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FOR SETTI NG AND COVPENSATI NG READ LATENCY IN A HI CGH
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invention relates to DRAM circuits and, nore

specifically to a circuit and nmethod for ensuring

that correct data is output froma high speed DRAM

with a correct read | atency. BACKGROUND COF THE

| NVENTI ON [ 0002] A typical DRAM nenory system has an
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after a read request is made by the controller e.qg.,

ei ght external clock K cycles. Internall t he DRAM
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w1tha9&d}9&1t§cd°d%tche}'}er nal operation of the nenory device.
[0003] The internal clock systemof a known hi gh speed

mermry devi ce produces at |east two cl ock domai ns.
The first cl oBACKGROUNDQRESHE INVENTROMN used in
the bul k of the Iogic circuits and to drive the nmenory
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requestade c@nﬁbﬂ&kex Ees ﬂhﬁltﬁﬁﬁh@'tﬂ&hofyr d%@'l&&bdiésavaﬂ‘tﬂe on a data bus
second domai n, also derived fromthe external system

with acpmdktermepdesed]tascndyreVMclmsng;u@Hly apirsctermimatinumbdr of external

Th| clock domain is prod ced by, a delay |ock
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second cl ock domai n conpensates for delays in the

signalgl farantsungwiperamon qfahh niemenydieviceo produce a read cl ock
signal which operates the

[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 timing for the first
domain is produced from a buffered external free running system clock. The phase of the
clock signal in 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. The 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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out put data | atches to achieve a specified phase

alignnment with the external systemclock. 1 WO
wQoe4MNB33852 PCT/ US2003/ 026641 Neither of theBET/USZH03/026641

clock domains truly accurately reflects the timng of

the external systemclock, particularly at high

frequencies of operation and the timng of the clock

signals in the two donains nmay criss-cross one anot her

during menory device operation due to process,
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latchirmg st idatadis ok¢sent at thhdaich.he first and second cl ock
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t he f read clock back-tim becqgnes .
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d uncertainty and vapigﬁions in the amount of read cl ock
Omajps &R F’i’ﬁsn‘é‘)ssmﬁ WM"Y s data flow in order to obtain

a correct data output at a specified read | atency as
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invention a start signal 1s transferred fromt

relative b eha dhtasiysil ahidity cit ackerg difficult tocdireolitht e¢adadlodleatti guarantee a
clock domain so that the start signal has a fixed
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signal tracks any changes in the read clock timng
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array and a reagﬂ@pg@g@gg@@g&g%iﬁﬁgﬂ@fﬂogf

[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.



synchroni zed at the output of a nenory device. 2 WO
2004/ 021352 PCT/ US2003/ 026641 [0008] The start signa
wo 20igeessat ed by a conmand decoder upon recei pPCDIUSH03/026641

READ command and is passed through a delay Iine which

Is slaved to the delay | ocked |oop (DLL) delay line

which is used to back-tine the read clock. After

passi ng through the slaved delay line the start

signal will have the sane phase and back-tim ng

rel ag | o-the external clock.as the read, cl ock. .
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(DLLYlekRy line whicloisidbd go dacletitheahoetadstlacial Aftbr pasgigtcthtough the
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clock, fol,l owi ng, receipt of the start signal. The
me“ﬁi?%ﬁ¥a%gUHFaggkﬁg'pre-loaded into the counter may be
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an offSealragisict. Thisahse fepeesonts pulesiedd eud latahdyciindsecticmased delay in
the read data and read clock to synchronically latch

providipg arrezdiclogk sisapldheugiuthetPEL, ¢legl trae: entppt latch, and output driver.
specifi.ed read | ate . 10010 hus ven.if the .

The RREE REARTo0 1 RsTE e Sl i TH Ul receipt of the
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will nmove with it, keeping the operation of the data
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. other features and advantages of the invention wl| )
devicqy When the cauntisprsashes the spsalind it icoprsge ther oypbsir@st which

receiv} 52 gerégmlat%r%der??@ QIIOQEP(% ?){ %Lr(gnqgaﬂxggpéﬁ %(I: P} Pgiv%\{%%d output the

w tn connection W g acconpanyi ng

read 3R Feith [AEspeBRET k& 16¥fendyiE DRAWNGS [0012] Fig. 1 is a

bl ock diagramof a first enbodi nent of a nmenory device
whi ch enpl oys the present invention; [0013] Fig. 2 is
a bl p¥KQff adrham ofentifighefbacktinaimgedithe ntdadsthoki ougput varies and
addi ti ona
criss-crosses a clocf( cycle boundary, the start signal will move with it, keeping the operation

of the data and read clock synchronized.

[0011] The foregoing and 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;



circuitry used during initialization; 3 WO 2004/021352
PCT/ US2003/ 026641 [0014] Fig. 3 is a block diagram
wabemiongsa nodi fication to a portion of the FiBCT/UIS2003/026641

circuit in a second enbodi nent of the invention; and
[0015] Fig. 4 is a block diagram depicting the nenory
device of Figs. 1 and 2 inplenented within a

processor system DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0016] The present invention conpensates for

unce ity r at ] ~of .read cl ock

bac km(lﬁm g P?‘%dsa%%dﬂﬁ/%gﬂgg% \S/l]ieér‘{il‘e;lrﬁ1 gqod‘g? QJ#%U?% e kP f)tllﬁn of the
Fig. 1l 3tcetas a sébbifdletboBin®RRIdYhd inveRid® dnlde back timed

read clock in order to ensure that proper data is

delivered to the data bus with a specified read
| at e[ROAS] 0Fig]4 Hiaghlodk diagrasn depiedng b mpsrcay ideecpaf Figs. 1 and
) f a first . enbodiment of the invention as part of a
2 im ted AR & PIQRSSSOASYESer nal nenory control | er 160
supplies an external systemclock XWLK to nenory

devi ce 10@mﬁ@§mcﬁk§?ﬁ)ﬁﬁgsﬁ%gsﬁﬁa mnd and

address signals on comand/ addr es nory
array data between the controller 160 and nenory

devi p@0IA)0 die Eehengedtion ebmpeiidatds fobuhcelediftyind variation in
which is represented in Fig. 1 by one data |ine 108
the amunthef road clogk haek-timing ive MBAM brddivedogealdta to the output latches

. particularly at the timng of read operations which )
whiclBE b timde & i SackyeBesdit it Poite Gbes Pl groper data i
: ' deld ' d read data froma
dd“‘#%ﬁ%%§“§9$§€“%§5H%¥%¥§§Sﬂggﬁggsg&gipe 104 to a read
latch 124 to a line driver 126 to the line 108 and

i nt o[ 00WHpr Fig: dnillusdrites cHebbperdthe et 6f Phige ed®bdiment of the
. includes a serializer for converting array data .
invenden pypareaf f mepaer deyicetldOs hn axteryml menarry donirpler16®supplies an

th 10 The nenor. ice 100 further
exterm R IoRk SIYCR Folsy FSOD ot 108 GneaRery Lok e 116 and
- a
comr BSR4 LS LRSS o SORTRTSS ALY B s v
the caappdiar 16Q and ncanopndtvived (Hdde exchangsd b1, a andii dit data bus which

) conmand ﬁﬁm&» decoder 121 for decoding incomng,
is represgiiech Hstigr drhyt one dasading 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
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controller 160. A decoded READ command decoded by the
decoder 121 is utilized to initiate a read operation
wo@eoshe3senory array 170 and initiates a read POBEUSI0DIOR6641
through the control logic of the nmenory device 100
which is depicted in Fig. 1 as the read logic 4 WO
2004/ 021352 PCT/ US2003/ 026641 123 which operates the
menory array 170 to read out data fromone or nore
menory addresses as specified by the controller 160
Lch ar coded e e . _The read
123 TP Boftafea IREBRAH T 4rd0 7 B33 4O EE00 st oy pAf B iR memory
addre§ded AdpeNEH By thO@dRirolldrel dUNVhRN & 8XdoRlcldy 4dde€ds deSoder 125.
al so applied'to the command (CVD) decoder and address
The remtlogeris doverppy e niffates] gxtemalisystentdonlasignanXWaddless
data from nenory controller 160. The buffered

ST, AR L LB B A b oo
dcco AUISAEEAIE b G0Ek £L L Py SBR P o

mern@r?r @batrolér 1601eThEBuffbed dtarfialsdck ighRY applidittd £delay lock loop
cl ock produced by delay | ock | oop 120 and cl ock tree

120, whirhiig cotybrkationmeith iglock iecedai7apraoducehadditiopaltingrand clogking
i rticul ar edge. of. the read clock signal is. chosen t
signallfor, ¢ pn ey YicC 100 P OE W hichy’ LB B ol Sienab @i piedp?: As
. t i cul T
i S 1 RO RRELACURY, o) Bt ol EISMALRK L7
back-@iinedyshe dalay ai ehe/6ulut phihe A adidubi @lgd 4 thdrepd @Reklsignal is
timed rel ationship, notw thstanding PV% or ot her .
chosepijtaidaiye thapnpuit oeast laechr 2ddtosachiave gisgecified scadnipteogetpr particular
d T%g r ead stﬁ%% signal is issued by the command
ata read QR Argayy line 118 when a READ command is
decoded. The read start signal is applied to a slave
del apoEg CUith obdd Minshrd daStRES stk AdTERGK Honal arri
delag [ ock | oop 1£O.n'fﬁe gutput o? glave del ay %ggdfgnveat
the reageeled24 dn prapeslykirhéd eeladadship] 33rwilithstindify PVEL or other timing
. adjustable to replicate delays experienced by the
variatiogsop epd ctert signal ¢f erarloyede The Feadmyiars sigaal/is igsuedh §y the command

hat | j t ed h d,cl ock,si I line. .
cecodf3825po0E A RTREEY KNP et GRS REtard 20 5o kb Sigpo i
applicAltBra sl G rédic 133 BhitRARSEANERE he hnﬁn%%@ﬁeﬁgq%ék loop 120.

signal is subject to the sanme PVT or other timng

The ouaptadfistne delay d32ds eppliepeniacrioddtréy micke] T &Revhidioalsy be adjustable

signal on
to replice?te delays experienced by the read clock from clock tree 127. Thus, any timing

variations imparted to the read clock signal on line 129 produced by DLL 120 are also
imparted to the read start signal 174. As a consequence, 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
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line 129 and is al so back-tinmed for output path del ays
by the sane anobunt as the read clock signal on |ine
wa294/031362 read start signal is output from thePCt/ws3003/026641

tree nodel 133 as a delayed start signal on |line 174.
[0021] The del ayed start signal on line 174 is applied

to a down counter 148 which is |oaded with a

specified read data | atency froma node register 144.

The specified latency is in the formof a nunber of

k | be fj inth devjce 5
100 o ms FE 5Pt Be a0t B 585 Brosian R infe M segper 144
throuSRRUFRSINY &ecBHiERM deCoderVE) 1u§y EHORE AR Eoh 1R IRr et initialization.

regi ster 144 through command decodi ng at decoder 121
In addigionhi additionyl effsetsrapé heedetb® atoumt for delayain ather memory device
addition, if additjonal %ffsets are needed to account

100 opgratigas.dhey PRy berubtragss ey ghs lreency yalug Jesdsdiipprcounter 148

ubtr 1 I ncy. val uerl oaded
rom (488 BT T A R B PP 165 o
accouliBd for ird tieedBpihflaMeAcys@Ralsaired of hivrle repikterilug4145 or
accounted for in the original latency data stored in

nmode register 144. [0022] The down counter 148 is thus
| oadE¥024 } h Therdovreeowtter b48liscthos koadeg ovidsa nhinbler nfistad clock

occur foll ow appear ance of the | ayed start signal
cyclesgipifh st pactirdollaving aﬁpsargﬁ@c?éﬁhédﬂfa@s% SYagi wRa) ofie 174 to
) ) ' . Qi | ' )
i TR S0Pt TIPSR 8, SR TRP A o 174 cnics

the dowih tb@htey 38 €0 UsLAGIS R ffoRRds elififlkvaiicOitg e rehdl BRCk signal on
129. Once the counter 148 reaches a predetern ned

line 129ufdncggheepuitey 148 reaches ¢ pradetarmineBcamibhkbs, ¢ige ztat,aounter
ipne 104,so that data from.array 1 reaches the, read
148 eﬁ%.@smt]hfzi@ta 5%3&‘% % P S g %Z? 0 sy uscread laigh 124
' hé i I
propef P AR L U PERTIRR B REDAS Loy AR ARSI resd bcncy.

matter what PVT or other timng variations appear in

t he FEORBIc| Atk ihveyioal idostegd anisures thAend @hayes dvisilt VT or other
. . signal on line 174 so that the data and read clock .
timing vgyipdiond eppessiie the rsad elgskttheyaalem appear ar thepdadpyeeisyart signal on line
synchroni zed to h,other to ensure that
174 sSYRE Bafresshd B Fenel dRPegB oM G L areingoperly
o ¢ , . O "
smeh AL AL Ol SRk S, R e gt

accounts for inherent delays in
[0024] As noted, Fig. 1 illustrates an offset with is provided to the down

counter 148 from an offset circuit 145. The offset accounts for inherent delays in
appearance of a read clock signal for particular read data. Thus there will be an inherent
delay in the production 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
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appearance of a read clock signal for particular read
data. Thus there will be an inherent delay in the
w@emdozsson of the read cl ock signal at read |etmbsS?mREs026641

followi ng recei pt of the READ command by the conmand

(CVD) decoder 121. This delay is produced by the

delay | ock loop 120, clock tree 127 and others circuit

del ays in the read clock signal path. Thus, for

exanple, it may take five external system cl ock cycles
fap:.a.r . b QE I

mode Shisfr 193 FuBaly %1 AR ok AbsRRTR Bl dExpEREI pPE controlle

160, SrAkhmpleyvighd extthes elodle XAVELKasycleepghd et ¢ircait probvRIS h
nunber of external clock cycles, five externa

subtr@ﬂeewabye Fés, varc@@upf&ms»e&onydm wbeg igbasedian th4Snherent delays in

R I i e
148 sWittd dhcldi® r@suypcéooﬁllr%g’&zcs)}: el /ﬁ!)‘lsa?upg)%/ g A%du af@l‘& of 8 clock

register 144 PsTnitially set with t te read
cyclesl aatdleneyd elqrkcignd] dylay bffiwodibelotyicks. 160, for exanpl e,
ei ght external cl ock XWCLK cycles the offset circuit

provjd f subtracting val ue ., five clock
of f's 5 - SHhem e de Foneh A48 onhistthe theharashelock signals

followcllrel l a ance %Qﬁe tallrtgs rffgg d{o%ghoéc &é}%ﬁci%%ﬂ{ajé chies haye then passed
follov&iﬂ@ amscdnﬂﬁaﬁ@)t dﬁ@&ghﬁb reé@d Qlocktct)}f:l@ %t@lllé%ct!ﬁe e oathe output

for an absolute réad [atency of 8 ¢lock cycles an
pads sogthdt z tatekofdigitadead eloak cpfles ¢orsespbndikg ay eigir exfddd 5)stem clock
en the d counter 148 counts the three read clock )
cyclesdjaye aFelrrffdgm?B%wgltsb & eanles B steobdatapipg Hhwhich remains

opera@é@ Sk Cﬁh% ad. al o b&%éﬁl es have then passed
oW

connan e eighth read cl ock cycle
| at ches the data onto the output pads so that a total

of ef@IT6 ) eatheldBEKvAYEHRVIdA ByESBROSiridt 185 @hYBL easily
external systemclock cycles have occurred. The

deterrmmdtae syster8 iemiabtasmnt yethetsgstemohodat ia Figpz Fogd 2\/\1h|tl®ehsamc as Fig.
erating for the duration of a read data

M
1, bug teonaﬂlmgeyvs HGESeen 4 eatiarraweéercw 5Brageta switch 146 for
te at. system
e Sy B PR, 9BL TR AR gt s v
DLL 130 hhelosRe® tBé timed 128 krecdibts a0UT HbO0dbhM a%ﬁ%‘éﬁdsaa fihH@ Signal via
128, an I/C)Eath model circuit 158 and a switch
switchf b6 thyenghtDVbI1y0zpdl beiging cauntinguhe puiksel tthE)llegniQXIWCLK on
line I%J lInrgc ?Zé gtlotpls. %l)lllét?ﬁgl 81n x%érlngd locq<f stlgrrlal when it receives an input
from the I/0O path model circuit 158 which is generated when the applied pulse signal
appears on line 129. The 1/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.



DLL 120 has | ocked, the tiner 128 receives a DLL | ock
signal and sends a pulse signal via switch 146

wo booaiogissDLL 120 and begi ns counting the exterpel/ustoosbe641
signal XWCLK on line 116. Tinmer 128 stops counting
t he external clock signal when it receives an input
fromthe I/O path nodel circuit 158 which is generated
when the applied pul se signal appears on |line 129.
The 1/ 0O path nodel circuit 158 adjusts the tim ng of

t he A NG . . d clack sign t nt for .

(e s AR Th T P RRAE b Crcmplis v e
Fig. 1ShQ@kb&difRat ehsirds diBlcodréS Al Clbck FSAR readBAtaid S LN 124 at the

Sstop counting external clock signals. The count val ue

same helechsithe teadstata fotrharraf 13@appaarseacttbe tath et telspsdifiedhtand latency
representing.the delay in generating the read clock .
even ig YA RreseReeO FiRg QriRdonenparkidstogiegead clock signal. A

[1S 0 [ ffse [ it for use in
rea s Uil wh RIS fifieb Pl de b dpp s (eGP dlay and same
timin%ﬁ&fu@n@n@éntﬂ-ﬁﬂtm%t&@ @Ifgh@l ds&hodbiherén¥A BRIMHCHSA IP2he read clock, is
/ US2003/ 026641 0027] As is apparent fromthe

used @mrynehronfre danypassingrfrem thx enpy tHrbegh blye ohgpuEipgth With 2he arrival
) (gggodine t .ensures the correct read clock for the read
tme gread clock gt ch 124 at the sane time as the read

data fromarray 170 appears at the latch at the

spec [(f(% |’ ?ﬁ&olu%hq;ﬂ@ Yyseénd Hs 'cha‘f H&CHE&T’ GRS o{,xa e ff which

ot he I ng varrations 1nparted to the read cloc

the déWgRahnteA148 @3Unstduvn & gndhe ofiirohndakes Firésthe Wb Bipe circuit
sl ave del ay which applies the sane delay and sane

104, thierd mgy hdjinirentdaays suctnas iststartingithedatagype h04 er in decoding
ad clock, is wused to

i.nh [ [ .of th
opera'ggriaiﬁr%tﬁ"gfﬁi@gﬂﬁ%f 9;%%5?4485%1&%# sltuptions the dowgequpger 148 need
{ : r : .
nOtaﬁ%&%@fh§?%2éﬁgﬁpgﬁgﬁgég%é#?%géB%eé%ﬁggégﬁfgggﬂﬁ?%Eﬁgthtnmy

insteaéxaipt dowi tvhivatue which dessuntoforisech déiByss o os edanple! fnd using
a value of zero and then fires the data pipe circuit

the expgplary hbsaduteayad batentyerfsightdateapd cheskiryalss, andswigh ai edfset of five
th ta pipe 104 ,or in decodin oper ati nq READ

clock ¥t BeeaRlon 81 i 1o el o BruERT B e aaghled by the

el Bl B e oy ERUTULE o PRIRY ARG e fhre 2

one exm@yhal closk epcde delaynin BBAD tomananal digodhiigChr iaatie yaksof the output

~such delays. If, for exanple, and using
pipe 104.
[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



the exenplary absolute read | atency of eight externa
clock cycles, and with an offset of five clock cycles
wo evo4@erssz at i on of the read clock, the down coP@T/@62003/026641
when enabl ed by the delayed start signal, begins
counting fromthree to perhaps a count value of one if
there is a one external clock cycle delay in READ
command decoding or in the start of the output pipe
104. [0029] Alternatively, any output path delay can
. 4. the offset, circuit. 145 which .
signalENIEGRE et taleRud ' PRelanP B s Eb LRl G o Heie the read
clock Rt thedBIRYOchéHRaQ] thlBile 8 @mboliMentCio eRIRK thé 8aheuitiR Fig. 1
down to, when that value is reached the down counter
embodigentorinatidilig.chalodification the easblecigntab prbvided surheounter 148
148, holds the data path open for the duration of a
count dlgivrefiem I RTErioadl Y @4 P Yo, X angther valpeif there are

- COLIN I fr i 4 i rGulit
st SRS LRGN Sk Bl A BRI v dowo
countel,| drdthét 18gicanssBuititéd eiddrbwith Ofor b fhahly FeadlclefPORHI¥RS brd Rquired
whi ch the down counter 148, rather than firing the

for a date updur94, Tharetferadthereountied 48ns erlailed Brdi@set for a next read
2004/ 021352, PCT/ 1JS2Q03/ 020641 ighal.,. EN to the read .
opersfighe 1S b bt Do Bmean e St i dri hedhimanzgprovides
e e ' 29 ise, the Fig.
synch%\f)ﬁeig%do(gll of hiaFeaFiRG 'ang;}eﬁasckl& the%ﬁ%e%ﬁsﬁg; g

ment 1's exact e sane as t 1
enbodinment. In the Fig. 3 nodification, the enable
Si gnp0033] piiy.i4didsithes ac extthplaryl g ce Livigilyste HOSO0 Whh utilizes a
its pre-loaded value to a zero value, or to another
DRANBIgeory devies 200 i accpdineg ovid! theednayedimsniseof the present invention

TR L 0 e L0 P
statioh ARIHRL e, TRE g@écegﬁﬂ% Lsgs@é?'lq SQb%giuﬁéI@C(lnﬁfsoraﬁlo% ﬁr%ccssors 501
her eaf t the

required for dat a put burst. er,
coupledtmt docall B8s 584 r &l manedy amstrolks di60fokl Aptiexty beastidge 503 are
operation. Once again, the Fig. 3 enbodinent, |ike the

also cappled to ghglagplnkst 504 r B¢ peasesssygeican b mayrinelude meultiple

mem s 2on(y3) s 120 bE2Er BlBRlc iRy BF obidect RS < TP hoy controller
160 aficR8 pHinaly BESbAdg MR keddeb §s 10RldHARESRANCe
with ?he enbodi nents of the preéesent |nve§t|on

di scl osed above in Figs. 1-3. Fig. 4 depicts an
exenpd@33] pditeanemocoomitaler d60VO1lko coupled to one or more memory

buses 507. Each 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 (SIMM:s)
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



station architecture. The processing system 500
i ncl udes one or nore processors 501 coupled to a
wo owalo2i3es 504. A nmenory controller 160 and a PCT/IEZ0p3/026641

bus bridge 503 are also coupled to the |ocal bus 504.

The processing system 500 may include nmultiple nenory

controllers 160 and/or nmultiple primry bus bridges

503. The nenory controller 160 and the primary bus

bri dge 503 may be integrated as a single device 506.
peripl{c%ﬂ?%l cggﬁoﬁ@w})ychcaqgtbﬁg lnjlagfﬁs‘l'gtgwhﬁch%ﬁgo&%g&lc? g’lC‘iIPO access

one Or Nnore menory uses . Each nmeropry bus accepts
(DMAE; B¢ Yne@fbH) @BATLE OIS Wl éhpientdnddeadlie ERSEn@MRotocol. If the

nmenory device 100. The nenory conponents 508 may be a
memarg wontrober Hobis cauplsduoy plumsdity ef mErmmy buses &l 6peadhr memory bus

nodul es i ngl.ude single.inline menory nodules (Sl ) ..

516 P IORRra IR REAIE G SRR ATTOFARAS) oY RS different
508 may include one or nore additiona

nwn“%@@?@%% 09. For exanple, in a SIMMor DIMV the

addi tional device 509 m ght be a configuration

menof §034Lc Mhasprim &8 Hud bridlige $O3GE cgpled to SRt one peripheral bus

menory. The menory controller 502 may al so be coupl ed
510. Mgrigug deviecspairabrag psopherlseor addisiimahbnobyidgB5nambe beupled to the

. ,the only cache nmory in.the, processi ng syst )

peripheral dp 0, of hese deyipey man pcitits's sigraig eafplier $Hbegmisssllancous
1/0 Rk, 38D A e didpl f
/ cache hie rsar Cc hyﬁjw%ﬁorg(g%:% %@Pﬁ%dé%%@%sﬁg 18, 8" fegacy
devicpinoa€ssiS2g. shisd mimbObusrtaidgdes B8 MEY 2004Q@21h3RA to one or more

PCT/ US2003/ 026641 peripherals or controllers which )
speciahparpgse higdhstpeed perts wh? c Hngqupssemal gpmprterpforsxymplecessspecial

DMVA), t r ontrokler.1 Lpl epent a .cagh

purpott Hekupieht SPaRs e IR b hies o CAGRTRisr & <ol Adigh
perfor@iRl SfelbQard B Hi’c%rb%é’ssiﬂ% syﬁer&ryomuses 516, each

menory bus 516 may be operated in parallel, or

di fferent address ranges may be mapped to different

menof§03h s e S HsGorag® 0Gdolldred 13r daupleg dmesorbmorgroa@d detices 513,

. coupled to_at |east one gerifheral bus 510. Vari ous

via a sgrgge bys S&cte the psephembbus 3l @ r Fagexampladhe stpragy ¢anjecller 511

l,ed h ' | 4. Th .
s S 8, SRS 0 e RSESTE S MO  TIER. 110 dr 514
may b‘g‘%?%gﬁ Pheld CFee¥L£SpIe 1the 1/ 86ARIST ¥ nYHIH 1484 area

mul'ti medi a processor 518, and a | egacy
network interface, such as an Ethernet card. The secondary bus bridge may be used to

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



device interface 520. The primary bus bridge 503 nay

al so be coupled to one or nore special purpose high
wap@aaperts 522. In a personal conputer, for PXBUR1083/026641

the special purpose port m ght be the Accel erated

G aphics Port (AGP), used to couple a high

perfornmance video card to the processing system 500.

[ 0035] The storage controller 511 couples one or nore

storage devices 513, via a storage bus 512, to the

i ph | b 10.. F I th o
perso B PR Bl ool S S b P L F gpamocincasons
can bARMUE ]S cBABg RN ?r&@ﬁnéjby@fcﬁi 56080 HeEOHB Y& saftdble T8 use in a

be any type of peripheral.” For exanple, the I/O device

varietp blapplicatiensanFéroxampér, e@anyreddanmmic devias fvldeh reyuite paecessing may
. an Ethernet card. The secondary. bus bridgﬁ naé be used
be implsmenigdhpsing @ supplet ashissctae whish rolics ontRat SBLsoupled to

SR UEAT o 3 SUFTIS, SEENecs
may i6QRdE, YutQfe HSEEMItE] 6O ¥RAIS AaBo F6Mds§5ts ard Zec\b'k@erg,%%ﬁlﬁg

processi ng system 500. The nul ti medi a processor
consobhmydigeabteleysiomdsetg mdredeorwvidldessaelpphioees¢ anvdgatiom devices (including
dia interface, which may al so be

ot her. type of -
Syster%i?eas:ﬂéal Bk? %ﬂéﬂemﬁﬂpmgaws@@v(%@ Yishfpragersigbngiagasion), and
.. i cQ i e 5 i S S .. .
s T IR, o ALRIEATE SR, 1AL Gl ciminaion
of unk@¥HA/T Esimpeltntd, Gaditiod dfiBeciBARERRSicEHoS¥ibduRi) ﬁQ%or integration
[ 0036] The processing system500 illustrated in FIG 4
of a plugalgylof davicexenpl ary processing systemwi th which the
invention may be used. Wiile FIG 4 illustrates a

e L ST S RN —
PGT/ : . i~QN.
o R B s o
substiG@foriBeandenide Wﬁﬂé&@dﬂp@rﬁﬂ?fr@ﬁﬂﬂﬁ%@ir&&nﬂ%&b@bﬁ@ﬁ ih®ention.
y O

become nore suitable for use in a variet _
Accordingly,¢he inventiofdy nestxtarhs eonsidgrsd @l lanitedhy thafovégasg description

. which requir rocessj ng nma be .i npl emented using a
but i i ratied e Kot hnfer e iimen o CPU 501 coupted
to nenory conponents 508 and/or nenory buffer devices
504. These el ectronic devices nmay include, but are

not limted to audi o/video processors and recorders,
gam ng

11



consoles, digital television sets, wired or wirel ess
t el ephones, navi gation devices (including system
whamed282 t he gl obal positioning system (GPS) BOTUS1003/026641
inertial navigation), and digital caneras and/or
recorders. The nodifications may include, for exanple,
el imnation of unnecessary conponents, addition of
speci ali zed devices or circuits, and/or integration
of a plurality of devices. [0037] Wile the invention
has been described and il \ ed wth reference to
specific exenplary enbodi ments, it should be
understood that many nodifications and substitutions
can WhatRddaimietne uewdepieddsired td be préteetedy Ldtted§ Batent of the
scope of the invention. Accordingly, the invention is
Unitedditatepisbe considered as |linmited by the foregoing
descrlptlon but is only limted by the scope of the
nd d clalnﬁ. 11 WD 2004/02&352 PCT/ US20 3/026641
SHOAOt QPSTADE LTCRGN ARECH e B
aman&H ected by Letters Patent of the United Syates I's:
nmet hod of operating a nenory device, said nethod
conprising: generating an internal read clock signa
f pamramgxt anaslal chdclockisgmal fromsimgxtarrfall clotk siggalal
. proceSS|ng path, said first signal proceSS|ng pat h
using @ fist signal Pracessingpath; frid FEt SRRl RFOseSSIHg RALY S#1SINE ed
Vanatiro?lgﬂl 8J1 ga(gtns%ld g(gleclpgtrcgtré 4918 s“?glgalSt art signal in
response rece read conman passi ng said
read start signal through a second signal processing
p@étratiyl QPeaHQs@iﬂtgghﬁSintrB@oﬁé’d i kBN el Redd@rhinahag of
said generated read clock signal caused by the first
si gnal processing path and producing a del ayed start
sppniaR;saighrgad; stiapcsigrsl dlr@@gbyédawhwgndlpgﬂ@ﬂssmg path
hroni ze t.he out put .of. ?au at a sald rEad

whichCHycB@f@t%ﬁtil vadagonsp the tlmmg O generat d read cloc
signal caused by the first signal processing path and producing a delayed start

signal; and

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



2. A nethod of claim1l wherein said del ayed start
signal synchronizes the output of read data by said
wo e@d/ozizerk at said read latch with a predet ep@i/nsmo3/026641

read | atency. 3. A nethod of claim2 wherein said
predeterm ned read latency is a predeterm ned nunber

of external clock cycles follow ng issuance of a read
command by a menory controller. 4. A method of claim3
further conprising using said delayed start signal to

enable a ting of re cl ock cydal 0 N
PR Rad AR OS Dheh BT G S BlPhsh S circuic
to saideddUTA G ARk re deRYBINA VaBRGs d@icBed r om a nenory

array to pass through a data circuit to said read

| at ch when said predeterm ned value is reached. 5. A
Fret hodAghetbiodi ahchimyd firthrer somprisisignigingssaid) delayail
del ayed tart signal t nabl e a countjng of read
start S4FALNS TGS couiG T perat s Ases s BEdeimRsior ng
valueSfalgd read latch to be enabl ed when said predeternined
value is reached. 6. A nethod of claim4 further
conprising: setting an initial value in a counter;
ecabinigngidsaiad laohnd &t enkthlad sdied sdiell ryécteahet] valugrial
to count read clock «cycles fromsaid initial value to

reacheghj ¢ predeterm ned value. 7. A nethod of claim5
further conprising: setting an initial value in a

gounteghngﬂ%@iﬁ5%5¥4ﬂ¥899Qgg{rmdth sai d del ayed start
[ it cloc

Ssignal " to count Tead cycres'fromsaid initia
value to said predeterm ned value. 8. A nethod of

Chetifi Gn WiigEBValusial deduritéd; al  val ue is determi ned

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



fromfirst data representing said predeterm ned read
| atency and second data representing the tine taken
wo eoo4@21368d cl ock to exit fromsaid first signedT/US2003/026641

processing path foll ow ng i ssuance of a read command

by said nmenory controller. 9. A nethod of claim?7
wherein said initial value is determned fromfirst

data representing said predeterm ned read | atency and
second data representing the tine taken for a read

oA B S AR R R s

contrélfera read command by said nenory controller. 10. A
met hod of claim8 wherein said first and second dat a
are stored in said nmepory device. 11. A nethod of

1(bl ai m & mgidediof cind Wh?@tﬂ satcdi fiese apd dewaddasr ere st or ed

saj d el .device. 12. A nethod of claim 10
store MeDYVAEVICSt data is stored in a node register
of said nenory device. 13. A nethod of claim11l

1mher ei § p@hddidfchim®BkhBelet SEPHAL ah8 séonliiRa hRJ! st er
of said nmenory device. 14. A nethod of claim 12

storediinesaiel meswiryldsecond data is stored in an of fset
circuit of said nenory device. 15. A nethod of claim

13 wherein s ec ata 1's tored in an, offset
1Zircui ‘f\”&?thggog f?\%‘ﬂ&%ng%r\‘i%%“ Bt datadssteae Y2 ¢l ai m
modejrg%m?r&*sgxd%ﬁéﬂ a}lcedata is supplied to said node

ter sai d menory controller. 17. A nethod of
claim 13 wherein said first data is supplied to said

13de rAghahed diylagaild wheminysatdftst dhtads stored in a

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



18. A nethod of claim 14 further conprising
determning the tine taken for a read clock signal to
w@awmg/oetssough said first processing path afterpPar/usmasio2e64l
command is issued and storing said determned tine as
clock cycles of said external clock in said offset
circuit. 19. A nethod of claim 15 further conprising
determining the tine taken for a read clock signal to
pass through said first processing path after a 14 WO

2004/ 021352 PCT/.US2003/.026641 . read_co d is issued
read Gihiapd s iRGedgpe ST Mg T ims A Roap e pietee ot
said e2Rkch] RISRNAMid IR&kcidchicsal d of fset circuit. 20. A

met hod of claim1 further conprising slaving said

second signal processing path to said first signa
2(pr ocesdi mg&m‘td‘fp dlagmpl duthee comipdisingsydvingasaidsecopd. A
. method of ¢laim, wherejn said first sigpal .
signal rgeessiag pgtih i Hid At Pigakpracepingpa r%prcrcge& stigop and
nfphciﬁhg second processing path includes a delay circuit
slaved to said first delay |lock |oop. 22. A nethod of
claim1l wherein said timng variations are at | east
2hne of Afrabihiodladfi duim@edssin vaid tieg 8ighabpitoe egmigapadh e
) I nduced timng variations. 23. A nethod of operating
includgs geireir delayelork loopemdoridssasgnd pspeessing paskt iaelades &1 ock
si gnal, as, an ipput .to ihirst delay lock loop to
delay Frdifia™ Bl B ARS skl pass: ng & si gna
generated in response to receipt of a read conmand

23.hr ough @Ae@RdaNf EHimCHivhe RiRVAS tifing ¥hdadddsShe d€leddt
| ock |l oop to produce a delayed signal; and using said

one ofl élbayators pgrass, avithgeand tehpekatsiegndiicddotimirtgput r ead

. data froma nenory array of said nenory device.
variations.

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
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24. A nethod of claim 23 wherein said act of using

conprises: wusing said delayed signal to enable the
waowa21sg2 of read clock cycles to a predet er POBUS2003/026641

count val ue; enabling a data circuit which supplies

array data to an output latch when said counter

reaches said predeterm ned val ue; and 15 WO

2004/ 021352 PCT/ US2003/ 026641 | atching said supplied

data with said read clock signal. 25. A nmethod of

cl.al,m 23.wher ei i d.act. of wsing _c rises: using
slﬁ?%m&%faé 8%P%|e§n‘§‘|%a oﬁesﬁlgbﬁe%ajtc ‘r?cgél@gglﬁ ‘ing of read
clock cycles to a predeternined count val ue; enabling

25N out Btheth@dCd MR 3 ¥hereGDsHd 8¢t sfaraiesorhiptises:
predet erm ned val ue; and | atching said supplied data

with said read clock signal. 26. A nethod of claim 24
whsing issid siglayed signali togeniableghe souhang ohrerd degkpwycles &g ch

uppl.ies read data to an output bus with a
apredéf%ﬁléf“?éfﬁ?‘ﬁbtd' Yad latency. 27. A nethod of claim 25
wherein said counting is such that said output |atch

S&%lihg%nr&ﬁ ufRtéh WReREhi@ biier RUSh &l @ _
predeterm ned read |atency. 28. A nethod of claim26

predewdimiddvadad;dindounti ng to said predetermnm ned val ue
begins froma preset value which is at least in part

determned in accordance wth said predeterm ned read
| 5{@%@ ?mg SUPDUHAAD I Greaid r&?ﬁ#ﬁgﬁg in said
counting to said predeterm ned val ue begins froma
reset av i €h i - 11 ?ﬁﬁg : inqd in
2(giccor dénrgkeﬁjl\%dt C%ﬂaﬁn p?’ge gtﬁg%t#r? Eg r eéalé Sﬁg% g[%{?f .511830. A
outpuitble supflics k@idndaz8 tove betput bk dvif £peddevdahiiged feablased
on

latency.

27. A method of claim 25 wherein said counting is such that said
output latch sﬁpplies 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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said predeterm ned read | atency which is offset by at
| east the tine taken for a read clock signal to
w@e@mpagase t hr ough a signal processing path, wiTS2003/026641
i ncludes said delay |ock |oop, following a read
comand. 16 WD 2004/ 021352 PCT/ US2003/ 026641 31. A
met hod of claim 29 wherein said preset value is based
on said predeternmined read | atency which is offset by
at least the tinme taken for a read clock signal to
r opagat r,0 . | l i at i.ch
3i|)'ncl udgsrgg‘gll%g O(Ljfglﬂ %l;%l ﬁo%ﬁgfcgg%?& § gﬁssf:{(}\?\/lmﬁcglsgb Py
said p@é&&@ﬂﬂncc_ﬁ?ead/}at@ﬁ%hﬁﬂicﬁfis 6l By 30 Ik diné dldn for a
predeterm ned read latency is further offset by an
read chetdisigrah &b priglagytei thharghng sigmal pueceasing padf, vaucll nenory
) evi.ge. 33. met hod of claim 31 wherein said
mclu‘%ﬁ é%}étdé}aﬁhﬁﬂggopéagmoéﬁ%éiea ORRARRer of fset by an
addi ti onal delay inherent in operation of said nmenory
evi ce : :
3221'ddi ti énrgléthgg da}?"lu?’g’d%(gﬁvgg{fﬁ{aﬁg‘& Eééz;&s%t%rﬁ{ﬁ‘q%%?étagé?m?%
is furttlecoflien by ah additidl delayindrenddn oferBbhad soid o 33
~wherein said additional delay is caused at least in
devicpart by the decoding of a send command. 36. A nethod
of claim32 wherein said additional delay is caused at

east iyn rt, hy . th tart .up.of a data path. ,37. A
33ret nod gPERPH RN EFr it S PP b inl e et
is furth@usEd By anla@@flodaNd@dy InHeYerthe \(A)Ekﬁﬁbnt& s&H Atk
path. 38. A nethod of claim 23 erein said delay |ock
devicd.oop and delay circuit are subject to the sane

i nduced signal timng variations. 39. A nethod of

claim 38 wherein said induced. signal timng
3%ari at %%m&ﬁéfr%‘ﬁc%%w Gres Sall‘iégi‘m@ﬁ%l ‘?;flayflélﬁ?‘ilséﬁtafon

least iRrPQ&egsﬁtheV&lcbai% S1%end 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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tenperature variations. 17 WD 2004/ 021352
PCT/ US2003/ 026641 40. A nenory device conprising: a
wo 2og2ssgnal processing path for produci ng anPCTusIoN®D26641
read clock signal froman external clock signal, said
first signal processing path inparting timng
variations on said read clock signal; a second signha
processi ng path for producing a delayed start signa
froma received read command, said second signa
rocessin ath i.nparting said timng variations to
4(g'ai d déi rgg/'ggrys?%vﬁ@%qrﬁ%réﬁq?g'and a data flow control
circuit for outputting read data in response to said
dgligstRhnal proces th 30prodacinglCkeeghdnadd clbdk A
menory device of ¢ a|n14% wheréin said data fl ow
signaldiorrranl extarhalcliodk sigmabysagkficst signa gooteasiog path miparting
. . for supplying regd data froma nenory array to said
timing ¥apiptqngogysaidyregd £lag ﬁ&ﬁWL for synchronizing the
out put of read data through said latch wth said read

e et R e L

ner ayed ‘start si“gnal .
from 4 Zecefredemt gorfi@Mhd esa@f seebadl Righdl poeéssing mah tmpaaligi ng
. Circuit conprises: a counter for counting a
said tigping epartiansdd spidrdsdayedfstaresignadl sek cycles, said
counter being enabled by said del ayed start signal;

id I ' ' ' bl ed id .
o i SRR o G O PO BHRE KRBT RSeShes ot ca
delayekBstart signal and read clock signal.

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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WD 2004/ 021352 PCT/ US2003/ 026641 43. A nenory device

of claim4l wherein said enabling circuit conprises:
wa@2@ent3sr f or counting a predeterm ned nunberPOI/USBAI026641

cl ock cycles, said counter being enabled by said

del ayed start signal; said read | atch bei ng enabl ed

when sai d predeterm ned nunber of read clock cycles

is counted. 44. A nenory device as in claim42 wherein

sai d predeterm ned nunber of read clock cycle

482! gﬁf%ﬁ:ﬁg&og)pdé\h&: &* of £f) Whegﬁgr\llgﬁd C%W%El?c%‘i’t data

comp Hsedet er mi ned read Iatency 45. A nenory device as in
cIa|n143 wherein said predeterm ned nunber of read
cl ock cycle corresponds to the tine required to supply
r eggungater caangogpRregerdemisied swimbarsfoead deck exslasi th a

rede erm ne _menory device of
said BB E PRIy Said SRS siznfl 1o Tor ot 6ot osdi ng
said counter with a specific count value, said counter

cgﬂ&&eﬂqatcﬁade%@é&%@é@\wﬁw edd Ebk‘é”ﬂé%ém%cd ﬁa{:hb%t BEK

cycles fromsaid specific cou val ue . A nenory

read dieoki gelesis cluatad. 43 further conprising circuitry for
pre-loading said counter with a specific count val ue,

[ det erm ned nunber of

4f2ad cRoBRmEp. %v!cte'rq@%mciaé%&ﬁwgeqem I BURAeTervuRGrh. 48,
numb@r gF E@H%l(?&véy&g c%?reg{bng{s b gmvghr%r &y f‘gls%)&?gyp eyl c

he ™ hurder o ek
data t@)tﬁitpl& pRE Wi sad rﬁ@n@fyqﬁwﬁe with & pe€delérenin€deeddat ency

for said nenory device. 19
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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WD 2004/ 021352 PCT/ US2003/ 026641 49. A nenory device
as in claim47 wherein said specific count value is
wo edoatesst o t he nunber of read cl ock cycl es repOT/USZNOB/026641
produce a specific read |latency for said nenory
device. 50. A nenory device as in claim48 wherein
said specific count value is based on said specified
read | atency as offset by the tinme, required for a
read clock to exit fromsaid first signal processing
ath afiter a mory .read c nd.is.issu by a
“Frorror y ABREPH fiapce % RIMALIREEIR fid S ek m 49
value WYRLEL 't BlethiBRB& dfi rBaL QUBE cytd! rGuik&d RasRAIeD,sai d
specified read | atency as offset Dy the tinme, required
specificaradi lataay fot edd memayideviceom said first signal
processing path after a nenory read conmand is issued

S AR it o B IL I SED
' (L L ff b
e )88 SRR SR AL ARGl W O Bagh B

for a ¥RARIoCk @6 \ekit €raas siidl fiedtaighabprove gl ;?qtﬁa'ﬂdr 8 RRGhdiyed
count value is based on said specified read |ateéncy

read cpsnrhamd bsassuod byet mpypogncarddilieronal  del ay within said
menory device. 54. A nenory device as in claimb52

5wherei sai d aastionalldeI Ls . caused | east in
Bart b BRECBeOT Bl Aybersin i spasdic Uk mor y

value S4EL oA SailpEliftdad u@g@%&@@t gy ﬁﬁf&)@h&@&' ay is
caused at Iegst In part t he decodi ng of read

for a eadokiel to 26it fynveLio fystdptiabproasssiny dthiafteb2 nvdnes§i N
said additional delay is caused at least in part by a

read comypand,js ipsupe byfa memenceenttpllerf or suppl yi ng read data
to said output latch. 20 WO 2004/ 021352

5£.CT/ Usgorggr/n%%ﬁgév]rcc 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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57. A nenory device as in claimb53 wherein said

additional delay is caused at least in part by a start
wapokiomssnf said circuit for supplying read daP@r/usmo3/026641

said output latch. 58. A menory device of claim48

wherein said pre-loading circuitry conprises a node

regi ster for supplying a first count value related to

a specified read latency to said counter. 59. A

menory device of claim49 wherein said pre-|oading

' it I ) d i ster .f S | yi ng.
5 rst AMAMOPAGHCT B2 Nherynsid AddtPBakqIa sncy
. : ! e g
cause&vl\ﬁtg ﬁ‘:%tqng)g]ygﬁfﬂ stapcoucp AR C%Mit(fﬁr g{ggg@# g%lﬁ data

rein Irst count value is a read
to saill dugh@ylatcand said pre-loading circuit further
conprises an offset «circuit for supplying a second
count value to said counter relating to the time
58.aken Aomemorgderies elctaipnd@ wherejnjsyidre deading pisguitry
rocessi,n th.after, a read co ngd is, 1ssued, said
comp PR arAgeD i s hiude TR TR e B et ween
specifd idad 14t &icyaBdaRiecRArcount val ues. 61. A menory
device of ¢laim59 wherein said first count value is a
specified read | atency, and said pre-loading circuit
59.ur t heA momory dedcaof ddiins€? wheidis saitl preostipptiviungy a

second count, val.ue tq sai d_ counter elafin to the
COMPFISGH mpéﬁé?gurts% A SPE&M‘“&I PRt ftptueagledtaat g gnal

-r0 [ t.h: a read conmmand is issued, said
Spec‘f%@ur%?‘zﬁtﬁgﬁyﬁg’ sglfiz{qtuggeé'ed with the difference between
said first and second count val ues. 62. A nenory

66levi ce Aohesloy de\al: vhdiai B8 sdieteif QuidtfRst dotinphfue isaaded
wWth said difference as further offset by a count
specifieg| ngad taseraayi aed sadd preeloadingecitquitfaktber eempriskatan afbepass

. .through said supply circuit and read |latch to, output
crcuif R U TR G GoRR  elitto S RSt haiehe Ml
taken 6174 HEAAS40R5E8 A 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
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 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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63. A nenory device of claim61l wherein said counter
is pre loaded with said difference as further offset
whyooa/oesant val ue relating to the tine it takesT/usad3/026641
data to pass through said supply circuit and read
latch to output pads of said nenory device. 64. A
menory device of claim40 wherein said first
processing path conprises a delay | ock |oop. 65. A
menory device of claim64 wherein said second
rocessin ath .i ncl ydes elay ci,rcuit slaved to
6§'ai d dél Iggnﬁog}f:ﬁe‘fl%eo%%&%lg’. 6%“’ o ﬁmgec HEET&OPST i si ng:
loade@ v AYd Hffeked R QP fil:PherRIMEESSA BOuR VahadrHRgkosthgnal
froman external clock signal; a delay circuit
time i$ yakeh raudi daal tavpass thiiughdeldasypplyadirchaopdfread ftddtei ng a
del yeg §4art signal froma start signal generated in
0“@“Fé§8%ﬁ VG POIEIGSYICBf a read conmand; a read data
| atch; a data pass circuit for passing data froma

64TENTOr VA%EI%{J;’ Qeidl 8 (iS40 g}%lte?eﬂl 3518 'Hrstaﬂ}glc%ﬁgg'b?g{r e

circuit responsive to said delayed start s

compgiahl delg lodRlsog.r om sai d data pass circuit to be read
out by said read clock signal after a predeterm ned
nunber of cycles of said read clock signal are
62 ount ed memonpdeni¢roplclaig /4 whereir saifl sr@mdprecessingsai d

del ci,rcuit i.s, slaved. sai d, del ay | ock | oop. 68.
pach 8T T UOGE re® e oMo FBRoRR RS safd data pass
circuit is a data pipeline circuit. 22 WO 2004/ 021352
66CT/ USA0Hm323p8Akce &,Qnﬁ,ﬁsh@nory device of claim68
. g .

wherein said data pipeline circuit

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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includes a parallel to serial converter. 70. A nenory
device of claim®66 wherein said enable circuit
wa@yneheioat zes the read out of read data at saiBICT/E82003/026641
latch with the timng of said read clock signal. 71.
A nmenory device of claim 70 wherein said enable
circuit and read clock signal provide data at an
out put of said menory device with a specified read
| atency. 72. A nmenory circuit of claim66 wherein said
nabl e 4ci r cui G hses nter. pr.e-l.oaded with a
6 T rst éarpﬁgelo ogevé%%ftr%laﬁgj ?%5’%@% u(tlagéd c%?ag%lgleg%cy%lf%lét
mclucfe'éﬁlﬁa_%ﬁle!jt(féerrﬁl cople@rt o a second val ue and for
enabling the read out of said data by said read cl ock
si gnal when said second value is reached. 73. A nenory
7Q@evi ceAaneinpry fevien gixlamedevhesean gaid snablercircgita down
counter. 74. A processor system conpri Si . a
synchifnigesdbi reacoiit of rRaheng a6 808 ceat BRPexeR PG Hirtn@af a
said réf”idtﬁoé@éignaqr ocessor, said nmenory device conprising: a
irst signal processing path for producing an internal
read clock signal froman external clock signal said
7Eirst Aimgeabrpdodesst agmpal Whierqiakdid rgableicifcag and
variations on said read clock signal; a second signal
read glpckesiznal REPVide Hate g ap PYERILI §2id rAenapedevdtcavith g gnal
s eciﬂ‘er orm&arteccei ved read command, said second signal
P p?iog%ssi(ﬁlgypat h inmparting said timng variations to
sai d del ayed start signal; and 23 WO 2004/ 021352
7RCT/ USAQHeheapEifchit 6f dahdod Whier&RBiid @nablelcidif f or
outputting read data in response to said del ayed start
compsiseyradouaet preddadsidoeith sifigstaklue 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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75. A processor systemof claim 74, wherein said data

flow control «circuit conprises: a read latch; a
wa@Roog2t351 or supplying read data from a nenor yPEr/Us3003/a26641

said read latch; and a circuit for synchronizing the

out put of read data through said latch a

predet erm ned nunber of read cl ock cycles foll ow ng

generation of said delayed start signal. 76. A

processor systemof claim75 wherein said enabling

glr ré%kl(,{ ﬁe?vrvn %ﬁ[e]’g% ?]%Jétr f%g?)%@tgﬁg lr@arq(&%gg.\# res%ogsc to 0saud

delay€dstaf@ighabhiyradaddtignal.sai d del ayed start si gnal,
said supply circuit being enabl ed mhen said

redetern1ned nunber of read cl ock cles is counted.
7 §7 A Prroeessor sysigst efiflain ¢t avherzi soi d@tiarﬂcs’at@ntrol
circuit conprises: a counter for counting a
C“‘“%F%ﬁ@f% m ned nunber of read clock cycles, said
counter being enabled by said del ayed start signal;
aRGefAhgnt ead | atch being enabl ed when said
predeterm ned number of clock cycles is counted. 24
WD 2004/ 021352 PCT/ US2003/ 026641 78. A processor
syﬂrelmit 6dr ssipplymng @ adivhrefromsaindnre dete torsaid deasuinber
read cl ock cycles corresponds to the tine required
lal:Ch>t2'15‘dsupply read data to output pads of said nenory
device with a predetermned read |atency. 79. A

PG oﬁ&%ﬁ%r rghﬁ;ﬁl%g%é 'om:lyut otelfidta %Rlloqlgh said latch

predeterm ne
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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nunber of read clock cycles corresponds to the tine

required to supply read data to output pads of said
worzmnyi3sevi ce with a predeterm ned read | at ePCyUSB03/026641

A processor systemof claim76 further conprising

circuitry for pre-loading said counter with a

specific count value, said counter counting said

predet ermi ned nunber of read clock cycles fromsaid

speci fic count value. 81. A processor systemof claim

7L N PSSO S5 L S B =

numbePYPtdadl ¢lockaytept Sl@pohds REtheNib e Lﬁfedr@as@pglmkd
cycles fromsaid specific count value. 82.

data tpray¢puetgrads ©f said mahoxyl daviee 80itiwh erasletersrined sqadci f i ¢
count value is related to the nunber of read cl ock

latenc:é’ycles required to produce a specific read |atency
for said nmenory device. 83. A processor system of

7¢l ai m 81, WRRES! §se i & SRRETT WheRQNBLid qp\f_@a&@nﬁiﬁeae' at ed

to the nunmber of read clock cycles required to produce
numbar of padicfack ayeladcodratspoagts fothesime reqimidyrod@pplyacad4. A
processor system of claim 82 wherein said specific
data tp Qusput RAgs @& s3id nperaery dsyics avigh 3 perdetsrannedgrd] at ency
latencdS offset by the tine required for a read clock to
€xit fromsaid first signal processing path after a
menory read command is issued by a nenory controller.

8®5 VO RQRALAHIFoe BT WSRPPSFQRE4bm B Bind iRIPGH &GO
system of claim83 wherein said specific count val ue
pre-loadingasieldcaamteravith s ppeifi¢ easlinteabhel stid noyntas coffiteg by

., the tine required.for a read clock to exjit fromsaid
said prqdetrieg BNMBFBRERa APk Y HoH PRy saig SREFBIFONBRG
value.COMMBNd is issued by a nenory controller.

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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86. A processor system of claim 84 wherein said
specified count value is based on said specified read
wo an0enzpsns further of fset by an additional am@UO$2003/026641
representing a start up delay of said circuit for
supplying read data. 87. A processor system of claim
85 wherein said specified count value is based on
said specified read | atency as further offset by an
addi tional anmount representing a start up del ay of
ai d ciy cul I teas oA essor
33 ot et o Csrisp R B ALY 88 3608 B PR BREE S e
valueiisbd3ad od said spacifled peel lhiedy heafisek &Y @RE VinSreluirt M &or
offset by a delay in decoding a read conmand. 89. A
a readpelocletas ot §9ar said Hst siganlpresesyingrpaknater dmspeny il
co%?l. %%{ge i s based on,said specified read | atency
commandgis iyiet byp memo controliety i n” decodi ng a read

command. 90. A processor system of claim80 wherein

ggai d pme?ﬂo_e@s%ps,st_eﬁ{ HEHbiHE ¥4 GHPEL SIS PelRES HEH St er
for supplying a“first count value related to a

value splesed badadepdcified eradylateacys ad fiirdenoifest. by%ih adilitional
processor, system of claim81 wherein said pre-|oading

AMOURL FRRFFICATING §ifFAT YR lelay b gaid icirghis der supplying pradydaty a
first count value related to a specified read | atency

' .SVS. |.ai m 90
SRR L B e

value liPbR6€ ¥n sdiddpeahied praa-hRacy Mofuethiet Uitbetiyr & Riditional
conprises an offset circuit for supplying a second

amoupp tepresgatiog atstars np delopwiisad cirehiatfomgppplying headtdate
taken for a read clock to exit said first signa

rocessi n ath after 26 2004/ 021352
88CT/ UsBadrioe et et claimy fdaieres sudapesified sount
: ' | ' t ween
value SRS o dBCARES LORAGEnLE A Kol S ANGlaPAL U0
decodiyg heeaddéommandd 91 wherein said first count value is

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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a specified read |latency, and said pre-loading circuit
further conprises an offset circuit for supplying a
waeemanzizspunt val ue to said counter rel ating tBCT/UR®03/026641

time taken for a read clock to exit said first signa
processing path after a read command is issued, said
counter being pre-loaded with the difference between
said first and second count values. 94. A processor
system of claim 92 wherein said counter is pre- |oaded

read QDB SO EP L HE Ao R 3o B QEBRNEL oo

betwddrsaldfirssa dscebid kyued valwdst and read latch to output
pads of said nmenory device. 95. A processor system of

claim93 wherein said counter is pre- |oaded with said
93 f f er Arizrecessor (yptchee! drins @1 vhereinsaidrirsteguns valakas i ng
t. he tinme it takes re dat a .t ass through said
a specif G ik e s FRaIRtRE At Boleh SompRe By “Saf o
fset TRt Yol 28ecoRdIRGEFAAE +5 ¥4l BLAL %l&‘ﬂ'iﬁ%c ¢
© SmVMeréi% sg?gg?%rs?:processing tpath conﬁ?ises Z%Ielay
the timeakkdrofop a réad cléclproexs said fisy sigarl plocedsimigpa9d aftbes ei n
said second processing path includes a delay circuit
read eqmypand {sgssygd gsaigbrentEokEng peploadgd watpthscdiffiersnce yst em
conprising:, a processor: and a nenory device for
be““%%gﬁlH%F%%Kh%¥ggﬁf?ﬁnggﬁ%ﬁprocessor, said nenory
devi ce conprising: 27 WD 2004/ 021352 PCT/ US2003/ 026641

94 del an proedkssdOgpehPbf QRIAE 93 WHideiR shiBaduat@Gkpsd- gnal
froman external clock signal; a del ay CIrCUI?

loaded yyitthsaodh diffedenak tab figthat afSkaly & oolnt adye febatingrodhei ng a

time iggl ag E%gsciag:{ {;(égslgg 31?1! y B;ggdasugéﬁrrctirc%{tga?lal rcgg Pa%crhagoed 'n

output pads of said memory device.

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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read command; a read data latch; a data pass circuit
for passing data froma nenory array to said read
waoat/oksszh; and an enable circuit responsive POT/F82003/026641
del ayed start signal for enabling data fromsaid data
pass circuit to be read out by said read cl ock signa
after a predeterm ned nunber of cycles of said read
cl ock signal are counted. 99. A processor system of
claim98 wherein said delay circuit is slaved to said
del I I . e l.aj.m 98
RSPty 180G, petChich PIQERIR PSR Ll
clock gigheMi t. 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
wAdekiy Firsuit dynchaeniecd withsrid dedgnlosk denp s papiudiegai on
del é)cgtr%ad dl'a%a totsa%i d ra[sad Iatih with the tim n&_of
CRYGRTH PER EP KSR GHAR. AEACA I FFRRBEC G LPE bt
read ©ndhdnd:02 wherein said enable circuit and read clock
signal provide data at an output of said nemory device
with a specified read | atency. 28 WD 2004/ 021352
PECT¢ddS200Bt0R6641 104. A processor system of claim 98
wherein said enable circuit conprises a counter
pre-| oaded wi.th a firsapv |l ue for counting read ¢l ock
S1 GAL DIy BN R BRTSINg doeh 10 2 RFHET BT Beeleadal ue
. enabling a read out of read data with said
damlgggd&g{ock signal when said second value is reached.
105. A processor system of claim 104 wherein said
c anlBh#&lle ket 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 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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