle, the next group of two bits



can al so be output to the data in the sane fashion as the previous group.
Thus, in every two clock cycles, four bits are output to the data pad; the
four bitswarengsriem two different groups. In the DDR || ShRANSUZUI6E, a
group of four bits are accessed at a tinme and are out put to the data pad
in tw clock cycles, two bits in 5 each fica)f t he two cl ock c However,

unl i ke tho. DBR SOFoRqutEitie Bt Nl anks Bshisy & BF GFvictts oo GRS the DDR
|1 SDRAM deVé&gy Séloﬁ#%; ;(éagfah Qltséﬁ’@'oﬁ&)u hehatalis%dftﬁyfo@*bg§aﬁe%<§f~ﬂt put in
t e C I'n It order

whi ch one of ition, a proper must

al so be det efwy digfdrendgionps. Iaan@D@fR nise)ﬁmdebndesa giiosp ofi fqurbits aret he data pad
in aright order. 10 There is a need for an inplementation in a DDR I
SDRAM i n whi adeessg i e 3pdperaupu i hetdarrmshin o peRbFYFIese WabitHint he dat a

P entt ond) cedghafnetRB ek eic B IR EVer il hd BRSORAM Wnddife

i nvention’is Vi ce avi ng an out put circurt to

i npl ement  dabigs 4ré &O8T BE shat pRRP, e DY mma@mdahasmfmdmgoﬁsht he nmenory
device. In one aspect, the nmenory device includes a plurality of input

nodes to rewhichdwa ofhsiiBuiitsyp @Pﬁ%lt BY Whigh an¢ phihe twe clesksyglesdhl s in

at a pad, i riuirih epReaonO5F SRACGRL B aEIRETsd 85 BRHF uPIRMRT, Ll

pat hs tranngroiltPﬁthffh%ﬂﬁﬂ%db]hhnghtérh&‘ group of Mbits of data. The Mbits
of data are transferred to the data pad in series by activating a

pluralityOof ti mﬁ@erSﬂSginmeﬂ fomlmnlmﬁgatsqngnaﬂéDBrlbs BAN ap wdtichhy a first
and a second nab e s enabl e S [ oni zed. In
anot her aspe®d alsé’rf’r%etrh'g?ﬁ?)uf%ff ﬁ’ffné???qgce&gttoghe (siﬁp %@/l8 loély%ﬁé net hod 25

i ncl udes reaglgé?gld}.{l bits of data in parallel to a plurality of output paths,
in which Mis greater than two. The nethod al so includes transferring the
Mbits of data fromthe outputSupmpdryof thedpvaatiphut sel ect. Each of the

output paths transfers a, .different 0 o includes
activating a fir fsﬁ’%]ﬁrﬁsesné&‘bvﬁaaorbﬁe?ﬂ? @ksq gﬁg%%%ﬁ‘ém Ea‘fndég g'tu%lht(s)f tining
signal s. ﬁheci}durimtagm@ea%{ §at§1Exﬁnﬁ@ﬂﬂeﬁﬂé&%é’!ﬁoﬂy%eﬂ@ﬁﬂcﬁ&a@?&ﬁ%f% the enabl e
signals. The nethod turther includes transferring the ts of data in

series to anmeombpudevsteage foll owing transitions of the timing 2 WO

02/089141 PCT/ USOﬁll (PnZaGa%gect the memory device includes a plurality of input nodes to

receive a group of M bits of data from the memory cells in parallel. N output
paths are connected betwéen the input nodes and the data pad, in which M and N
20 are greater than two. Each of the output paths transfers a different bit of the
group of M bits of data. The M bits of data are transferred to the data pad in
series by activating a plurality of timing signals. The timing signals are activated
by a first and a second enable signals. The enable signals are not synchronized.
In another aspect, a method of transferring data is provided. The method
25 includes reading M bits of data in parallel to a plurality of output paths, in which
M is greater than two. The method also includes transferring the M bits of data
from the output paths to an output select. Each of the output paths transfers a
different bit of data. The method also includes activating a first and second
enable signals and a plurality of timing signals. The timing signals are activated
30 in series based on the enable signals. The method further includes transferring

the M bits of data in series to an output stage following transitions of the timing



signals, and outputting the Mbits of data to a data pad wwthin tw cycles
of a clock signal. Brief Description of the Drawings Figure 1 is a bl ock
di agr am owormemseiy1 devi ce according to one 5 enbodi nent ofeciriesoz/neesnt i on;
Figure 2 is a timng diagramof Figure 1 during a menory operation at
various |atency settings;. Figure 3 is a block diagramof an o ut circuit
of Figure 1;Signgjaed Oﬂgp}’tté}gég"tmlﬁgoﬁaﬁfgtf’é tapad; 18&5?&1/@8%0%% out put
circuit of é'lgclf%TigHe{le 3 at different latency settings. Figures 8A-D are
schematic di agrang of input select circuits of Figure 3; Figure 9 is a

schemati c di agram of a | at chBéf Ddseriptidnpefithe Drawings of Figure 3; Figure 10

is a schematic diagram of an output stage of Figure 3; 15 Figure 11 is a
bl ock di agram of &IBUEuL Elﬁb%ﬁﬁ?#?gpmé?ﬁ%%ﬂwgﬁ}“égi?COF‘S@%uF%OTZ is a schematic

di agram of. a | atency i LdiflehCoH Rigure 11.  Figure 13 a schematic
di agram OF an out put tl&%ynd gna%”l eef:hlfvscuﬂg]{;I of Figure 11. Figure 14 is a

schemat i ¢ di agr anFiglireehisaltinping didgramgf auer htlaingd mieinguy eper@dnlat. Fi gure 15
is a schematic diagram of a_propagation control signal generator of Figure
11. Figure 16 is a ti nVHYPSIHFAFENEEhe operation of Figures 12-13.

Figure 17 is a tip}' %%‘[ %%1@&&&#916&%3@%&9@&{0@ o§§ 14-15. 25 Figure

18 is a bl ock diagra a system accor to one e iment of the

i nvention. Det ai | BifulResicT afettinting diagtdnes dMieopdrativonithe ofitput avduitgpfdet ai | ed
description refers to the acconpanyi ng drawings which forma part hereof,
and showdOby way of il Figgte het BHespelafens:seéieSdi ments 30 in which the

i nvention may be IGEF. ] ol b fficient
detail to enable P{%getes %ﬁlﬁr%%%?%aﬁgg&%agﬁ %f?ﬁ%??@?{ch@@?fn}t} nr?:ébn, and it
is to be under st opiutd@is adch@hatediaghhiestiadatoRyf the cutput cizedt affdgireat

| ogical, 3 _
Figure 10 is a schematic diagram of an output stage of Figure 3;
15 Figure 11 is a block diagram of an output controller of Figure 1;
Figure 12 is a schematic diagram of a latency input circuit of Figure 11.
Figure 13 a schematic diagram of an output timing enable circuit of
Figure 11.
Figure 14 is a schematic diagram of an output timing generator of Figure
20 11.
Figure 15 is a schematic diagram of a propagation control signal
generator of Figure 11.
Figure 16 is a timing diagram of the operation of Figures 12-13.
Figure 17 is a timing diagram of the operation of Figures 14-15.
25 Figure 18 is a block diagram of a system according to one embodiment of
the invention.

Detailed Description of the Invention

The following detailed description refers to the accompanying drawings
which form a part hereof, and shows by way of illustration specific embodiments
30 in which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it

is to be understood that other embodiments may be utilized and that logical,



WO 02/ 089141 PCT/ US02/ 07668 nechanical and el ectrical changes nmay be nade
W t hout departing fromthe spirit and scope of the present invention. The
fol | owi ngwoakasdied description is, therefore, not to be tralarsor/nicas
limting sense, and the scope of the invention is defined only by the

appended clains. 5 Figure 1 is,a sinplified bl.ock di agram of ,a nenor

ovi e 100 aEegiALat dorsies] SRS FaPe GTode RUDOH\ASRATER Bh UG at

embodi ment, gRAABX. dek pesdGnveich UERS floWRA NI TR décd@iionlil n menory 102
clude ynam c

typically in random access nenory (DRAM devi ces which
i ncl ude one therefareendtrearbe aked ankBmitingckieoset extl thy s@ANIOf thNnvé&dmn iof t he
menory banks BANK 1-N includes 10 a plurality of nenory cells arranged in
rows and col dehsd oRb(PYBE BPRENEBHCIANRF col urm” decode 106 access i ndi vi dual

memoly Cells N tBgfOrS ARpERLIRSK hlerhONARERoRAAANE eSS ginB! OVI ded

on addresS bus or ress es 110 O- Address I'ines 110 1 -X Feceive a
plurality of toasigreastmdahgnalf theAfvelion Alrpdneramhbddymeraf mempnt deviced@t s 111 0- N

and a plurality of output circuits 112 O0-N _connect to 15 data bus or data
lines 114 O- NCK’@PS pMmagh meEeroHY: M%de%ﬁh}ﬁ?@é’c‘?%]ﬁ! 1W1P$Fsrﬁﬁf‘ﬂm°rrermry 102.

Each of the Qa%?@glaigge%g nge?n%gngdegﬁﬁ% @hf%lhlfﬁ@}hélﬁt he¥r MGt Meigppal s or a

plurality of ata n output controller 117 contrdols timng
of data out patiksfih@itateaibp BrexkiryN1E2ach of ttanaenmag barikkB ANKL 1-N inendesy

controller 116 controls nenpry 100 responding. to caontraqgl sjignals, provided
on contrdP | Abalgyof mgmoryeells srrangnd iarennd ohunpgeRowdecaded Ohghd | i ni t ed

to, an exter I i A j 3 W anBWAREESS Strobe
(RAS*), Col u?rcﬁh cggg@eétorg%géeess f@k@‘)‘al%ﬁlgp ’iﬁ‘fi‘hé‘%ﬁﬁ‘)& a(l V\%}% Menory devi ce
100 al so i ncladpl@itse o aARIressegfosided ol 28@dressttiug lor addredsdines 090 &sKed to store
vari ous settings for the operation _ of nepory device 100, 25 |t wll be

Xoh

appr eci at ed Byldrenphresdid 011 E deqeiveralurality efipddreshagpalsdPiA ¥ e vt pbralilyo of

Figure 1 can_jnclude addj{;j Cl | L, R nd that the
menory devi cgf lgputlﬁllgcﬂﬁse?ill g'g\fs]g%deae@lg#ﬂ%ﬁl?u?@g Cfr g&hsreﬂg (focug‘ll%crtlt he
inventions | HataWid br &Ra REEN3t00Ndor iatirctigna BaM @ osh@Ridafibh vithahaia DRAM i s
intended to provide a general understanding of the nenory and is not a

conpl et e deswmemory 402 offachiof tizpdathlinas| 1d O @r%@PSfaedv@}ié/so%#ataasim devi ce.
Inrouahout e, BG5S B S R ER BT oh SO TG Rs BBl 07 2
which is data output from main memory 102 to data pads 114 0-N. A memory controller
116 controls memory 100 responding to control signals provided on control lines
20 118. The control signals include, but are not limited to, an external clock signal
(CLK), Chip Select (CS*), Row Access Strobe (RAS*), Column Access Strobe
(CAS*), and Write Enable (WE*). Memory device 100 also includes a mode
register 119, which can be programmed to store various settings for the operation
of memory device 100.
25 It will be appreciated by those skilled in the art that the memory device
100 of Figure 1 can include additional circuitry and control signals, and that the
memory device of Figure 1 has been simplified to help focus on the invention. It
will be understood that the above description of a DRAM is intended to provide
a general understanding of the memory and is not a complete description of all
30 the elements. and features of a DRAM device.

Throughout the description of the invention, terms such as data, bit, data

bit or bit of data are used interchangeably to describe the same subject, which is

4



4 WD 02/ 089141 PCT/ US02/ 07668 the information or signal read from or
witten into main nenory 102. Moreover, terns such as |ine and node are
used i nt ewohamngpabl y; they refer to the sane elenent. Fi @arasg2/isesa ti m ng
di agram of Figure 1 duri ng a nmenory oper ation at 5 various |atency

settings. In Fi CLK r nts &I nal cl ock gnal applied to
menory devi cth lg?? et %@aﬁﬁe@giﬁﬁ?%\mﬁ‘? O P8 BFm, f—’fyg@e I n one
enbodi ment, wpedsoerct%%cm@hﬁ@&mw@umtilheﬁch@a gf'?éferha‘ﬂid"'g a
frequency range of 66 Mega Hertz (66 MHZ) to 300 Mega szertz (300 MH2).

COMVAND r epr e&eﬂtbmn‘comrand applied to nmenory device 100 to perform 10

certain nenory op ratl such as a re ti.on. OUTPUT DATA 210 0-3
represents out put T‘IH’&)‘?%"‘IB Z(}Eﬁup?ﬁ] Uy 2Ly GPRRYI & gure 1.

Each of tshevwf%e%%u&?g@ & B tgﬁl%pf @iﬁ‘fe‘ﬁr&éﬂt@ﬁfe adrRal Rlock sfinhf er ent

| atency setting. The’latency sefting is set by progranmm ng node register
119 of Fi gurapﬁhedliﬁofrriefmcarmﬁe‘had: E0cgn e dfithgysontrod linekel @i dfffegentl. n onerg f or

when a first t of data is i | abl e at e t he ta lines 114 0O-N
after a readeE’b%‘é\‘?"F@ji 4“%61?%@618‘8‘36% Ca"e%P&F?ﬁ‘FgltgPlF @L%%I%P Y88 set at 2, a
first bit of ﬁf{éﬁﬁééh Rg?&adgé o%@MégQ'}Fert% (645 R/ﬁJfo'%CBlO@Ne &tz (@b@l\ﬁ@@ command.

In Figure 2, command "occurs at tine TO, he first bit” of data D 1
of QUTPUT DATOMMANDIrspraseaid adainemartd dpphred membr}cdevmeslmvacdfmnk cycl es

after the READ command. Sim.l arl QUTPUT DATA te that if
the | atendy S&tdNmMFMALY gperaionsugh asa readoperapign. éi?FPi?f éétsfa‘\ 2@68 vai | abl e at
T3, T4 or TS5, .0 odfput Hﬁ&‘fa?oh vidQUk 8Hé oftg}!%nsé PSS g surdl1t ¥ach Bp  READ
command. Late cy settl Nng IS chosen ependl ng on vari abl 8s externa to

menory devic ﬂleJ!DUTPNETEASFAdE\@l &2 rdéents oEtpglu data 3t £ diffeeartt puiency seteinges of 4

bits of data_in 25 each read burst of a re oper? gtn In a read
operation, neRBIAENCYSEHIHR iiet By BrogrRuRIng ragléf@F igWsilnat i on of

comand si gn tg{ggl @6% CASE g&df fs i:pation is
valid for a fﬁéacfégggtregﬁ%lrtl AT ea dlgfgmmr% |soly\§118%g lr%—tg)?t Jef(%garfﬁ , In

Fi gure 2,15at atditubleTdDonadf the datadimedil ad-Noafterfaatadcaneraandigéssatd. ofori s val i d, a
READ commnd is issued. Four bits of data in 30 main pepory 102 (Figure 1)

are read andC¥Heplguf Hl?tlatFBCyo‘ﬁ °tat 2 harshpit gidata Dldg PY%lab@l%Clecl‘i\Pyc adi ng
four bits of aﬂé}ltﬁe R@A’ﬁb&nm "%h Iﬂlg@re %%69851919 anﬁ&narl%curs at time TO,

the first bit of data D1 of OUTPUT DATA 210-0 is available at time T2, which
is two clock cycles after the READ command. Similarly, OUTPUT DATA 210
20 1-3 indicate that if the latency setting is at 3, 4 or 5, the first bit of data is
available at T3, T4 or TS5, which are three, four or five clock cycles after the
READ command. Latency setting is chosen depending on variables external to
memory device 100.
Memory device 100 of Figure 1 can output a series of 4 bits of data in
25 each read burst of a read operation. In a read operation, memory controller 116
checks for a certain combination of command signals such as signal RAS*,
CAS* and WE*. If the combination is valid for a read operation, a read
command is issued. For example, in Figure 2, at time T0, after a combination
for a read operation is valid, a READ command is issued. Four bits of data in
30 main memory 102 (Figure 1) are read and are output to one of the output circuits
112 0-N. Reading four bits of data in main memory 102 can be done in any

conventional read method. After the four bits of data are read to one of the



conventional read nethod. After the four bits of data are read to one of
the 5 WD 02/089141 PCT/ US02/ 07668 output circuits 112 O-N, the bits are
serially wotopwssisp one of the data lines 114 0- N The ti mcmgisot/otehe f our
bits of data output to lines 114 O-Nis controlled by output controller
117 based on the |l atency setting. As shgwn in Figure 2, four bhits of data
DO- D3 of eacPutBgt Ctﬂﬁéltd}%/ﬂjbﬂ @mwszamseél-aﬁyaw@ubﬁs’t%tﬁ&%e dptahingsdldfr ¢l ock

cycles afternt N RrdR GPIIRHG BB Ha@Oufhl AR 14 BURICHnBAL bPOS. Qutput

circuits 112 0 utput controller their operations are
descri bed i noutpiitecodgbhdrl 1177 hassdaseahe tandnclFisgitings As Bhaput s Bigine 2o fdlrock di agr am
of one of the output _circuits 112 0-N of In Figure 3, output

Fi 1.
circuit 112-bitsef W’D}Nféaﬁlbﬁgtt}?@ﬂ%ﬁg%;ﬂg‘gﬁ%ps ¥ oYPUp#t circuits are

t he sane as ¢. ' t. Cl [ - ip, Figure 3.
Qutput o ol TEETEUEHE SR URCE I B8 ool thckiy gy )L 9018
sel ect 350 ceymngs! utsut @ityitst 11280 Nand bAtpdt Sontiodlet | Ieandatheinopasati@d2 0-3. An

out put stage 360 connects to output select 350 through |ine 356. Qutput
stage 360 cosderribed i morpdetalinpubssqpeivVidiEcsa plurality of bits of data

D0 DN 15 Out put paghiss 81,0356k ydang oPlitiodlit ¥irGfins (BN ! ect s 320

0- 3. A plurality f1rst connecte o0 i nput selects 320

0-3 via |inepigdR?ll. B-FSgurd3pbutpad dircyit 0fl2-Des shivvil. allehwastddddiofls 3f ethenect ed to
first latches 330 0-3 through Iines 332 0-3 and to outgltrJt sel ect 350 via
| i nes 34200- gutpatrércuiinirstthasamensshoeansimuctiparad sutpppcipent Hi2e0 shevnsiine | t hus,

each of the gut t hs .20. -3 _has t.he 2 R | e,
out put path g‘fﬁpegi h@gtpflﬁ%ﬁctm@]el?'e%a% aﬁlﬂ)@ fi‘hyc‘%?? ?}1‘[5521% g%}ﬁ{%ﬂ# |§'r3's t&]{ %Lﬁéﬂng:%o- 0
through |ineseda2380 crerto batbalpadh0s10 0-3 ofaneet sr hedekiz3ng0-3.akeh 330-0

t hrough line 332-0 and to output select 350 through I|ine 342-0. O her
out put pat hso@pat stagd 368 wenndsts 19 awubsalent dadrimeughdne A5uOutpdstags 10- 0. 25

Each of the |pput selects 0,0-3 cannect t.o | ural.] i nput nodes 326
to receive a5 ‘_ﬁﬂné?F‘fet?f %’?e glét'%%slfrﬁ‘r’l@% pgurra]ﬁtytogbg 05‘3%%%0‘%3. These bits of
data arejsconpl i nentpudaids 3100 3tikaidd £pltalitLaChpafselddgsRolmi3.saof data is an
inverse of of a true data bit frommain nenory 102. Bits of data DO-D3 are

recei ved in plaraity ef firsalatohes2¥0 B3 Gonnastagtthdrpuieeles 320 05 IOLims Beri ve at
2 gldgit 2222{; @3‘3 rl‘gialglaa{rlggﬁf%e&glgd {%g:%gsagﬂ} (IS'S c%gnr%%tetdi tg%rstl];gltglrl]es()}BOtOb? | nput
through lines 332 0-3 and to output select 350 via lines 342 0-3. The
constructions output paths 310 0-3 are the same, thus, each of the output paths
20 310 0-3 has the same elements. For example, output path 310-0 has input select
320-0 connected to first latch 330-0 through line 322-0. Second latch 340-0
connects to first latch 330-0 through line 332-0 and to output select 350 through
line 342-0. Other output paths 310 1-3 have the same arrangement as output
path 310-0.
25 Each of the input selects 320 0-3 connect to a plurality of input nodes 326
to receive a plurality of data signals or bits of data DO-D3. These bits of data are
compliment data. In other terms, each of these bits of data is an inverse of of a
true data bit from main memory 102. Bits of data D0-D?3 are received in parallel
at nodes 326. In other words, bits D0O-D3 arrive at nodes 326 from main memory
30 102 at the same time. Each of the input selects 320 0-3 also connectsto a

plurality of select lines 328 to receive a plurality of select signals CA0-CA3.
Each of the first latches 330 0-3 connects to a control line 334. Each of the



plurality of select lines 328 to receive a plurality of select signals
CAO CA3. Each of the first latches 330 0-3 connects to a control |ine 334.
Each of twe 02688 02/ 089141 PCT/ US02/ 07668 second | at che®C3ABGDeB6gLONNECt S
to a control line 344. Control Iines 334 and 344 receive a plurality of
propagation control _si tr l'ipe ve si gnal
Q. Control tecordlatphgs g‘fogécPBH’éFc SatP(?I‘FQEtr 8’J4J4. ,igglgpfgIl@%&ﬁgflg% Cont r ol
| i nes 344 of 2 hohCa& MG I RroPhheus 34581 ect 350
t 1sH@ 34
i ncludes a plieg‘?g?%ldrﬁ ts;la?? ?é%elxgrg t252 %1 ng Eg(?h@cotﬁe mul tipl exors 352
0-3 has an itepeive clgﬁaﬂm e@oﬁtﬂ)mnes 4 dflseconddatsh&B2 0~ Brecarve siganl out put
connected to _output sta via line 356, Miltiplexors 352 0-3 al so

connect to aQp QFP]thleéfMé@ﬁ%etCB‘Pd Jatohes 3HE 2 3rgcaiworgnal - plurality of
timng signals s 320 0-3
sel ects oge of the Pgb%l cljrtgg(5 chﬁdgyﬁglu%&%gp&ugﬁl%\%gs %%@gn?%gggfses t he
sel ect ed bi tthtenuitiglendrs BH2 0- 3ClesI’aﬁsmmdom@ctledmrESné%&thhé)ﬂGdesmé Osklaadt i on of

one data bit anong bits DO-D3 on two address sign 65 addr ess
bits recei ve#fl @HP‘I“M‘P@%“MUO@WP“( F‘ia%‘b?’@ Vli)‘meﬁ@ Mydtinlexory,; ?g eag%i ved on

of hits A s apfininde ppnrol i {0k R QB ERL SRBhfabigie D' © ©)

sel ects 320 DLﬁojf | ogic values of Al and AO are 0 and 0 (binary 00) then
the selection of the data bits by input selects 320 0-3 are DO D1, D2 and
D3, respdBtivel y Imﬁgwﬁeﬁam@rf&se inpyt selests 33RO herlecsnonss ot AaEUF 8ito, i nput
sel ect 320- 0 e it D1; input

sel ect 320-2° aﬁf) f&"g})w%%&fﬁﬁ&% ﬁl(é%elgegd%fﬁgéggé sgl ects bit D3. If
the conbi nat ¢gfespdndihNehesi3g2 013, Tlﬁlﬂd@ldch&n Ofd&fda@efbﬂt Beobgbas Beum:tsed by

i nput selects 320 0-3 is D1, D2 and D3, DO respectively. t he

conbi nati on bisepAOVH gddress sigiels qrﬁédrﬁﬁsdlét’s rggelyaqeon lmi’ﬁélgé)l')éﬁ‘éﬂreby i nput

sel ects 320 Q-3 1 e t i nati on of
AIAOis 11, o7he s s 3B B s, RERERE A JE‘}¥ M ut’ﬁgelréégg 25 320 0-3
i's D3, D@5 Dlaigad1ddo 1 bﬁ%M)IOY%ityAIE\ﬂH A&wahﬂme !hfs sélB@tl(ﬁﬂEIbhél&zith on AlAO

is 00, then in Figure 3 our different bits of data selected by input

sel ects 320bis gy mpuﬂ setests 1200-D- K legie vadaes Al ol AdreiBand @ dpearyi vel v .
Lat ches 330 -3, and 340 0-3 are rolled b atches 330
0-3 or 340 oY% tBeans&‘etsﬁlSCtboé‘t Fﬁgei %%%Pé [AE Yeﬁ?t%ﬁo?narc?r@ %ﬁg%o anot her

and D3, respectively. In other words, if the combination of A1AQ is 00, input

select 320-0 selects bit DO; input select 320-1 selects bit D1; input select 320-2
20 selects bit D2; and input select 320-3 selects bit D3. If the combination of A1A0
is 01, then the order of the data selected by input selects 320 0-3 1s D1, D2 and
D3, DO, respectively. If the combination of A1A0 is 10, then the order of the
data selected by input selects 320 0-3 is D2, D3, DO and D1, respectively. If the
combination of A1AQ is 11, then the order of the data selected by input selects
25 3200-3is D3, DO, D1 and D2, respectively. For example, if the combination
| A1AQ is 00, then in Figure 3, four different bits of data selected by input selects
320 0-3 to lines 322 0-3 are DO, D1, D2 and D3, respectively.
Latches 330 0-3 and 340 0-3 are controlled by signals QL0-QL2. Latches
330 0-3 or 340 0-3 pass the data signals or data bit from one node to another
30 node when the signals QLO-QL2 are activated. When QL2 is activated, or makes
a transition from a low signal level (LOW) to a high signal level (HIGH), first
latches 330 0-3 pass data from nodes 322 0-3 to nodes 332 0-3. When QLO is
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30 node when the signals QQO- Q.2 are activated. When Q.2 is activated, or
makes a transition froma |ow signal level (LON to a high signal |evel

(H &H), fwoar/osdiat ches 330 0-3 pass data from nodes 322 OP8TIUsonomwes 332
0-3. When QO is 7 WO 02/089141 PCT/ US02/ 07668 activated, second Iatches

340 0-1 pass the data from nodes 332 0-1.to_.nodes, 3 e
acti vat eg s@é‘éﬂﬁtﬁ ’Isﬁf"?ﬂﬁielérgg 42)03 Bg‘sbsghqﬁl‘aéagrg{nanqdre&mgg Q @é\% 23 to nodes

342 2-3. s DO-D3 are
passed from |ne gmgtglsaﬁ?ﬁﬁﬁ% gé&lgé%}g%s%gr%aj P?ﬁgﬁéﬁﬁégérﬁo%de@%& 5 342 0-3.

Qut put sel ec332350 tsabdxst3d2 Rite kidhaetzinipde aovepafes (BA2Q03 3reavtivptads t hem t o
out put stage 360 in sequential order. Tim n S| nakzﬂ&géﬁ DLL3 are

acti vated s@%@rﬂ%ﬂ@ passed Ba@shrteﬁé%f)ti‘stow BRARES oyt put
stage 3604 w%an q 356. Thus, output select 350 passes the bits of data in
series to outpul “stage 360. 10 The first bit of data in the series passed
to output stage 360tpusseldre3 s selats tiatdatabite onlnodes B2D-B and passttian tat h
310-0. The second bit 8assed to out put stage 360 is lﬁﬂf bit .of data |ine
342-1 from oHptstagssh mmzenq%o’qurs imipg sigpals RO REFd 2Vl th bits

passed to Ou§ \%nt%l 1?%6?%391@\51% I ol 13985 $>20-3 0%891 %tég §60 {/1[3 1ihpe exanpl e

above, the fiTr ata passe to out put sta The second,

third 15 and3Seurtus, duitp salassaes@ passed tiefHifs oefﬁagensﬁibsao eutDﬂlt; stm,%@nd D3.
Qut put stage 360 receives the bits of data on line 356 and outputs them

serial | yl@o Thersthigofidataisy the semtrs Passed @ RuRP Bagene0ds therbit ofidate g dat a

out put on | t ut the
bits of dat aflrﬁé%opoutéﬁgg t}{ﬂq %Eghi%ggﬁpg%p%%(g%f%ﬁér@q’%gé% viords
dat a out put ®ifof ddi€lidd #4220 ﬁ@nh@)tﬁut@ﬁﬂ%ll(lk paherﬁattamstﬁertmmldmamah l'i ne
326. The order of the data bits used in th this descriptionis

Dod Dld D2 Sbms messedtip wetpat stagqqﬁocﬂr@lérpmdm%t3ﬂé 2tﬂntié48f3 d&tﬂéF ek in any
d bed
order deben @ p ,tggﬁﬁﬁ?gtogldat? ésgg?a&rtﬂ‘?‘fg?&,%g%%ﬁ%bg g‘ﬁ‘g s@c%qﬂﬁﬁ)lrg escri be

previ ously. 0 D3 and

DO, respest i ufl thurth BROpish&! i duspRbtad@ten ae® @RS esd DA. out put stage 25 360
is in the sane order. Fn this case, output stage 360 al so outputs the bits

of data out put t@umuhﬁag.eliﬁﬂcreiqusﬁhe kital dgtadery lingphiccandioytts thep D3 and
E))roder of suggalgygy 9] “?Feﬁﬁ@ngls‘?lg Ilﬁ%%m%%x'g\ %gé % bl?“qf fsﬂa quut(? hetnhgﬁt Itoﬁte
out put data g 114-0 is D0, D1, D2, and D3. Output stage 360 output the bits of data DO-
D3 on output lines 114-0 as true forms. In other words, data output on line 114-
20 0 have opposite potentials from data on line 326. The order of the data bits used
in the example of this description is DO, D1, D2 and D3. However, the order of
the bits of data can be in any order depending on the logic values of address bits
A1l and AO as described previously. For example, if the data on lines 342 0-3 are
D1, D2, D3 and DO, respectively, then the bits of data are passed to output stage
25 360 is in the same order. In this case, output stage 360 also outputs the bits of
data output to line 114-0 in the same order, which is D1, D2, D3 and DO. In
summary, if the combination of A1A0 address bits is 00, then output order of
data a't line 114-0 is DO, D1, D2, and D3. If A1A0 is 01, then the output data is
D1, D2, D3 and DO. If A1AQ is 10, then the output data is D2, D3, DO and D1.
30 If A1AOis 11, then the output data is D3, DO, D1 and D2.
Figure 4 is a timing diagram of the operation of output circuit 112-0 of

Figure 3 with latency two setting. In Figure 4, CA signal represents one of the
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D, D2, D3 and DO. If AIAOis 10, then the output data is D2, D3, DO and
D. 30 If ALAOis 11, then the output data is D3, DO Dl and D2. Figure 4
is a tinmwgoodiosgram of the operation of output circuit 112C@/usb2/0fesgure 3
with latency two setting. In Figure 4, CA signal represents one of the 8

WO 02/ 089141 PCT/ US02/ 07668 O-,CA d | 328. O, |
and QL2 si griafi8- q”ﬁ)?‘é@%‘ﬁ@"?’l’(@ 2? §£§ é%t %Qﬁ‘szﬂg%gls rlglglr%%ﬁ’? seg(;nd &
| atches 330 @gpd, 340 ggéls Fécgwé@ a?‘%rst Hdl-s@cot@-lht%hegdé)zarﬁrﬁogf@ UrEBr esent the

sanme signals recelv I'I nes of out put sel ect 350. t put data DO,
D, D2 and DBLLeESEMLIAsmUDLIAteprédent the BBnosighdlneectivdd On hirtse})iﬁper ation

of Flgure3|s descrlbed herein in_conju th Fi gure eferring to
Figure 4, atOohquiRht$elects SREAYRUE SRR, ﬁbés"ﬁ‘gg) T—GBEﬁseIFflotug"ij ata &gfa from

menory ce% %%h Ellgyroe 1) are accessed. The four bits of data are

subsequently transtferred to data paths 310 0-3 of output circuit 112-0 of
Figure 10 3. | npurThs&leeation cFFgude 3 indeschdlieal hpadihsn Sdrjuidtidn methelfigeret he f our
bits of data DO-D3. on lines 326. At lines 326, the. fou b|t of .data are
represent ed #nRelsEing o Fagse fnaitime BY.meREAP comppantias i‘sﬁufl‘f{ Sogl gnal CA

swi tches to t%’m"mélﬁ?% i PUP(HEAHE 19reldEest il UincIBL R Esq?he i Lo sel ect

one bit of data anon our |nes el ected data
bits are pasa@dequenﬂlyﬁa&féi&ﬂ tGd&apEﬂrs 3150t3‘1ef qmpnp@&euimﬂlﬁeﬁﬂgnrmg t he
invention, it is assuned that ALAO i erefore, the four_bits of data

passed t 801 i helpapeeleytszd2gQs3 B@datE)PathE)Q 1%9@ TBBelVe the fprchits\od dgta DDt her
words, line 3212ne% %r 'At%%gg%é%% follf ﬁ?s c%%%taég& ?&{p&ésl%ﬁteﬁ nli th@ir’ li .ne 322-2 of

carries bit b I ine carries atency signal Q.2

is always Hl&hap lﬁﬁerﬁlﬂ&m At theyDAEn Figued 2, sigal €lAgsl%ltchb§to|-I|HG-]I-Ifwlﬁmh1t he
begi nni ng of the READ command to all clock cycles. Since 2 |s H GH,
DO- D3 on | i nadpvaxacihoBthsarpnt sele@idgh Orhitocsslest mlboiéd%amﬂ% fags 0-3. At

1 om noties. 45 B0 G 20e B S bt By ieeled Rngdody Bpr Qe

time TB, 16 1ihs\pubgohess dcthibititheifvéntiah) i0wsashirhad et And0B300.0 pass 25 from
node 322 2-3 through second [ atches 340 2-3 to nodes 342 2-3. At out put
sel ect 350, Hrefopd, dheofoyr Bispofplag: pastedde hineodd2e0t3eye POPhgP2 ardRAI s

DLLO-DLLS. Dr%|§pec vc|3'13 fn gtl?lgll‘ Wor r,ehneeﬁli?(%e{rgclasl Bit 56:[ fmeaigﬁql §2H'91Qs 1?%1,

line 322-2 of carries bit D2; and line 322-3 carries bit D3.
In latency two, signal QL2 is always HIGH. As shown in Figure 4, QL2

20 signal is HIGH from the beginning of the READ command to all clock cycles.

Since QL2 is HIGH, D0-D3 on lines 322 0-3 pass through latches 330 0-3 to

nodes 332 0-3. Attime TA, QLO signal switches to HIGH. This allows bits DO

and D1 to pass from nodes 332 0-1 through second latches 340 0-1 to nodes 342

0-1. At time TB, QL1 switches to HIGH. This allows bits D2 and D3 to pass
25 from node 322 2-3 through second latches 340 2-3 to nodes 342 2-3.

At output select 350, multiplexors 352 0-3 are controlled by timing
signals DLLO-DLL3. DDL0-DLL3 signals are sequentially activated such that
bits DO-D3 on nodes 342 0-3 can be properly output to line 114-0 based on the
latency setting. Since the latency setting is two, a first bit of data output on line

30 114-0 appears two clock cycles after the READ command. In this case, the first
bit of data appears at time T2. To pass the first bit on node 342-0, DLLO signal
is activated. This allows bit DO to pass from node 342-0 to node 356 and
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bits DO-D3 on nodes 342 0-3 can be properly output to line 114-0 based on

the latency setting. Since the |atency setting is two, a first bit of data
out put orwbDionesEd® 114-0 appears two clock cycl es after th@CREADR/ewENd. |n
this case, the first bit of data appears at time T2. To pass the first bit

on node 342-0, DLLO signal is activated. This all it 0 pass from
node 342-0 t%llbﬁ‘?ﬁ!l‘ém%wqmd1§‘WIB@@8@I§1?LPW$%§@2%}$§%B“ ng@bi‘gq ently to
line 114-0. Si re | . i . = Q: node

1190 o onaS BEE A4S Seid 10 RAIA BN IROP s (R ETRAd iR Big 0 NONE 1

appear at | i#apeddatiide 1 14-Diinkseswp with thetrBimgrddge nfthedtpekgfgnah€LKlavck si gnal
CLK at tine T2. In Figure DLLO.is activated ar (ﬁ_ﬁ)tches_ to_H GH prior

4
to time T2. BMFHRs eRigNred Bik0 dactvatedkoryighes 9 HIGHEPTer Witime The ri si ng
o o A _ . g B . y Gt or;
Co b me T3 o e sl Yie DB fustd BBy o 1u® B\ i g D AT GRS OO R

signal at tiamimdeT2.! SintikelysBIE?2 isvaivared FHGHhpdicr ttinl Bhtd dolabid bitrld2 act i vat ed

H GH prior to tines T2.5 and T3.5, riége_ctivel,y, to enable bits D1 and D3
to line up wotlinetupevithyibeirisinecdge of e Gl sigaal@t kingi Ifndn thg saieres T2.5 and

135, FOUr SBld SulIbne) ShABL AT ot NRRRRGA AN QiR i r oLl ¢ 112-0

of Figure 3" ency ree setting. ree, the first bit of

out put dat a TRPPREFsti By, tbRAabld BitdDY hhe ®30th digk up wattehe #litigg eddes oREAD
command is issued. In_ Figure 5 DO appears at tine T3, which is three
cl ock cydPesthe (3 sipralREMDe B2 Scmddded-at tine TO. In latency three, the

data bits DO-D8 r 'Cglire\/Se 1%], aqq%iéiggfalsgfa%% 8t th%ro%glgpéé gir"] o*tgltnjeéri]%;ﬁ/it]l}ﬂfooofi n the same

. 1
manner as in | at en®y tWwo. €r ence two and | at ency

three is thefihid NgitRTatércgmdes séitng AnQatchdylthreepthd fiktli dAdudput Gatace out put
data of |latency three appears at line 114-0 one clock cc%’gl e later than

out put dat a afpehrstonniog 1l theseginek cprles aftesdhe REASHcommandissssued Bne cl ock

cycle later._ln Fi e 5 the signal. is activated.(H time TA
which is al n%‘&“qung)lbcrzﬂpé}ﬁ‘{s8€%Wg%|3a¥v_g‘r°ﬁt‘%{$’ﬁeet°ﬁ?%‘ SRS OB GEREAD' 015 otays
H GH  t higughpshatd'& tn§@t0 CHCla@ndpthirdt, tHRe1a6ASH DF-D3akediead dntines Sogever,
other signals are activated at alnost a clock cycle later as are shown in

Figure 5. Figaostpdt josline tlidf mghelsame manedt as relatgpey Brd-obhaodifistnput circuit
L0 o LAl R RS B RERG (E, 1he [
command is i g/UBHLODLL3. Since output data of latency three appears at line 114-0 one
clock cycle later than output data of latency two, signal CA is activated at almost
20 one clock cycle later. In Figure 5, the CA signal is activated (HIGH) at time TA,
which is almost one clock cycle later than time TA of Figure 4. QL2 stays HIGH
throughout the read cycle as in the case of latency two. However, other signals
are activated at almost a clock cycle later as are shown in Figure 5.
Figure 6 is a timing diagram of the operation of output circuit 112-0 of
25  Figure 3 with latency four setting. In latency four, the first bit of output data
appears on line 114-0 four clock cycles after the READ command is issued. In
Figure 6, DO appears at time T4, which is four clock cycles from the READ
command at time TO. In latency four, the data bits D0O-D3 received on lines 326
are output to line 114-0 in the same manner as in latency two. However, a
30 different timing scheme is provided to ensure that the last bit in one group of

four bits and the first bit in the next group of four bits can also be output
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Figure 6, DO appears at time T4, which is four clock cycles fromthe READ
command at tinme TO In latency four, the data bits DO D3 received on |ines
326 are wotosswo |ine 114-0 in the same nmanner as in | atPEMOIS0L/B6S
However, a 30 different timng schene is provided to ensure that the | ast
bit in one group_ of _ four bi and.the firs it in the ne roup of four
bits can al SHOB%ﬂ)bufFBE"te?OIB dﬁéﬂﬁ? 8@&%?5‘@‘?}1{5&3%?@?6%%%5&%&%%. P

Ther ef or e, Sl@hal 1s not always HIGH as in the case of latency two and
three. In Figure 6, the dashed portions of QO and Q.1 indicate signals
froma previous Inddidure\s the. dadtieel pobatsdresch lremld QIt1 BdatenigiBlsliremadi cat e
previous 5 transitions of %O and QI si | s, The signals at 604 and 605
are the cur riisyious read€yslpofe deshed Bgnaldt BpY 28 06q1HadICEEPERIOYSead cycl e. The

signal at <602, i5: r t L | tH00 [ j 3, to
ensure th%t %ﬁésfté&r?? %lglqi”? %gr%l {1%?& éf hﬁlé@(}ﬁgl{ra(laanit%é) 23 @g?/%?ﬂgqgé;b%?get m xed
up with previrgsitidastos QDO-40d @f1 inhke cprav raadsyclea@he yigha,at pO2wsitbeis bits

DO Mon nodes 332 0-3 . nust_be passed to 10 _nodes 342 0-3 befo rrent bits
DO- D3 arri veCuifenhBaesitigpofQi? sighaly dndigire &y to enﬁ‘l‘.@tthaéé“‘é%‘lti?\?éﬁ)z)dﬁget ween
transitions r [FN . I her ds, Q.2
nmust be acti @%t gﬁ%%?g?gda&?%gﬁs@? ?%t%%% é‘igl%}ﬂ %ﬁguép@gvlﬁ%l% Orﬂgg% cycle and
before a trapgiiousreadicy&eProfiotdisitscDo-DSoh noaesB 32yl B enustse paseadtoi n Fi gure 6,
Q.2 nakes a transition at 602, which is after 15 transition of QO at

th
600 and BEf opedes 3¢ Qr%bqf%r?uaﬁnt@@%@é@mvwWﬂ%@%?-?’q?éwé&for%@bzi s al so
ft the t it f 601. f .. L4 t 605.
Theref ore, - vitaa 4o S0k BBl it GRDRTERS BppliBRoot oL sighalRlh B 0

lines 322 0- gthaf WoRieSQEY ntiBt Bateivadad aflerda tridysitidni of QLOGY thapredda} reddhe
previous bits DO-D3 have al _r,ead}(@ggssed to nodes 342 0-3 by the
transitions efcleaqm beherc@tmansigonp o4 He @urent repdieyclyy properly activating

o onels QL0 QU5 L LAUATEL N G I UL oSS otd Qibopsttyprccesses

bits DO-D3 in all ure is a

oper at i on50f st ofADIE skl 600%ehd HOfoRé a trbth GisTECLAQLO bi604atSimenirly,iYIE2 aet ti ng.
Wth latency five, the first bit of output data appears on line 114-0 five

cl ock cycl es6@Z isatsotafier teAmnsitamah Ll ot Pk yukbefons axmngitigniof QL1 a0 appear s
e o Lo e e a5, e | o TO
lines 322 0-3 are passed to node 332 0-3. By this time (at 602), the previous bits
DO0-D3 have already passed to nodes 342 0-3 by the transitions of QL0 and QL1
20 at 600 and 601. Thus, by properly activating signals QL0O-QL3 in latency four,
output circuit 112-0 properly processes bits D0-D3 in all read cycles.
Figure 7 is a timing diagram of the operation of output circuit 112-0 of
Figure 3 with latency five setting. With latency five, the first bit of output data
appears on line 114-0 five clock cycles after the READ command is issued. In
25 Figure 7, DO appears at time TS, which is five clock cycles from the READ
command at time TO. In latency five, the data bits DO-D3 received on lines 326
are output to line 114-0 in the same manner as in latency two. The timing of the
operation of output path 112-0 in latency five is similar to that of latency four.
Similarly to Figure 6, dashed signals in Figure 7 indicate signals from the
30 previous read cycle. In Figure 7, signal QL2 is activated or makes a transition to
HIGH at 702. This transition-is before the transitions of QL0 and QL1 at 704
and 705 and after the transitions of QL0 and QL1 at 700 and 701. By this time
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are output to line 114-0 in the sane manner as in |atency two. The timng
of the operation of output path 112-0 in latency five is simlar to that
of | atencwofoo89141 Similarly to Figure 6, dashed signal s i RCFiU02/e76¢8

indicate signals fromthe 30 previous read cycle. In Figure 7, signal Q2

bof or e the & (aAL e REBIS O Eeve dftashRess i sl SR bghL L oo
transitions @%18%0&'[8 ?%@3119§%L17Q909ggd iglllt r m?%g%ﬁEﬂlﬁct%tlﬂgl%@%Ml

PCT/ US02/ 076 previ ous ave al ready passed to
nodes 342 0-QLDWILNim latenanfive, ootpat afcu@i®2&hpro@rly procéssds s FD8.inThus, by
properly activating signals QO Q3 in latency five, output circuit 112 0
properly prodb€adsy¥dess D0-D3 in all read cycles 5 Figures 8A—D are

schematic d| agra [ t 3o FLaL €3 the i nput
sel ects 3 00-30 1g|9;;eél§;&g§ aéicz@g@%%tzc glagﬁat%rsa |tp;l/l of %(??8 | exo s 810 0-3.

For sinplici :syEadlﬁffethen@atm;ama;B ofBiguies|8xDrisis alphirakyrofdi f f er ent i nput

sel ects 320 0-3 are the sane. |61g re. 8A, each of .the. nultiplexors 810
0-3 has an | mBlitPl&eREIG: &4 FBY%W@II Y, feferenes RwbesHaf mYltiplgkers 10 1i nes 326,

Whi ch recei Vﬁ&ﬁ&ﬁ@ime@?ﬁlpﬁ{ §e§ec?sf3% §‘a1%0chpgaé b1 tFl%LI‘g)g%r Sadhldt s 3 al so

have a plurali connected to no st orage elenent 814

has a first ﬁhﬁfp@@@rmm 6 hanecingdt ¢oantdied udnew sheoforraspdrididganputs 810 0- 3
at node 812 and a second storage node caonnected to one of thg nodes 322

0- 3. EachOof hnftsﬁémn’ﬂhltchme@@%b‘?sso@%ﬂt? batsjof datg 2G5y é@“lﬁweéﬂ‘@ &9 Orhe signal s
CAO CA3 5 310 1-3
receélgéa Have]a lgﬁhw &eoﬁt;ﬁﬁ%co Pctgd R e B%ﬁ%ﬁ%&le@%ﬁﬁg s

have t he san® arrangenen I np u sel ec ure 8A.

However, i npkdss f8d6st6a ¢ﬂ<§u&coﬁﬁé@ed@t&1@utﬂmt3 of mRdplsserd81G0Gfat daded DO- D3 i n
d|fferent orders. In Flcgure 8A, input 326-0, 326-1, 3262 and 326-3 receive
DO, D1, D2 aht? @l a sesonchsierage aede C%%@k@l‘\ﬁéwtheﬂwdﬁ 34 &32dagBof t he or der

DO D3 receiv D3 and
DO, respectlglglr?}}itﬁ’lﬁg 3%@ %écoﬁgelﬂegr é’?leo g%%%éﬁg%[%rr%%%ed by
i nput 32650, o3BRes328326-2 and 326-3 is D2, D3 D1 and DO, respectively.

Figure 8D, the order of signals DO-D3 received by input 326-0, 326-1,
326-2 and 326-3 InsFipares BBy D.Dnputrsalepss 319és3p'éame|thﬁe$ayae gmngprer et i on of

I nput sel ect of 1%%& s%le:ét ?IfO (l): 1rgleuse SBK‘ Bo%re&rt 1nputs%gg of input selects 310 1-3

receive bits of data D0O-D3 in different orders. In Figure 8A, input 326-0, 326-1,
3262 and 326-3 receive DO, D1, D2 and D3, in this order, respectively. In Figure

20 8B, the order DO-D3 received by input 326-0, 326-1, 326-2 and 326-3 is D1, D2,
D3 and DO, respectively. In Figure 8C, the order of signals D0-D3 received by
input 326-0, 326-1, 326-2 and 326-3 is D2, D3, D1 and DO, respectively. Figure
8D, the order of signals D0-D3 received by input 326-0, 326-1, 326-2 and 326-3
is D3, DO, D1 and D2, respectively.

25 The operation of input selects 320 0-3 of Figures 8A-D are the same.
When one of the CA 0-3 signals is activated, the corresponding multiplexors
controlled by that activated CA signal passes one of the bits D0-D3 from one of
the nodes 326 to node 812 and to one of the nodes 322 0-3. For example, in
Figure 8A, if CAO is activated or transition HIGH, multiplexor 810-0 passes bit

30 DO from node 326 to nodes 812 and to node 322-0. If CA1 is activated, bit D1 is
passed to node 322-0. Similarly, if CA2 or CA3 are activated bits D2 or D3 is
passed to node 322-0.
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When one of the CA 0-3 signals is activated, the correspondi ng nultipl exors
controlled by that activated CA signal passes one of the bits DO D3 from
one of twe mwmswsgl 326 to node 812 and to one of the nodes P8TAI02/B16680r
exanple, in Figure 8A, if CAOis activated or transition H GH, nultipl exor
810-0 passes bit 30 DO from nod 0 nades, 812 and_.fo node.322-0. |If CAI
is activated, bit l?}i’qf@o ?St(g‘glﬁ)o%l:? aghyat( at§t1'ﬁ’?aﬁ“§/°rdief°%A2 or CA3 are
activated bi 9 0fhsd LoMRIR 3R Bf addelBi Q% PARIAS

PCT/ US02/ 076%§1v%rf)§/fo e Itfe)ﬁe gf%na g‘A SI SaaC%I vét ed at a tine. The
order of actifmmmi@mfthshmlsamvdfb@mxlmm trenlGyl s actlales iOf addr ess
bits Al and AQ. ALAQ i s t hen gﬁiif) iivat‘s i.f ALAO.is 01, then
CAl is activAl&g 15 19 thesy @(ﬁ)zllssa"’ll(’ﬁatefl*?éﬁ Adis agtyated Al AO is 11,

then CA3 ks pglly, e?sdareggf{%géﬁ vﬂf]-le_tﬂé SrdF oGRS G @mﬁtm blisy gr ders of

sel ection of data ure 3. For exanple, 1 AlAO is 10, then
CA2 i s acti VRiigag 3. | Forfekaupke, EAMA(msIII'O; heexXi2 i8 20iataionh FogureB8Apy signal CA2
passes D2 to node 322-0. Bit is thef rst bit in the arder. In Figure

8B, mul ti pl exsHipdexgr 810 a|0§atr%léﬁﬁ1ttry(ﬂlg1@h wp%ﬁea%tomée 3Pu0s B BRI o node
322-1. Bit i i t|p| exors
810-2 of Fi f}%sef?sté% tn Mg ;ﬂs‘tsFl%‘H? gﬂdlﬂ%%déxﬁié?oﬁhoél @J”%’ge Sind’ 322 3
respectivel ysigddlGA2, \p’@@es BM@nb@e 01, 5131gDahs tBé\Eedosldauﬁ:ttm\ﬂ&t @der. which causes
i nput selects 320 0-3 to select bits D2, and. DO. This matches the
sel ecti od0of Slinﬁbiéilb’ B tipdexorsdid- Z)OQF]@ﬂreFlg&Lﬂné 8@ pasp hiis POgndDltodiedemat i ¢

di agram of f £ Lat ch
330-0 has rmﬁ ng%ﬁé{%%g%hv%&% S’F‘gﬁ%g %Qésole@e %&g&’%ﬁvgﬁeg line 916.
Ml ti pl exor &Mhlc@@de@dﬁﬁt adledt BRI 0- @t@@cﬂét&%ﬁtemzt D3nDdand PP Chand  an out put
connected to node 916. Multiplexor 912 connects to line 334 at its clock
or CLK terni matchcs)thﬁéeleﬁm afiepugisgless gHAP-3 qfliigirpPexor 912 al so connects
to line 915, which. ects, Lo an.outn r verter 917
al so 20 receives 'Iggre 5 aSChHRIIS dr%a%rl fﬁ% l%ﬂ%lwoe(ﬁer g)tut g"}% 3&{3’6 qf ment

signal Q43* pfiurd 3. NEat&H 330-0\hed MuRPRxOF 9MEEInnddiéd hﬂ@st@ragbl’elibfmeﬁtg)l’éage node Q
connected to node 916 and second storage node Q connected to |ine 332-0.

Fi gure 9 shows lioni%y6. MuldéplexertdR indedes apfinmy Dpisrngriedhtognotg 332-Omdever |,

g;? ﬁ; gllgsg- ?aél(}:tggttsclﬁ)gggcé%to aPé’HF g% @'h y Swllﬁ(aé[r 55"? %:og’n%gts% ?’mg 5349 gtthSr out put

clock or CLK terminal to receive the QL2 signal. Multiplexor 912 also connects
to line 915, which connects to an output of an inverter 917. Inverter 917 also
20 receives the QL2 signal on line 334 and generates a compliment signal QL2* on
line 915. A storage element 914 has a first storage node Q connected to node
916 and second storage node Q* connected to line 332-0. Figure 9 shows only
first latch 330-0 of output path 310-0, however, other first latches 330 1-3 and
second latches 340 0-3 of other output paths 310 1-3 are the same as latch 330-0
25 of Figure 9. Thus, the operations of other first and second latches of Figure 3 is
the same as the operation of latch 330-0 of Figure 9.
Referring to Figure 9, when signal QL2 is not activated, multiplexor 912
is closed, preventing data or signal on line 322 to pass through multiplexor 912.
When signal QL2 is activated, multiplexor 912 is opened, allowing data or signal
30 on line 322-0 to pass through the multiplexor to lines 916 and 332-0. A signal is
activated when it changes from one signal level to another signal level. In this

case, the signal QL2 is activated when it makes a transition (or switches) from a
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25 of Figure 9. Thus, the operations of other first and second | atches of
Figure 3 is the sane as the operation of |atch 330-0 of Figure 9.

Ref erri ngwoe2@sgur e 9, when signal Q.2 is not activated, mwrarttspt/eres 912
is closed, preventing data or signal on line 322 to pass through

mul tipl exor 912. \Wen s 218 ti e | tiplexor 912 is opened,
al | owi ng dat Qwogf‘g%lbfﬁsll (Léﬂ)\’))];par 1ﬁ€51§? V‘%@ﬁ@g@% oﬁbﬁg?q‘feg Wﬁ?‘?l pl exor to
lines 916 a C He WD id bas shbQ@mn one si gnal
| evel to angﬁ g?%g?lbeﬁ%ﬂ t F%Gl?h?dgya%gsee thé %?Sgna Q%?Z Is activated
when it rrake&nalaﬂlyalnsﬂlgmren thén antanﬂlég)l dre mnvatedleatv\mlmﬂé@mmi

PCT/ US02/ 07668 | ow signal |evel Q/\{ to gor;# gh signal level (H GH). Thus,
in Figure 9,argRased @{?u%\/\kaftcb?ﬁei“of(?’% liesf 36 Okf-GH, data on line 322-0 is
passed togline 3 j 0 e

acti vat ed5 dat a g%l Plenlggg?”;%aémar %{éggé p?"hsrt%g&gjﬁ 9&? %gg ?%1)(]%%{3 to

l i nes 342 0-SJageBdoiigeludeskilstoragaelsmben®iR conlicagdaomode 3 toutcesteaipta 360 of
Figure 3. Qutput _stage 360 includes a storage Eb@gelnt 1002 conglect ed to

node 356 to ‘?@c@@\m faem Quinyf sedeqdd > BaStoragm e & eormsefs tasp sl ge

el ement 1002 e fi %Ialgﬁ nd a first
i nput of an ﬂﬁk@qaﬁgﬂ E)esldé)tﬁ a?llg Hr%dg%thgﬁsecon In 3 C]r%%@()gat e 1004
connects to Asa&@fda@@t@mmngataomm édnneéetd & a,ﬁltoﬂz@&@lenknse@mm niod@ut of NAND

gate connects storage el enent 1014 at node 1012. The oqutput of NOR gate
1004 conn@ct 0%0p AaSQjatl‘élwtaf%%&ﬁépomeﬁﬁﬁﬁ%%gﬁrelml@mioi AR an inverter

1016. The oujput -l MANPBRIR L000GOMNEELS o Ledite oB2H FpBlneR laliciliaNNe!

transi stor ou ran as a

source, Wwhi cmzznﬁf&ghsnmeaerpmly@r The PRipnt aleAaHIiga'bﬂOOG\bk'brﬁiactG&nmects 15 to
data pad 114-0. Transistors 1022 al so has a drain, which connects to
ground, andgae ebur eehanpg] Eansiseniogd shrwgwlavm 191%. @ranSiS‘QﬁéchLLO i's

provi ded at e 1026 h _con rgél Jéé i pl exor
1024 has an 1??1 T2 R Prﬁoz\%lcﬁ(f@%ﬂetcs gﬁ@é&sp ngladdo i, acr?n%gtt“sbut

connect eqst O \R@Lpak0NQ-0.| TraRRIRE 1672 a1§d1@arsaagﬂa1ﬁl ﬁnﬁntcomes to@eindes dat a
bits DO-D3 in serles and 20 passes themto node 1008, which is the first

i nput of NORamyh sout@QWhihdoNAIs togbt@aﬂddé -0. Aligral QIA0qs praviged atf or exanpl e,
at tinme TB sho re"4, kes ion HI G4 This cause
nul ti pl exor Ii‘?ﬁ%nlng ‘ﬁl&]g C%ﬁ“&ﬁﬁ Yo @%h 1%‘%{1%1%“11:9%5 *NOR gate 1004
and NAND gat ﬁlp&pQ@og@ﬁ@g@or@ce‘i\kbeslgnal QED, and an output connected to node 1010.

In operation, storage element 1002 receives data bits D0-D3 in series and

20 passes them to node 1008, which is the first input of NOR gate 1004 and NAND
gate 1006. At a certain time, for example, at time TB shown in Figure'4, DLLO
makes a transition to HIGH. This cause multiplexor 1024 to pass signal QED to
node 1010 and 1012. NOR gate 1004 and NAND gate 1006 determine the
combination of QED signal at nodes 1010 and 1012 with the signal at node 1008

25 to either turn on transistor 1020 or transistor 1022. If transistor 1020 is on, node
114-0 is pulled to the power supply (HIGH). If transistor 1022 is on, node 114-0
is pulled to ground (LOW). A HIGH or LOW at node 114-0 represents one of
the data D0O-D3, which is an inverse of one of the corresponding compliment
data bits DO-D3 received from lines 326.

30 Figure 11 is a block diagram of output controller 117 of Figure 1. Output
controller 117 include a latency input circuit 1110, which receives a plurality of

latency signals LATE2-LATES on line 1112-1115, a read signal RDW on line
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conbi nati on of QED signal at nodes 1010 and 1012 with the signal at node
1008 25 to either turn on transistor 1020 or transistor 1022. |f

transi st owok@@814s on, node 114-0 is pulled to the power peapsoyoichs GH) . |f
transi stor 1022 is on, node 114-0 is pulled to ground (LOWN. A H GH or LOW

at node 114-0 represents one of the data %55)3 Wwhi ﬂ] is an i.nverse of one
of the correblgérai aglelesienkeddon clopkisignsi £L B ling L L1 ceptencgiitiines 326.

30 Figure 11.is. i ag 1qF : aure 1.
Qut put - cont? 5t 1 55 PREEECT Rl Bubs AT ool QpnRYeR T cei ves
a plurality $®nald GERNQBPSj QSRS sinl VNP *| AbEmtarnt timing edahl@eitcdndi5l, 138 r ead
signal RDWon |ine 14 WD 02/089141 PCT/ US02/ 076&8 1116 and_a del ay | ocked
| oop cl ock stognedts ©LIRPXD latangy 1d 0 threggh Jingsedd§ apdhhid3 todiesdvs the1110 has a

plurality,.of in - : [ [ signal s
QED, QSP2§ Mnnf@l*ﬁgﬁ%ggﬁ?%éﬁﬁp&%eﬂ%ﬂglﬁgﬁteﬁg@r u?lta'te%)légggt connects
to input | atgnag sighiDCLRIGME 11323nd 3 3&o0ad@ndtl2Sighal CleHiondinehe 5 CLKDQ

and QSP1* signals. Qutput timng enable circuit 1130 generates a_ first
enabl e si gnal33@L 1 4n @Kpytitiveing Bereraint | B Osonperds Orpatnus tigiigs snably §eughn | i ne

1334. An out timn ne 1 C C tJiing enabl e
cireut 113000 FhedaSF AR TRk RIREEE R AT, RhRY e ki
Signals CLKtLRNGnPIOUIRIE @@&Ul@om}gﬁmﬁingigahmtogem @tgeherhtSining sipanBkr at e
timng signals 10 DLLO-DLL3 on lines 1552-1155. DLLO DLL3 signals are used
to contradd oREpMDLISetrekines3562-d445deBELIHL] femElye asal tOROBFglpf&ﬁ%}{ti on

control signa rator .1170 ... conpegts to |l LRt cj i 110 via
lines 1121- 151‘%93%2‘% FSIREIIP Frguts g‘gg‘ P ac%‘*@& 6! 5%2%%@%%%&@1155 to
recei ve the Q3R2ts (5RRnc i daBUL sircaitd 10 k(2 1irdek 1L B2 511 grBadisd toRBugRAgafin®n cont r ol
si gnal generator generates the signals on |ines - :

I 1170 he Q.O 15 &%2]} 0' I | 1172-1174

The QLO QL2 ciraitid 66 viadinestlil §2tl £5F forrseeivamibre PBaQERES aBdPLA03 and 340

0-3 of Figur In the follow ng descriptio ol | ap.” fers to a
conmonl y us_eﬁLfé R ﬁﬁ%ﬁ%}?&r&"?ﬂ ! hg?eﬁqgrefv OL%?B_%P {sets %%GQ%(?[ one of

or di nary 1§Ki bl 2isinkiR@ndks 1172-11740 Tre@PLI-QLLRe §2li@OWtRGtedRSCandpt i on is a
positive-edge-triggered flip flop. 20 However, with the benefit of reading
thi s i nvent i swonl kches33®0-3amd 340 Ocy olifigwry 3. skill in the art can easily use

negeL L ve 20021 Pyt B B i HER by Gaponents to
‘ circuit component, which is widely understood by one of ordinary skill in the art.
A flip flop in the following description is a positive-edge-triggered flip flop.

20 However, with the benefit of reading this invention disclosure, one of ordinary
skill in the art can easily use negative-edge-triggered flip flops or other types
similar components to achieve the same result. In addition, in the following
description, a “latch” or a “pass through latch” also refers to common circuit
components. A latch is used to pass data or signal from its input to its output.

25 Latches described in the following description can be similar to latch 330-0 of
Figure 9.

Figure 12 is a schematic diagram of latency input circuit 1110 of Figure
11. Latency input circuit 1110 has a pass through latch (LAT) 1210 and a
plurality of flip flops (FF) 1212-1214. Latch 1210 and flip flops 1212-1214

30 receive signal CLKDQ on line 1118. Latch 1210 and FF 1212 receive signal
RDW on line 1116. A plurality of multiplexors 1216-1219 receive the LATE2-
LATES on lines 1112-1115 to pass the RDW signal to node 1230. A flip flop
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description, a "latch" or a "pass through latch" also refers to common
circuit conponents. Alatch is used to pass data or signal fromits input
to its ouwpuR/osfs1 Lat ches described in the foll owi ng descricuiisozvomwas be
simlar to latch 330-0 of Figure 9. Figure 12 is a schematic di agram of

| atency input circuit 1110 of Figure _11. Latency in ircuit 1110 has a
pass t hr oughl233thesan inRyy coppggied fpgnogde lﬁﬁQlFIEP‘i‘%}Sﬂ”dPV?rF‘{g HEF’ g 0Pl OPRY

1212-1214. "La46h qhg 95 A0illis po b BB didlidechd244 Alhdeaghysviignal | CLKDQ on

line 1118. Latc ecei ve signha on line 1116. A
plurality ofprovidéd fies QSP1%216tchd234 haxai oegpithonhodiddio ah A oba | i nes

1112-1115 to pass the RDWsignal to node 1230. A flip flop 15 V\S 02/ 089141
PCT/ US02/ 07688h 123G 2t npsls 1442, wich proyiise sigadl QST JiRie 5123 rREYHE SN

inverter 1235, | i NAj a latch
1234 ot nbadt D SR ot tleB bRl SVerEIART e A e Ol ORI O 2 Pt

connect ed t 0aRA 128®BdnRtts #o nddd Ci21 kRBaglatn hedeerlll20 to phuvide gigmavi des si gnal
QSP2. Node 1122 al so provides 5 the %D signal through series connected

i nverters 12QSPhntheciack inppts @f fluflopi 232 ?Hldghwll%sB]GZ%@Hﬁég%@alts‘brer?é’dé 1121

t hrough an inveji 40 to provide signal @QSP3. The clock inputs of flip
flop 1232 artdet S$*1234 and 1236 al so receive signal CLKDQ RDWis a

si gnal generat ed RPWRHNYhat geiciatd Byl MeMdeNcentd 1D whth adombidatién i nput
signals CS*, RAS* and WE* is valid. The LATE2-LATES signals are also

gener at edi0 byofdopitsignalsiGeu RASTH1amdpH¥ES ds wiid: Heel L BRe LA TR ghalssrr ogr ammed

in nmenory device 100...The S| | i i . A ed | oop
of menory de%jf’oc%enf@g‘?d b%ceonglgr(%gulltolg%) Sf%dz"éfgﬁltg?t%‘%? ’ gﬁlgaﬁgﬁﬂgm&ft is a
convent i onal inGhérkstyldeviobi1 66 TROCDEDISighdl igTprdyidet 8¢laydelayaueket Ygugs of del ay

15 locked loops in"the art. In Figure 12, signals Q8P I*, (QSP2 and QSP3 are
gener at ed byoftthemoryrdepizgd 09.ohhodelay tpeked IREIVS Mt shgykn begagse 1510 or one of

the flip flops 1212- 1214. |f.the | aten sett] isS two, t RDW passes
t hrough | atc nY?ité’nf’]()mFF(')‘HeWi”fE%I}b? anﬁféﬁ?%\gﬁg){}ﬂ%ngﬁqt%eslosfqgﬁy her three,
four, or i vgdighdiigndINY si gnal 20 passes to one, two or three of the
flip flops 1212-1214. The signals LATE2- LATES5 control the passage of the

RDW si gnal to nodm Figa® 12hsignaghQSP1*, QSP2 and QSP3 are generated by the
propagation of signal RDW through latch 1210 or one of the flip flops 1212-
1214. If the latency setting is two, then RDW passes through latch 1216 to node
1230. If the latency setting is either three, four, or five, then the RDW signal

20 passes to one, two or three of the flip flops 1212-1214. The signals LATE2-
LATES control the passage of the RDW signal to node 1230 through
multiplexors 1216-1219.

The operation of latency input circuit 1110 of Figure 12 is described
herein in conjunction with a timing diagram of Figure 16. For the purpose of

25 illustrating the invention, it is assumed that memory device 100 is programmed
or set at a latency of four, thus, only signal LATE4 is activated. In this case, a
first bit of data will occur at data pad 114-0 four clock cycles after a read
command is valid. In Figure 16, CLKDQ and CLK signals make transitions to
HIGH at A and B in anticipation of a read operation. At time TO, a read

30 command READ makes a transitions to HIGH (at C), indicating a beginning of
new read operation. Subsequently, at D, signal RDW switches HIGH. In Figure
12, after signal RDW propagating through flip flops 1212 and 1213, LATE4
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mul tiplexors 1216-1219. The operation of latency input circuit 1110 of
Figure 12 is described herein in conjunction with a timng di agram of
Fi gure 16wokamsdiae purpose of 25 illustrating the inventipam/usor/oiess assuned
that menory device 100 is programed or set at a latency of four, thus,

only signal LATE4 is activated. In this cas first bit_aof d aW|II
occﬁr a'? dat eghactvates mulRIEXe| 1@&%%%@“%@%@?\75’I}Oélﬁc}z%(?ﬁﬁ&ﬂfﬁtzs val i d.
In Figure 16, %tggrﬁeﬁa\g% O%?z s%![lgﬁﬂf‘ltﬁe af ARSI ¥dsd AiGH! Girdlurd and B in

anticipation o ration. rre TO, a read 30 command READ nakes
a transitionm, hodd23d i§ a\tnt@)es td H(KEHaIt iEng\ HI(BHgit nndmg’Z}ﬁ)fforqeewLmﬁdo
oper ati on. Subsequently n Figure 12,

fe H GH, %-
after signalthRowippt fgayter ﬁéﬁi hﬁﬁﬁjﬁnaﬁ & tﬂS‘ePPﬁ’b‘Eo jigyerterd3 231‘%50 ATE4 16 WO

02/ 089141 P I ti ss signal
RDW t o node éggg%gé%%g%ﬁlf% @gcéyr?%%%%fgcg ]tﬁl-#’%-!ﬁqzﬁ% Si gngl at
node 1230 i scaabeshdti 1at s &ltgtﬂi’cﬁl nolié 11@3)dé)W2\8mchSepfSWehtshh3$QSBl’f-|l CH at E.

A H GH at node 1230 forces a to the output of inverter 1235. The
signal at t Hegnslt Bukiger 1|6nQ§PﬂePW1I‘Z@5t9 LOXY atF t Bubsgqugngliathe signgladt i nput of

flip flop 12 I t he signal
at its out pJdeS&?%gg%p%gag?Wvﬁlﬂﬁ]%%rdelg@ﬁtlﬁ?ﬁe é@rﬁfgﬂﬁﬁgnal In

Figure 16, Q8B6ko hodM thehetsipnaMndtie F12254 psagited by yignhh@SRB1 gnbtheat  node
1123 propagates through | atches 1234 to node 1122 then through Iatch 1236

to node 1(121s1grmhetmdgria\21sstprm&edbyz%ﬁabQﬁPé—th’El@arebkﬁ wheniesegp@d and t he

10 si gnal at [ e P when t he
si gnal §€g@’|§gﬁ%’tat ngge ?@ cgu%%g S%h%e P%ng\iltc&%ﬁlgglrag v%l%l C to H CH
at G and S' apal 9PB30 kRiteMiot IGIGH @t Kl Gradditidh, sighaBQ@HDtdt @0de S120nAso QED at
node 1120 also follows si gnal QSP2 through inverters 1242 and 1244.

Si gnal s QSP fotlowgsignal QW haperigseP43anl dgtd. SighalaIQSRIS, @BR2r circuits

as are shown i re 15 Si t. nal to
out put data %{@h% |uﬁe sglﬂl?%ts%laﬁs t?-'l %Qr Clr é%gal% Wﬁ IB?P@I‘%}ggr am of
out put tii nﬁ%ﬁﬂ@@ 1§h§e§‘dbhst¥é§é)s1%{al td:d)lgylﬁtQiaﬂa]as s@*&ﬁlﬂﬁ Figurd Iy enabl e
circuit 1130 has a pulse circuit (PULSE) 1315 connected to line 1123 to

recei ve signal QSFagt_l_re*Btls)agekmma@peha@rarapéhutp@tstémn&egn@lp cirpRtl ¥ ofnode 1317.
Aflip flop 1320 set RS .i Iock Kln ata i nput
D, and conpl 1ﬁ’é§‘?t1§r ?@B‘E@G‘B‘nb%@de %‘Cd“'lﬂéﬁ ?R%? Cl&% Q)I%L%%)aﬁlg P

connected to line 1123 to receive signal QSP1* to generate a latch reset signal

LRST at node 1317. A flip flop 1320 has a reset RS input, a clock CLK input,

20 an datainput D, and complimentary output Q and Q*. The RS input connects to
node 1317 to receive the LRST signal. The CLK input connects to a delay 1314
at node 1312 to receive a delay version of the CLKDQ signal. Input D and
output Q* and are connected together. Output Q provides signal CLKL on line
1132 through inverters 1316 and 1318. A series connected latches 1322 and

25 1324 receive the delayed version of the CLKDQ signal on line 1312 and provide
signal CLKH on line 1134. Node 1134 connect to input D via a feedback loop
comprising inverter 1332. A transistor 1328 has a gate connected to a delay
1330 to receive a delay version of the LRST signal. Transistor 1326 also has a
source connected to ground, and a drain connected to a reset RS terminal of latch

30 1324. When the LRST signal is activated (HIGH), it turns transistor 1328 on and
resets latch 1324. When latch 1324 is reset, it forces signal CLKH node 1134
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node 1317 to receive the LRST signal. The CLK input connects to a del ay

1314 at node 1312 to receive a delay version of the CLKDQ signal. Input D
and out pwD o@osanmd are connected together. Qutput Q provi eez/usoygombs CLKL on
line 1132 through inverters 1316 and 1318. A series connected | atches 1322

and 25 1324 receive the del ayed versi t.he CLKDQ sign on line 1312
and provide Lé%nghe éﬁgﬁ Sya ?lﬁ%reifffgi??a?\ﬁgg 1&%3?43.38’5 @H{erﬂéf heptit D via a
feedback |°°ERS§§ a;%l RiapGy I WVBIGET it 33% sidhal CRRY! i de k3381 0Ap 2 gate

connected to a 1330 to receive a delay version of the LRST signal.
Transi stor 1326 almlfigiwasl 3aCLEbIackeCCRbrsenbdre gengravedichsedou signalr ai n
connected to_a reset RS term pal_ of | at 1324. \Wen the, LRST signal is
activated (HE{PQ Flﬁni‘luﬁ%{;lﬁrsﬁ?é‘ @U&L afgg‘é‘ aresed foactvateisignel, 1324, when

| atch 1324 i Setrna | hidiPk 'h %&(ﬁgg PEN089141
PCT/ US02/ é?G?&ﬁ“@ﬁ%&&%é‘i Llr?lgﬁﬁlssi%g%;?heg SO reg&%&rjtfrgtétgﬁ%%\% (lgn t he sane
manner . Wiendiife a teRSdpahiioral To ensandt thetataehs ik dgdrlyittan§forreé s aachyned CLKL on

node 1132 LOW In Figure 13, CLKH and CLKL signals are generated based on
signal  CLKDep&atiathe I3k pignaljigpchivated grchylige engy rsadkeqmegnd s act i vat e

signal 3, PHeReifkd STndPReR il iR ORA 51 83 IelifrelhANRLAS o data pads

114 O-N during are operation.” To ensure ata is properly
transferred irinséaedd pregdly. operati on, the LRST signal is activated each tine
a new read command is. received. The LRST resets signals CLKH and CLKL to

ensure tH8t data ReferingagsmeodagurploprhenQSHE" swtches inkOXGaith 268 Fi gure 16,
wh P1* sw : , e
oSt o by RO ERRRy et ooy kBB n BRI SoRE chpat ol o

i ndi cated by ul'se-circul erate se LRST at

| . \When si gngénekdtBTa piflselCREY at BEOWhed sigRAEIRS T Racldidd, itvesttIhKICIHIgnal s to
LOW indicated at J and K After resetting LOWat J and K, CLKH and CLKL
signal s are afd GEKEsignlsdn LW remated ghkrnd Kt iAftesseserime LEWrasdand For

exanpl e, the es i (o] e : . .and the
QKL st gnal - KeCtinbk SR EER LR Rtecko o) BRI shoyalfrilindthertl, |
Figure 165 Cdsél. Fad ekdnifple By ELUH feetifdd itPhasRs ransitidisREL, MoindN; dadKH and

CLKL are not synchroni zed. CLKH and CLKL signals are used to enabl e out put
timng gener tiedrLKL signafregmingpgrits npgnalpngitigny ¢t0,1andQaq Asehewais ¢ di agr am of

output tim nﬁig%reenf%r, @L?{H 2111%(? EL%fL have different phases. In other words, CLKH and

CLKL are not synchronized. CLKH and CLKL signals are used to enable output
timing generator 1150 of Figure 14.

20 Figures 14 is a schematic diagram of output timing generator 1150 of
Figure 11. Output timing generator 1150 has a first and second timing circuits
1410 and 1420. Both circuits 1410 and 1420 are construct the same and receive
the same CLKDQ signal on liné 1118. Circuit 1410 has a pulse generator 1416,
which receives an inverse of the CLKDQ through an inverter 1411. Pulse

25 generator 1416 generates an output signal at node 1413. The signal at node 1413
is passed to lines 1153 or 1155 representing signal DLL1 or DLL3. The passage
from node 1413 to line 1153 or 1155 is controlled by multiplexors 1415 or 1418.
Multiplexors 1415 and 1418 is controlled by signal CLKL signal at node 1132.

Circuit 1420 has a pulse generator 1426, which receives the CLKDQ

30 through an inverter 1411 at its input at node 1429. Pulse generator 1426
generates an output signal at node 1423. The signal at node 1413 is passed to
lines 1153 or 1155 representing signal DLLO or DLL2. The passage from node
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Figure 11. Qutput timng generator 1150 has a first and second timng
circuits 1410 and 1420. Both circuits 1410 and 1420 are construct the same
and receiwe 02ivbm4sane CLKDQ signal on line 1118. Circuit PeTshzs’ess pul se
generator 1416, which receives an inverse of the CLKDQ through an inverter

1411. Pul 25 [ t 14 ) t put . si t de 1413. Th
si gnal ;t Sﬁoh‘gz’%g%%reaiilgﬁ B‘égﬂsgdgg%%{q%gz’y%‘gg&@?&iié%gir)]‘gl)"fzgsezgi (ra]g si gnal ©

DLL1 or DLL 2004 11408 héd By iR std is
controlled gqu%ﬁ%gxorsdllf%gH%@%gl8. %WIS%glngFg%%?gat%(l%jrg%d 1418 is

control |l ed by si ghadgen€ilaKlputse gaadratats Ifddand 1326 reCeive thet CLKPRQ higimala pul se
generator 1426, which receives the K 30 .t u an inverter 1411 at
its input ataoiracrriesgn opipus &izp o8y S%Q%d 1géﬁe?g‘f g&na pndiedput si gnal at
node 1423 T | : ] i ; rn 155
represent ?ngh§3§%gﬁé%{ﬁ%oﬁ§q%ﬂ%§?€§gr s?“gi?i g&gile8t l?rbc?%gnggglgﬁ %{g%\%lo%/ 089141

PCT/ US02/ 076P813 14 s} depending dil Shidhr plibdSef the CEENL sighd] edithby theldItli Ipdrex or s
1425 or 1428. Ml tiplexors 1425 and 1428 i gntrol | ed by %he si gnal CLKH
at node 1134DLLA iggswsrasgd. [pothes Woatve PALdragd YR AR 4 LETHE t he CLKDQ

signal and 0, tq: Sk I si gnal
on node 5 14%%@?%%g§gg tﬁéxgag'gsﬁﬁllrlrlgﬁ?’i tB?Eéi%g@ gﬁ?z?%}%zr?%g)f%éta gmgg%}gne

si gnal s DLLImQttipldloks3142Fued 428 eplesedinegignalsblllohodDBER. dfhus, iepéildibg si gnal ,
either the DLL1 or DLL3 is gener_at ed.. In_other words, DLL1 and_DLL3 are

act i vat ed0at ommhishiphese ofha CEKThyignal ceithexdhe H1doer Digk.dris seperpted; iy si gnal on
node 1423 is t I ®qfe signals
DLLO or &LZ?@%\aggs’dlg%gn I ngwg%@%ﬁf?‘rgﬁ aﬁ%&a?%?ﬂéﬁgo%ﬁﬁgim gnal , either
the DLLO or &hal. The QR aiiGLKLrsigmalsddy novbaetsthe Birh©phasd. Dhisknables act i vat ed
at alternate phases of the CLKH signal. The CLKH and CLKL signal s do not

. . d
have the sandicpriageoperiastiena e DEHLRILS Spioar ihg ORlse pldata bt Dial
DLLO- DLL3 su that th rder. of iwts DO D3 can be properly output to
data pad 114-53.02“1%e Efoé)grrlgo%uf tg déig‘ﬁ%a%ﬁé Oai agram the operation of Figure

14. In Fijgure 17, Fighhel Bisanahisg dla €& opdBonndFikhisal 4. clprrigasti 75 he signal s
at outputs of pulse generators 1416 and 1426 at nodes 1423 and 1413 of

Fi gure 14. Sihgsignsls@LRodesREADand REB repyergnt Hivchignakd at opputsf pidse si gnal s
2_2(2321, F;?ng\j %%e{%ﬁ\cgr%gﬁgagqld %t %hge%allﬂg %m&(l%(\ha(t)fP‘llguriet14.a tlén\gfgt@EK,rm' tipl exor
READ, LRST, CLKH and CLKL are the same signals from Figure 16. When the
CLKH signal is LOW at J, it activates multiplexor 1428, allowing the signal at
20 node 1423 to pass through inverter 1429. The signal at node 1423 is LOW at
this time, thus, signal at the output of inverter 1429, or DLLO signal, is HIGH.
In Figure 17, DLLO is activated HIGH at SO. When signal CLKH is HIGH at L,
it activates multiplexor 1425, allowing the signal at node 1423 to pass through to
inverter 1427. The signal at node 1413 is LOW at this time, thus, the signal at
25 output of inverter 1427, or DLL?2 signal, is HIGH. In Figure 17, DLL2 is
activated HIGH at S2. In summary, when signal CLKH makes a transition, it
activates timing signal DLLO, when signal CLKH makes another transition, it
activates timing signal DLL2. For example, in Figure 17, the timing signals
DLLO and DLL2 are activated during different phases of enable signal CLKH.
30 DLLO is activated at one phase of signal CLKH (when signal CLKH 1s LOW);

and DLL2 is activated at another phase of signal CLKH (when signal CLKH is
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20 node 1423 to pass through inverter 1429. The signal at node 1423 is LOW
at this tine, thus, signal at the output of inverter 1429, or DLLO signal,
is HGH wblsgure 17, DLLO is activated HHGH at SO WheRCIiupnzad7668 KH i s

HGHat L, it activates nmultiplexor 1425, allowi ng the signal at node 1423

to pass thr i t 1427.. T i [, at de 1413, is LOW hi
e thus,  HaL; BrePeStodt e seds TRant UL Sty ot ' i's”
HIGH I n Pl 0uelindedddohd airtingdhé YPAAGIdH Sl GLKSR. In summary, when signal

CLKH makes a transition, it ctivates timng signal DLLO, when si gnal CLKH
makes anot her tr a8siitarlynwhen thedtitK siged is LOW gt Ki §activaBisiultipleroexanpl e, in

Figure 17, the tim ng sjgnal DL d DLL2 are activat ing different

g_lase? wﬁf enéﬂf‘ealé%wgﬁh@mi a@@?‘%ﬁﬂgit%paééfwléébt& lﬁ‘t’er@ﬁigbﬁg@ée gf si gnal
KH e Si; Lt S&dEH 418 1O : [ ' er phase of

si gnal CLKH %l er?ilt Si gne§I1§&J§_KH I gt tﬁ%gm\%blﬂé% %Eﬁ%&@@%@%gﬁg%‘& ﬂl G). In

o'éher vvgrds, 14i9r,ran(Ij,§ilgi¥lhls 1HIGH ahdFigute? 7abélaas actetated HIGH anviding a fal ling
edge and a rising. e of .enahl e signal. CLKH. Siml y, ,when t he CLKL

S onar s LOWhsD SignareLBL s biouS: B AR ipletar TS supHEee s gnal a
node 1413 togl i : I 1413 is
Lowat thi s FEagat piorad Bl MShalo iforin 1ATF The SbRIAUn Gk MR Ll

signal, is HLOW af thisRirgeinieus] the signhllatiomtpac bf inateet 141 GorddLIS dignal\ken si gnal
CLKL is HHGH at 0, it activates mnultiplexor 1415, allow ng the i gnal at

node 14130t oH}NgHs In reErh > - @t e iAot airhd Iy symmang Whenigneh 13 s Low
at this ti mF%kEiqgake%tﬁqrfﬁkigﬁﬁ,gt Ativel Bﬁﬁngggwgfﬂl%h%ﬂ%nale@b'—?’ si gnal,

is 10 H CGH ure 17, I's activat at 'S n sunmary, when
signal CLKLmakésemothet tramsstidr, Gtractivitesitmingaigml DLEBNn@n sthgnabrdf)thd, when

signal CLKL nakes another transition, it activates timng signal DLL3. In
ot her wor ds, s sigiaks RELS pahPILE-3Brq actiypaigd ppring differeit phisss ebendlis ng

di fferent ph f-en i . L. [ , i 17, DLL1 is
activated at ?i%ﬁaé d%hl%@egg‘ieg‘i?ﬁsﬁggﬁgﬁg%&”;%e‘%@.{%@a‘ éﬁ?(@llal%s%ﬁl &) ; and
DLL3 is 3sti vighfdIa{L anidnnegnal OINAS eis OfIGHH) garal DOLXIs dctibiated af goeiler CLKL i s
LON. In other words, tim nt(:l signals DLLI and DLL3 are actjvated follow ng
a falling edphkasanfisignlidikdlg (wargesigngt CEKADE &OW by otlegryords, gnppgure 17,

QUTPUT DATA Isigrclialllsc ﬁtL?j a1131|d tIi,L%f argi %t?va?e%ttgfféw%% aqgﬁﬁg %age and a rising edge
of enable signal CLKL.
In Figure 17, OUTPUT DATA indicates bits of data output at data pad

—

20 114-0. In latency of four, the first bit of data appear at time T4. For the purpose
of describing the invention, it is assumed that data output at data pad 114-0
follows a transfer order of DO, D1, D2 and D3. Thus, DO and D2 are referred to
as even bits of data, and D1 and D3 are referred to as odd bits of data. In
general, in a series of four bits of data output at data pad 114-0, even bits of data

25 are the first and third bits. Odd bits of data are the second and fourth bits of data.
In this case, even bits D0 and D2 are output after timing signals DLLO and DLL2
are activated or make transition HIGH at different phases of enable signal
CLKH. In other words, bits DO and D2 are output at alternate phases of enable
signal CLKH. Similarly, D1 and D3 are output after timing signals DLL1 and

30 DLLS3 are activated or make transition HIGH at different phases of enable signal
CLKL. In other erds, bits D1 and D3 are output at alternate phases of enable
signal CLKL.
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20 114-0. In latency of four, the first bit of data appear at tine T4. For
the purpose of describing the invention, it is assunmed that data output at
dat a pad wW0420891fipl |l ows a transfer order of DO D1, D2 anachadisoXomsss DO and
D2 are referred to as even bits of data, and D1 and D3 are referred to as
odd bits of data._In eneral, in a seri?s of four bits of data output at

data pad 114-0, eVigHreniXtis asehematis dagraip of pipRagqtion contrel sighal EeNSTAY  Odd bit s
of data are ~ n : ' HakRerator M1 1dHS CA6R: en bits DO
and D2 are oL@uﬁgg{}g}ﬁt ?&B%ag%ﬁdﬁlg Lo%gnéatBLLZ d]gar%ealg?%g\?gﬁved or nmake
transition H 383 tatretivieftbe D3 phd QSP2aignelsalnl redss bifedl andQURR. Ahrouggittter wor ds,
bits DO and D2 are out Eut at alterna,tethe}a zf f. eFabI e signal KH.
Simlarly, DMNANDDEate ] Q0ZERNBEES MF 3enVErhi § ﬂqbﬁh L P PPYUHAESO L3 are
activatedcor 15 I i.f& A8 si gnal

CLKL. In gt hté);% \E\lgrltézz,%%gér%{s/ﬁ%d@n ' glrafesfnglgt%g%r{dﬂg?ﬁglﬁf gynat e%%ﬁases of

enabl e si gngs12Gkddivesdhe BDLD 200 8B P32 hat Rede/ 11S02h0 16858 The gutpet a5 is a

schemati ¢ di agram of propagation control signal generator 1170 of Figure

11. Propagat¥N srelel2 oupsels QB are ! 514,76Rh Basangytpy coaneciads t o

recei ve the i o] - t put of
NAND gat e 15@?&222%@8@ 8'5(2[]%1”?} v%’r '? é@qgﬁ%ﬁ&aﬁ?gﬂ&ﬁ%ég‘%ﬁat%%%t connect ed
5 to node 1142 tedeipeDothelesiglal® siicy asithe UATER, SIATH3QED, @SRien DAL aad NAND gat e

1512 receives the DLL1 and QSP3 at node 1153 and 1121, The oqut put of NAND
gat e 15120¢oRkE3+¥hich arggengratedihyothes circuiiasdesqiibed Rrevirishut Theonnect ed to

node 1173 to i S i i ator 1170
al so recei ve%RgEzgggé‘ggrj%l §§§{S}3§C¥e géﬁ?%g@é%@gg‘i{o%ﬁ_ggzs @%%I(%g , DLLO and
10 DLL3, whiDDL2kRneRARS @intindyatAtNIOR gatel 163141 Thasupasef NORaps B584ousl y. The

LATE2 and LATE3 signals are conbined at a NOR gate 1532. The DLLO and DLL2
signal s are issambined vith sgmbRE hend QEBY* atpmdNQBgatn 1586 Nbrsigarlkat1534 s

conmbined with signal and pP1* ) signal at the
out put of e@%ﬁ’é‘%&%%c%aﬁ? 1o scjoéltrgrufslaﬁﬁ%ﬁ@é%ﬂ%ﬁ%@%c@?%a e of a 15
transi st @5 1H4ARistor 13061 Ttkistr 4646, Wien asbtdtsdtgdls npad I 574wedevolihgd to a
vol tage supply. Miltiplexor 1544, when activated, passes the signal at the

out put of  NORPhatMultipBEor b54de tiben aqiiyvatefhpassesghepigat! ahdweouipitafy epresent s
g‘én; gnal ' ILIBRF glga(t]éj 5?361t%’no% (1)1 e B s'ié/n%tl gtdnoﬁle %We%?esggtts @L%sli&a‘?.nd QBP2
In Figure 15, QLO is activated HIGH when both DLL3 and QSP2 signals
are HIGH. Similarly, QL1 signal is activated HIGH only when both DLL1 and

20 QSP3 signals are HIGH. As mention in previous description, QL2 signal is
always activated HIGH when the latency setting is two or three. In Figure 15,
when either LATE2 or LATE3 signal at node 1112 or 1113 is HIGH, indicating
either a latency setting of two or three, the output of NOR gate 1532 at node
1540 is forced LOW. This turns on transistor 1546, connecting node 1174 to the

25  voltage supply (HIGH). Thus, signal QL2 at node 1174 is always HIGH when
either LATE2 or LATE3 is HIGH. When both LATE2 and LATE3 are LOW,
indicating either a latency setting of four or five, the output of NOR gate 1532 at
node 1540 is forced HIGH. This turns off transistor 1546. Thus, signal QL2 at
node 1174 depends on signals QED, QSP1*, DLLO and DLL2.

30 Figure 17 also shows a timing of the operation of Figure 15. In Figure
17, signals QLO-QL2 are activated or make transitions to HIGH at appropriate

time in relation to other signals as shown in Figure 15. Transitions of signal
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are HGH Simlarly, QU1 signal is activated H GHd only when both DLL1 and
20 SP3 signals are HHGH. As nention in previous description, Q.2 signal is
al ways acwiowatsd4H GH when the | atency setting is two or tPlamaeso2/hT1e6$i gur e
15, when either LATE2 or LATE3 signal at node 1112 or 1113 is HI CGH,

i ndi cating ither a |latency settin f or.three,. t f put .of NOR
Gat o 1532 at Ohddoin besugn Grvgoeeel S OHR Sritsiteds hsiehtl L0184
connecting n i | 39€previRRbly deddiEEl in dBWSscriptignal Q-2 at
node 1174 i 0% &é&géﬁft%qgaﬁggéalm%er%ATEZ A
LATE2 and LAHig8reaibeand Qy¥he tinmdg ofithengnsitiviresf QL2 sigeal@jlowe signalg QA0 f our or
five, the output of NOR gate 1532 af . no%? 1540 iis forced HHGH This turns
of f transi st ¥4 QEhip berprggerhsacyyaied Jlys grablesgigia to po acqupjelyduossssed gnal s QED,
Q@SP1*, DLEO LZ02d38eatigire 17 al so shows a timng of the operation of
Fi gure 15.5 Iﬁlﬁﬂ}gghrea 19,6 as}l&lénal S QO Q.2 are activated or nmake transitions
to H GH at appr opFigateel 8 illusteatésrn syefeat dcoording totthwemventgmalls tlesFigimeywn i n
Figure 15. Transitions of signal 21 WO 02/089141 PCT/ UgOZ/ 07668 Q.2 is in
bet ween t r anfstb ROOgncludesRproegsesr HP3 semmectsAdo amemynaevies 39G-s also in

bet ween trangi tion g)gm - 4 Lhedal -

descri ption %dfe y g(lej"r?{:aesﬁj anigie '?Vél%thdgsi% ?%ﬁﬁggﬁgd%ﬁ??%hégﬁ ‘f‘gér;bsralgg Q2

si gnal al | ows tié givahtsorQpfdcasydr (RAR provides gundpoesibyalatt membaddevideil®0enabl es
data to be accurately processed 5 during the read operation. Figure 18

i |l ustratBs waspairelhings (PHITRYLY o Datrecamyenieation bepweeanibe progesser andsy st em
1800 i ncl ude . J Menory
device 100 o et%%egﬁ?qﬁ\?it?} |Sg1%§%l§g§tg?§%§% %@%@3‘@?@%8%3 %&dri%g%?rgl ng to
the inventi oprovitle@es &R Mherddtd 2 iPddavdse tiiecarriddaks BusyADBRESS)HA@Ny devi ce 100
10 via control lines (CONTROL). Data communication between the processor
and the menenbodiment; arpspsser EeP2vangd nepeery [deviee 19 arg fekricatad o A smglp) | and
addr esses arﬁhi provided to the nenory via address |ines or address bus

( ADDRESS) . | Bne enbodi ment, processor 1802 and menory device 100 are
fabricateg on a single chip. 15 Cogehelgsion Al t hough specific enbodi nents
have been illustrated and described herein, it will be appreciated by

t hose of ordi nar yA#tkpugh spacifinembpdimentsthagepeen illustrated and described

herein, it will be appreciated by those of ordinary skill in the art that any

arrangement which is calculated to achieve the same purpose may be substituted

For the specific embodiment shown. This application is intended to cover any
20 adaptations or variations of the present invention. Therefore, it is intended that

this invention be limited only by the claims and the equivalents thereof.
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arrangenment which is calculated to achieve the sane purpose nay be
substituted For the specific enbodi nent shown. This application is

i nt ended wo eos|nr1 any 20 adaptations or variations of thePoTASBNN7668
invention. Therefore, it is intended that this invention be limted only
by the clains_and the g&gl val ents thereof. 22 WO 02/089141 PCT/ US02/ 07668
What is cl ai Hegtisglaime integrated circuit conprising: a plurality of

out put paths to receive a group of first, second, third and 5 fourth data
bits, each of the output path receives the data bits in parallel; an

out put sel ect. connémegdted @irciiecaupyuitg:paths to receive the data bits from
t he output paths; and an output stage to.receive g%ta bits, transferred from

t he output sel ect tacPurﬂbtycﬂftoﬁmmt’ﬁésH’ef?%lel}ﬁ‘?‘i%rOPBo Bt sseqdhy thisd andser i es and
wthin twe cycles of (a sl QGkiR! G fth‘é"?)%'i;ﬁl‘tg athEeclics e sk Lhi M d data

bits in the series are output a alternate hases rst enable
signal, wherein the sesldigd and the fourth data blts in the series are

output at alternate phases of a second enable naI Cleﬁif the first
and 15 second enablaé0§I¥©‘h§?l§0t&9@leﬁ@flt%§}ﬁc%ﬁt%?% EI FECeivTh i aglb‘sat ed

circuit of claim1, \A@gﬁlqwﬁﬁggg%ag{s Lhe output paths conprise: a plurality
e

of input nodes to recerve a bits; 20 an input select connected to
the input nodes toaﬁroaq;meetage&%@@ﬁ@@taﬁm@mhfeﬁreﬂrfmmtﬁmmnaelbuns a first
| at ch connected to the input select to receive the selected data bit; and
a secondlPatch connecewnutthe d#fa btp fast datapedhingaserigs and withigdwesyeles ed 25

data bit fromthe fi I'Sft J:ls&gg \@Ihg/rhg Cﬂl %Q?rﬁ%bgﬁ%eetglrgﬁﬁﬁ H?'!Stl { Om one

out put path is di ffer@nt e se rom anot out put
path. 3. The i ntegr at &glics hretdiitput @f alCér@dtéfp}i’aseSI\diIET Ristnertdbi digragt | at ches of
the output 30 paths are controlled b%/ a first propagatiaon control signal,
t he second wherein the second and the fourth data bits in the series are output

at alternate phases of a second enable signal, wherein the first and

15 second enable signals are not synchronized.

2. The integrated circuit of claim 1, wherein each of the output paths
comprise:
a plurality of input nodes to receive the data bits;
20 an input select connected to the input nodes to produce a selected
data bit from the data bits;
a first latch connected to the input select to receive the selected data
bit; and
a second latch connected to the first latch to receive the selected
25 data bit from the first latch, wherein the selected data bit from
one output path is different from the selected data bit from

another output path.

3. The integrated circuit of claim 2, wherein the first latches of the output
30 paths are controlled by a first propagation control signal, the second
latches of one half of the output paths are controlled by a second

propagation control signal, and the second latches of the other half of the
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| at ches of one half of the output paths are controlled by a second
propagation control signal, and the second | atches of the other half of the
23 WO 02/Ww83A1RCT/ US02/ 07668 out put pat hs are control | edThysozotehs r d
propagation control signal, wherein the propagation control signals are

activated to pass the data bits fromthe |atches to the output.select. 5
4. The int egr at edrRytpatisareongpledpyi 2 thigdrapdgagan 8°%T°§§lgfl?1a?7§f’ré’ﬂ ed from

the output sel etﬁ\%\ﬁfeo?)géﬁf‘on%ﬁﬁbﬁtsi%‘}a?%e h&jvafiatib phésafe Hi(tagitﬁ bdhAhbt y of

timng signals, n the timng signals are activated in sequence to
serially transflatchtdte the outputaselebi.t s of data from the output select to the
out put stage. 10 5. The integrated circuit of claim1l, wherein the clock
signal has a frequency in a range of 66 Mega Hertz to 300 Mega Hertz. 6.

ANt €01 8¢ of 1 futhlesPRUPGIRI el Wl dubit QNS eeach of the

out put paths’inc a plur fy of Input nodes to receive a group
of bits of data;owlputistletttosied @tputtstagpriosintielled ek phiraitybif tinsed ect ed from
the bits of data; a first |atch connected to the input select to receive
the sel ected bi tsignanavherinthedbring sizanls arecashiveied duseaBenatdo fsadly | atch to

receive the sele | : £y bnd hepsekpet ed bit
fromeach of thet?&noge{%%gggéﬁ@lgsgoer&a*affz%%h}?%&g%ut%%ﬁ%ﬂge{;\ggt connected to
the output paths to receive the selected bit fromeach of the out put

pat hs; and 25 an_ out Fut stage.connected to. the output select, the output
stage sedfaldy Fheiategraief eeuiafshmils wheregnibe slock stgnat hase dpentyy

providing the selected hit t j clock cycles. 7. The
i ntegrated ci rcult? rg?gec?%%@géaol\}%ﬁ% %)Ogﬁg%dn%%&l}gf out put paths is four.
30 8. The integrated circuit of claim®6, wherein the first |latches of all

the output paths are controlled by a first propagation control signal, and
t he second &4 An integrated circuit comprising:

a plurality of output paths, each of the output paths including:
15 a plurality of input nodes to receive a group of bits of data;
an input select to provide a selected bit selected from the bits of
data;
a first latch connected to the input select to receive the selected bit;
and
20 a second latch connected to the first latch to receive the selected bit
from the first latch, wherein the selected bit from each of the
output paths 1s different;
an output select connected to the output paths to receive the selected
bit from each of the output paths; and
25 an output stage connected to the output select, the output stage serially
receiving selected bits from the output select and providing the

selected bits to a data pad in two clock cycles.

7.  The integrated circuit of claim 6, wherein a number of output paths is four.

30

8.  The integrated circuit of claim 6, wherein the first latches of all the output

paths are controlled by a first propagation control signal, and the second
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WO 02/ 089141 PCT/ US02/ 07668 | atches of one half of the output paths are
controll ed by a second propagation control signal, and the second | atches
of the otwerozlosdifit of the output paths are controll ed by @crhisozio7668
propagation control signal. 5 9. The integrated circuit of claim6, wherein

data transferred fromthe output select to the ?T-Ff ut stage is controlled
by a plurality dﬁtcb?%ﬁfr@eéﬁgﬁ’ﬁﬂs@ outpiyl @RS Arerqeatrp} %@aﬁ?"ﬁﬁ | are activated

t f o3t th t put
L_Ql Zg?utegcteheoofﬁ 5{;&3& s%‘age. %%Fi%l thgrs%ﬂd%ftc}ga's%?t}% otf@ALfJrPe t he out pu

n integrated circult conprising: a

plurality of i nmtﬁpmq;des atedcon@oled/ By atigrdquppaghtidh bortteol efgndlat a i n paral | el ;
a data pad; and N output paths connected between the input nodes and the
data pad, 15 each of the output paths transferring different bits of the

group of M |t f ek Aat

transferr ed 5) lﬁe m%%fa%d &%%Ftﬁifgleatruggé gﬁég]cﬁt%%ﬁg&ﬁ ur aﬁ% of timng
signal s, the tlsféld@gtosth@Baﬂpﬁt higgeig caatdlledbgd phiraliiyfdfeineing sighales by a first
and second enabl e signals, wherein the enable signals, are not 20

synchroni zed, whehapia the BN SR aggrastivated | ’cnh%&ﬁu%% to seriplly fiapsferthggr at ed
circuit of claiml10 ed circuit of
claim 10, WnerelgfoW? ?So(ﬁlrﬁta%dgm?éliut%ﬁré%m tggﬁ éll%l? ntegrated circuit

of claim 10, wherein one half of the Mbits of data is transferred to the
data pad in a first clock cycle by activating a first two timng signals,
and anot heér th f%#ntﬁﬁétemcﬁpulécmpw& is transferred to the data pad in a

second cl ock cycle b a yatin on 30 wherein M
is greater than tV\6 b‘ﬂ’/“éggﬁig%é‘iﬂ&%@?%@é@% A?@B%Ihe integrated
circuit of chahl3, wherel n one of the first two timng signals is

activated following a falling edge of the first enable signal, the other
one of the first t\mlatamdngldmgnals is activated following a rising edge

of the second enabll\feoutp paths cormec\{\,n le weenotﬂg 1n%fut ﬁcbc?es At alnddaEaV\f))adE I m ng

15 each of the output paths transferring different bits of the group of
M bits of data, wherein the group of M bits of data are transferred
to the data pad in series by activating a plurality of timing signals,
the timing signals being activated at different times by a first and
second enable signals, wherein the enable signals are not

20 synchronized, wherein M and N are greater than two.
11. The integrated circuit of claim 10, wherein M equals N.

12. The integrated circuit of claim 10, wherein M is four, and N is four.
25
13. The integrated circuit of claim 10, wherein one half of the M bits of data is
transferred to the data pad in a first clock cycle by activating a first two
timing signals, and another half of the M bits of data is transferred to the
data pad in a second clock cycle by activating a second two timing signals,

30 wherein M is greater than two.
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5 signal is activated following rising edge of the first enable signal, and
the other one of the second two timng signals is activated foll ow ng
falling wogensdi4t he second enable signal. 15. A nenory dedTasozorepsi sing:
10 a plurality of nenory cells to store a plurality of data bits; a

lurality of output. paths to recejve oup of first, second, third and
Pourt h d;t a bt sﬁierlﬁ Hed q:%rcgctaérmlg: %éﬁrgﬁ"%‘ﬁorfﬁ}ée %‘iﬁm&t“ﬁg‘cghs recei ves
the data bits i &é@garl 'lslagdiéa{@q??g%n%a ﬁﬁll&%ﬁ@@f‘ﬁ%%&%n RelsRa0Oteput pat hs

to receive the its e outpuf paths; and an oufput stage to
recei ve data bitahérarfdie @6t fwotmingesignatspsiactsmtedddbllowingauismg edgee dat a
bits to a data pad in a series and within two Cé&l es of a clock signal,

wherein the fi rsthh‘?léFOPB@e@*}lﬁlerﬁg%iaé{dwfteéelpﬁn"fH eé_%(‘ﬂnééwarﬁeﬂ%t put at
al ternate phasessigﬁal fsrgc'ﬁwa%d?aﬁo% gﬁgiqg@hge @fqhwp?s& ehdbid Qgﬁzﬁ%ﬁﬂﬁ and the
n ut- at a

fourth data bits e series are”out ternate ases o? a second
enabl e signal, whaéraine dffie debost twaniningetmald ieaabaedSolovaing faiieg not
synchroni zed. 16. The nenory device of claim15, wherein each of the out put
pat hs sel ects a ©d2s ofthezseepnd qnablgstgnal gr oup of the data bits, wherein each
data bit selected from each of the output paths is different. 17. The
menory device of claim15, wherein each of the output paths selects a data
bit from thejglat A priGyaecios dompriding:! ogi ¢ val ues of address bits of the 30
menory device. 26 WD 02/ 089141 PCT/ US02/ 07668 18. The nenory devi ce of

cl ai m 1510wher ei n efpduralitynimesneryecliiestnre a phealgyehdypbdysaccor di ng 1 ogi c

val ues of address hits t [: . i
conprising: 5 a pl Grptélllrflﬁ{yngﬁ%wng%fﬁy?e??éé&?e%grgglgrogﬁé ’pi ugr%/ﬂ’ ?ﬁ/ﬂ of bits of
data; a plurality offoauth@dia W@t tiRacdmery cEits; eaet ¢ilthe paphispattizc| udi ng:  a

plurality input nodes to receive a group of bits of data fromthe nenory
cell's; an input sel ectec¢ivesthedpigdita ispiraldeled bit sel ected fromthe bits of

an output select connected to the output paths to receive the data bits
15 from the output paths; and
an output stage to receive data bits transferred from the output select to
output the data bits to a data pad in a series and within two cycles
of a clock signal, wherein the first and the third data bits in the
series are output at alternate phases of a first enable signal,
20 wherein the second and the fourth data bits in the series are output
at alternate phases of a second enable signal, wherein the first and

second enable signals are not synchronized.

16. The memory device of claim 15, wherein each of the output paths selects a
25 data bit from the group of the data bits, wherein each data bit selected from
each of the output paths is different.

17. The memory device of claim 15, wherein each of the output paths selects a

data bit from the data bits according to logic values of address bits of the

30 memory device.
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10 data; a first latch connected to the input select to receive the
selected bit; and a second | atch connected to the first latch to receive
t he sel ecwedzbsdi41fromthe first |atch, wherein the sel ectred/usor/ofes®m each
of the 15 output paths is different; an output select connected to the

output paths to receive the selected_ Dbijt frgm each of the og{e%g% pat hs;
and an out put8 st Hifememanedaviss af lamd SoWhpatn B PRPHL SREFOWRI S %ge

serially receivj; el F 4040 8::05E RS and providing the
20 sel ected bi tsl&@%acé@&&%l@%g?a@%s{)m c%sock cycl es. fggg‘?he' menory device
of claim 19, wherein the first |latches of the output paths are controlled
by a first propagation control signal, the second |atches of one half of

the output pkthsAameEnUyeyise cRUPBYINg second 25 propagation control signal,
and the S§ cond |at %E}E&aﬁ) otfbr?etn% %Ellmls{qrgég)gﬁgity%%ﬂygf (pﬁﬁ'hs are

controlled by a thi propagation contro erein ’'the propagation
control signals ar e phghlityaifedtguopfas Tadthef thabaphi pshd iholndinge | atches to
the output select. 30 21. The nenory device of claim2Q, wherein the first
propagation signal i saPralidy npabrodeaterecoiie s Seoupiaf dits gfidyadron) theof data at
the data pad occurs vvitngl' ¢l ock cycles after the nenory device
receives a read conmand. /089141 PCT/ US02/ 07668 22. The nenory

devi ce of claim20, waeihpitseldeetofprositle pelpagdbit eslectadironl thebignaf is al ways
activated when a first output bit of data at the data pad occurs within
three cl 8@k cycl es aftedatthe nenory device receives a read command. 5 23.

The nmenory devi ce of cl.ai 0 [ el I i (ol
signal is activated i%hﬁsé%e%on\é\?%%@lo{} |h%)ﬂ]g)ug)%é’l?%%teoolgeggggg{eps(rg%;%%gﬁ on
control signal and in Rggween transitions of the third propagati on control
signal when a first output bit of data at the data pad occurs wthin four

clock 10 cycl es aft era sdvendrintgdr spndesiedio the fest laich t reesive e selagted bit
from the first latch, wherein the selected bit from each of the

15 A output paths is different;
an output select connected to the output paths to receive the selected
bit from each of the output paths; and
an output stage connected to the output select, the output stage serially
receiving selected bits from the output select and providing the

20 selected bits to a data pad in two clock cycles.

20. The memory device of claim 19, wherein the first latches of the output
paths are controlled by a first propagation control signal, the second
latches of one half of the output paths are controlled by a second

25 propagation control signal, and the second latches of the other half of the
output paths are controlled by a third propagation control signal, wherein
the propagation control signals are activated to pass the data bits from the

latches to the output select.

30 21. The memory device of claim 20, wherein the first propagation signal is
always activated when a first output bit of data at the data pad occurs

within two clock cycles after the memory device receives a read command.
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24. The nenory device of claim 20, wherein the first propagation control
signal is activated in between transitions of the second propagation
control wiognakdiand in between transitions of the third propagat/omes contr ol
signal 15 when a first output bit of data at the data pad occurs wthin

five clock cycles after the nenor evice.receives a read co nd. 25. The
menory devi c#-of Thg BERP ,evm&fgfwgtzﬂew Frre’é’ttgﬁ%f)sﬁé?&ﬁ{ag%tf?nc‘i?ﬁfr? | signal is

activated in bet - i fJ eReNd bRPRFY AL | eapkrol 20
signal and in bet elﬁst%?’g%s%({t?g%g%&?ﬁg&t hi&;rhg proopagg%?%nmac?r?trol si gnal

when a first out@isurshivithiafthrdatbclatyddseafidathe madomycievics reveives b head t hr ee
clock <cycles after the nenory device receives a read conmand. 26. A nenory
devi ce conpri si n@?mIESn(h plurality of menory cells to store a plurality of
bits of dgta; a plurality of input nodes to receive a group of Mbits of
data fromthe nenory cells in parallel; a data pad; and N output paths
connect ed bepyveenhd memonpddvideastetaimrnd, heretatha fipst propagtieamntrof t he out put
paths transferring different bit of the group of M bits of data, wherein
the group of M b$igralé¥ aqhiyelgd ap betiveamBpansitiang of Bie seerndprepagation FoNtQdr i es by

e group of M bAES: dap BetpreamSt
pcri ooz o7e6e. TR Bl kPRl Barbl RS oP kiR pBad AN L 1y

first and SeCOﬂdwﬁ&ﬁbEﬁst%h%ﬁﬁbﬁof&\heaﬁhadﬁtb@a@ﬁe&nﬁewiih'@rfahmledle not
synchroni zed, wherein Mand N are greater than twd. 5 27. The nenory device
of clai mlf6, whee¥sias aftenthsisesmesy devicpiaceiyst hecad somignd. 28, The nenory
device of claim 26, wherein Mequals N 29. The nenory device of claim 26,
wherein Mis four, and Nis four. 10 30. The nenory devi ce of claim 26,

wherei n one hal f TRE mehrMidiiidesorelaifaioawhein the dins pespagatidrocdntiel dat a pad in
a first clock cycle by activating first two timng signals, and another
hal f of the M bi signafis epiivated i betivger fransitiqnsob therrgcorgarrapaeation gomrod econd

clock cycle by agtiyalhiohS8EaNdatoWons bFIHNEA BBk Snion tBntifIRigHD M TS
greater than two:
15 when a first output bit of data at the data pad occurs within five clock

cycles after the memory device receives a read command.

25. The memory device of claim 20, wherein the first propagation control
signal is activated in between transitions of the second propagation control
20 signal and in between transitions of the third propagation control signal
when a first output bit of data at the data pad occurs more than three clock

cycles after the memory device receives a read command.

26. A memory device comprising:
25 a plurality of memory cells to store a plurality of bits of data;
a plurality of input nodes to receive a group of M bits of data from the
memory cells in parallel;
a data pad; and
N output paths connected between the input nodes and the data pad,
30 each of the output paths transferring different bit of the group of M
bits of data, wherein the group of M bits of data are transferred to

the data pad in series by activating a plurality of timing signals, the
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31. A systemconprising: a processor; and a nenory device connected to the
processor, the nenory device 20 conprising: a plurality of nmenory cells to
store a pworoalogdiyl of bits of data; a plurality input node®CraSope®mss/e a

group of Mbits of data fromthe nenory cells in parallel; a data pad; and

25 N out put paths connpected between the in nodes d t.he data pad, each
of the output paths t?‘é‘ﬁ@f%@‘f"fﬁﬂf"%ﬁ ?qlé?tgfb]f‘tpcﬁ%f(ﬂ% u ﬁggy Q&EBﬁﬁn‘gf M bits of
data, wherein the groyp,of el}\élbp; %i?qa‘i)sf, whaleth RE @natié &B84I€LFSfbtt 0 the data pad
in series by activating a pluralTty of timng signals, the timng signals
bei ng activated at di§ynelenized0OvlidreirdM byd N dr¢ pstteatidngeoond enabl e si gnal s,

wherein the enable signals are not synchronized, wherein Mand N are
greater than two. 29 WO 02/089141 PCT/ US02/ 07668 32. The system of claim

31 furtheg coppryglp fnog,y &.&*&M&g, @ﬁ&@incaommmr%%h@pt h¥RHurt he

processor and 't he ngnn evi ce; and an address bus f rovi di ng address
| ocati ons of nmenory cells of the 5 nenory device. 33. A nethod of
operating nenory device, the nmethod conprising: accessing Mbits of data
in menory cel§-s, Thh@eEoR @i Qf ckameo, Yq’ﬁ?arﬁm %Paliéft ransferring the Mbits
of data in parallel to an output circuit; and outputting the Mbits of
data in series to a data pad fromthe output <circuit within tw cycles of
a clock signzd. ankk hesedy &vik dfictaiin 28ndhersacris f@mahideN ss fpoal s, wherein the
first enable signal allows output of even bits of data to the data pad,
and the dBcond enable signal 15 allows output of odd bits of data to the

data pad. 3§10. TPge rrﬁ%ﬁl%%gdeqjicecclf%ila@n??%, FHELHESneGRITYFH5E Mbits of data are

transferred to the data pad in a first clock cycle by activating first two
timing signals, and another half of the M bits of data are transferred to the
data pad in a second clock cycle by activating second two timing signals,

15 wherein M is greater than two.

31. A system comprising:
a processor; and
a memory device connected to the processor, the memory device
20 comprising:
a plurality of memory cells to store a plurality of bits of data;
a plurality input nodes to receive a group of M bits of data from the
memory cells in parallel;
a data pad; and
25 N output paths connected between the input nodes and the data
pad, each of the output paths transferring different bit of the
group of M bits of data, wherein the group of M bits of data are
transferred to the data pad in series by activating a plurality of
timing signals, the timing signals being activated at different
30 times by a first and second enable signals, wherein the enable
signals are not synchronized, wherein M and N are greater than

two.
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receiving address bits; determning a transfer order based on | ogic val ues
of sone of the 20 address bits; and transferring the Mbits of data from
t he out puwoaizrsuit to the data pad according to the tran®icarusoz/omes 35.
The met hod of claim 33 further includes activating a plurality of timng

25 signals based on the first an econd enabl e signals; 36. A nethod of

t r ansf er ri ngdZdat Bhe yREmRfiaiRip @o‘?fﬁﬁ?rs‘ioﬁﬁ?ns’rn@édi ng Mbits of data in
parallel to a pluralj f s i I t than two; 30
transferring the M%g%%agbugffo%ag&ﬁug%&?ﬁgn‘(’)ﬁ&f\%ﬁnmﬁ% #géstsglrgﬁitgit put sel ect,
wherei n each of the outmoiy geeidesaid ansfers different bit of data;
activating a first and second enab) e sidgnal ;30 ?? 02/ 089%,41

PCT/ US02/ 07668  ac®n¢adessus fpn Ripxiding adgress [agptiphs of emary eellsfthes and
based on ghe enabl e ﬁEﬁQ%er;victera”Sfe”i ng the Mbits of data in series to
an out put “stage foll ow ng ransitions of the timng signals; and 5
outputting the Mbits of data to a data pad within two cycles of a clock
signal; 37. The nethod of claim 36, wherein reading Mhits of data includes

accessi ng a33l upangthed effonseavpe ynerary devige) thmethad COBPHEBSOf ¢l ai m 36,
wherein transferri i . f : t ] es

sel ecting a di ffergg%elé%% }Vg]f)ﬁ%%tﬁgatwfa]rn %%%Q%I%%%&gﬁ h@%tégedtéggh%gch of the
out put pat hstwol5 39. The met hod of claim 36, wherein activating first and

second enabl e signals includes activating signals having different phases.
40. The ABthod of dlansfairee, theehits of datin parallalfo anPUERUALIEYIL 8Rd ¢ i i ng

si gnal s 1 ncl udes:. oﬁ&)ggfntg tﬁg%ﬁ%ﬁ (?f datd Rsedids T 1%at &'aaérod? ﬁ?eeéjut;ﬁﬂ a first

phase of the first

circuit within two cycles of a clock signal and based on a first and
second enable signals, wherein the first enable signal allows output
of even bits of data to the data pad, and the second enable signal

15 allows output of odd bits of data to the data pad.

34. The method of claim 33 further comprising:
receiving address bits;
determining a transfer order based on logic values of some of the
20 address bits; and
transferring the M bits of data from the output circuit to the data pad

according to the transfer order.

35. The method of claim 33 further includes activating a plurality of timing

25 signals based on the first and second enable signals;

36. A method of transferring data, the method comprising;:
reading M bits of data in parallel to a plurality of output paths, wherein
M is greater than two;
30 transferring the M bits of data from the output paths to an output select,
wherein each of the output paths transfers different bit of data;

activating a first and second enable signals;

30



activating a second timng signal based on a first phase of the second
enabl e signal; activating a third timng signal based on a second phase of
the firstwo2Boenabl e signal; and activating a fourth tim mgTgisgeratéepased on
a second phase of the second enable signal. 41. The nmethod of claim 36,
wherein activating a plurality of timng signals 30 .inc|ludes: tivating a
first tinming signaPcth@tingdiphyality of Hpdng ?lg??lglfn SEHES ‘I‘I}drt?tse‘{eﬂ% eéng@anal ; 1931
WO 02/ 089141 PCT/ USOZs[i%]§568 activating a second timng signal followi ng a
transition of the second ’enable si gnal ; activating a third timng signal
foll owi ng a differenhsferrimgshd Mositsaff dhfadn sériassé aenafphestsgegiodlbwingnd 5
activating a fourth timng si %;mal_ f.ol | owi ng different transition of the
second enabl e si gnal , Tauseioss AT lediming signys 36‘3 the first enable signal is

in betweep a transitijon: of : [ d of

cl ai m 36, glv\,her ein gé{pﬁgg%itﬁéﬂgblp c%?% |ttgea&c%#ae%a?r%&ﬂghggﬁ}ﬁ%mf{)@(?éxl udes:
activating asifdlst timng signal following a falling edge of the first

enabl e signal; activating a second timng signal following a falling edge
of the second enable signal; 15 activating a third timng signal follow ng

arising ed of -t he fi I L . . iayat:i th timn
si gnal 19 ollo "ngT}zlie rrnletféllc)lr'l]g)%8131312%%»9}%%%192%%%31@% éﬁa Idéasl#gglg% ,at:\%%él% in theg

falling edge of ;;E]@ra‘lity sftmemaBblelisignal is in between the falling and
rising edges of the second enable signal. 20 43. The nethod of clai m 36,
wherein dUtputting the Mbits of data includes: outputting a first bit of

data fol I ow ¥ apé r%%f-h\ég to'f Mir? 56,awlflér5iﬁttra}1-§fg}rﬂl% M bits of data from the
output path includes selecting a different bit of data from the M bits of data

on each of the output paths.

15 39. The method of claim 36, wherein activating first and second enable signals

includes activating signals having different phases.

40. The method of claim 36, wherein activating a plurality of timing signals
includes:
20 activating a first timing signal based on a first phase of the first enable
signal;
activating a second timing signal based on a first phase of the second
enable signal;
activating a third timing signal based on a second phase of the first
25 enable signal; and
activating a fourth timing signal based on a second phase of the second

enable signal.

41. The method of claim 36, wherein activating a plurality of timing signals
30 includes:

activating a first timing signal following a transition of the first enable
signal;
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signal ; outputting a second bit of data follow ng an activation a second
timng 25 signal; outputting a third bit of data follow ng an activation
of a thiraotoesngl signal; and outputting a fourth bit of pdatsot/@icbow ng an
activation of a fourth timng signal. 30 32

activating a second timing signal following a transition of the second
enable signal;
activating a third timing signal following a different transition of the
first enable signal; and
5 activating a fourth timing signal following a different transition of the
second enable signal, wherein a transition of the first enable signal

is in between a transition of the second enable signal.

42. The method of claim 36, wherein activating a plurality of timing signals
10 includes:
activating a first timing signal following a falling edge of the first
enable signal;
activating a second timing signal following a falling edge of the second
enable signal;
15 activating a third timing signal following a rising edge of the first
enable signal; and
activating a fourth timing signal following a rising edge of the second
enable signal, wherein the falling edge of the first enable signal is
in between the falling and rising edges of the second enable signal.
20
43. The method of claim 36, wherein outputting the M bits of data includes:
outputting a first bit of data following an activation of a first timing
signal;
outputting a second bit of data following an activation a second timing
25 signal;
outputting a third bit of data following an activation of a third timing
signal; and
outputting a fourth bit of data following an activation of a fourth
timing signal.

30
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