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.OF THE | NVENTLON [0001] The present invention rel ates
WO 2R rcuits and, nore specifically to BCHY32R% 020641

and et o T or o MHIINE ot o2 2.k, Qe
BACKGROUND OF THE | NVENT4ON [ 0002] A typical DRAM

menory system has an external DRAM control I er vvhi ch
makes read and wite requests of
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usual ly a predeterm ned nunber of external system
cl ock cycl es aft eFIBELDe@H THEINMENEOMde by the
controller e.g., eight external clock cycles.
I nter , e DRAM. nmenuor evi c Its.own, cloc
yst cHTHR T RE pEsLaNeRBor sstieh P RANb KR G e pecifically
to adg¥&it an{efm Fohense&hgﬂmlcoﬁl:&qlstﬁ%ﬂ bt 8 4 ﬁﬂ'gﬁ%eed DRAM
internal clock signal's for internal Operation of
witheewrreet diadilasency] 0003] The internal clock system of a
known hi gh speed nenory device produces at least two

cl ock domai ns. sents t he
timng used in K&gd%ép@ﬁ@?ﬁ og| C CI rcw ts and to

drive the nmenory array core. The timng for the first
donai 0002 ]pr Adymwed ORAM mebofyfsgsted hes(axecxtadnaf P&AM controller

.runn stem.cl ock. The se of th k si
whidt G Y P Bt O R ety Hevict S bl g & ead
req&@@@x@ d8RkolH? QQp&tscda@&Kﬂmﬁl%@ h}éﬁ{o&a&&' B atvﬁlfa%lc on a data bus
| ays. The second domain, also derived fromt
wﬂea@@ﬁiﬁtarmxslys reamhlatghgyokhicl ép\se@emmectdq@ntmm wgnbctr of external
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cycles. Intcrnally, the DRAM memory device has its own clock system which receives the
external clock signal and develops from the external clock several different internal clock

signals for internal operation of the memory device.

[0003] The internal clock system of a known high speed memory device
produces.at least two clock domains. The first clock domain represents the timing used in
the bulk of the logic circuits and to drive the memory array core. The txmmg for the ﬁrst
domain is produced from a buffered external free running system clock. The phase of the
clock signal 1n the first domain relative to the external clock is dependent upon a clock
receiver and clock tree delays. The second domain, also derived from the external system
clock, represents the timing of a back-timed read clock. This clock domain is produced by
a delay lock loop (DLL). This second clock domain produces a read clock, for operating
data read latches. Thc read clock is provided to the read latch with a desired phase
relationship to the external system clock. The second clock domain compensates for delays
in the data output (Do) path in order to produce a read clock signal which operates the

output data latches to achieve a specified phase alignment with the external system clock.
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a delay lock loop (DLL). This second clock domain
produces a read clock, for operating data read
| at ches. The read clock is provided to the read | atch
with a desired phase relationship to the external
Q%M 1 ock. The second cl ock domai n conpen®GEE0PHro641
delays in the data output (Do) path in order to
produce a read clock signal which operates the output
data | atches to achi eve a specified phase alignnent
with the external systemclock. 1 1 1L I 1111 Il I~
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l.at gh .cause. thi ata to be delivered at a
latda{lg&earteﬁ I?Prr?%en’rt%%e\j\ﬁ%ﬁ t he back-tinmed read clock for
latching that data i's present at the latch. [0004] In
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devi ce nust be able to count clock signals follow ng
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conpensating for uncertainty and variations in the

amount” of read AWMMARYEORTHENNVENTION

[0006] The present invention provides a method and apparatus for
compensating for uncertainty and variations in the amount of read clock back timing
relative to data flow in order to obtain a correct data output at a specified read latency as

measured in external clock cycles.

[0007] In the invention a start signal is transferred from the external system
clock domain to the internal read clock domain so that the start signal has a fixed timing
relationship to the read clock. The start signal tracks any changes in the read clock timing
and is used to guarantee that read data from a memory array and a read clock are properly

synchronized at the output of a memory device.



relative to data flowin order to obtain a correct

data output at a specified read | atency as neasured

i n external clock cycles. [0007] In the invention a
start signal is transferred fromthe external stem

VEP 3U0R/0HS |n to the internal read clock dowa’i’W’é%"‘PWéf“‘“
the start signal has a fixed timng relationshipto
the read clock. The start signal tracks any changes in
the read clock timng and is used to guarantee that
read data froma nenory array and a read clock are
properuy synchroni zed at the output of a nmenory
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cxtetrﬂ?&l&ﬂs chel; 9“2’] lod || have the same phase and

i5Ve to the external clock as the
r ead clock [0009] A counter is pre-loaded with a
val ue[Q90Ni dadobyteaisppaadedyvith @arvabm provdde by s siode register and
hgglster ,ghls val ue represents a deS|red r ead Iatency )
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Sy ACHr oni ca ["at’c e rea a an
rcadfcﬁ&ﬂwdbh&pdﬂﬁdﬂlrﬁad&h&ﬁtfl ed read |l atency. [0010] Thus,
even if the back-timng of the read clock output

varl | ss-crosses a clock. cycle ndary, the
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[0011] The foregoing md other features and advantages of the invention will

become more apparent from the detailed description of the exemplary embodiments of the

invention given below in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1is a block diagram of a first embodiment of a memory device

which employs the present invention;

[0013] Fig. 2 is a block diagram of the first embodiment showing additional

circuitry used during initialization;



beconme nore apparent fromthe detail ed description of
t he exenpl ary enbodi nents of the invention given
bel ow i n connection with the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAWNGS [0012] Fig. 1 is a
P SVROHPRgr am of a first enbodiment of a mentryUERH 02w+
whi ch enpl oys the present invention; [0013] Fig. 2 is
a bl ock diagram of the first enbodi ment show ng
additional circuitry used during initialization; 3 WO
2004/ 021352 PCT/ US2003/ 026641 [0014] Fig. 3 is a
bl ock_di.agram show ng a . nodification to a portion of
t he Fﬁo}.ﬁ% cfnlsc isa QHC%%%@mogmméﬁear&n fcreportion of the
fo i ORn; i LSy n D k di agram
Fig. oo R o T B ™
i npl emented within a processor system DETAILED
DESCHIOSL5ON KiE. 4R binviediagran dpitie tihmepoesdeaice of Figs. 1 and
2 iqyenti niﬁonpensates for uncertainty and variation in
implemene W8 BRSSO back -t i i ng in a DRAM by
delivering data to the output latches which is

proper |y tDREAILEDIDESOROKITONEE THEINVESKTION or der
to ensure that proper data is delivered to the data

bus w t specified read | atency. [0017] Fig. 1 o
i1 u\;\ftqﬂgéjs PP #VCDROHERPPCIFateS for MaEertaY andrriation in
\V | _ . A . |
e o A A Bl L Pl B SBfectlE o ol taches
whidhyis perpedy cioled XwBhd<baak timmioreyd devk meorlifiroamsee tthatipabper data is

.clogk line 116 and caq nd . and address signals on
dcm&f)‘?fﬁ’!?n%f Bﬁr&:béléé” 14 Aspgqihe f\?éiirgﬁti}‘% ray data between
the controller 160 and nenory device 100 are exchanged

over ROTPtiFiBI 1 ilRBifedthe opbiagile pdrd of £Rf:EEEBL&FhehPof the
. Fig. 1 by one data |line 108 of t%e bus. Since the
invepfQR At RBHOS smginpacdeire 198r tincexkeandlynemory [sentrpiirdg0ofipplies an

j LC Wi Nt he . deyjce
cxE-BRELS SRR R BEEAS D Sl R 915
comgreind ahé dddressdighals anf dcoamandyadareys tarnag. Mémodyhiray dhtadetween

. data pi 104 to a read I%tch 124 tq a line driver 126
the chslt.qulllgr. f qe%@dllggmgwddqvllﬁ:&o are exchanged over a multi-bit data bus which

is represented in Fig. 1 by one data line 108 of the bus. Since the invention is directed
particularly at the timing of read operations which occurs within the memory device 100,
the data line 108 is shown as delivering selected read data from a memory array 170
through a data pipe 104 to a read latch 124 to a line driver 126 to the line 108 and into
memory controller 160. The data pipe 104 includes a serializer for converting array data

delivered in parallel to serial data for delivery to DQ path 108.

[0018] The memory device 100 further includes a clock buffer 117 for
buffering the external system clock XWCLK, a command/address buffer 119 for buffering
command and address signals appearing on command and address bus 112, and a
command (CMD) decoder 121 for decoding incoming commands from the memory
controller 160. A decoded READ command decoded by the decoder 121 is utilized to
initiate a read operation on the memory array 170 and initiates a read operation through

the control logic of the memory device 100 which is depicted in Fig. 1 as the read logic
4



menory controller 160. The data pipe 104 includes a
serializer for converting array data delivered in
parallel to serial data for delivery to DQ path 108.
0018] The nenory device 100 further includes a clock
PO4P21327 for buffering the external syst SRTEIBRIRI026641
XWCLK, a conmand/ address buffer 119 for buffering
command and address signals appearing on command and
address bus 112, and a command (CVD) decoder 121 for
decodi ng i ncom ng conmands fromthe nenory controller
160. A decoded READ command decoded by the decoder 121
123jwhigh ppqratetithednemenytarray 479 to ead oypeitafioghopnor mere memory

add%ﬁs?g E%Sﬁg&itiﬁ% b}lﬁlg c%Hﬁ' l[l%lgll%g%%lﬁa} %e rd%@cgdeg%?' %‘ﬂkc@p d?fBSCI. 125.

contro menory ev ce
Thewhidlogicds deyeindiyebiifferdd exteralagstér elocle signilQOVCIAK. WO
2004/ 021352 PCT/ US2003/ 026641 123 whi ch operates the

7 d f
remor (PO D¢ Buded Efmplsiod b sq HPen i i dpman(CMD)
decoM¥r 6Rd A& ed Qi@@&ﬁ:g t® prﬁggﬂﬁa,?» r&8G9€6hmbaa and I&&rcfsecﬁga from

logic is driven fered external system clock
mcr@(l)rg ﬁantrmulﬁo [T@@bg}fcr?ﬁetxwmaﬂ eloeklisaksb @ppledd | a0ddtayileck loop

der .and a SS
1205 B2 P o BRatith iR sERRIRF 2t Witk ARGt el dodine
signdls e tf)E afancmeaaﬁae o) bhe br @hich &0che @ diotifs@in@Pon line 129. As
external clock is also applied to a deizg 'ock | oop

discyperd algve cthe irppdecderbinradudse bwdshy dack deop Fbanbdlock tree Pla7s
nal s, f,or the
back E%?%?glééa?%g 1511818%&#%{ g &al %ﬁﬁg :L{lt%ge roké §1 :Ild cchk 31gnal is
choskngn arivothel outputred ladh 12di toaulsiswch spacified rdall @até@@dor particular
;fF produ& 8 by delay lock loop 120 and clock tree
dmnf? rem k7P ned by the delay in the output path. A
particul ar edge of the read clock signal is chosen to

dri Veﬁ(f-d%] OUlnDbtder RAGhshiRltRdt AL feall AaRGAUGYRI AodPESal ér?idc at

read |latency for particular data read fromarray 170
the feadjangh 124 wrprepertysriraeds telasionstup, rtdwlth%adiuc@f’mand)thleadmng

variflloBSs RAPUR BRMY Emfloyed Pind EAG L8 GhANE Aol BT QRS infrand

decddefll BY on\GAE 128 ivdies ,a lEAE&dnﬁﬂa&ﬂtls &cgaad. The &@B'sﬁ)’tes‘ijgnal is
The read start si is issued by the command

appligdtgdetave delapirquit 21”118C19\Héhv%f1 ptissagrehdelnslock loop 120.
The QJ%&QH%(# sla\;@cfcla[yel%% is Lﬁ{lfcd%b gRRck tRe model 133 which may be adjustable

to replicate delays experienced by the read clock from clock tree 127. Thus, any timing -
varilati'ons impmed 'Fo the rc#d clock signal on line 129 produced by DLL 120 are also
imparted to the read start sighai 174. Asa conséqucncc, the read start signal is subject to
the same PVT or other timing variations which are experienced by the read clock signal on
line 129 and is also back-timed for output path delays by the same amount as the read
clock signal on line 129. The read start signal is output from the clock tree model 133 as a

delayed start signal on line 174.

[0021] The delayed start signal on line 174 is applied to a down counter 148
which is loaded with a specified read data latency from a mode register 144. The specified

latency is in the form of a number of clock cycles and may be fixed in the memory device
5



applied to a slave delay circuit 132 which is sl aved
to the timng of delay | ock |oop 120. The out put of
slave delay 132 is applied to a clock tree nodel 133

be adjustable to replicate del ays
VE%GQ?P@&%%d by the read clock from clock tr & T{¥57003/026641
Thus, any timng variations inparted to the read
cl ock signal on line 129 produced by DLL 120 are al so
inmparted to the read start signal 174. As a
consequence the read start signal is subject to the

r other timng variations which are

ane
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del ayed st ar on l.ine 174. [0021] The
100 GBr Byats Shiroscr S UR FPAUDE RISTY VA58 1170 5ogeisn 148
fronmléas %gls:lfésllklv\ml&rbﬂ"s&sl nRFARRid RoR SREGh{ e &Rt 145 or

data |l atency froma nnde regi ster 144." The specifie
accopgtedrfoyin; the originhklateoeyndast stareduinteedenegistcod4.cycl es and

may be fixed in the nenory device 5 MD 2004/021352
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controller 160 at initialization. In addition, if
attaip 9 gpeqifisdatcad lrensy formemeryelsae 1004 The sart stemal oreling/ 74 enables

th

c SRl AR ACardPRoAPRL B0 R LR IR ok o on

line 128 Ohke thenaatdr d¢B Staehcs]afliélrcdélfhﬂmﬂéd s&@im valy, ., grbpédunter
parate offs t uit 145 or accounted for

148 Fﬂﬁ{]}fethsﬁﬁfg Fig 104 sodhes datm Framay S0 rechetibe reg larhr 24
propeﬂﬂr tm{cgqglahvc-rt'bech@l%’ﬂﬁ CT&H %elﬁlc]l‘bg tbgubiHie! a%ﬁ%d’\‘c&&‘la?ency

nber of read clock cycles which nust occ
follomnn% appearance of the del ayed start signal on
| i ne [0923] o Thg inyensiog %lﬁéreﬁeﬁue@aurﬁeﬁxat hemattsy what PVT or other

R T A ——

174 ko t}talt dhe dth meed tead RIPCck Elgm[l Qﬁlﬂvc@é@ﬁiblﬁp@ﬂaich an4 akd pdperly
% ce t he counter 148 reaches a predeterm ned

sync e|€afél otheryto ensure shat the,spegified 1epd latangyl iemet-he dat a
pi pe 104 so that data fromarray 170 reaches the read

| at ClTob34] PAORSEid. sl offed el B {S\ﬁé‘éjd & B€'%own

on line 129-to guarantee a specified read latenc
counter 148 from an offset circuit-145. The oﬁ'sct accounts for inherent dclays in

appcarancc of a. rcad clock signal for pamcular read data. Thus thcrc w111 be an inherent
delay in the producnon of the read clock signal at read latch 124 following receipt of the
READ command by the command (CMD) decoder 121. This delay is produced by the
delay lock loop 120, clock tree 127 and others circuit delays in the read clock signal path.
Thus, for example, it may take five external system clock cycles for a read clock signal to
appear at the read latch 124 for addressed read data following receipt of a READ
command. These delays, as measured in an integer number of external clock cycles, e.g.,
five external clock cycles, are supplied by offset circuit 145 to down counter 148 and are

subtracted from the absolute read latency supplied by mode register 144. Thus, while the
6



[0023] The invention illustrated ensures that no
matter what PVT or other timng variations appear in
the read cl ock they al so appear in the del ayed start

on line 174 so that the data and read cl ock

%Wé?“&?llvered to output |atch 124 are pr di§5&fySp003/026641

synchronlzed to each other to ensure that the
specified read latency is net. [0024] As noted, Fig. 1
illustrates an offset with is provided to the down
counter 148 froman offset circuit 145. The offset
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clock signal at read latch 124 fol | ow ng rece
subtriraing RENE) Q:gnﬁmdo@yoffsh@, fcomthis dvhéc(bl\xs)))aadé ondbe uihZﬂcnt delays in
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cycles agdaa repdyclogh,sigagl dglay phfaver ydech 124 for addressed

read data follow ng receipt of a READ comand. These

del aypp02%y WHrtﬁéjd(’)VOn Bdhrledt ﬁ@%uﬁ&'ﬁﬂ@ the@l gétcﬁ)rcﬂ Honals

cl ock cycles, e.qg. five external clock cyﬁ FE
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follifpp BTy FormBisacth b BB Teahelogpit Tsheaaby s gnighe output
pad@&%étoazé’eﬁﬁ%f %gﬁ/t l=§a QQ)%!( g%‘i’%‘%{rgiprbggﬁ{getg' g?c R exct Al %,ﬁtegl clock

initially set with y expect
cyclgsyhaye ecupiedy aThleecpuntts @48 ¢mablas xherphe of ditg pipechOdewhiah remains

s, th ffset circuit provides a
Opc%hggr%%z:%{%amvaflﬁea readdﬁtao?? e clock offsets, fromthis
whi ch is based on the inherent delays in generating
the ri@926d! othe sffgnallud providad by offsaciredt 245 canbig: dagigd.

own counter. circui 148 stores the net result,

dcmémtj‘cg af RSt {Htligatgpdyyahe pysrem shoyyyion Kig 2. r EBigd2 isthe saye as Fig.
1, b8 adlifdrRAK shdwic @SN 8n ig/@g; ﬁl%h o125 58 §haY i%ch 146 for

five clock cycles. [0025] omn counter
selectiyelytapplying antinp p’l&do (Dldc k2Gi ghaing anfioitdabmiting period, after the

oL PR S Bl S B
swit€iPM@ tidugh DE 1] Widd Begad cohasHe &M‘Ekﬁrﬁa@ﬂ%b@ﬁgﬁeﬁ' &WELR on

onto_the output pads so that a total of eight read
line & 1 ¢,¢ [Firpgrc) 28sstepsroounprsdicrsyterant slogk sigral whenat resgings @minput

fronFlh%CI&O path model circuit 158 which is generated when the applied pulse signal

appears on line 129. The I/O path model circuit 158 adjusts the timing of the arriving
read clock signal to account for expected PVT variations and supplies the adjusted read
clock signal to timer 128 which causes timer 128 to stop counting external clock signals.
The count value held in timer is the offset in external clock signals representing the delay in
generating the read clock signal once a READ command is issued. This offset value is
stored in offset circuit 145 for use in offsetting the absolute read latency set in mode

register 144 by controller 160.



cycl es have occurred. The counter 148 enables the

start of data pipe 104 which remains operating for

the duration of a read data burst. [0026] The offset

val ue provided by offset circuit 145 can be easi |

VHRIBIMIRRd at systeminitialization by the SRfERP03/026641

shown in Fig. 2. Fig. 2 is the sane as Fig. 1, but

additionally shows a tiner 128, an |1/O path nodel

circuit 158 and a switch 146 for selectively applying

an input pulse to DLL 120.. During an initialization

perio fter the DLL 120 has | ocked, the timer 128
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recei ves an I?&#i %omthe | /O pat h nodel éﬁi rcHi{ 158
Ve [Oh PFeECE R &Y URETTIRE vARPIans yrprifegdodhe fraf clock signal. A
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in external clock signals representing the delay in
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s i o928] Thithoughtheevsicar s een dexcobedvith asfexapic in which
i ' 4 L Of §.568 Ld ad = . .
R M AR T
104\¥Be 2084y B2ihBE2 n PAETAYISAEHB/if) 2afiihly the AR HipeB04 6r in decoding

appa fromthe above, the invention as exenplified
°P°f6§g$ ﬁg&? gemmands. (s Eht! Sy puatiqnsshe dpya cpunter I8 need
not Rkl QY whhGoweaslttdahRie of z&b Hedr€ Rllthg4h&kath Iﬁg&c g)%gﬁut may

. time as the read data fromarray 170 appears
instqag copntdowrhe sydes Whighl agcondts|for saal delagsy df, fonexaiple, and using

esence of PVI.or other.timng variations i rted.to
BRI Sb-Blust e ey M b} BBl ooy and Wi anrpinecor v

cloch agta Jort guneaibn af Bleread 86LIE Yh b c@Rfts, ¥heh REIBIRIBY the

del ay and sane timng adjustnents to the start signal

delayed srrpsignal rhegins sountingfrertrbree 6a Pethaphacouswdalor of kne if chere is a
r Qi ' fromthe arra
one L5l SR 1 A RSB PR o g s

piperl®dd cl ock.

[0029] Alternatively, any output path delay can be accounted for in the offset

circuit 145 which provides an offset value which accounts for the data path delay.

[0030] Whatever value counter 148 counts down to, when that value is
reached the down counter 148, or additional circuitry associated with counter 148, holds
the data path open for the duration of a read data burst and thereafter is reset with a new

count value from mode register 144 and offset circuit 145 for the next read operation.

[0031] Fig. 3 illustrates a modification of the Fig. 1 embodiment in which

the down counter 148, rather than firing the data pipe 104, instead provides an enable

8



[0028] Although the system has been described with an

exanple in which the down counter 148 counts down to

a value of zero and then fires the data pipe circuit

104, there nmay be inherent delays such as in startin

WP 00482135201 ne” 104 or in decoding operating BEEAFS2003/026641

commands. Accordingly, in such situations the down

counter 148 need not count. all the way down to the

val ue of zero before filling the data pipe 104, but

may instead count down to a val ue which accounts for
. such delays. If, for exanple, and usin t he exenpl ary
signahl| tathe fead lptehy ] o 3 sysehrenigh dagqusrytdrome thycarrayywithethe read

I.tiBoa £ y. .

o P QLRSS LY S URE BT chffame sy hefis. 1
embsdabéred Ihyhd Rig. 3 deddiff@dos; the enablgsighal ishegvided ehemtouiger 148

fromthree.to rhaps.a count value of one if there is
coups daweq{éane i ﬁﬁﬁeﬁ%ﬁw%’m aezca%vai% iOF (RRpgshecoaigifithere are

4d8R50IGs 85 b Tecbhinodadid | cor
add iRt ngcﬁvgf%?cgnyﬁéﬁngﬂf SR ggﬁ’*ggﬁé%ﬁédb%y the down

countst,curptied 1dgie agspciatad theréwigt, forismanytreddddodihdychs as are required

rovi des an offset wval ye which counts for, the _ data
for EURX ol Bisf o EBGEAR P sEPhGEH RES et P po5eE it read
opefi@¥h. Ohce WEEA, ch Fg. \Badnkisbdihent BRCINE Fid. Nee HBYImERY BE&Ades
148, or additional circuitry associated with counter

synchagnizaiion ¢f the 1¢ad datagngaead dprkrin thasy outhur pathat i on of a
read data burst and thereafter is reset with a new

count %(%@2;19 Ei 9&”1‘1118th¢§ gxgltfcﬁxﬁganr} éf%g%%gos&lltgrgt %ﬁ)i WISH beilizes a

145 f the next read opera
DRAM msinoat desica 100dh hécwadanoawith thbiembbdimehtsesfohelp gt invention
. Whi the_down_counter 148, rather than firing the
dlsc@achzanﬁgl Yigs: 1-3n &t 4fcpicsangaemalineprasnel cgnpyier or work

stati|3Q QihiedaR? THelirbiRZARS LR8P 9d0 fHcRiaRd org\blt lﬂoﬁ{)ﬁ'o&gﬁgs 501

atch 124 to synchroni Zze data output fromt array
coupled ko 2 Insalrtwg $ 04¢ [Aomkmony tameplieb60 Gidveprvingry, buslbeidge §03 are

3 e i t is exact t he same as Fig. .1 :
oo ol o o5e By 0% The breRePRrusti 516 mandactigayputie
menSory RBhtrblferDI 61V Akt br WhdHple Prftadf bukAfidgeP508 . STHOWR IR Bntroller
its pre-loaded value to a zero value, or to another

160\an¢ lae pimanydys brdge 583 gy beintkgrdeday ¢ singlendevice 506.
accomodat ed. The enabl e signal is al so naintai ned by

~ the dﬂ)ﬂ?ﬁ] COpKM femofy ccmtﬂ)ﬁgr % fs %sa%gﬁégétoegnc Qr more memory

therewm th, for as many rea ock cycl'es as are
busesé&f)di rBach memory bus-accepts memory components 508 which include at least one

memory device 100. The memory components 508 may be a memory card or a memory
module. Examples of memory modules include single inline memory modules (SIMMs)
and dual inline memory modules (DIMMs). The memory components 508 may include
one or more additional devices 509. For example, in a SIMM or DIMM, the additional
device 509 might be a configuration memory, such as a serial presence detect (SPD)
memory. The memory controller 502 may also be coupled to a cache memory 505. The
cache memory 505 may be the only cache memory in the processing system. Alternatively,
other devices, for example, processors 501 may also include cache memories, which may

form a cache hierarchy with cache memory 505. If the processing system 500 include

9



for a data output burst. Thereafter, the counter 148
is reloaded and reset for a next read operation. Once
again, the Fig. 3 enbodinent, like the Fig. 1
enbodi ment, provides synchronlzatlon of the read data
WA AU ock in the out put path. [0032] Fi léCTfﬁ52003/026641
illustrates an exenplary processing system 500 which
utilizes a DRAM nenory device 100 in accordance with
the enbodi nents of the present invention disclosed
above in Figs 1-3. Fig. 4 depicts an exenplary

per sonal (g@uter or work station architecture. The

Pmalafdeléggf?fgr Sy hirtsers Hus drasEOrarucly fuppBFlissFomemept access
(Dl\iigé th€ RIRIRH crrdllel 9@@}nap HRpeRiint ﬁﬁ@&ﬂer&flg%g&gg&{ gf the

and a primary bus bridge 503 are also c
merhéry coogallerdi6d i5gahpletite amlmabs'sofmgequstbamse‘aoﬁ ea memory bus
i nclude mu

t.r.ol | 160
Slérmafyt l?ep?%er?ﬂ:ﬁs Hggasya%gg)ngiﬁlca%ggdé%gs r%;r%eé rﬂaéfr%t]ryappcd to different

Inaﬁ§§mﬁﬁgggy7 160 and the primary bus bridge 503 may be
infegrated as a single device 506. [0033] The nenory

controller 160 is also coupled to one or nore nenory

buses[¢A] EZbﬁ prianrRprsisidee £08 prouplsAse gt keavnoon peiiheral bus
5 105 Qﬁan@’ﬂé 8@1&69 & p%glghg%ﬁtob 8&itioh 3 TS %ngg n%%r bco‘i%élﬁﬂépjo the

menory corrponen a Mmenor

peripixtall tus SEﬂalmie%d@fcemmDi’rxludB distarage diﬁﬂtwaﬂ& 51 IN@Iniscellaneous
inline nenory nodul es (SIMMVs) and dual inline nmenory

I/ Onidrriseed 4¢ oty Pagbs Sﬁ,eﬂfﬂﬁmﬁwr%gonﬁ% qﬂéladeﬁacy
dcv199§1t8‘rfacg§§6 gedi ['dnq usdtﬁl\ﬂé‘é %%a %Qa%' als%?% n?ﬁﬁ t& ’onJ: Br fhore

MMor DDMM t e a tion evi'ce
spcomb phipgpse hlghapcdﬂlqlmm)SZ2s Uoh p&soaals:empakcrpﬁ)ESﬁimﬂc ctﬁé §sidcial

purieSt pPERERT Y the Areclarg Sraes Do 4G tied Hsae sbsh

permayaxhevtdlaéecﬁmltystﬁ@ﬁﬂ&cmg@ysycmrsobhe processing system
Al ternatively, er devices, for exanple, processors

501 nﬁﬁ?also | ncl ude cache nenories, which may forma
cachel 3 ar Th staragn conteplier ﬁéhﬁ?‘}/? S0BIE qrimergstorage devices 513,

s SRR DS HIEL, K00 6008 B3R gyt 1

mayeb’c& $IDSI m&bﬂétsandrst(wﬁgd:dtv&ldpﬁm iaglbe GCﬁI HRED FheACR8évice 514
the, nmenory controller 160 nay g?Ienent a cache

maywﬁevawfmea%fdet For example, thé%@yiewsﬁ Hmagbe pgdogakarea
netwdtk F?tlxt@f%actcos@h Rk by ﬂﬂe‘iﬁetqgrdnqmrs\écm%é]o@dgg %:ap be used to

menory bus
interface additional devices via another bus to the processing system. For example, the

secondary bus bridge may be an universal serial port (USB) controller used to couple USB
devices 517 via to the processing system 500. The multimedia processor 518 may be a
sound card, a video capture card, or any other type of media interface, which may also be
coupled to one additional devices such as speakers 519. The legacy device interface 520 is
used to couple legacy devices, for example, older style keyboards and mice, to the

processing system 500.

[0036] The processing system 500 illustrated in FIG. 4 is only an exemplary
processing system with which the invention may be used. While FIG. 4 illustrates a

processing architecture especially suitable for a general purpose computer, such as a
10



516 may be operated in parallel, or different address
ranges may be mapped to different nenory buses 507.
[0034] The primary bus bridge 503 is coupled to at

| east one peripheral bus 510. Various devices, such
WQ2M&PH 8% er al s or additional bus bridges nayP@dUS2003/026641
coupled to the peripheral bus 510. These devi ces may
include a storage controller 511, a mscellaneous 1/0
devi ce 514, a secondary bus bridge 515, a nultinedia
processor 518, and a | egacy device interface 520. The
primary bus brid?e 503 nay al so be coupled to one or

persppil omppsEion R aiksssioa, Hishauld hsaecqgpized tsp wvell known modifications

r, [.ex e speci al [ pose .

can BERRAOM SARH, Bl pro by SR S0 B eRBRR SR (R B e i
varidtg eflagipticatining] Fonchingle, np@yy felicranic @levitetachicitfeduir® ptditessing may

.processi ng. system 500 _[0035],The_stora%§ controFIer
be igplemegrdh Bingahumpler arshisccsurs Pyeh flics eres CB1E501 cqupled to

I thEnHE 5 For . .

merSyg KEfgoRifs S0F and e n B e AEPAGIcr P01 Here ERpapc devices
maydndtde bue arearod listited ag eudieyvides plot &som ynd eecStdats, ghmisg;

%@g../(ﬁdquce 514 .nmay be ?ny Eyge of peripheral. For
con BEL TERESIPR B NPT SHIF STt BEOBFH» Pdsation deyices (including
systd# bR on! Ak §IdbACSositMETE Gt A GADLS Lﬁ@rﬁgl na-\q%gtion), and

_secondary bus bridge nay be used'to” Interface

digitabiehmedrapraaid /desacewtsrsy i Theanodifiertiops siay induvz, for ezespsle gimination

o oSy 5 LT SRR 2P PS8 rsin

of a iR obl@Biceslevi ces 517 via to the processing system
500. The multinedia processor 518 may be a sound

card,_a video capture card, or any other type of nedia
i nt erf0934 ] Whide theaveatiop haebecardgsiringdragd dlfvstrated with reference
e ek QAR IS RE Iy | EYAEY

© Sp}gvi ce | ﬁlt rtace 5§%y’iq£8lﬂﬁlgggg?%£%%ﬁép%§mf glg;ga/n SHificktions and
substieatione san bomadx withber, dephaizg fadny e dpirjtndrsckspeastdhdtindention.

tq.the , processi.ng system 500. [0036], The processing . .
Accg el s SRt ok bl ptesed 45 WRIRUh by Gt fosge gl depgiption
but iaroagaﬁﬁﬂté_wbysﬁﬁtse@pevaﬁtﬂe Wpetlled ASnisnventi on may be

used. Wiile FIG 4 illustrates a processing

architecture especially suitable for a general purpose

comput er, such as a 10 WD 2004/ 021352
PCT/ US2003/ 026641

11



personal conputer or a workstation, it should be

recogni zed that well known nodifications can be nade

to configure the processing system 500 to becomne nnre

suitable for use in a variety of applications.

VRN E S Tmany el ectronic devi ces whi ch requﬂ?ceT/Usm"*"/"z“‘"

processing may be inplenented using a sinpler

architecture which relies on a CPU 501 coupled to

menory conponents 508 and/ or nmenory buffer devices

504. These el ectronic devices may include, but are

not limted to audi o/video processors and recorders,

gam ng consol es, digitaICPéP@§ision sets, wired or

wi rel ess tel ephones, navigation devices (including

syst ewnhbeis eHirRed 4sNRwHnRRkirROD Bel 18I d B TR 5Rk of the

and/or inertial navigation), and  digital caneras
Uniteddtages isecor ders. The nodifications may include, for

exanpl e, elimnation of unnecessary conponents,

agditio , and/ or

| gt egr a"!tq|ngé;1th(§&)?P{'ﬁEI Jn%dﬁ &{? ‘%b@e&&%\% S%Jed;l%w[hﬁgﬂ] Wi | e
comiphising:nvent i on has been descrlbed and illustrated with

reference to specific exenplary enbodinents it

shoul d be unders oog(%g%t. nDdIflgF@ an

suBS I B8LEE é“g%? 0 §8S 1“5 t he
using Rl fArdtlsigdA0pro6QNRg ?ﬁmt Bied hRY §pkdl 9Ebcessﬁ%qsam Enging, the

Invention is not to be considered as linmted by the

variftigng fothe gingdag of 53d oreratbd reaf slaskisignal; i t ed by t he
scope of the appended clains. 11 WO 2004/ 021352

RIS AL SRt 6 e i o

United States is: 1. A nethod of operating a nenory
depissieg sgdirchdretrhegnal (chmrpglil s sqrgnd gigndrmbidsgngpath
nt ead. cl ock | Fom an
whnl,h rcH aciag:s ¢ vana gdops mstﬁ gm g 361rd O%cggrsat greﬁcgflﬂgk sai d

51gnﬁll dﬁﬁicd?dyghaﬁrsp Elgﬁﬁ $BbdREhipAbalth Siad! §tdd9cmE Qrdcﬁts'éd)ﬂ&tl n
the timng of said generated read cl ock signal;

Slg“@leﬁé’ratlng a read start signal in response to a
recei ved read command;

using said delayed start signal to synchronize the output of read data

by said read clock at a read latch.

2. A method of claim 1 wherein said delayed start signal
synchronizes the output of read data by said read clock at said read latch with

a predetermined read latency.

3. A method of claim 2 wherein said predetermined read latency
is a predetermined number of external clock cycles following issuance of a

read command by a memory controller.

4. A method of claim 3 further comprising using said delayed
start signal to enable a counting of read clock cycles to a predetermined

value; and

12



passing said read start signal through a second signa
processing path which replicates the variations in
the timng of said generated read clock signal caused
by the first signal processing path and producing a
‘aéﬂg‘v/@a”?t art signal; and using said del ayeﬁcg{]%"?mz““
signal to synchronize the output of read data by said
read clock at a read latch. 2. A nethod of claiml
wherei n said del ayed start signal synchronizes the
out put of read data by said read clock at said read
latch wth, a predetermned read |atency. 3. A nethod
of eysifigrFead diafrorh? BmerhIEHSOMP HERNShAAR GE@Ycy i s

tos dﬂffcfjlﬁtfcﬁwﬂcﬂ%ﬁd@%&?{mﬁicdﬁ‘\?&gﬁrié“&hct{%gpck cycl es
ol om ng I ssuance of a read command by a nenory
controller. 4. A nethod of claim3 further conprising

uBi ng séAimdetbed afelaim 3 further spmpesing gsing sdil delayeslount i ng
f. d_ clock | t det ' | uge; d 12
syt S G e s Q00 Bkt © Aateieaeriath aa

valuef ©1d a nmenory array to pass through a data circuit to
said read | atch when said predeterm ned value is

reached. 5. hod of claim 3 further conprising
us FHEREAH 58 gesfé o beieapfled phraaid bredapmmed vebe i ng

readBfdread clock cycles to a predeterm ned value; and
causing said read latch to be enabl ed when said
predeterm ned value is reached. 6. A nethod of claim
461 ur t hAmetheg of diiry4 further comgrising:i nitial value in a
counter; enabling said counter with said del ayed start

si @fihg LO i@ VLIE GRE GlREK

enabling said counter with said delayed start signal to count read clock

cycles from said initial value to said predetermined value.
7. A method of claim 5 further comprising:
setting an initial value in a counter;

enabling said counter with said delayed start signal to count read clock

cycles from said initial value to said predetermined value.

8. A method of claim 6 wherein said initial value is determined
from first data representing said predetermined read latency and second data
representing the time taken for a read clock to exit from said first signal
processing path following issuance of a read command by said memory

controller.

9. A method of claim 7 wherein said initial value is determined
from first data representing said predetermined read latency and second data

representing the time taken for a read clock to exit from said first signal

13



cycles fromsaid initial value to said predeterm ned
value. 7. A nethod of claim5 further conprising:
setting an initial value in a counter; enabling said
counter with said del ayed start signal to count read
VP 3WR/021832%c| es fromsaid initial value to saiffT/US2003/026641
predeterm ned value. 8. A nethod of claim®6 wherein
said initial value is determined fromfirst data
representing said predeterm ned read | atency and
second data representing the tine taken for a read
clock to exit fromsaid first signal _processing path .
procegsingRith fpliosdnginwanssiofa rruherre@anh Y s msaIY nenor y
conteQ¥ ol ler. 9. A nmethod of claim7 wherein said
initiral value is determned fromfirst data
representing said predeterm ned read | atency and

Eacond Aameghod efptadmchwhergin said firhtramdtsa¢and daga arg r ead

cl ock.to exit fromsaid first signal 13 WO 2004/ 021352
stor /Sﬂéiaﬁﬁ?’aféé&?‘l processi ng path foll ow ng i ssuance

of a read command by said nenory controller. 10. A
et hod Amethad of Gaimntewheeinsaiddirkd ansitsecond &ecaed dat a
afe stored ip said nmenory device. 11. A nethod of

Stor%{’é‘i%dgneﬁﬁg?y ‘MCaid first and second data are stored
in said menory device. 12. A nethod of claim 10

yher ei A sdithod bf @dimdAY Rhér8inSshidl A6t data i8 stof®P@ & egi st er
of said nmenory device. 13. A nethod of claimi1l

modgiregistich of sdid nfepmosy dedd¢ea i s stored in a node register
of said nenory device. 14. A nethod of claim 12

yder ei nA%fétﬁoégﬁc@m ﬂaagcécﬁ sHdHc§Hak s ARre Pl S €t
circult of sal nmenory devi ce.
mode register of said memory device.

14. A method of claim 12 wherein said second data is stored in an

offset circuit of said memory device.

15. A method of claim 13 wherein said second data is stored in an

offset circuit of said memory device.

16. A method of claim 12 wherein said first data is supplied to said

mode register by said memory controller.

17. A method of claim 13 wherein said first data is supplied to said

mode register by said memory controller.

18. A method of claim 14 further comprising determining the time
taken for a read clock signal to pass through said first processing path after a
read command is issued and storing said determined time as clock cycles of

said external clock in said offset circuit.

19. A method of claim 15 further comprising determining the time

taken for a read clock signal to pass through said first processing path after a

14



15. A nethod of claim 13 wherein said second data is
stored in an offset circuit of said nenory device.
16. A nethod of claim12 wherein said first data is

sugflled to said node register by said neno (ﬁé
VEQAMBIP¥ . 17. A method of clai m 13 wher ei nPGAY$}003/026641

first data is supplied to said npde register by said

menory controller. 18. A nethod of claim 14 further

conprising determining the tine taken for a read

clock signal to pass through said first processing

path after a read conmmand is issued and storlng sai d
I

readcromypafichis dpspgdnrndestoringoield deperminedsfime guflaclesucles ohl
smd%&&ﬁﬁal LR Al Qlcpéé'é?drcﬁ jfrecuit. 19. A nmethod of claim15

er conprising determning the time taken for a
read cl ock signal to pass through said first
0.0cessAmethad bf diimel fiathet 4omprisia® sladay $6Psecond
PCT/ US2003/ 266%% r ead %pnnand |sthssued and . toring

signgl Argcaupe PRI fS S5Bal ATGLRsIRg RItaLO Brod “§5P*H ext er nal
replich@sik in said offset circuit. 20. A nethod of claim1l
further conprising slaving said second signa
h to said first, signal processing path

rocessing
510 pr od‘f}d’éﬂg‘a‘ﬁ af cl%l@p%q wafﬁeawaldz&rst SENRLPIRSEFsiEs Mt m 20

R b T A e e U oS e

delay niztuitdgdsved todadﬁyst delay lack ledpaved to said first del ay
| ock oop. 22. A nmethod of claim1l wherein said timng

g%xrl ati nsdﬁ(g Ieﬁ %1 one. f fabri.cati on grlocess

| t age™ahd ¢ H‘E‘E?‘gt PETHE Eimtf}grﬁaﬁ@“m%fa’i‘f‘f t'fBhs

one 38 fabficiindcqt, v@ﬂ@% eAnldNEmPeABRITE INdud&Y tifhg CONPri si ng:
usi ng an ext er nal ock signal as an input to a first

varigfi@ingy | ock | oop to

23. A method of operating a memory device, comprising:

using an external clock signal as an input to a first delay lock loop to

produce a read clock signal;

passing a signal generated in response to receipt of a read command
through a delay circuit slaved to said first delay lock loop to produce a

delayed signal; and

using said delayed signal and read clock signal to output read data

from a memory array of said memory device.
24. A method of claim 23 wherein said act of using comprises:

using said delayed signal to enable the counting of read clock cycles to

a predetermined count value;

enabling a data circuit which supplies array data to an output latch

when said counter reaches said predetermined value; and

15



produce a read clock signal; passing a signa

generated in response to receipt of a read command
through a delay circuit slaved to said first del ay

| ock | oop to produce a delayed signal; and using said

REUYEH3F gnal and read clock signal to out ptft/yPea/026641

data froma nenory array of said nenory device. 24. A
nmet hod of claim 23 wherein said act of using

conprises: using said delayed signal to enable the
counting of read clock cycles to a predeterm ned
count val ue; enabling a data circuit which supplies

ar fagshingataid supphied dare pigh spidireadd clogkeygnghi d count er

reaches said predeterm ned val ue; and 15 WD

2004/ 024 302 &b HarPPBiAeRAhid Jc@b?ﬁgh@c&ﬁ%ﬁ’sc§Upp-l i ed
data with said read clock signal. 25. A nethod of

claim 23 wherein said act of using conprises: using
sabeng atidglelayes sgnal to enablg she eouniiag s uead; derkayclested

. .a predeterm ned count val ue; enabling
RN

When said counter reaches said
predet erm ned val ue; and |l atching said supplied data
W timbdiag dn oegehtddtde when sphtoun2é. regchgesairbd of cl ai m 24

mhereigss Id counting is such that said output |atch
predetiminedvafie, 3diat a to an output bus with a
predeterm ned read |atency. 27. A nmethod of claim25

whekehinp sid shppliedtin @ithSaigiedd élbeld sigrail.d  out put | at ch
supplies read data to an output bus with a

prodet efmined read I ptency. 28, Aretiod, of, shgim 26
output latch supplies read data to an output bus with a predetermined read

latency.

27. A method of claim 25 wherein said counting is such that said
output latch sﬁpplics read data to an output bus with a predetermined read

latency.

28. A method of claim 26 wherein said counting to said
predetermined value begins from a preset value which is at least in part

determined in accordance with said predetermined read latency.

29. A method of claim 27 wherein said counting to said
predetermined value begins from a preset value which is at least in part

determined in accordance with said predetermined read latency.

30. A method of claim 28 wherein said preset value is based on
said predetermined read latency which is offset by at least the time taken for a
read clock signal to propagate through a signal processing path, which

includes said delay lock loop, following a read command.
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predet erm ned val ue begins froma preset val ue which
is at least in part determned in accordance with
said predeterm ned read |latency. 29. A nethod of claim
27 wherein said counting to said predeterm ned val ue
WR 182183 %om a preset val ue which is at | eastPGTAV3YPL26641
determ ned in accordance with said predeterm ned read
| atency. 30. A nmethod of claim28 wherein said preset
val ue is based on said predeterm ned read | atency
which is offset by at least the tinme taken for a read
clock signal to pr_opagqate t hrough a signal processing

pht h, whiegthod atelaiged? whrgingaidgreseb¥dlug isdsedien | owi ng
sﬂd%{éc{%’g&rﬁg‘%ﬁh@g‘gﬂg%ﬂ t @y mc%qpé’gsggﬂ;’%cgﬁg{cﬁg Qe g{}aﬁ 1

aim 29 ereln sa preset value is
readodsddigl sepropigaeddireugh neghat padedsaiggnady, witiclch i s
he tinme taken for a read cl ock

. ,offset by at |east
md‘é‘%"@ﬁ%ﬂi df%y%}cgég%oafg}jqw%awdgog]wr processi ng path,

whi ch includes said delay |ock | oop, followng a read

gpmandA ndthod\of8ARP30 Rherelntdai® pHedatbvekigtd readilfency

_ predetermned read |latency is further offset by an

is fuzihar effsshly arjeddional Helpe inhefent spepesatioprrstidgasmonenor v

devidevice. 33. A nethod of claim31 wherein said
predeterm ned read latency is further offset by an
addi tional delay inherent in operation of said nenory
d2vi ce. A3dethed nEtliod3 bivhelemi sad3sreddremsined sad datency

LR bt R

devidherein said additional delay is caused at least in
part by the decoding of a send conmand. 36. A nethod
of claim32 wherein said additional delay is caused at

Btast i mrshed pfcleime3% whereinsgidordditionat delpais Raused at

least in part by the decoding of a send command.

35. A method of claim 33 wherein said additional delay is caused at

least in part by the decoding of a send command.

36. A method of claim 32 wherein said additional delay' is caused at

least in part by the start up of a data path.

37. A method of claim 33 wherein said additional delay is caused at

least in part by the start up of a data path.

38. A method of claim 23 wherein said delay lock loop and delay

circuit are subject to the same induced signal timing variations.

39. A method of claim 38 wherein said induced signal timing
variations are induced by at least one of fabrication process, voltage and

temperature variations.
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37. A nethod of claim 33 wherein said additional delay
is caused at least in part by the start up of a data
path. 38. A nethod of claim 23 wherein said delay |ock
| oop and delay circuit are subject to the sane
‘Y?}&‘E‘éf&ﬂ“"?i gnal timng variations. 39. A net 003/026641
cl aim 38 wherein said induced signal timng
variations are induced by at |east one of fabrication
process, voltage and tenperature variations. 17 WO
2004/ 021352 PCT/ US2003/ 026641 40. A nenory device
conprising: a first signal processing path for
#9-0duci Adreapry dEEEHEPMPIESE cl ock signal from an
external clock signal, said first signal processing
P Brde SRALIPrO& ssifgd F&tﬂ%ﬁﬁb&@éﬁ@&%hﬁ&nﬁ%&h fead clock
signal ; "a second signhal ‘processing path for producing
signal fawh ay edtegtahclocls sigmad) saidf firstrsignal proe¢svieg pathaicnpacimpand,

. .sai d.second signal ,processing path inparting said
U"“flgmrhaém{}%\f)?é?gg‘?‘?gc%%kgiﬁ 'del ayed start signal; and a

data flow control circuit for outputting read data in

I €3 peudad sighalgabekssiaie patidor srodading b gelajedostatt sigasl cl ock

signal. 41. A menory . device of claim40 wherein said
fronya feceped frad sAMMAND, 839 sagprd igpi) PrasesingPath Haparingh: a

saidQJrﬁijégiVLri%QBf R ¥di drsﬁlﬂcgigﬁl;% roma nmenory array to

sald rea atch; a a circul't for synchroni zing the
out put of read data through said latch with said read
cl aclktagloyr eoarod pimduieidr purpueingyfead datd i Faspénse yo sad

foll ow.n nerati on.of , said del ayed start signal.
dcmwﬁl“ﬂ?ﬁ@ﬁ%?§8§%5ﬁ%%§aﬂg%ﬂ%ﬂ m 41 wherein said enabling

circuit

4]. A memory device of claim 40 wherein said data flow control

circuit comprises:

a read latch;

a circuit for supplying read data from a memory array to said read

latch; and

a circuit for synchronizing the output of read data through said latch
with said read clock a predetermined number of read clock cycles following

generation of said delayed start signal.

42. A memory device of claim 41 wherein said enabling circuit

comprises:

a counter for counting a predetermined number of read clock cycles,

said counter being enabled by said delayed start signal;

said supply circuit being enabled when said predetermined number of

read clock cycles is counted.
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conprises: a counter for counting a predeterm ned
nunber of read clock cycles, said counter being
enabl ed by said del ayed start signal; said supply
circuit being enabled when said predeterm ned nunber
WP 200ALUI | ock cycles is counted. 18 WO 20047GFF4S38%3/026641
PCT/ US2003/ 026641 43. A nenory device of claimi4l
wherein said enabling circuit conprises: a counter
for counting a predeterm ned nunber of read cl ock
cycles, said counter being enabled by said del ayed
start signal; said read |atch being enabl ed when said
fedet eprimeraery sishiseef daim ¢byhereinggid enpblingsciraitc ount ed.
comdises® MeNMOry device as in claim42 wherein said
reéeternined nunber of read clock cycle corresponds
to the tine required to supply read data to out put
padsouvhtes fir gonpting 3prgdetcuringd nhmbepofadat dodk eyelts,r ead
. atency,. 45, o deyi ce as in claim43 wherein
said <oy &§¥gag§g§ﬁﬁkgﬁwn%éd §§s§¥t?%5% cl ock cycle
corresponds to the tinme required to supply read data
t 0 said tr¢adtlatph dsingfensislediwhenrmiid prédetcerained hinider of
redeternined read |atency. 46. A nenory device of
mai%@ﬁ YESS PEPYHER: conprising circuitry for pre-loading
said counter with a specific count value, said counter
gount i NA m&abE devied sl igrIHimad WIHTER i hréRedmEALACK
cycles fromsaid specific count value. 47. A nenory
numghey of ecadclack syals amrespendsae teompe iresuingd ¢ pegply repd f or
dataDtro.GOAth&Spa%lg of s%lcfj m?r%%&’ (?Jvic\émv&iﬁx £ pr%Hgt%}nflilngd %C%Hnt val ue,
sai ounter countin
latency.

45. A memory device as in claim 43 wherein said predetermined
number of read clock cycle corresponds to the time required to supply read
data to output pads of said memory device with a predetermined read

latency.

46. A memory device of claim 42 further comprising circuitry for
pre-loading said counter with a specific count value, said counter counting
said predetermined number of read clock cycles from said specific count

value.

47. A memory device of claim 43 further comprising circuitry for
pre-loading said counter with a specific count value, said counter counting
said predetermined number of read clock cycles from said specific count

value.

48. A memory device as in claim 46 wherein said specific count
value is related to the number of read clock cycles required to produce a

specific read latency for said memory device.
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sai d predeterm ned nunber of read cl ock cycles from
said specific count value. 48. A nenory device as in
clai m 46 wherein said specific count value is rel at ed
,%B @hF gunber of read clock cycles required t groduce
B3 ¢ read latency for said nenmory dev?‘&’é S29%/09g5+1
2004/021352 PCT/ US2003/ 026641 49. A nenory devi ce as
in claim47 wherein said specific count value is
related to the nunber of read clock cycles required to
produce a specific read |atency for said nenory
devi ce. nmenpry device as in claim48 wherein
€% d sp’éd’f‘?m%ryéétﬂ‘ﬁ‘f as ipglaire 47svhragia grig spesificorospeci f i ed

valub ?@t‘éla'tt]@f oNaY nﬁﬁlbgﬁ Bﬁ%id QXCE %}E cg E 1rc& & +ord%g for a

read ck to exit from sal S|gn proceSS|ng
speqifat feachfataaxcy forrseidongmonyetadice o rman d is issued by a
menory controller. 51. A nenory device as in claim49

erein,said specific count . val ue i d on said
Wecrt i aaRirborg RS oy SR ap delB il SRS equi 1 ed
valub & baSed 6i6hi€ bptelficl Qesthtendy B1BMBAILY thi kifle, Riqanad
processing path after a nmenory reéad connand is issued

for yread clogkin 9Xl€:€§ﬂmrseldl fisst sighal pracessing pythadier 8 eeamory n
rcadcéo%mdlo a %% 3;{) %Oul ed count value is based
speC| i"ed

on sal rea é&ency as further offset by an
addi ti onal delay within said nmenory device. 53. A
enory Aenémeryalsvicoasihalaim 49 wikeeeinisaid spdcificsioant f i ed

val u on said cified read | atency
Valu‘éésq?aﬁ?q Wé?a‘ R%@?g é’i‘\tc‘&'ﬁ'cﬁsﬂﬂs ‘%Zﬂy LL%IBF‘zSy”\ﬂHF n said
for IRADEDK ea/kﬁﬁﬁoéﬂsmd/hr&%@w rdexding pth aidr Qhﬁinmrg
wherei n said additional elay 'S ause t in

readprmming is freuadelyodlinegroof cantroled command. 55. A nenory
device as in claim5b3 wherein said additional delay is

52. A memory device as in claim 50 wherein said specified count
- value is based on said specified read latency as further offset by an additional
delay within said memory device.

53. A memory device as in claim 51 wherein said specified count
value is based on said specified read latency as further offset by an additional

delay within said memory device.

54. A memory device as in claim 52 wherein said additional delay is

caused at least in part by the decoding of a read command.

55. A memory device as in claim 53 wherein said additional delay is

caused at least in part by the decoding of a read command.

56. A memory device as in claim 52 wherein said additional delay is
caused at least in part by a start up time of said circuit for supplying read data

to said output latch.
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caused at least in part by the decoding of a read
command. 56. A nenory device as in claimb52 wherein
said additional delay is caused at least in part by a
start up time of said circuit for supplying read data
WO 2040 3¥ut put | atch. 20 WD 2004/ 021352 PCT/US2003/026641
PCT/ US2003/ 026641 57. A nenory device as in claimb53
wherein said additional delay is caused at least in
part by a start up tinme of said circuit for supplying
read data to said output latch. 58. A nenory device
of claim48 wherein said pre-loading circuitry
8onpri sAgnemonydisvice g igtckm{5drwhrrgiplsgid nddisionalrdstay dount
val ue rel at to ,a specified read.|latency to,said
causfg gh Rateh Byt Rehos BiRE o8 s for RS isPe ARl c o
tosﬂﬂemhﬁﬁdhﬂg circuitry conprises a node register for
supplying a first count value related to a specified
read | atency to, said_counter, 60. A nmenory device of
§¥ai m 58 MEBPR; d5vica PECAMY 43 hesH s ordngcircuitry
comPREGI hEle F¢ERfer (3K @PEYingANtlaBhflc PG LHRA 30, CI reui !
urther conprises an offset circuit for supplying a
specifirsioneald boamey tosdidieountersai d counter relating to the
time taken for a read clock to exit said first signa

[ f ' d, .said
it or Msrnayhedict Bl SFRREITAN b S i Bl s

contpaiséh of b8 regietr SOCRPplyiBgUrstuiuHEaludrklatdd @BRITOr Y
devi ce of claim59 wherein said first count value is a
speaififslnend BEence IsAhERMESF; and sai d pre-loading circuit
further conprises an offset circuit for supplying a

ggcond RQHIhoNaleUiRe bPISR 58 FAMRIERId FiAlduRgviRe khe
time taken for a read clock to exit said first signa
speqiftegicoread larancp.and saifltpee-laadingaarceio furgred compriss ar dffsesai d
. _count er bei re-1 oaded with the differenc et ween
Cer%lg I%Iod‘ SPP}?lgltngg%agoglglCJgH T \éaglben 0 S\&}.lgl counter relating d%the %mc
taken for a read clock to exit said first signal processing path after a read
command is issued, said counter being pre-loaded with the difference

between said first and second count values.

61. A memory device of claim 59 wherein said first count value is a
spcciﬁéd read latency, and said pre-loading circuit further comprises an offset
circuit for supplying a second count value to said counter relating to the time
taken for a read clock to exit said first signal processing path after a read
command is issued, said counter being pre-loaded with the difference

between said first and second count values.

62. A memory device of claim 60 wherein said counter is pre-
loaded with said difference as further offset by a count value relating to the
time it takes read data to pass through said supply circuit and read latch to

output pads of said memory device.
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62. A menory device of claim60 wherein sai d counter
is pre- loaded with said difference as further offset
by a count value relating to the tinme it takes read

data to ?ass t hrough said supply circuit and read
WALWAOH3S? out put pads of said nenory devi ce. POHUSARY3026641

2004/ 021352 PCT/ US2003/ 026641 63. A nenory device of
claim®6l wherein said counter is pre |loaded with said
difference as further offset by a count value relating
tothe tine it takes read data to pass through said

supply circuit and read latch to output pads of said
fmory Qdvsreey deyice af dampel wherginsaidyougreiingig0 wher ei n

[ ' - i NP I ck
loacR sl GlPBIREER AR 1y Ok P BB 7
times i cakes rqad alaseipags thpatgh shid chpgle siranidaldangad lacatitot

sl avgd ‘i[o. aid deég;a)ll}/ | ock | oop. 66. A nmenory device
OutRIY 3 ?g'ﬁ%ﬁfmsmaa “fock | oop for processing a read
clock signal froman external clock signal; a delay

il CUi t ASiEIRbyQRVieedf Whit 4B ®heke ¥R ik O cdsSAP ph@I
produci ng a delayed start signal froma start signal
compaipesragdeday lpek loeBponse to receipt of a read command; a
read data latch; a data pass circuit for passing data

om a ReAnh : 2154 agias'te iapd an

t(gtrgfabl e Ccir cu??q{cglg%gﬁés]i ve ‘g‘gﬁglg?)dg e g?/réecgﬁrg)???]?gsi gnal
patlf mcludessdbi¢lmgcircditshvéd mnsagladedhydatkdoppss circuit to be

read out by said read clock signal after a
%edet eArpI'lcrhgg negibceE ofris%}/ql es of said read clock
signal are coonteds “¥7® %em)ry devi ce of claim66
wherein said delay circuit is _

a delay lock loop for processing a read clock signal from an external

clock signal;

- a delay circuit synchronized with said delay lock loop for producing a
delayed start signal from a start signal generated in response to receipt of a

read command;
a read data latch;

a data pass circuit for passing data from a memory array to said read

data latch; and

an enable circuit responsive to said delayed start signal for enabling
data from said data pass circuit to be read out by said read clock signal after a

predetermined number of cycles of said read clock signal are counted.

67. A memory device of claim 66 wherein said delay circuit is

slaved to said delay lock loop.

68. A memory device as in claim 66 wherein said data pass circuit is

a data pipeline circuit.
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slaved to said delay |ock |oop. 68. A nenory device as
in claim66 wherein said data pass circuit is a data
pi peline circuit. 22 WD 2004/ 021352 PCT/U82003/026641
69. A nenory device of claim68 wherein said dat
WP pWHOHE i rcuit includes a parallel to ser|"aﬁT’U52""3’“266"1
converter. 70. A nenory device of claim®66 wherein
said enable circuit synchronizes the read out of read
data at said read latch with the timng of said read
clock signal. 71. A menory device of claim70 wherein
said enable circuit and read c|lock signal provide
6%t a at awwaﬁflcw %ﬁﬁhﬁ%hﬂﬁyl sgid fasepiRFling circuit
mc“g‘%@ﬁ aggltroesgg =18 . 72. A nenory circuit of claim
erein sal enab e circuit conprises a counter
pre-loaded with a first value for counting read clock
g9.gnal Aymm;(sr)'fdtm ob¢ldmf 66¢ wbcmmlsa@ gngblg cgeeiond val ue

nd .for, enafl i t he ,rea f .sai at.a. b ald

syndRSnitRrenE RAGiouh Pl b i el Bef shE hBila peg
smd%&ui&baaﬂyﬁy device as in claim72 wherein said

counter is a down counter. 74. A processor system

conprising a proces?ﬁ and a nmenory device for

&kchangf e Aovics Af daimy (v Berewsaid enable gircuis arg ¢

[ f ath f or
A RODRAIS B B ATl DOREES DB,

speafedaeadlatapkpck signal said first signal processing
path inmparting timing variations on said read clock

?kgna' ' ABn&RES r&rcmt SPﬁLnPéé’wﬁér%{n”sgldoé"r}aﬁlcfc?r'ém?r oduci ng
St art

a del aye
comprises a counter pre- loadcd with a first value for counting read clock

signal cycles from said first value to a second value and for enabling the read

out of said data by said read clock signal when said second value is reached.

73. A memory device as in claim 72 wherein said counter is a down
counter.
74. A processor system comprising

a processor; and

a memory device for exchanging data with said processor, said

memory device comprising;:

a first signal processing path for producing an internal read clock
signal from an external clock signal said first signal processing path imparting

timing variations on said read clock signal;

a second signal processing path for producing a delayed start signal
from a received read command, said second signal processing path imparting

said timing variations to said delayed start signal; and
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froma received read command, said second signa
processing path inparting said timng variations to
sai d del ayed start signal; and 23 WO 2004/ 021352
PCT/ US2003/ 026641 a data flow control circuit for

RLWHHPHy read data in response to said del ByiES2a9342¢641

signal and read clock signal. 75. A processor system
of claim 74, wherein said data flow control circuit
conprises: a read latch; a circuit for supplying read
data froma nenory array to said read latch; and a

circuit for synchranizing the output of read data

{ hr GBI FRRTel FERIT for RERNSHRE Frar SateriBieepnsTonEd
deldyb®stkreGip@hesdiedd avtinggenerati on of said delayed

Start signal. 76. A processor systemof claim?75

wherein said enabling circuit conprises: a counter
¥or coufMarperswr syste OEElA Y, whanein saiddatadia ednseit
e . ..said counter being enabled by said del ayed
amg¥g%§§g$anal; said supply circuit being enabl ed when
sai d predeterm ned nunber of read clock cycles is
coamemidatck7. A processor system of claim 75 wherein
said enabling circuit conprises: a counter for

co | 1 ned- nunber of read cl.ock cycl es,

s aildg ¥r(k:%lg F]O?es{r}g; @gllﬁ% g&leW napl fég By Sard Gey g?/ 8258 §Par t
latcBjadal ; and said read | atch bei ng enabl ed when said

predet erm ned nunber of clock cycles is counted. 24

a circuit for synchronizing the output of read data through said latch
a predetermined number of read clock cycles following generation of said

delayed start signal.

76. A processor system of claim 75 wherein said enabling circuit

comprises:

a counter for counting a predetermined number of read clock cycles,

said counter being enabled by said delayed start signal;

said supply circuit being enabled when said predetermined number of

read clock cycles is counted.

77. A processor system of claim 75 wherein said enabling circuit

comprises:

a counter for counting a predetermined number of read clock cycles,

said counter being enabled by said delayed start signal; and

said read latch being enabled when said predetermined number of

clock cycles is counted.
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WO 2004/ 021352 PCT/ US2003/ 026641 78. A processor
systemof claim76 wherein said predeterm ned nunber

of read clock cycles corresponds to the tinme required
to suggég read data to output pads of said nenorx
RN % h a predeternined read |atency. 7RET/US2003/026641
processor systemof claim 77 wherein said

predeterm ned nunber of read clock cycles corresponds
to the tinme required to supply read data to output

pads of said nenory device with a predeterm ned read

% tency, 80. A proces ﬁn1of claim76 further
mpr | s‘f\r?éocffsioé ENSf°|“§/° %gé( FroRdRidP rg‘é‘?tEF“é‘B%t er

nun¥el Bf fead PREK £y es COHRIpoNA tfrhe %ﬁ{cdregﬁ’ﬁ"af Rl subpy r}yf
sai d predeterm ned nunber of read clock cy rom

datastei atgygeis otsaslomamorydevice widila pradgrotiesd oradsyst em of

claim77 further conprising circuitry for pre-Ioading

%A d counter with a specific count value, said counter

counting said predeterm ned nunber of read cl ock

ZQCI es Arpﬁdi‘ﬁeﬁsa'r shsepeof dliit TOwhéreinvaidysteddidrmifed

?ssgr g% é} m of cIa|n18O wherein said specific
ready gfo s cefraiPepds © i dmeRawFedto suerk reddock

data%qlu%p%t aﬁeybfﬁﬁi hemBha rc@“athas GeikinGink§RG4! at ency
for said nenory devi Ce. ocessor system of
latemdyai m 81 wherein said speC|f|c count value is related
to the nunber of read clock cycles required to produce

80 ococch ProcsPERetch! 85 iRl PP e Seer .~

pre-taditg sm\déﬂoUﬁtct withasspecifidlc st dal6§88idfdoer eachdnat ency
as offset by the tinme required for a read clock to

said mqetqmarﬁdgmnab@r of gftad§logh syclesieqn said specisicruat ter a
valuydENOry read command is issued by a nenory controller.

late

81. A processor system of claim 77 further comprising circuitry for
pre-loading said counter with a specific count value, said counter counting
said predetermined number of read clock cycles from said specific count

value.

82. A processor system of claim 80 wherein said specific count
value is related to the number of read clock cycles required to produce a

specific read latency for said memory device.

83. A processor system of claim 81 wherein said specific count
value is related to the number of read clock cycles required to produce a

specific read latency for said memory device.

84. A processor system of claim 82 wherein said specific count
value is based on said specified read latency as offset by the time required for
a read clock to exit from said first signal processing path after a memory read

command is issued by a memory controller.
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25 WD 2004/ 021352 PCT/ US2003/ 026641 85. A processor
system of claim83 wherein said specific count val ue
is based on said specified read |atency as offset by
the tine required for a read clock to exit fromsaid
WO 2¥¢H0HB¥nal processing path after a menory FCE4¢H2003/026641
command is issued by a nenory controller. 86. A
processor system of claim 84 wherein said specified
count value is based on said specified read |atency
as further offset by an additional anount
rgpresentin a start gg,delay of ;said circuit for
88ppl yi APIPESPr distem ogdaim33 whercinsid pycifierowtt cl ai m
Va8 J L=l i . 0
25 WS BRI Sl e Bl AR )
a regdidiotk tedit fremmsaid ffirst eignageotdssing pathtafiet a onpmebey seyd of
o sai% circ%it f or sgaﬁJﬁjﬂ%_read data. 88. A processor
P ssyed by A BEBANGOBFOIR sai d specified count val ue
I's based on said specified read | atency as further
86f set Aypracessek aystdni of €lgiaD84 Micid ARTspeaRFRASLINt8Y. A
pr.ocessor s steg%gf cl.ai m 85 wherein said specified

valugdyprsed n il spesipsd sead lanoasdushuaisstdy anedditosekbncy
. .av. 1IN - r d
s R 1S e oF o P RARIAR B R
said pre-loading circuitry conprises a node register
B+ supfpypgesson systans of daom3S whingin sail speaified couna

ecifi r.ead laten to said counter. 91. A
Val“%?%%’é%&sgrrq Sa‘s@g&eé“r%%%f‘faé AeOGE MRT Sy ag addiiangly i ng
amaink edpiréseyigONFHidt 9P eRy FPEIE Eie@iiStor suppBing AR dYaNT @

first count value related to a specified read |atency
saidAcounter. 92. procesgor,systenyof cl aim 90

er ei " FAPGSPr P "lm\/%\"f ety S‘”.él sppefied camtr ead

valuk & 1836/ on il speifidd PéaR-1hRRE 43 Gurthdr Otsds tfy%rcicfl]agrin
conprises an offset circuit for supplying second
deceding @ repdlcgmmandsai d counter relating to

89. A processor system of claim 85 wherein said specified count
value is based on said specified read latency as further offset by a delay in

decoding a read command.

90. A processor system of claim 80 wherein said pre-loading
circuitry comprises a mode register for supplying a first count value related to

a specified read latency to said counter.

91. A processor system of claim 81 wherein said pre-loading
circuitry comprises a mode register for supplying a first count value related to

a specified read latency to said counter.

92. A processor system of claim 90 wherein said first count value is
a specified read latency, and said pre-loading circuit further comprises an
offset circuit for supplying a second count value to said counter relating to

the time taken for a read clock to exit said first signal processing path after a
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the tinme taken for a read clock to exit said first
signal processing path after a 26 WO 2004/ 021352
PCT/ US2003/ 026641 read conmand is issued, said
counter being pre-loaded with the dlfference bet ween

WAPYPHPFL and second count val ues. 93. A prifcEE¥Yp/026641

systemof claim91l wherein said first count value is
a specified read latency, and said pre-loading circuit
further conprises an offset circuit for supplying a
second count value to said counter relating to the
ime ta enf a,read cLockto exit said first signal

readcQipig ﬁgss Rud cowptenbeing prs-loadndarigh the difugaes sai d

ber& QAN firkteinBSefn -do8RAGELAY th the difference between
said first and second count values. 94. A processor

Q%St em of claim92 wherein said counter is pre- |oaded
t h safdregessos F)ém%oﬁ@‘alfru?t whereof #asieﬁrswuat rdunis
s read .data to pass
« o AOAE A D Sol Bl W el gt PO ERERRER ot put
offspaditguid forssapplyiiig ke sordisuaeval@bro sAidiioRaRs Sélitfy&t em of
cl ai m 93 V\,herel n said counter is pre- |oaded with said

the gippertakeafora gradrlnck g pxiprand Bst Hignal prasessingRatiyafterd at i ng
read a)ntujﬁgnd I:Sll c;d tsax& 1‘?11°1:<:1lr &f@_ﬁ% gﬁt l@a(ﬁc‘& Wige ﬁlct(hﬁ:%gxg& sai d

supply circuit an read out put pads of said
betwemaid fitehandeecodd.coAnpvabhesssor syst emof claim74
mherein said first processing path conprises a delay

gg oQp. gr ocegsor ixl?‘t em of, cl ai m.94 wherein

id se (Pﬁ%ccfusr%@? ABLRH PRSI Sk CoNnIFK iSpre i | ¢y t

loac&HaM&dsatd)dlﬁaﬂcdcedd%|fa:\thérQﬁ’l§cd 0PcoudB valde RILMBIE e SySt €M
conpri sing a processor; and a nenory device for

UMk cHkEh gqaﬁgia@arp@aw thrpughisaid suprls sisont anshiead lapabrior y
outplBVPaGE £ QPR AbALevice.

95. A processor system of claim 93 wherein said counter is pre-
loaded with said difference as further offset by a count value relating to the
time it takes read data to pass through said supply circuit and read latch to

output pads of said memory device.

96. A processor system of claim 74 wherein said first processing

path comprises a delay lock loop.

97. A processor system of claim 94 wherein said second processing

path includes a delay circuit slaved to said delay lock loop.
98. A processor system comprising:
a processor; and

a memory device for exchanging data with said processor, said

memory device comprising;:
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for processing a read clock signal froman externa
clock signal; a delay circuit synchronized with said

delﬁ¥ | ock | oop for producing a delayed start siﬁna
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of a read conmand; a read data |latch; a data pass
circuit for passing data froma nenory array to said
read data latch; and an enable circuit responsive to
sai d del ayed start signal for enabling data fromsaid

dat ass. circuit to be read out b aid read c| ock
si @ﬁai%yg%i?o for Bfoeca%tn@ﬂﬁcrfgalogbﬁﬁ%l WeNemahr sajd

clock@Rdalc! ock signal are counted. 99. A processor system
of 'claim98 wherein said delay circuit is slaved to
said delay | ock |oop. 100. A processor system of claim
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reads@immhndionverter. 102. A processor system of cl aim 98
wherein said enable circuit synchronizes application
of read da%a to said read latch with the timng of
saf §A%HE RiBek signal . 103. A processor system of
claim 102 wherein said enable circuit and read cl ock

si grata gassaicaie fetatassigt daa frobi Pilemoly SradydtokBidaEdd devi ce
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an enable circuit responsive to said delayed start signal for enabling

data from said data pass circuit to be read out by said read clock signal after a

predetermined number of cycles of said read clock signal are counted.

99. A processor system of claim 98 wherein said delay circuit is

slaved to said delay lock loop.

100. A processor system of claim 98 wherein said data pass circuit is

a data pipeline circuit.

101. A processor system of claim 100 wherein said data pipeline

circuit includes a parallel to serial converter.

102. A processor system of claim 98 wherein said enable circuit
synchronizes application of read data to said read latch with the timing of

said read clock signal.

103. A processor system of claim 102 wherein said enable circuit
and read clock signal provide data at an output of said memory device with a

specified read latency.
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104. A processor systemof claim98 wherein said

enable circuit conprises a counter pre-loaded with a
first value for counting read clock signal cycles
fromsaid first value to a second val ue and for
VERAWMPHE % read out of read data with sai d FEAFRPEE4
signal when said second value is reached. 105. A
processor system of claim 104 wherein said counter is

a down counter. 29

104. A processor system of claim 98 wherein said enable circuit
comprises a counter pre-loaded with a first value for counting read clock
signal cycles from said first value to a second value and for enabling a read
out of read data with said read clock signal when said second value is

reached.

105. A processor system of claim 104 wherein said counter is a

down counter.
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