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present invention relates to DRAMcircuits and, nore
specifically to a circuit and nmethod for naintaining

a desired read |atency in a high speed DRAM
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When rrakl ng a rea request the controller expects
data within the nenory device to be available on a
data bus within a predeterm ned read | atency, which is
usually a predeterm ned nunber of system clock
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nt aining read data atency i n high speed DRAI
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(DLL), which generates timng signals, including a
read clock signal, for internal DRAM operations. The

phase rel ati OBMKGB@W Qhd ek tahriaN cl ock,
an_i nt ernal / addr ess ture cl ock
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clock signal, is conpletely arbitrary and dependent on
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vari ations. The command capture clock is del ayed
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data bus within a predetermined read latency, which is usually a predetermined
number of system clock cycles, which are external to the DRAM device, after a read

request is made by the controller e.g., eight external clock cycles.

[0003] The problems with maintaining read data latency in high speed DRAM
arise from the necessity to align data with the external clock usin'g an internal delay
locked loop (DLL), which generates timing signals, including a read clock signal, for
internal DRAM operations. The phase relationship between the external DRAM
clock, an internal command /address capture clock and the DLL output clock, which
is used to generate the read clock signal, is completely arbitrary and dependent on
frequency and process, voltage, and temperature (PVT) variations. The command
capture clock is delayed relative to the external clock by the clock receiver and other

clock distribution delays. The DLL is back timed relative to the external clock by the



clock distribution delays. The DLL is back tined

relative to the external clock by the WO 2004/ 084225
weEFanAEsRe04/ 007980 del ay of the data out put cPE€TUB1084/007980

but receives its input froman internal clock receiver

and al so has adjustnents nade to its output signals

that are not synchronized with the external clock. A
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DRAM nenory device has its own DLL driven clock
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internal clock systemof a known high speed nenory
domgisy ek thsr Bddcdeclhdomaiist two cl ock donmins. The first

cl ock domain represents the timng used in the bulk

of the logic circuits and to drive the nmenory array
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the internal clock receiver, which is buffered from
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external clock is dependent. upon  delays in the clock
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second domain, also derived fromthe external system
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clock signal. This clock domain is produced by the
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operating data read | atches. The read cl k i
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array core. The timing for the first domain is produced from the internal clock
receiver, which is buffered from the external free running system clock. The phase of
the cloclg signal in the first domain relative to the external clock is dependent upon
delays in the clock receiver that receives the external clock signal. The second
domain, also derived from the external system clock, represents the timing of a back-
timed read clock signal. This clock domain is produced by the delay lock loop DLL
and associated clock trees. 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 path in order to produce a read clock



desi red phase relationship to the external system
cl ock. The second cl ock domain conpensates for del ays

WO poottlog2eat a out put path in order to produce aPCEHS2004/007980
cl ock 2 WD 2004/ 084225 PCT/ US2004/ 007980 signal that
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[0006] In order to meet a specified read latency the memory device must be able
to count clock signals following receipt of a READ command and activate the output
latch and data driver to latch output data with the back-timed read clock and drive

the bus at the precise time necessary to produce the specified read latency.

[0007] Since the amount of read clock back-timing becomes indeterminate
during high speed operation relative to the data availability, it is very difficult to
control the read clock and guarantee a correct data output and a specific read latency

as measured in external clock cycles.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides a method and apparatus compensating

for uncertainty and variations in the amount of read clock back timing relative to data
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as nmeasured in external clock cycles. BRI EF SUMWARY CF
THE | NVENTI ON [ 0008] The present invention provides a
woretohosh2and appar atus conpensating for uncertBCTIUS20841007980
variations in the anbunt of read cl ock back timng
relative to data 3 WD 2004/084225 PCT/ US2004/ 007980
flowin order to naintain a specified read | atency.

The present.invention i.s a M Gt CUI h Il sl
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a specified read |atency. The loop delay of the DLL .
circuie prasuitizes theeDhdinbep dstayas aorfesgndeds arder fopamtgiga specified
clock edge to travel fromthe reference input of the
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t he phase detector. Under ideal conditions, the phase
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used to maintain a specified read | atency for a hig
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utilizes a slave delay line to the primary DLL line
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elay |ine used for DLL output clock adjustnments. The
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the signal arrives at the output of the slave del ay
spe¢d PRAMnchroni zed to the DLL output clock domain

t hereby experiencing the sanme delay. Consequently,

the del ayed signal is subject to the same PVT or
[ooobfer thndagiomthapiasst ihattios uakpsrd dneattldylinde the

primary DLL line and is

primary DLL line in order to track adjustments made to the primary delay line used
for DLL output clock adjustments. The slave delay line can be used to transfer a
signal that is synchronized to the DLL input clock domain so the signal arrives at the
output of the slave delay line synchronized to the DLL output clock domain thereby
experiencing the same delay. Consequently, the delayed signal is subject to the same
PVT or other timing variations that is experienced by the primary DLL line and is

back-timed for output path delays by the same amount as the DLL primary signal.

[0010] In the present invention, a reset signal is generated at DRAM
initialization and starts an upstream counter, which counts external clock cycles, and
is also passed through the slave delay line to start a downstream counter which
counts clock signals corresponding to the read clock signals provided by the DLL and

associated clock tree. The counters run continuously once started and the difference



back-tinmed for output path delays by the same anount
as the DLL prinary signal. [0010] In the present

WO pwafgd20h, a reset signal is generated at DRARCT/US2004/007980
initialization and starts an upstream counter, which
counts external clock cycles, and is also passed
through the slave delay line to start a downstream

~counter which counts cl si gnal s _correspond

in cquHE VRBigE TRRTBRIRC @@%nglag%'w e Byretife ERR U Pesks through
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[0012] Once the downstream count has a count value equivalent to the
compensated count value, the comparator passes a signal to a line driver enable
counter, which in turn passes an output signal to the output circuit to cause read data
to be placed on an output line latched into an output latch by a read clock generated
by the DLL with a specified read latency. In burst mode, the line driver enable
counter passes multiple output signals to the output circuit for each data signal of a

burst.

[0013] Thus, even if the back-timing of the read clock output varies, the output

data is placed on the output line in synchronism with the external read clock.

[0014] In a second embodiment, the internal read latency value is used to offset

the count value of the downstream counter instead of the upstream counter.
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to be placed on an output |line latched into an out put

| atch by a read clock generated by the DLL with a
wapmgiogd2esl read | atency. In burst node, the |iPer/tig100€6007980

enabl e counter passes nultiple output signals to the

output circuit for each data signal of a burst.

[0013] Thus, even if the back-timng of the read cl ock

out put _yar.ies, . the outpu dat a.i,s pl ace N
oo gk put THE e Bini e R Saniis R LRBBFETH S by more
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of the downstream counter instead of the upstream
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BRI EF DESCRI PTION OF THE DRAW NGS [0016] Fig. 1 is a

bl ock diagramillustrating an exenplary enbodi nent of
(0016 i FuentisarbloflofibZiankillistating aa dybopkardicagoaiment of the

illustrating a second exenpl ary enbodi nent of the
inw+¥¥ﬁntion. [0018] Fig. 3 is a block diagram

Strating the operation of a DLL when cal cul ating
a value N. [0019] Fig. 4 is a block diagram depicting

[OOi?]e ne%?gg.yZ geavbllgcek 8{agfalng '?llus%raglqg azsecond exemplary embodiment of

the invention.

[0018] Fig. 3 is a block diagram illustrating the operation of a DLL when

calculating a value N.

[0019] Fig. 4 is a block diagram depicting the memory device of Figs. 1 and 2

implemented within a processor system.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention compensates for uncertainty and variation in the
amount of read clock back-timing in a DRAM memory device by delivering data to a
bus output which is properly timed to the back timed read clock and synchronized
with an external clock in order to ensure that proper data is delivered to the data bus

with a specified read latency.



i npl enented within a processor system DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0020] The present

WO pwengd20h conpensates for uncertainty and varPEL/U82004/607980
the anount of read clock back-timng in a DRAM menory
device by delivering data to a bus output which is
properly tinmed to the back tinmed read cl ock and

synchroni ze wth an external c ' . .
[00BRE ur o Bt et ettt et bt Gt c Filiat 8 thnvention
with a specified read | atency. 6 WO 2004/ 084225
as uRATHUSRREI) 02686 200 00aL¢xtEing] nmemaery sonfiglles 1@ supplies an
operative part of a first enbodi nent of the invention

£e@3a] {580 dod RPN X teN45 81288/ PO@Xh @k feizhalrobsak ne 110 and
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XWCLK t nory devi.ce 200 on external [

comgRA RS A s e S QR &y AL gp Dud 112! MEmbParray
conmand/ address bus 112. Menory array data between

datd beweentthekberold0l (hahdrmeorary device 2090we s¥ehaage aNgfeymult-
over a nmulti- bit data bus, which is represented in

bit Tl bul, PHicANe rGatRntddia 18001 o dreddhutine SDOGH thbbus. Since the
invention I's directed parficularly at the tinming of

. read opegrations.that occurs wthin [ Ch

e A R
read data froma nmenory array 226 through a data pipe

the 22fnory devieea(,abe Hardier #)QisishaengsidgbyeripReelecedikrey data
|ine 300 and into nenory controller 100. The data pipe

frorgéﬁm%ﬁfary dasy 226 %Efdul@h' Z8%ta e TDHVE hirbalagdly 230 datdine driver

ivered Iin parallel” to serial data for delivery to
2320tl'lot Hal{ltg lilrjl(eg %abt :Pnd'3 1919(') memory controller 100. The data pipe 228 includes a

serializer for converting array data delivered in parallel to serial data for delivery to

output DQ path 300.

[0022] The memory device 200 further includes a clock buffer 210 for receiving
and buffering the external system clock XWCLK, a command/address buffer 212 for
receiving and buffering command and address signals appearing on command and
address bus 112, and a command CMD latch and decoder 220 for latching and
decoding incoming co.rnmandS from the memory controller 100. A READ
command decoded by the command decoder 220 is utilized to initiate a read
operation on the memory array 226. A read operation is initiated through the
control logic of the memory device 200, which is depicted in Fig. 1 as the read logic
222, which operates the memory array 226 to read out data from one or more

memory addresses as specified by the controller 100 that are decoded by address
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[0022] The nenory device 200 further includes a clock

buffer 210 for receiving and buffering the externa
waegyatesa2es ock XWCLK, a command/ address buf fer PARUSI904/007980

recei ving and buffering command and address signals

appearing on command and address bus 112, and a

command CMD | atch and decoder 220 for | at chi ng and

deco%teygj_% " % g] éﬂ%ﬁc Odhver d%é eﬁgd rgetrgl)rrlﬁ 3§sg§%g%$éke&gnal

220 is utilized to initiate a read operatlon on the
XWeeikotl0.array 226. A read operation is initiated

through the <control logic of the nmenory device 200,

which is depicted in Fig. 1 as the read logic 222,

[00241] ch gPenAlRSd beRIBbYk & dlayaFikdio o Pad 250, waich in
fromone or nore nennry addresses as specified by the

ontrolle :
G R e Ar 66 D680 s AR E5] gkl & for the
Ioglc S dr|ven(§y t he buffered external St 3
merspgrdgviceXdA; long lic @O@S]re%\meloﬁ]&ﬁ%@?le%ﬂg @Sﬁ]é%se to latch
clock is also applled to a DLL 250, which in

outGE I Bon® thenire oz} @ty | Beelibbed pbodeiats rediiclbtlosighal
I nternal cl ocking S|gnals for the nenory device 200,

pro %ceﬁq?ycﬁﬁL g%(?) ?EL hleoc[<% < omé)ﬁ Hatk YiRld dellé H&a@ﬁ?tﬂés&ﬁput

at a e nmenory

di scussed above, the read clock si naI p od ed b
patlDLA @stcuaedgeefithe reas daek pignplds Eg‘?ﬁeﬁéé? tﬁe Odlélglévcad

in the output path. A particular edge of the read
latcH |2%@|‘tosdcﬂﬂﬁl: aispeched endtiaredey fer 4 Hera eeddpfibonr ®ady 226Gt ch

to achieve a specified read |atency for a data
read fromarray 226.
[0024] The command /address bus signal passes through the command,/address
buffer 212 and is input into the command CMD latch/decoder 220 and address

latch /decoder 224 to appropriately read in command and address data from memory

controller 100.

[0025] In order to ensure that the read data is delivered to the bus line 300 in
properly timed relationship, notwithstanding PVT or other timing variations, the
invention employs an upstream counter 260, a first in first out register and adder
262, a comparator 264, a counter 266, a downstream counter 258, a forward delay
register 242, a latency offset calculator 246, a DLL loop timer 244, and a slave delay
path that is part of DLL 250. These circuits cooperate to provide an enable signal to
an output bus driver 232 to ensure that read output data is delivered to bus 300 with

a proper latency as measured in external system clock cycles.
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[ 0024] The conmmand/ address bus signal passes through
t he command/ address buffer 212 and is input into the

we oromasut2’CVD | at ch/ decoder 220 and address PCT/US2004/007980
| at ch/ decoder 224 to appropriately read in command and
address data fromnenory controller 100. [0025]
In"order to ensure that the read data is delivered to

bus,line 300 i properly ti .relati '
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counter 266, a downstream counter 258, a forward delay
arriveeditht @urpftirivar Rab enapropésetinedl relkiaheiip246, a DLL

| oop tiner 244, and a slave delay path that is part

of DLL 250. These circuits cooperate to provide an
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data and the enable signal for the output driver 232
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ions representing t

nunber of cycles required for a signal to trayvers .
outpedasn ppd aviies) aped by he éélayg@fés loepgé%lﬁ 4%@% ?e(‘?e ?g‘zie Nis
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of external clock cycles a signal would take to

trec TBUEN 581 DGy Ih& 17 OPMJRPYE2 HeBGKIRAE dQice initialization.

[0028] During device initialization, which is represented in Fig. 3, the DLL 250
locks, prompting the DLL loop timer 244 to begin counting external clock cycles
received from buffer receiver 210. The DLL loop timer 244 sends a stop signal to
tht;, DLL 250 to prevent further changes to the delay line by the DLL phase detector
280. The DLL loop timer 244 then sends a suppressed pulse through the reference
input of the DLL 250 phase detector 280 creating a perturbation of the clock signal.
For example, the perturbation can be a missing clock pulse as long as the pulse does
not impact the operation of DLL support circuitry. The suppressed pulse is
subsequently output to the read clock tree 256. When the read clock tree 256
receives an input signal from the DLL 250, the read clock tree 256 outputs a

feedback signal to the 1/0O Model 252, which is then input back into the DLL 250



out put data pad when tined by the delay | ock |oop
clock domain. The value Nis determned by the DLL

wo owp/osi2e®er 244 that measures the DLL 250 | oopPdEDS2004/007980
clock tree nodel 254 delay and I/O Mdel 252 del ay
during device initialization. [0028] During device
initialization, which is represented in Fig. 3, the

250 | ocks r ti

feedBagh fRdsmETn g Ry RO EkeapERdEbat Tiop, S8t 17O Model

buffer receiver 210. The DLL | oop tjner 244 sends,
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to the delay |line by the DLL phase detector 280. The
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hrough the reference input of the DLL 250 phase

d-cvdetector 280 creating a perturbation of the clock

§anal For exanple, the perturbation can be a

m ssing clock pulse as long as the pul se does not

I npact the operation of DLL su rt tr The
(0088 hor ettt el Sumded corpe PlgubNm e diediPEaFo by the
clock tree 256. When the read clock tree 256 recei ves

/@M bR WE 25ik dR8lsuppleddd tohgeIDLI2OOp tinder Xelgdnd Inocifies teeDLL
256 outputs a feedback signal to the 1/0O Mddel 252,
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phase detector 280 creatln feedbac
Thavbdd! loopsmar Rdhan fHa sppds CtUélt arélﬁlé&acgﬁg the E’E&nég? phase
the timng of the arriving feedback signal to account
deté@br 28086 orderR¥Tev gid atipdaandhdjuleraté OF dier OLILt 259 phase
the device. [0029] The feedback signal supplied to

detgcq:gr &b, A% NARE: JELSAL 8&1& 80r e §uli5f>ressed signal to traverse the

DLL loop is the value N.

[0030] During the process of calculating N, the reset signal of the upstream and
the delayed reset signal, which is the reset signal delayed by the slave delay circuit of
the DLL 250, of the downstream counter are in a logic state preventing both

counters from counting clock cycles.

[0031] In addition to using the value N from the DLL timer 244, the latency
offset calculator is supplied a value L from the mode register representing the number
of external clock cycles between the issued read command and when read data is to
be driven onto the data bus 300. In the Fig. 1 circuit, the value L may either be
supplied to the latency offset calculator 246 by the mode register 240 or

programmed during the initialization of the latency offset calculator 246.
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I/ O Model 252 is also supplied to the DLL | oop tiner
244, and notifies the DLL loop tiner 244 to stop
W@ ouwans42es cl ock cycles when it receives the clPCkUS2004/007980
perturbation. The DLL |loop tinmer 244 in turn sends
the count value back to the DLL 250 phase detector
280 in order to set the sanpl e and adjust rate of the

L 25 as te : :
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the del ayed reset signal, which is the reset signa
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counter.s firom counting
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external clock cycles between the issued read comand
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out%tg&é t&lgg atg[g g‘FE‘ﬁ J,J(?aés rt]_ﬁ% ﬁfﬂ 985 i ?;lé)%léhacboarcfligé@trgé’ nddiel 254,

f &imed
initialization of the Iatency of f set calcu ato ?
whidlp rabic2e9 4chsd eoB:rearrd Sy Orraiced THEE PFHDS |fi ck tree 256.
value N is calculated by the DLL |loop tinmer 244, a

ThusE 86} ﬁﬁingg aéuatﬁonsuﬁfpuﬁed $b i teadatok gigidl o litkee257 produced
m ssing clock pu se by the DLL | oop tiner 244 on |line

by %185[%{4@:} e ated ) tﬁ€ PlLE ggﬁaﬁ A He@?l'h%etﬁfgugh clock tree

4EGins

model 254. Consequently, the reset signal is subject to the same PVT or other
timing variations that is experienced by the read clock signal on line 257 and is back-
timed for output path delays by the same amount as the read clock signal on line
257. The reset signal is output from the clock tree model 254 as a delayed reset
signal on line 255. The reset signal is sent at the same time as the missing pulse
because the missing pulse in the downstream counter 258 provides greater timing
margin for starting the downstream counter 258. This guards against a mismatch

between the DLL 250 slave delay line and the true delay line.

[0033] A clock signal from read clock tree 256 is applied to a downstream
recirculating counter 258, which counts the clock output of the read clock tree 256
beginning when the delayed reset signal appears on line 255. Consequently, the

upstream and downstream counters are both counting external clock signals, but the

11



count through a recircul ati ng counter the nunber of
external systemclock cycles delivered through the
webmeksfed f er 210. The reset signal is al so apptT/E820040007980
a slave delay line in the DLL 250, which is slaved to
the timng of delay | ock | oop 250. The output of the
slave delay line in the DLL 250 is applied to a clock

tree nodel 254, which replicate ef i .
dowgy TR POt SR BEU B O R GO gRL FoLE e S tifErent in
Thus, any tinin% variations inparted to the read cl ock

DLE2gAandehodk mee 25F. produced by the DLL 250 are al so

inmparted to the reset signal 245 passing through clock
tree nodel 254. Consequently, the reset signal is

[0034/P] eciThtQleldyed sesde siBMdl 285 Rtalverusedlitailaigh varouat vans D present
that is experienced by the read clock signal on |line

. 257 and is b E u a

i ol o HAEF 200 B A B ) il O gtved
reset signal is output frgmthe clock tree | . 254

resepsigaalde nppédothe seset yipyh of tind Py REr 2SS FO%@$3§ etlhe value D

signal is sent at the same tinme as the m ssing pul se

in fheGAYEelal hezistes 34D gs piilrgiediup dohdedmarest hafinydeobpikrcking the
258 provides greater timng margin for starting the

do [eam e 8 ' [ ' :
b o
delay line, [0033] A clock signal fromread clock tree
to theelock edgp briag QoynscHBIAE PRAFTY €4HEY| ati ng count er
258, which counts the clock output of the read clock
tree 256 begi nning when the del ayed reset signa
[003ppear e th Hervird .deGynsgiguee BEDRYs lardted with tthe aowatndilue D,
downstream counters are both counting external clock
whidh gﬂﬁjo%mepc% et Wurhbe VS éggrﬂap&/%?c% Yof gfo@@%%qﬁ{ RO&8%hrough
the slave delay line in the DLL 250, read clock tree 256 and reset(start) the

downstream counter 258, it is supplied to the latency offset calculator 246.

[0036] When the latency offset calculator 246 receives the value L from the
mode register 240, a value CMP is calculated by CMP calculator 248 and used by
the latency offset calculator 246. CMP value represents the number of external cycles
of compensation necessary for read latency timing generation in integer clock cycles

because of internal signal distribution delays and a read strobe preamble.

[0037] Lastly, a value guard band value (GB) is hardwired into the latency offset
calculator representing the number of cycles that may safely be removed from the
calculation of internal read latency and still remain within an acceptable timing

needed to have data available at the output of output buffer 232 for a specified
12



downst ream counter value | ags the upstream counter
val ue by the delay inherent in DLL 250 and clock tree
WQ2@4/08020384] The del ayed reset signal 255 is aPEDUSREH007980
to latch a count value D present in the upstream
counter 260 into a forward delay regi ster 242 at the
time the delayed reset signal is input to the reset
i nput of the downstream counter 258. The valuggf)f&p
extefral waddatetny Onegitke egaddawnry cHeUARs FAQ g Vet of these
nearest half cycle by clocking the forward delay
valub € PhStSowdAe cAlbulbhien appafiritededgaititizating oud ugheed fput
clock relative to the clock edge being counted by the
upstream.cqunter., [0 ce the forward del ay
det@F‘E‘b‘fes% ?S“fz’gémieénﬁlé% acoggégénv%%qh the count value D, which
approxi mates the nunber of external cycles for a clock
signal to pass through the slave delay line in the
DLL 2B0(L-Poac-eMdctchr ee 256 and reset(start) the
downstream counter 258, it is supplied to the |atency
of f set K aligncy of fset
calcuﬁgﬁgtggzghggé§?§%g£9%€&%§¥E§p€h?§8n1the node
regi ster 240, a value CWP is cal cul ated by CW
Ca'CU%%EQFCRH@(E?%LHSQN—Qymuﬂbendah@ncy of f set
cal cul at or 246. val ue represents the nunber of
external cycles of conpensation necessary for read
| at encybtracti G PydmeY mevickss fTaim ithe BEFead) 6eROE] SIS
because of internal signal distribution delays and a
read strobe preanble. [0037] Lastly, a val ue guard
band ue (GB) is hardwired into the |atency offset
cal cul ator representing the nunber of cycles that may
saf el y,BeaEEnRVgch fMAReles St tHeatpsorant cauntter vrle.
read latency and still remain within an acceptable

timng needed to have data avail abl e at the OUHPPt of Al
 [0088f put Huf feern2l3@ad datercyspéaildtiong yield an internal read latency value

that is supplied to the FIFO/Adder 262.

[0039] The FIFO /Adder 262 receives a count input from the running upstream
counter 260 upon the receipt of a READ command at the REQ input of the
FIFO/Adder 262. The internal read latency value (IRLVAL) is either a positive or a
negative value depending on the previous calculation by the latency offset calculator
246, and is added to a count value supplied by the upstream counter 260 in the
FIFO /Adder 262. The sum provided by the FIFO /Adder 262 is the compensated

counter value, CCVAL.

[0040] Once the FIFO /Adder 262 calculates CCVAL, the REQOUT signal

from the FIFO /Adder enables comparator 264. Once enabled, the compensated

13



12 WO 2004/ 084225 PCT/ US2004/ 007980 external read

| atency. Once the read | atency cal cul ator 246 receives
w@bkdoso842ehese val ues, the follow ng cal cul atiPeI/US2004/007980

performed at initialization and utilized to determ ne

a desired internal read latency: If (L-N) >=CVP then

add (L-N)-CLIP cycles to the upstream counter val ue

ol RSl A P g1, o

subtract D - guard band cycles fromthe upstream
suppdiedrfoehe vanlp@rat{m@@%}s theeuhpingroeaint valyg of he deynstream
calculations yield an internal read | atency val ue

coudtBAD58S WHEPH LqowRstidag Fi{eeADERcodhiRR.to[:0088] edftiealent to the
FI FO Adder 262 receives a count input fromthe running

m__count.er on the ' . :
S R Al T f%mﬁfréféﬁ%%%*g%h%‘%@a%ﬂgm to
internal read | atency value (I RLVAL) is either
the poyiter Ye6.ovhigh afsegaricy as yapenaydpdearpigsinralin éhe ACK input of
previous cal culation by the | atency offset cal cul ator

the BAED /addet 362dded to a count val ue supplied by the
upstream counter 260 in the FIFQO Adder 262. The sum

provi ded bly the FI FO Adder 262 is the conpensated
t L. .
100£610 P55 48 Wil Ak Ao GRER 10 R ROALARR Rone

cycle of data needs to be supplied to the memory controller 100, then a single pulse
is supplied by the counter 266 to the multiplexer 270, which is passed synchronously
to the read latch 230, which in turn synchronously enables the output buffer 232 to
allow read data, which was located in the read latch 230 by the internal read clock
onto the bus line 300. The output of counter 266 is also supplied to a flip-flop 268,
which has the effect of delaying the output of counter 266 by one clock cycle to
compensate for additional unaccounted delays. The output of flip flop 268 is
supplied as another input to multiplexer 270. The control signal for the multiplexer
270 is CMP, which is supplied to the multiplexer 270 by the latency offset calculator
246. A;cordingly, an additional delay can be provided, if needed, by the latency

offset calculator 246.

[0042] The output signal 267 generated by multiplexer 270 is synchronized at
the read latch 230 and strobes the enable output buffer 232 and allows data onto the

bus line 300.

14



fromthe FIFQ Adder enabl es conparator 264. Once
enabl ed, the conpensated 13 WD 2004/ 084225
wWEMAS2204/ 007980 counter val ue (CCVAL) fr onPCT/US2004/007980
FI FO Adder 262 is read into conparator 264. Also
supplied to the conparator 264 is the runni ng count
val ue of the domnstreantcounter 258. Wen the

mmst m count er t o av equi v t
o048l HRE SRl Seuliitler YRSl Qe cRAIRL TPl
264 supplies a start signal to the counter 266, which
menziryslesme veepersting ime lnoshineedre Ric SPuREK 268 resrveAGNg counts a
i nput of the FIFQ Adder 262. [00411 If the nenory

clocR %\ft't[ﬁﬁ: CRINRbnPRRIBAd Bidck fred 2B6r Sid fopdeciatidclphisec applics a
cycl'e of data needs to be supplled to the nenory

sVl SRR AR Bl SRR rechea

passed synchronously to the read | at ch 230, mhlch in
Thetsuecessynehimonbiiemycanipl 266 araissdipsyndhuppigingepshaf the data
allow read data, which was |located in the read | atch

outpARPiPthe h@st.nt ernal read clock onto the bus Iine 300.
The output of counter 266 is also supplied to a
flip-flop 268, which has the effect of delaying the

[OO@%fTBUt FP f Hgﬁftr ?cﬁco?ﬁ{i e())(@l% ’J.rg ﬁ}b@éﬁ%@fﬁ Of the resent

or ad i onal
out put_ of fI|p flop 268 is supplled S another inp
invepgopy Ehiprrberimar, 1s prulag 6o £ Otdiignk Dytgintipates the a der in
mul tiplexer 270 is CWP, which is supplied to the

the FIHQ®I292¢ %84 r2ddifiby tHeh@unabé dey dofhsedant abondeaR68 byah6.
Accordingly, an additional delay can be provided, if

nunibet %?gyclpé’ echnsaler?ct ON8¥ in@hl S ?éad‘?l%{e%lé& Rk (?ﬁf’,VAL) supplied by

the latency offset calculator 246. Downstream counter 258 has logic that allows the
counter to be loaded with an offset value. Thus, the internal read latency value
(IRLVAL) is added to or subtracted from the clock cycles counted by the

downstream counter 258 before the counted value is supplied to comparator 264.

[0045] If X cycles need to be added to the delay lock loop in order to
synchronize data output from memory device 200 with memory controller 300, the
offset value loaded into the downstream counter 258 is —X. If X cycles need to be
subtracted from the delay lock loop in order to synchronize data output from
memory device 200 with memory controller 300, the offset value loaded into the

downstream counter 258 is +X.
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[0042] The output signal 267 generated by nultipl exer
270 is synchronized at the read latch 230 and strobes
W b@4eseaki e out put buffer 232 and al | ows data PCI/US200€007980
bus Iine 300. 14 WD 2004/ 084225 PCT/ US2004/ 007980
[0043] If the menory controller 100 requests multiple
gata |tegs, |he. the nmenory device is operating in a
urst node. The counter 266 receiyve nd.counts a
[0046 ook Aeegarlene prgsrrRedgadiE EIER LR Snrap
each clock pul se applies a pulse to the inputs of
couiiet RbplieurmodTitdlby fHd lprchtppifasalentacdr 2dburance caupdder is not
i's reai;ed. The successive outputs from counter 266
9. Upgd bl %’i il Q9nRaeeAitht BBwRtBam QLB 2 H8N
rayﬁﬁ% brrs%. Eé%%_ @?g. Zg?lﬁusfrates a secéﬁd
exe ary .e ' ' [
g e TS e Sb B PO TR0 B PP
elimnates the adder in the FIFO 262, and nodifies
recdied. count of the downstream counter 258 by the nunber
of cycles equivalent to the internal read | atency
val ue (I RLVAL) supplied by the |atency offset
[oogﬂ cul @ﬁ% ABerafeQUASLEBBIHF PRIt RIn 288 tdha S 0D aghCutilies a

ows t counter to be |l'oaded with an offset val ue.

Thus, the inter . read | atenc al u I RLY, [
DRAN BT bick BaoRB PR LR e ieats s bugpent
by the downstream counter 258 before the counted
invaralonedisdosdpiiiave dn Fegsc dripaFigt drdepsas an prgmplary peryonal
cycles need to be added to the delay |ock Ioop in

j a t i '
corffie o o EXEREAREE L ATl Sl on o

more processors 501 coupled to a local bus 504. A memory controller 100 and a
primary bus bridge 503 are also coupled to the local bus 504. The processing system
500 may include multiple memory controllers 100 and /or multiple primary bus
bridges 503. The memory controller 100 and the primary bus bridge 503 may be

integrated as a single device 506.

[0048] The memory controller 100 is also coupled to one or more memory
buses 507. Each memory bus accepts memory components 508 that include at least
one memory device 200. 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

16



of fset value | oaded into the downstream counter 258 is
X, If X cycles need to be subtracted fromthe del ay
wo omk/ogep in order to synchroni ze data out put PET/082004/007980
menory device 200 with nenory controller 300, the
of fset value | oaded into the downstream counter 258
is +X. 15 WD 2004/ 084225 PCT/ US2004/ 007980 [0046] As

s e O S HPBL T Rl FRBTARELA b

of fset cal cul ator 246; hence, an adder i s not
coupled o la@dcthtmerrmyrﬁ@ﬁat”th @ghe s19merysh Qmerey bras ompecache
downstream counter 258 reaches the identical val ue of

mentl iHREE HRGHTL GO BYsBdm 2 Bedh dtR]y ofleRdicoBIEDE cxBnple,
ecelved. [004 Flg 4 illustrates an exenpl ary

oo B AL LR RSB e

present invention disclosed above in Figs. 1-3. Fig
withcatbpininsomrb @x e Hghapyogsssing ﬁmtemé&%@f@de& pemala%als or
station architecture. The processing system 500

con%rBﬂ!:ﬂé deRicANSe Blis MHRf®s B AGRHSUHSoRMtlireto ufpdrecryt@cess DMA, the
ocal " bus 504. A nenory controller 100 and a primary

By SHSBEETHR S5 SHERGEHRAIT e ROk B mon

controllers 100 and/ or nultlple primary_bus bridges
confOler TR ismempiad tomplughlitgof mn@iydwﬁ%gbéﬂ ??&Pym%‘@?fY bus 516
bridge 503 may be integrated as a single device 506.
may 604 &ra@aﬁnrﬁ%ﬂﬂfey SN Rt 88dk&rangeainap beatpbped toadifferent

one nore nenory

memory buses 507.

[0049] The primary bus bridge 503 is coupled to at least one peripheral bus
510. Various devices, such as peripherals or additional bus bridges may be coupled
to the peripheral bus 510. These devices may include a storage controller 511,a
miscellaneous 1,/0 device 514, a secondary bus bridge 515, a multimedia processor
518, and a legacy device interface 520. The primary bus bridge 503 may also be
coupled to one or more special purpose high speed ports 522. Ina personal
computer, for example, the special purpose port might be the Accelerated Graphics
Port AGP, used to couple a high performance video card to the processing system

500.

[0050] The storage controller 511 couples one or more storage devices 513, via

a storage bus 512, to the peripheral bus 510. For example, the storage controller

17



buses 507. Each nenory bus accepts nenory conponents

508 that include at |east one nenory device 200. The
woretmogs2ednponent s 508 may be a nenory card orP@EI/US2004/007980

menory nodul e. Exanples of menory nodul es include

single inline menory nodules SI MV and dual inline

nmenory nodules DI M. The nenory conponents 508 may

i ncl ude addi tion de 09

511 & 50N, canTalIe) BB E B TP et Cabyisg B85 1/O
m ght be a configuration nenory, such 16 WO

devid® B4 ORYARSARATHEISE PO pROTD SRor crampde;ithe I b deviees14 may be
detect SPD nenory. The nenory controller 502 may al so

a lor%g area AR 65k 1919@@&@ aGRE HBAHered carbNETEASROndRRTNS bridge
may be the only cache nenory in the processing

syste Alte nat i ther devi r

may e driareEhse ﬁ%ﬂ?\ﬂ&@ E R @g&‘fﬁ%ﬂ% fystem-
may forma cache hierarchy wth cache nmenory 505. If

For thenpleptessiongday Sue brisige maychaegiveesal ssnet apg BB controller
controllers, which are bus masters or which support

usedtd ESEpIARINE HeASGESY kb thd)BrocdRIRY ¥s&PNE00! 'Fie d0Gimedia
may .&% [ ement a cache coherency protocol. If the

nmenor controller ,100,i s d to. @ Iur
prorré%r%yl Bbe g ppind et e Sl SRl b of gedia
paral lel, or different address ran es may be mapped
1ntetfaced ivftfiel enay alsoeorauped s 060 7dditiooalofevivsesushiasspsakeissd 19-
bridge 503 is coupled to at |east one peripheral bus

The513: ac VRN YsrepB¥d 52@ is @éﬁﬂo&%u@ﬁf lb?i@rcﬁ’]vﬁ:w )Ifor example, older
ional bus bridges nay be couple to the

stylg F :bp Ec{sca&dtbr}l'{%lersécg tlg;_rg_r%ségssmg systcfc’n 559, include a

[0051] 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
personal computer or a workstation, it should be recognized that well known
modifications could be made to configure the processing system 500 to become
more suitable for use in a variety of applications. For example, many electronic
devices that require processing may be implemented using a simpler architecture that
relies on a CPU 501 coupled to memory components 508 and,/or memory buffer
devices 504. These electronic devices may include, but are not limited to
audio/video processors and recorders, gaming consoles, digital television sets, wired
or wireless telephones, navigation devices (including system based on the global

positioning system GPS and/or inertial navigation), and digital cameras and/or

18



m scel | aneous |/ O device 514, a secondary bus bridge
515, a nmultinedia processor 518, and a | egacy device

w0 ndogf8gee 520. The primary bus bridge 503 nmayPEl/E6200€007980
coupl ed to one or nore special purpose high speed
ports 522. In a personal conputer, for exanple, the
speci al purpose port mght be the Accel erated G aphics

Port AGP, used to couple a high performance.video ca
recotders hd herroedifisiinpsspay mefudsgfor ‘[’%B“?Eﬁ’ C%ﬁ“én R 8 Bnnc‘{egsary

controller 511 couples one or nore storage devices
com?%%enﬁéi, addiflo ofkp@talizgg detizes duocitdvitspand fdntdgrafien of a

10. For exanple, the storage controller 17 WO

{ 2@04%%?%%?? PCT/ US2004/ 007980 511 nay be a SCSI
PRt Po19"Er>and st or age devi ces 513 may be SCSI di scs.
The 1/ O device 514 may be any type of peripheral. For

exanple, the 1/0O device 514 Lbe a lo r .
(00821 wor R SheriBEentisER b tarpal e SR e reference to
secondary bus bridge may be used to interface ) )
speafidlekdraplaty erbodiesenrs, ar srolé e understeod HutpryeerHiFations
system For exanple, the secondary bus bridge nay be

and%g Q%e{l%%%g lcoél%;g@{naﬂe GhirHdalB depitng! fh&h thysgidictaadsooppd ef the

evi ces via to the processing system 500. The

mul timedi a_ processor 518 .may be a_ sound . '

invesjsunr ACTarIEL Y CBEABHS PO ot i aed i ey e
whi ch may al so be coupled to one additional device,

fordaifi descaipeiakdns iGasly lirfinal begacscope vf coe ippcadedceinso
i's used to couple | egacy devices, for exanple, ol der
styl e keyboards and mce, to the processing system
500. [0051] The processing system500 illustrated in
FIG 4 is only an exenplary
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processing systemw th which the invention may be
used. Wiile FIG 4 illustrates a processing
w@e@hioseet ure especially suitable for a gener aPCPuUSOEa7980
conmputer, such as a personal conputer or a
wor kstation, it should be recognized that well known
nodi fi cations could be made to configure the
processi ng system 500 to becone nore suitable for use
in a variety of applications. For exanple, many
el ectronic devices that require processing may be
i npl emented using a sinpler architecture that relijes
on a AwtsOdainaedisontw andrdnvired todpgpprnsested Hyd cateay Betent of
nory, buffer devices 504. These el ectronic devices
theﬂgvﬁﬁﬁkwﬁagf but are not linmited to audio/video
processors and recorders, gam ng consoles, digital
television sets, wired or wreless tel ephones,
navi gati on devices (including system based.on the
gl dbal ‘pBTHROGA] ABCIAYRE & MEPSIAAAST CORRLERS
navi gation), and digital caneras and/or 18 WD
2004/ 084225 PCT/ 084100_980 recorders. The
HD&PFPEEgFBﬁ%KﬁﬁéFi?§ﬁ%ﬁﬁ§’ for exanple, elimnation of
unnecessary conponents, addition of specialized
devi e 9y , . . .
ol Gofipglandhishill o AR BEpAIicrREAICRR A creral locksignal
been described and illustrated with reference to
speeidihg aectimpvaliy ofshadkienilsclodd sighdih éesbense to a read
under st ood that many nodifications and substitutions
coul d be nmade wi t hout departing fromthe spirit and
of the invention. Accordingly, the invention is
not to be considered as Iimted by the foregoing
de%&Eéé[gghfg% all? I":{'ﬂi)téd%t&%i}icél LA SEHRY cHift8 bREARS Bl Helk€ count

appen

co

value of said external clock signal and count value of said internal read clock signal;

and

placing read data on an output line in response to the existence of said

predetermined relationship.

2. The method of claim 1 further comprising adjusting at least one of said
held count value and said count value of said internal read clock before performing

said determining operation.

3. The method of claim 2, wherein said held count value is adjusted.
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19 WO 2004/ 084225 PCT/ US2004/ 007980 What is clai ned

as new and desired to be protected by Letters Patent
wo@Roo4ke28)ni ted States is: 1. A nmethod of operBCT/N§2084/007980

menory device conprising: counting an external clock

signal; counting an internal read clock signal derived

from said external clock signal; holding a count

e O e Sk, 1 9Bk 9820 SSPONS: Lo value i

relationshlp exi sts between the held count val ue of
adjseddd external clock signal and count value of said
internal read clock signal; and placing read data on
an output line in response to the existence of said
predeterm ned relationship. 2. The nethod of claim1l

furg her TRMRISéNOf Adink! 3! tvRgredit sdigalkterafigingfopsaitibn comprises
hel d count val ue and sald count val ue of said interna

corré%gfngf e{no?.fi()u é%ﬁgd $P§r ! QLI §ﬁa q%t%%vﬁ EQCP&B&( courht value and

erein sard
count value is adjusted 20 MD 2004/084%?
issuRET USROOUDETYSE: read drfreomasit Gty lincayhem saidycgpwiared values

said internal read clock count value is
are equal.

6. The method of claim 4, wherein said determining operation comprises
comparing said held count value with an adjusted internal read clock count value and
issuing a command to place read data on said output line when said compared values

are equal.

7. The method of claim 5, wherein said issuing occurs within a

predetermined number of external clock signal cycles following said read command.

8. The method of claim 6, wherein said issuing occurs within a

predetermined number of external clock signal cycles following said read command.

9. The method of claim 5, wherein said adjusted held count value is

determined at least in part from a stored read latency value.
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adj usted. 5. The nethod of claim3, wherein said

determ ni ng operation conprises conparing an adjusted
whedod/ogpent value with said internal read cl ocRCT/OSIU4/007980

value and issuing a command to place read data on

said output |ine when said conpared values are equal.

6. The nethod of claim4, wherein said determning

operation comprises . .copparing said,he c .

P oS soRP ol SRASTELS FOUTb Pt

i ssuing a command to place read data on said outpu}
detdrifigedieieas dn artdiparaeionedl vabe rearaserigugthe rumpgepot cycles

nmet hod of claim5, wherein said issuing occurs within

Breligdes st nedvavib el ksigX befinadedcloqsiodat@sad internal read
lﬁqc?%fééjf&ﬁiomnngvsaid%ﬁ%ag&c%%%and. 8. The net hod of

claim®6, erein said issuing occurs within a
do@ﬁ%ﬁﬁﬁgrnineq nunber of external clock signal cycles

following said read command. 9. The nmethod of claim

g, wherei n said adjusted held count value is

etermned at least in part froma stored read |atenc
vallle. ZIha\pezioodpbgamest Peim Gs30wA7iD07ggy OcadnSHER ircludes
met hod of claim5, wherein said adjusted held count

a dMR BRKil§oglet ermined at |east in part froma stored
val ue representing the nunber of cycles required for

a signal to traverse a processing path used to produce
said internal read clock signal
12.  The method of claim 5, wherein said adjusted held count value is
determined at least in part from a stored value representing an approximate number

of external cycles required for said read clock signal to be derived from said external

clock signal.

13.  The method of claim 5, wherein said adjusted held count value is
determined at least in part from a stored value representing the number of external
cycles of compensation required for read latency timing generation because of signal

distribution delays and a read strobe preamble.

14. The method of claim 5, wherein said adjusted held count value is
determined at least in part from a stored value representing the number of cycles that
may safely be removed from said adjusted held count value and still place read data

on said output line within a predetermined read latency.
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11. The nmethod of claimof claim5, wherein said

processing path includes a delay |ock |oop. 12. The
woredohosh2ed cl ai m5, wherein said adj usted hel dP€DUS1004/007980

value is deternmined at |least in part froma stored

val ue representing an approxi mate nunber of externa

cycles required for said read cl ock signal to be

derived fromsaid t.erpal, clock,signal,. .
motlod drbeamTAde! CRpRY & Wherkimhsaid f‘%’glftéca‘ ‘hééﬁ% So‘g%ﬁ ues
value is determined at least in part froma stored

deteyaling] aelpasese phitdpr hetonerdbyerd btensytvelugal cycl es of
conpensation required for read latency tim ng
generati on because of signal distribution delays and
a read strobe preanble. 14. The nethod of claimb5,

wherei n B gheatidist @dnhs] gheeimiaid atijmtddsheldebennvabedis
at least in part froma stored val ue representing the

nunber of cycl es that el : j
s e e e D N S e

on said output line within a predeterm’negread . | read
requiiat iy Si@R WDI2004¢ @ PAOTESIPEPALSIIIGAC0TPIRES 4G inteppal rea

nmet hod of claim6, wherein said adjusted held count
clod&ie]is determned at least in part froma stored
read | atency value. 16. The nethod of claim®6, wherein
said adjusted held count value is determ ned at | east
in part froma stored val ue representing the nunber of

cy cih S Tﬁ? W&o bPEafn & WhRleih @ailﬁr[ﬁéﬂ@ﬁéﬁﬁg%}aﬂi ReRsdds At elay

path ‘used to produce said internal rea

lock loop.

18. The method of claim 6, wherein said adjusted held count value is
determined at least in part from a stored value representing an approximate number
of external cycles required for said read clock signal to be derived from said external

clock signal.

19.  The method of claim 6, wherein said adjusted held count value is
determined at least in part from a stored value representing the number of external
cycles of compensation required for read latency timing generation because of signal

distribution delays and a read strobe preamble.

20. The method of claim 6, wherein said adjusted held count value is

determined at least in part from a stored value representing the number of cycles that
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clock signal. 17. The nmethod of claim®6, wherein said

processing path includes a delay |ock |oop. 18. The
woredohogh2ef cl ai m 6, wherein said adjusted hel dPCDUS1004/007980

value is deternmined at |least in part froma stored

val ue representing an approxi mate nunber of externa

cycl es required for sai d read cl ock signal to be

der.i v dfrom nal ck_si
mayrateib B armores oe: Shaisc e AR R dBs pead data
value is detern1ned at least in part froma stored
on sairl aetpue finesetitin agredecmoinsdrreat lagsncgr nal  cycl es of
conpensation required for read latency tim ng
generati on because of signal distribution delays and
a read strobe preanble. 20. The nethod of claim®6
wherlei n Bai sheeidjdust @dnhelfdrrbourdmpading ldtshindetad dimedr
at least in part froma stored val ue representing the

Out%w&f%iﬁ%8%§§8&$%§kS%PX)ID a6 ce)4/r g%ség fromsaid
adj usted held count value and still place read data

tﬁi;?dn‘iig Q448 Pathdd R8d \Q{aH‘d)ﬁ‘ seﬁd Rigpet igfdtinnespdrRado the existence
ency. 21. The method of claim1l farther conprising

tching read dat.a for output wth said internal read
of S'i‘:lﬁ d??ﬂﬂ’é’le,g faﬁaoﬁffhé}a. n i

g said | atched read data on
said output line in response to the existence of said
predeterm ned rel ati onshi p.

22. A method of operating a memory device comprising;:
counting an external clock signal in an upstream counter;

counting an internal read clock signal derived from said external clock signal

in a downstream counter;

storing a count value of said upstream counter in response to a read

command;

determining if a predetermined relationship exists between the stored count

value of said external clock signal and count value of said downstream counter; and

placing read data on an output line in response to the existence of said

predetermined relationship.

23.  The method of claim 22 further comprising adjusting one of said held
count value and said count value of said downstream counter before performing said

determining operation.
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22. A nethod of operating a nmenory device conpri sing:
counting an external clock signal in an upstream

W@ ouwadeRr2s counting an internal read cl ock si gnedT/US2004/007980
derived fromsaid external clock signal in a
downstream counter; storing a count value of said
upstream counter in response to a read conmand;

determining if a predeterm ned.relationshi p_exi st .
betdeen Hiensioreet LUtnES: VARSI B SQrHT expur AL Rpgiered
signal and count val ue of said downstream counter; and

pl acing read data on an output line in response to the

exi stence of said predetermn ned rel ationship. _ 23, The
met25od 6Ehecdnathﬂd2Qtp dlaint B3y whenept said agualdyaliet phipidbAgwgstream
said held count value and said count value of said

Cougg%q§&ﬁg§gapounter before perform ng said determ ning
operati'on. 24 WO 2004/ 084225 PCT/ US2004/ 007980 24.
The nethod of claim 23, wherein said stored count
value is adjusted. 25. The nethod of claim 23,

nhegein FA1 4 HNNLe YBHG 40k S A sl ORIy GRUMSH

i s “adj usted: alm 24, wherein said

determ ni ng operation conprises co ring an_adjusted.

compIes COBPURHDS 1R PRI oS PUES L‘fﬁltue\%:iﬁb sl Oy yAlue of Said
downst ream counter and issuing a command to place read

dovwharafNc@aiter 01 Bsiting krvemmand to place read data on said output line

when said compared values are equal.

27.  The method of claim 24, wherein said determining operation
comprises comparing said stored count value with an adjusted count of said
downstream counter value and issuing a command to place read data on said output

line when said compared values are equal.

¢

28.  The method of claim 26, wherein said issuing occurs within a

predetermined number of external clock signal cycles following said read command.

29. The method of claim 27, wherein said issuing occurs within a

predetermined number of external clock signal cycles following said read command.

30. The method of claim 26, wherein said adjusted stored count value is

determined at least in part from a read latency value.
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when said conpared val ues are equal. 27. The nethod of
claim 24, wherein said determ ning operation

W@ o09posees conparing said stored count val ue WETUS2904/007980
adj usted count of said downstream counter val ue and
issuing a command to place read data on said out put
line when said conpared val ues are equal. 28. The
met hod of claim26, wh in said issui Qccuns. Wit hin. .
a 3pr eddihermethed Qﬁfﬁ%’é‘rﬁéf""lé%ﬂé‘rsﬁﬁf acgflr%%g SErgH gPun EVle is
cycles followi ng said read command. 29. The nethod of

deteghandd &caseire paitfrsaiactorsd vahig ropresening the mugber of cycles
predet ermi ned nunber of external clock signal cycles

g 2 i j 1o pd: tolpredaed hod iwderell a¢add clock

leq@%d%gggrﬁﬁgg%@eggﬁ ﬁg%‘%%&grtl%?ed co[il}%t value is

. determned at least in part froma read | atency val ue.

signgb WD 2004/ 084225 PCT/ US2004/ 007980 31. The method of
clai m 26, wherein said adjusted stored count value is
determ ned at least in part froma stored val ue
representing the nunber of cycles required for a .
si gdal (lhe mathecsef caipr 36 ewheus tid Pstelr BRRFELORRE galue is
internal read clock signal. 32. The nmethod of claim

dete2bhin¥gf 1Bhd i phet fosthUsdreftdstaliepeseintngy haigpproximate number
determ ned at least in part froma stored val ue

. h H . | .
of LERATRET g -re bAoA ogr LG oI colthesk ERER Y EQFR of sid

count of said downstream counter.
downstream counter.

33. The method of claim 26, wherein said adjusted stored count value is
determined at least in part from a value representing a number of external cycles of

compensation required due to signal distribution delays and a read strobe preamble.

34. The method of claim 26, wherein said adjusted stored count value is
determined at least in part from a value representing the number of cycles that may
safely be removed from said adjusted stored count value and still place read data on

said output line with a predetermined read latency.

35. The method of claim 27, wherein said adjusted count value is

determined at least in part from a read latency value.
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33. The nethod of claim 26, wherein said adjusted
stored count value is determned at least in part
WO c@a0se22al ue representing a nunber of externaPCTYs1008007980
of conpensation required due to signal distribution
del ays and a read strobe preanble. 34. The nethod of
cl aim 26, wherein said adjusted stored count value is

d I ned I I f | I
thdonuntiate B teycr et B gL 1 SRBE IR0,

sai d adj usted stored count value and still place read
detatatizecbat leastiin pastipun alvahie 1prdserting thfepembrheticycgdequired
| at ency. 35. The method of claim 27, wherein said

for Qﬁgﬁﬁt@%ﬁf@kb@a prakéginsSparklebel f pedluat shiddsterndl pad tlock
froma read | atency value. 26 2004/ 084225

. PCT/ US2004/ 007980 36. The nmethod of claim 27, wherein

S121849i d adj usted count value is deternmined at |east in
part froma value representing the nunber of cycles
required for a signal to traverse a processing path
used to produce said internal read, clock  signal. 37.
Thé7met Mok BEthadefslaim 2anwheici Lid adrgiedquRt YalHAs
value is determined at least in part froma val ue

detdrBRRES eilhdign bhe faparovaludicprasuntieg thed apmbainkate ylndser of
separating the count of said upstream counter fromthe

cto§P4Phy o GBS By T L O

determ ned at least in part froma val ue representing
dovgashigapeiousterext er nal cycl es of

38.  The method of claim 27, wherein said adjusted count value is
determined at least in part from a value representing a number of external cycles of

compensation required due to signal distribution delays and a read strobe preamble.

39. The method of claim 26, wherein said adjusted count value is
determined at least in part from a value representing the number of cycles that may
safely be removed from said adjusted count value and still place read data on said

output line with a predetermined read latency.

40. The method of 22 further comprising causing said upstream counter to
begin counting said external clock signals and said downstream counter to begin
counting said internal read clock signals in response to an initialization sequence of
said memory device.
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conpensation required due to signal distribution
del ays and a read strobe preanble. 39. The net hod of
w@b@isns2835 wherein said adjusted count val ue iBCT/US2004/007980
determ ned at least in part froma val ue representing
the nunber of cycles that may safely be renoved from
sai d adjusted count value and still place read data on
sai 0 i ne det er m ned d Iaten
404 The IHSY%"%‘fO féalfrh%t)h"@ ef&’dh?&}[a g}lﬂﬁhzégﬁglsﬁ%usal d
upstream counter to begin counting said externa
compi®ek si gnal s and sai d downstream counter to begin
counting said internal read clock signals in response
to an |n|t|aI|zat|on s uence of said nenory device.
27 SAFIR008A08TPR 604 MPHTOED “OUEIThe et hod of
cIa|n14O mhereln sald initialization sequence

oL i S A0 5 P A e g

processing path haV|ng the sane signal  timn
timpigahactcenissts esa sesond sigrehproskgi P%ihd’élélgélph Y46 faid internal
whi ch produces said internal read clock signal from

rcad? Aok Sher ek wlPekeslagaatk sighdl; aharting said
downst ream count er when sai d S|gnal passes through

said first processing path. 42. The nmethod of claim
22 startihpsnidaivvpndtsiangcduraekivhen said isignabpass¢st thepegivenid first
bet ween sai d external clock signal and said interna

proEeesg‘igg‘iJaﬁ?.k signal for

42.  The method of claim 22 further comprising tracking a timing
difference between said external clock signal and said internal read clock signal for

maintaining a read latency between said signals.

43. A method of operating a memory device comprising:
receiving an external clock signal at said memory device;
developing an internal clock signal from said external clock signal; and

tracking timing differences between said external clock signal and internal
clock signal to maintain a predetermined timing relationship between said clock

signals.

44. The method of claim 43, wherein said predetermined relationship

maintains a predetermined latency between the clock signals.
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mai ntai ning a read | atency between said signals. 43. A
nmet hod of operating a nenory device conpri sing:

w0 e@eiosd2ny) an external clock signal at said nmeP@r/yS2004/007980
devi ce; devel oping an internal clock signal from said
external clock signal; and tracking timng
di fferences between said external clock signal and

i nterna cl ock signal mai nt ai N, a_predet ]

e hespre Dol BepRLRERUT 06GH for dara

The nmet hod of claim 43, wherein said predeterm ned
readoak.at i onship maintains a predeterm ned | atency

bet ween the cl ock signals. 28 WO 2004/ 084225

PCT/ US2004/ 007980 45. The net hod of claim 43, wherein

said internal signal is used for data readout. 46. A

Mensry demieaoryRick sbiprisigt i rst counter for counting
an external clock signal; a second counter for

counting an internal read clock signal produced from
saiadiretx¢cemied forlcouktisg gnaktergalsiankisignadi rcuit for
storing a count value in said first counter in

response to a read conmand; and a c¢ircuit for causi

r eacdegnhcownise gy %@&ngﬁnéﬂt%ﬁﬁﬂﬁ%Cf F%Oﬁg Sieft }é@ﬁ‘z‘}ﬁ%‘iﬁ%m

to a determ nation of the existence of a
saidrixedatledailnggnilel ati onshi p bet ween said stored

a storing circuit for storing a count value in said first counter in response to a
read command; and
a circuit for causing read data to be placed on an output line in response to a

determination of the existence of a predetermined relationship between said stored

count value and a count value in said second counter.

47.  The memory device of claim 46 further comprising a count adjusting
circuit for adjusting at least one of the stored count value and count value in said

second counter for use in said determination.

48. The memory device of claim 47, wherein said count adjusting circuit

adjusts said stored count value.

49.  The memory device of claim 47, wherein said count adjusting circuit

adjusts said count value in said second counter.
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count value and a count value in said second counter.
47. The nmenory device of claim46 further conprising a
w@owanseef usting circuit for adjusting at | eaRCT/Us®00607980
t he stored count value and count value in said second
counter for use in said determnation. 48. The nenory
device of claim47, wherein said count adjusting
circuit , . adjusts sai.d stqored gount val ue. 49.. The .
ry des foemry ?slﬁﬂgmﬁa?l% ¢ Bt sy agiifping Sreuie
adjusting circuit adjusts said count value in said
perfosnerad edjistiog . at X9sMi0 ROCKY BRARRBS tPETLUERIOAY0RITS0
50. The nenory device of claim48, wherein said
adjusting circuit perfornms said adjusting at |east in
part in response to a read | atency value. 51. The
memnary devd fRntry eledicfoftBlafny AHarthe o opmipsising aaninitialization
initialization circuit for starting said upstream
._count er .and i Qwn i er ssor
circ Pt s BERE R RAELEP R Bowriteard SRAREEZD
for exchanging data with said processor, said nenory
device conprising: a first counter for counting an

external clock signal; a second counter for counting
an 30t erth RIOGEHY SEYLHRUICOSIRFHTS produced from said
external clock signal

a processor; and

a memory device for exchanging data with said processor, said memory device

comprising:
a first counter for counting an external clock signal;

a second counter for counting an internal read clock signal produced from

said external clock signal;

a storing circuit for storing a count value in said first counter in response to a

read command; and

a circuit for causing read data to be placed on an output line in response to a
determination of the existence of a predetermined relationship between said stored

count value and a count value in said second counter.

53. The memory device of claim 52 further comprising a count adjusting
circuit for adjusting at least one of the stored count value and count value in said

second counter for use in said determination.
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a storing circuit for storing a count value in said
first counter in response to a read commuand; and a
w@roos84225 or causing read data to be placed onP@NUS2004/007980
output line in response to a determ nation of the
exi stence of a predeterm ned relationship between said
stored count value and a count value in said second
counter..53. The nor evi of claim52 f . SERR
o+ ST meminicdy derriys o pefif i 2oul g dpeute
| east one of the stored count value and count value in
adjus@isdid sterdnwbuctvaller for use in said determ nation. 30
WO 2004/ 084225 PCT/ US2004/ 007980 54. The nenory
devi ce of claim 53, wherein said count adjusting
circuit adjusts said stored count value. 55. The
messry dehd menmely dbdtdbdainnBar eheretmbdd count adjusting circuit
adjusting circuit adjusts said count value in said
adju\?ﬁcsgfgfj Sy e&négd s@&d@ﬁﬁ{t&dev' ce of cl arm 54,
erein said adjusting circurt perforns said
adjusting at least in part in response to a read
| at ency val ue. 57. The nenory device of claimb52
further conprising an ipitialization circuit. for
st &0 i nﬁgf‘ama%x Arathptgan ot A wartd dolisns Sampt
counter. 31
performs said adjusting at least in part in response to a read latency value.

l

57.  The memory device of claim 52 further comprising an initialization

circuit for starting said upstream counter and said downstream counter.



