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H GH SPEED DRAM FI ENTI ON [ 0001] The
present invention rel at'&s!%¢"™o DRAM circuits and, nore
specifically to a circuit and nethod for maintaining
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BACKGROUND OF THE | NVENTI ON [ 0002] A_typi cal DRAM

mermor y S)SPERRASEAN LATSNGT DRNCIrIEE DeP Rt

makes read and wite requests to a DRAM nenory devi ce.

When making a read request the controller expects

data within the nenory device to be available on a

data bus within a predeterm ned read | atency, which is

usual |y a predet eFIRIDBAF MHBANVENIYEIMmM cl ock

cycles, which are external to the DRAM device, after_a
[OOBiéd rErpuRESseritd Ny hIElateret c RN ditsuite apd, mergspecifically to

external clock cycles. [0003] The problens with

a ciffitdrl Rlefttbd fRatnsiataningtedsirel Redtl Grergpeed HRAMeed DRAM.
arise fromthe necessity to align data with t he
external clock using an internal delay |ocked |oop

DLy ki ch I Nt ! . g
§ead) cl oclkcsi g%ﬁéﬁﬁmﬁﬁﬁgm%?jﬁi Iogg aThe
[ooRR3se L@t ATSRAM BERIMESIyiies: BistHr HaérnRBWUA NI @fFroller that

an’internal conmand/ addréssS capture clock and the DLL

ut put clock, which is to generate e rea
mafis Bl af RaTe rPetiin SPURM L rBrL AL it o Wi Rakag 2grd
frequency and process, voltage, and tenperature (PVT)
requegtithe congollahexpeorsrdanad witbapthe meglosy Revise e baypeailable on a
relative to the external clock by the clock receiver
dat@ s YA 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
1s 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
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clock distribution delays. The DLL is back tined
worgdaisiye to the external clock by the 1 1 |ilgddtisdobdidoroso

Frrer reeee ittt reert reer 1l coooo2 WO

2004/ 084225 PCT/ US2004/ 007980 del ay of the data

output circuits, but receives its input from an

internal clock receiver and also has adjustnments nmade
delaytaf the dauewput sirgurits, Sut hereives &5 npputsiyomarmiternd] dpekreceiver

the external clock. A difference in phase near or

and 2ociss djisBABnd BRMPLE IS ottAftkigisld that GFeeRbtenchronized with
dlfflcu{ty in controlling timng between the

[of0) nd/ add capture clock domajn._and the L
the <ERTE s o OS50 AR EH, O HEBIPARTY? “PRETBRAck crel
menory device has its own DLL driven clock system
createhdiffiqudydn westiolingsitreng betvdencthesiopmaknd et dressedappge clock
fromthe external clock several different internal

dom&h @6l Bk IMB1 SloddHginng a read clock signal, for
internal operation of the nmenory device. The internal

cl ock system of a known hi gh speed nenory device

- oducges at .l east fwo,cl omai ns. , The first cl )

(000 i s B Epa S TR RS RS 4 o JfLL arven
the logic circuits and to drive the nenory array

cloclcsystem e redamasghé oxteriad claaksigrd end develops tdot du: dxtemmal
the internal clock receiver, which is buffered from

clocl% QKRR ﬁ%@nﬂ%&l@ﬁgﬂétﬁﬂhw:k rcaar@c_)cﬂ@ﬁgngal?fﬁ)é internal

he clock signal in the Tirst domain relative

opers bl Brfiory SRurCod HE R EHIGioek SERTLR LKOARR Dighgpecd

second domain, also derived fromthe external system
mengirpdkyice pprdgenasleastawol dddydomaimshalie fitst nledk deathin
clock signal. This clock domain is produced by the

thain S ogs f o B st gt o154 4 g8 mory
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
operaring 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



operating data read | atches. The read clock is
wiYogesks to the read latch with a desired phgsfusion4/007980

relationship to the external systemclock. The secon

cl ock domain conpensates for delays in the data

output path in order to produce a read clock 2 WO

2004/ 084225 PCT/ US2004/007980 signal that operates
signiliBanopgrates dat autmitcheslataheachiaehievaa spetiidd plapspaligement

alignnment wth the external system clock. [0005]
vndﬁﬁ¥%Q&&n8f thesgokpo clock domains truly accurately

lI'ects t e timng of the external system cl ock,
particularly at high frequencies of operation and the

imng. . of the clock s [ o
0B Bt B i e neIot g Pty o Utiep gg ectd B timing of
operation due to process, voltage and tenperature
the ¢Xviijal vardratdants partCotusiy quangh freqaepnebiferpeneioraand ghe nming
in that one clock donain responsible for delivery of

of tlgce @gclg & ?al'é ‘?n dﬁ?% RidnaiRthhy Eﬁé’s &BSSENd Qﬂ&h@ﬁ&@nﬁ@ n’&@nory

Iver erent tine rom when t he

back- tlned read clock for latchi t hat
devise @PERIOR AN PIRCET; VIIF2Ee iR ‘%‘Effa(]?‘z%&%ft?é’ﬂ“\?
required to be driven to an external bus. [0006] In
Comegesntiyg apeeblem spgairise adthae ageldedrdymeingespmmsibje for delivery
devi ce nust be able to count clock signals follow ng

of lFat CJth g}. cjfh Egﬁ% VefHI?QQJs%%@&JtA Y&abe dchﬁ‘cr@@”aph”dlgffcrcnt time

['atch output data with

back-ti ead ¢l ock a d.driv t he
Fro b ek B oo aie TRESERAEPrPSt 4 shg latch, or
| at ency. [0007] Since the anobunt of read cl ock
whaadie-datmisng tirdlyaegaired debe dnivaatte andxedrng hisgh speed
operation relative to the data availability, it is
very difficult to control the read clock and

[OOlg)@?r antige el & HRet 2 dpdAaQUERY laRALy EheSeRIOrY Bevie@thust be able
at ency

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 neasured in external clock cycles. BRI EF SUMVARY OF
wolHle4/bdYENTI ON [ 0008] The present invention prew H%?OOQ/ 07980

met hod and apparatus conpensating for uncertarnty 3
variations in the anbunt of read cl ock back t|nt|ng
relative to data J WO 2004/ 084225 p CT/ US2004/ 007980
flowin order to naintain a specified read | atency.

flow Therfeewentintaivarspedfied seal DRAMY. Thapiesenttiavention isac@RAM
the DLL | oop delay as a reference in order to maintain

circlt SR8 @il &nIERE 11)91% %1@@{7 aS-EhI%féleﬂ)& ifedra¥r & nial@raldd-specified

represents the nunb clock cycles it takes for a

cl ock edge to travel the reference i f the
read dﬁ%teefdi?eé?w ey o e BIIL fpresats Gudpup R S dpci pictes i
t he phase detector. Under ideal conditions, the phase
takeslf:f £clovlc ed getonaevel fiven trhe refeaak s sapuraifahe sph@scﬂégteet@s of the
As a result, the delay conponent of the DLL can be

| DL]‘:'%& %ﬁgﬁ%&{%ggb?f e alg%t: e@ed 850 UAlieNkaf &ndiiBhgihe phase

Spee rtion, the present I nvention
utilizes a s|lave del ay. ne to the y | ine
diffgranesy brapveen the ek clogk aerlet-srf@ 9 %ee% %esw% Jelay
delay line used for DLL output clock adjustnments. The
confploaefit fthryDLLandansed waadintdntar spasified read Bignalfor a high
that i's synchronized to the DLL input clock domain so
spe nal arrives at the output of the slave del ay
?lne synchroni zed to the DLL output clock domain
thereby experiencing the same delay. Consequently,

del aye ignal is supject to the sgnme  PVT or
[008? er tlpmdgrgl%ttl%tptféﬁet FRGRTPR 5%%%3%%%@139119%0 the
primary DLL Iine 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
inidalization 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

s the DLL primary signal. [0010] In the present
Wﬁﬁ?/‘@(ﬂsi‘%ﬁ, 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

o BT S ULl S g O s g

associ ated clock tree. The counters run continuously
the $Hele tQ PEGAUSH 28ARIHER r&?JF’é)FE aly Wo 2004/ 084225

PCT/ US2004/ 007980 in count val ues represent the
internal delay as an external clock signal passes

[00L b} oughin onhenthdditrenpy wHere @ FDA Drioanmahd ne@deigtd flom an
signal. [0011] In one enbodi nent, when a READ comrand -

cxtég?altrcﬁ)gﬁio\ﬂgp the 0BhAhes XIS lg?s:trga%g%)rﬂt&e{rc bR doa gnt s

upst'ream count er ar into a FIFQ Adder
Thi s count value is altered by either,. adding or . )
RIEG ARGt 16 PR Ve Haalteraco B ciFbar@Rcips, 9 b aspipthe jprernal
val ue generated by a | atency offset cal cul ator,
read drendyatiued RIMA LNt ealnzalgenemded by e daynof offdee ciiRAlor,
circuit fromvarious paraneters. The sum of | RLVAL

i B2 EE 1Ly WS RTAE B ROURLe BEBOUERE s
val ue js_conpared with the count value prodyced by

The srm @SRV AdamiEohst@tus of the i siBcOrn IRy cayicempensated
t he downstream count has a count val ue equivalent to

couni@alue p@pafsiat dthecoumpensaed eounhealae iparmpared pagses @unt
signal to a line driver enable counter, which in turn

-vah?%‘é@ﬁ%g?&‘a b?%@g%wg%gge blntdiGn Q%P:&Hﬁr&io&.c uit to cause

on an output  I'rne latched into
an output latch by a read cl ock generated

[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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by the DLL with a specified read |atency. In burst

woR§fesssJie |ine driver enable counter passes pH/EJEH'IO-?IOOWSO
out put signals to the output circuit for each data

signal of a burst. [0013] Thus, even if the

back-tim ng of the read clock output varies, the

output data is placed on the output line in
[001SynchrDind foregdinh andeothxi feanats ofdit mivention WD bé¢orha nzore
' second enbodi nent, the internal read | atency value is

|
appaygiﬁ%{c;erﬂ el h§ﬁ§lad tgggctr&-%%t of il YseRpid %ﬁn”%&]ﬁv%h%? the

cou I ITnstea e upstream coun

. 2004/ 084225 PCT/ US2004/ 007980 [0015] The .for.egoing

invepen stvRB LY FRRPGSHOPHET: f)eAtiURPTININS BEVERES ror e
apparent fromthe detail ed description of the
exenpl ary enbodi nents of the invention given belowin
connect i on BRIHF DS GRICATaNyO e HialmRkaAgs INBR EF
DESCRI PTI ON OF THE DRAW NGS [0016] Fig. 1 is a block
diagramillustrating an exenplary enbodi ment of the

i nvention, .[0017] FEig. 2.0s a.block di agram .
(003G G Fik it P nekeai irdige Aot T Tbodimgnt of the
invention. [0018] Fig. 3 is a block diagram
inveptibustrati ng the operation of a DLL when calcul ating

a value N. 40019] Fig. 4 is a bl ock diagram depicting
the nenory device of Figs. 1 and -1 inplenented

[00MFT hi NEgy Drigaasse disyabeMustrating a second 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020] The
wiRIBEE24 Nvention conpensates for uncertaintyp,angde,,
variation in the anount of read cl ock back-timng
a DRAM nenory device by delivering data to a bus

out put which is properly tinmed to the back tined read
cl ock and synchronized wth an external clock in
[00ZIr]der Eiy. anifiusteartdidic gpeppsve piat af b firdemboetisdnt of threinventon
data bus wth a specified read |atency. 6 WD
2004/ 0 BCT/ 04/ 0Q7 [ :
ss utt o PRy Hrleg a0 A BAHN s ccidlich 190 supplicsan
the invention __as used in a nenor evi ce 200. .
extegnal sysiam el Clohie snerapri ée‘ﬂgfaéﬁg iOésCXEﬁﬁ'naJesl?Q? jing 110 and
system cl ock X WCLK to nenory device 200 on externa
com@hatKahd Aeddsigts Coaonvmadmanshdyddidesss bak dhal sMefmarparray
command/ addr ess bus 112. Menory array data between
the control|er [ . i-
datag RN S b Strpdt LR b LR L 200 ] B AR IRRPS muld
~ Fig. 1 by one data line 3 00 of the bus. Since the )
bit date bwsi whichgs eipresented 1pdnsi & ivaenydate lipg S00; of thg bys. Since the
read operations that occurs within the nenory device
invetffon it Rigred@idpaiidigar804 ths tiladwnofsead @lpkraeibing ghaedaeatsedithin
read data froma nenory array 226 through a data pipe
228 to re t A dy :
the iiab B AR e bty NG i AP e R A e
228 includes a_ serializer for converting, array data, .
frorge ingmyosyl armay a6 shrasghipdararpine 2d8ita arigrd Heeh 359}0 fadine driver
out put DQ path 300. [0022] The menory device 200
237 ¥ 85ainleBUULRBIngo eledpdryndiitesliez 1Q0L OFhd éaeipipad28 andudes a
buffering the external systemclock XVcTCLK., a

scrig.l?zrcr:.'}r%gp édax(ljvdcrrteir?g artl)'%t Iiaq{l c%iigmfcarin parallel to serial data for delivery to

04/007980
n

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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recei ving and buffering command and address signals

WG PRGAE4p9 on command and address bus 112, an
command CMVD | atch and decoder 220 for Iatching)(’(;:1}(1%?2004/007980

decodi ng i ncom ng conmmands fromthe nenory controller

100. A READ command decoded by the conmand decoder

220 is utilized to initiate a read operation on the
decorany. dllayad26gicAs deaeh bpahabiffarddsexiernal sysen clock signal

through the <control logic of the nmenory device 200,

ol hS depicted in Fig. 1 as the read logic 222,
XV‘§E#§21%berates the nmenory array 226 to read out data

fromone or nore nenory addresses as specified by the

control|er 0 that are decoded by.addre . PR

005854/ Odsdmiises eRsoR CoToReI0ABUILR SIILL 258, pbich in

_ logic is driven by the buffered external system clock

corfiigaridn withTdGhdk 1140256 OpzRfucEhaddiibharietrexlt@odang sigoelk for the
is also applied to a DLL 250, which in conbination

mcﬁg%)égiccdi&cfﬂd rcﬁfe &%ﬁcﬁﬁ?%ﬁéd%@&%&%ﬂ?bﬂ IHeeS DAlsed to latch

ing signals for the nenory device 200, one of

which is the read clock sjgnal on line 257 use 0.

outpyt daia framp byt MEMAY I thedietid baveafhe s ot
above, the read clock signal produced by DLL 250 and

pro@heekbi Ddel 256 ahd chadkeréd B84 ibpadihigmee byythic lefdyein the output
output path. A particular edge of the read cl ock

patt't‘f.l @l i §laf POSEDE {hf% 1‘(1_5& ¥od QF%{J&H%Q}HOP&??@ driv@ o83t read
0 'éve a specifie read tency for a data rea

fromarray 226. [Q024] The cogpand addrgss bus sh%%g
latch 2xbtp adeGFHsPetiBied dRth HUPRAIPE 3 Sataisaf dFOD Iray 90 5

i nput into the conmand CMD | at ch/ decoder 220 and
address | atch/decoder 224 to appropriately read in
[00cdimandTan doadtineg'addatsabhs sipnaigpmsey 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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controller 100. [0025] In order to ensure that the
q is delivered to the bus line 300 in
Wg?gffé@% timed rel ati onshi p, notw thstandi ng BT/ 5ip004/007980
other timng variations, the invention enploys an
upstream counter 260, a first in first out register
and adder 262, a conparator 264, a counter 266, a
[00@6\nst rEenfollowin g val@&8are aeduiranhbyl titkelmagrnal eegid d4tency?di®qulator
a latency offset cal culator 246, a DLL |oop tiner 244,

2400 ReP LAY HE HRW re ARt DA thie SnRBIEt suﬁ{al %Lth%%t%a_ r232

circuits cooperate to provi de an enabl e si gnal

_out pyt bus dri.ver 32 to ensure out put data
al”i‘"%a‘g |%P‘é‘ddf“6€rb'§l§’0i‘)?¥ﬂﬂ" Y o ‘%%H‘OIFS Féncy as
measured in external systemclock cycles. WO

2004/ 084225 PCT/ US2004/ 007980 [0026] The foI | owi ng
[002F) ues Aavaur @uicpedcinyng the nmmbenaf cyckadedarahtoy a signal to
calculator 246 in order to ensure that read data and

na\tclilﬁ @eabkig §é1|9€ ﬁickflgf)% BB, LR ‘tlttcc%bé(&r 5%3%@ BrOIMBdat252 i

t he output driver-2 ina properly time

suphff i G Biey G el 45 T f\f%seontépg RS ghe number

the entire delay Iock | oop 250, clock tree nodel 254
of axmeknhl Qodbdeles25@gna waligp pdliea@ troverdeethleatiefroyn oiplus elock pad to
cal cul ator 246. The value N al so represents the nunber

ouPlut 8%{a§J88kh&t eﬁtedcw;c&ﬁ%@aystbgp %oﬁ‘@l‘dkﬁ dbaesn .t The yalue N is

traverse the die frominput clock ‘pad to output dat

oG R TEL b L BB L, ST i, coc

that neasures the DLL 250 | oop delay, clock tree
treerpubsle] 254 débly apddp© Maidddel ddspddengylevae imgaldavbae

initialization. [0028] During device initialization,

which is represented in Fig. 3, the DLL 250
[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
the 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 I/O Model 252, which is then input back into the DLL 250



| ocks, pronpting the DLL |oop tinmer 244 to begin

j external clock cycles received fromhuff
W(f@gg{ié\fg% 210. The DLL loop timer 244 sends a E?UHSZ"M/‘W”O

signal to the DLL 250 to prevent further changes to
the delay Iine by the DLL phase detector 280. The DLL
| oop tinmer 244 then sends a suppressed pul se through

feedbit ihphiet® tiephise Ridtectdr 28 cElaking0feplioat l0gs.eTherd /ZBModel
creating a perturbation of the clock signal. For

l.e r [ LSSL: I ul se
252 SUBFR e DIIE 28 3b Bk 404 SRR L B A0 Ry
DLL support circuitry. The s pressed pul se is
feedbatksugua ivolagcountfor cmﬁcmdel’l\@guartﬂm of thel ABeircyite for the
the read clock tree 256 receives an input signal from
devitde DLL 250, the read clock tree 256 outputs a
feedback signal to the 1/0O Mdel-2 52, which is then

i nput back into the DLL 250 9 MD 2004/ 084225

/ US200 9 f
iy L
252 al l ows the DLL 250 to det ect and co ensate the
1/Q Mndel 262 it plso anppliadrig thedabdcleositynen 24% anddtifies e DLL

expected PVT variations of the I/Ocircuits for the

looplBMice @44] @0s28) chgriheeoReclRE Gitith 16 bppiveethet dodk h?erﬁh.ﬂbauon
250 phase detector 280 by t he I/O Model 252 is a

lied to t | o ner 2
Th%ﬁ'@ o8B hert ShrpaeRpt HE Gt s BRI chE P 2R phase
recei ves the clock perturbat| on. The DLL | oo
dct¢qt¢ne28Q4m ordenttorsat terrdmpltand adiist vair 96 thabL %55 phase
DLL 250 phase detector 280 in order to set the sample

deté8r 380 USthe' iabef of deckicladHor Phasepprelstesibnil d8eaverse the
The nunber of clock cycles for the suppressed signal

DLiqotor & rcS\(fealueh K.

(0030} During the process of calculating N, the reset signal of the upstream and
the dclayéd 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 circuir, the value L may either be
supplied to the latency offset calculator 246 by the mode register 240 or

programmed during the initializadon of the latency offset calculator 246.
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DLL loop is the value N. [0030] During the process of
w6 dbgakpbiNng N, the reset signal of the upstre _

the del ayed reset signal, which is the reset g%ﬁ%gommowso

del ayed by the slave delay circuit of the DLL 250, of

t he downstream counter are in a logic state preventing

both counters from counting clock cycles. [0031] In
[0032Hi t i $vhilcovalrse histchlsulagddiby thd Pdih tDper Pifpr re@adsignal is

the |l atency offset calculator is supplied a value L

issufd SRd1RGBRIE “riﬁgﬁfetﬁfssmg RISEEAISy HREDNIMSRD rirfér 244 on

external clock cycles between the i'ssued read command

. n n read data is.to be driven onto dat a, bus

ine 335 "R rorel s S it HEredS) SR 290 o BB o to
supplied to the Iatency offset cal cul ator 246 by the

counpteonghiasearcdaing rouprogreammebe ol ¢rgrnahsystem clock cycles
initialization of the |atency offset cal cul ator 246.

deh@‘&lcw AR423 e U000 Bb88Q:nd1 Q032 ag}gl'}léc?tao a slave

value N iI's calculated by the DLL | oop timer

el g ek 5 S8 ciutibee HROGRRY AEHOS G oop Q. The

245. The reset signal is applied to an upstream
outpouof g s260 delapHinchinbibg sl 260 ic eppitedt tor odghk aree model 254,
recircul ating counter the nunber of external system

i i | . , < clécktree .
wm_%iﬁ g@éﬁl&y& &ReBys ﬁ)ér}/c@fc@(g bl RRORGl dbea: ﬁz{s%gvtg%lggg{ éééiotr 256

eset signal is also applied to a sl

line in.the DLL 2 50, ich.is s]laved .to the.tipqi 0
Thyge pRy UPYRE VREGPSEPFIE ©OShe mcf Jck signa o ling Pzﬁroéuccd
line in the DLL 250 is applied to a clock tree nodel
by @edDLIv3H(chrerabql inypares] wahayssee xiganl 24fc passimg thieugltealdck tree
cl ock passing through clock tree 256. Thus, any

mofil”:lr@.glﬂ ¥Bhk dcﬁﬂg, m%géﬁ%ntapistsﬁgj&@ﬁﬂdfé Qe FUrantlol:
I ne 257 produce

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 ourput from the clock tree mode!l 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. Conscqucnﬂy, the

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

11



by the DLL 250 are also inparted to the reset signa

ng through clock tree nodel 254.
‘Végﬁéﬁgﬁ%%t|y, the reset signal is subject to tRI/ERME/007980
PVT or other timng variations that is experienced by

the read clock signal on line 257 and is back- tined
for output path delays by the sane anobunt as the read

doquee&n%baﬁaér vahel 15 égsucmecdlﬁﬁ@s vahd B?lthé By itent in
fromthe clock tre 254 as a del ayed reset

line 255. The reset signal is sent at the
IDL@&%@anﬁgxﬁs F%éggissing pul se because the m ssing

pul se in the downstream counter 258 provi des greater
timng margin for starting the downstream counter

[002$B. THis edgesgaigmt 235 M dsmbgdd tcobtabee notmevalld D present
250 slave delay line and the true delay line. [0033] A

in ﬂ@é asdraitfBntf 28D 8aa frRakd LEBE : %@m $480RlhE E{rﬂe%e delayed

omnstrean1 recircul ati ng counter whi ch counts

he cl.ock output of the r | ock tree 256 in
resel, AGASL PR Sy S BRI A CRPBSUF ST G PR sre? Bos Lhe Value D
Consequently, the upstream and downstream counters
in famarddehy cegister 3¢26x rewmdtd wp or khesnepradrhalfonytletbyecldcking the
WD 2004/ 084225 PCT/ US2004/ 007980 downstream count er

B t | b .
ol 168 RS EL ALAE A o ko v

d reset signal-2 55 is also used to latch a
to tg%ﬁ \995% Clggpchg‘lé %Yitﬁctlﬁgrii’ﬁ%??l%ﬁﬁfcounter 260
into a forward delay register 242 at the time the
del ayed reset signal is input to the reset input of

[008bE doWrstertbarfpoearndt dalay2Egistertit Viallatehl vith fieravandvalue D,
del ay register 242 is rounded up to the nearest half

whibl §pSrofin kO REmMIRE of EoEMA dvde! Ry ar&gaéél al%égmg%mugh
t he opposite edge of the DLL 250 input cl oc tive
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



to the clock edge being counted by the upstream
wamondgEie2s [ 000-5] Once the forward del ay redi spef/udsid4/007980
is latched with the count value D, which approximtes
t he nunmber of external cycles for a clock signal to
pass through the slave delay line in the DLL 250,
read clock tree 256 and reset(start) the downstream
extei€@URhBNat2h8;. Ohct shetplliedcy caltietdrddmeyeivés deef these
cal cul ator 246. [0036] Wen the | atency offset
calcu : 6 itfali hite uniB&Lro
valo S U Ab R SR fBE KL MR P
cal cul ator 248 and used by the |atency offset
detepmine desged 2asrnabiad BIGNEY T epresent s t he nunber of
external cycles of conpensation necessary for read
| atency timng generation in integer clock cycles
becausgIoN)i-ni@vikalhesi gnal distribution delays and a
read strobe preanble. [0037] Lastly, a val ue guard
band vaIue'GGB IS hardw red into the Ia%ﬁncy of f set
cal cupdd ok EHElEhEP HeUPRIB CHREEVIBS t hat may

safely be renoved fromthe calculation of internal

read |at nd St il r_gFB'!. L hE &, an accept abl e
tim nﬁgem&lﬁwﬁtévgd a @a\?\gﬁﬁgﬁhe at the output of
out put buffer 232 for a specified 1''" W 2004/084225

PCT/ US2004: QOVI3B8Q_- Nexdyeled dtorh @hel upsi@ine yousiee ealibe
read | atency cal cul ator 246 receives all of these
val ues, the followi ng calculation is perforned at
initialsezation and utilized to determine a desired
internal read latency: If (L-N) >=CMP then add

i( fL . ﬁhk%ﬁéﬁd tbgatgrcg_cllég grtr(?grgz ggée{ri’lgs%%tarenr c&le}lltgreval&l.s €
[0038] The internal read latency calculations 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 2 READ command at the REQ input of the

FIFO /Adder 262. The internal read latency value (IRLVAL) is either a positve 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
FIEO /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



subtract CWP-(L-N) cycles fromthe upstream counter

W (BLse subtract D - guard band cycles fromthe
(yug&so%’@gg?n counter val ue. [0003S] The internal F&JEP52004/007980
| at ency cal culations yield an internal read | atency
value that is supplied to the FIFQ Adder 262. [0039]
The FI FQ Adder 262 receives a count input fromthe

coutitdnnilng (QEVAERFOICBIFO #AJAGH 26 afrdatlanteesthPiratir Z64. Also
READ command at the REQ i nput of the FIFQ Adder 262.

neq . r .ency_val VAL) bs either a

e8Pt R AR B RN of Sl It
previous cal cul ation by the |atency offset cal cul ator

countgp 258ndVhen shridavpgreine anntey A9Feconmspid eHalhy eghivalent to the
upstream counter 260 in the FIFQO Adder 262. The sum

compebiteld doldyret hadub( EQVAUDR the @3nipardtbe269 ata8flart signal to
counter value, CCVAL. [0040] Once the FIFQO Adder 262

| 3k €S, t RE | | fraomthe :

the B B8 B s SE bR d b SRl Pt A input of
c%ensat ed 13 WD 2004/ 084225 PCT/ US2004/ 007980

the EH{fdy &ddgri82 (CCVAL) from FI FO Adder 262 is read into

conparator 264. Also supplied to the conparator 264
I's the running count value of the downstream counter

[00£58. Wifthet hemaepastiéeR Mt BPHrainht BRMAhfodeard ¥y Wie
equi valent to the conpensated counter value (CCVAL),

et BEGREIVLRACT AP e Ly St e e
is su?aip chi1 lbyttge tcggnéggéiéntgl{thc ?;ultitp?eexc{': 5;8 veg?ciris Iz)gszséd 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. Accordingly, 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



[00411 If the nenory device is not operating in a
ge and only one cycle of data needs
W{gzép(}gfoﬁfeﬁg to the nmenory controller 100, then a%ggﬂgz(émmomso
pul se is supplied by the counter 266 to the
mul ti pl exer 270, which is passed synchronously to the
read |l atch 230, which in turn synchronously enabl es
[0043e oulfpe embey c@BPolicy 104) tegueste anildpleajatavtenly, ivashe
| ocated in the read | atch 230 by the internal read

Sl ok HSaRn 119 . TR SR8 O 81 couns

coch S SR BBl L SULBUL o COURLEL 286,00 e,

unaccount ed del ays. The output of flip flop 268 is
pulss upht expuas ohnotltiplexdmriiaf att fhiprfldp PR exeil a Didst coat is reached.
control signal for the nultiplexer 270 is CMP, which

. . 1 by, I-
Thel stcS4BPL bEEHUE il cTuh el BLE%4EL uge7cfl>1/1’ X nhlﬁ%gidz:{\ttxg g%%fﬂ of the data

of fset cal culator 246. According an a

del ay c be provided, if needed, by the | atency

quﬂﬁF§g§“2§F§blator 246. [0042] The output signal 267
generated by nultiplexer 270 is synchronized at the
read | atch 230 and strobes the enabl e output buffer

[00£4P andfigl2 diwstraias a secvirl ¢xdeenpliyserhbodin®0 of the PWosent
2004/ 084225 PCTI US2004/ 007980 [0043] If the menory

inveR@Bh! OF ki embARAimHEANB SISl FYb LRt S%ggg ?, h%ggﬁn%é&'thtz R8der in

menory device is operating in a
t 266 regei ves and caqupts a clock output. CNT
the FPECH 542 APELROHSE R34 Fam 28 dhs APSmsFURAp B G AS RN the
applies a pulse to the inputs of nultiplexer 270 at
nunfbdrpifcydps 2@@valani to doehinteshaloeadiatenscyraheh@® LV Albesupplied by
successive outputs fromcounter 266 are used in
the BY&H SHRZ EDOWIERED 4 DBRNSRESAN counter 258 has logic that aliows 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.

15



b

outputs in the burst. [0044] Fig. 2 illustrates a

w6 e60Q08s8xenpl ary enbodi nent of the present i Lon.
This enbodinment is simlar to that of Fig. 1, 5%3{”52004/007980
elimnates the adder in the FIFO 262, and nodifies
the count of the downstream counter 258 by the nunber
of cycles equivalent to the internal read | atency

[00461 ue AkRL:VALL thdRRIe@dpplied td1thd FIFEDIOY 20k disigthe upstream
cal cul at or 246. Downstream counter 258 has | ogic that

I the counter to, be |o d with an of fset valye. .
couffich 968 it BimcehEL BT pidlpRiny SRESE Ao R Wil #E adder i not
added to or subtracted fromthe clock cycles counted
requieds hkhe gempsratensv€ st signals sdasethsrdowirssreapuenuader 258
value is supplied to conparator 264. [0045] If X
reacB¥€HRSIdBREEL] VAl fadd @fstroarh RBuARk @60l Fedt al ‘R8P cbMmand is
order to synchronize data output from nmenory device
with nmenory controller 300, the offset value
ed into the downstream counter 258 is -X. If X
cycles need to be subtracted fromthe delay |ock |oop
in order to _synchronize data output from nenmory
[0048)i ce Fppot Wustrares mprofemphry prowssigoystethd Wf theeutilizes a
val ue | oaded into the downstream counter 258 is +X

DRARM WR RO R&4E2260 FCddcHRRPE Mt 8RB m bOdHIntASS dhe present
result, the value supplied to the FIFO 262 fromthe

. upstrea count er. 0 Ls,upnodi fied by the |atenc
v R F R R Bm S bl oA TRagh e Rl Pesbnal
requi red. The conparator 264 still signals when the
comjuipser wank statinnarciiggrure e ddiseroressinigdrystenc 800 indludesgine or
t he upstream counter 260 after a read command is

more§$i8t¥86rs 501 coupled to a local bus 504. A memory controller 100 and a

20
recefvedy

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
bridgés 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 additonal devices 509. For example, in a

SIMM or DIMM, the additional device 509 might be a configuration memory, such

16



[0047] Fig. 4 illustrates an exenplary processing

_ 00 that utilizes a DRAM nenory device 200 in
\Vé%@%@ &%%e with the embodi nents of the presenfCT/US2004/007980

i nvention disclosed above in Figs. 1-3. Fig. 4 depicts
an exenpl ary personal conputer or work station _
architecture. The processing system 500 includes one

as s@fal pPRER-cPURERE SPIF meddory OUeqdein@rp cb@ealier B2 R3¢ alsd be
menory controller 100 and a primary bus bridge 503

a al so coupl ed to, .t | ocal  bu Th racessi n
coufled B O REP Y R0 AL e SR TRRGYS Py B ay Cdehe

100 and/or nultiple primary bus bridges 503. The
memeroinythe progesting systom. aHternnevaly,iaraesdeieshior ¢gaempls

may be integrated as a single device 506. [0048] The

prof@BEEH $0¢ eRdy Abd Bcldfcdchie aleafosQYRlEEh hﬁ%rq{lﬁn QlcafRé Bierarchy
menory buses 507. Each nmenory bus accepts nenory

. ts 508 that i | ud t | .
R R T R T e R
card or a nmenory nodul e. Exanples of nenory nodul es

conitrodlexsgehiihragt duis mhasters we miigh suppout dseSInvumoghakcdssdDMA, the
inline nmenory nodul es DI MVs. The nenory conponents

merB8y FBMrdIRE 10demay ﬁnSPrcrrf@xrtﬁ add tornakcydsvisRs. 30fhe memory
For” exanple, in a MMor DIMI, the additiona

devi c 09 nmight be a configuration nmenory uch 16 -
conststisy S80S9 U 1855 604700 S ABETRE BT 1 oy Fasduingmon Dok 516
detect SPD nenory. The nmenory controller 502 may al so
map be opouapideid pagalic] cordidtemmradgirdsd Bangeh mayduhmapperbto different
505 may be the only cache nenory in the processing

mefbsy 8MBesAover natively, other devices, for exanple,
processors 501 may al so i nclude cache nenories, which
may form a cache hierarchy

[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. In a 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



~

wi th cache Menory 505. If the processing system 500

wo Bl gless peri pherals or controllers, which a
masters or which support direct nmenory access$ggﬁ¥swﬁgmﬂmo

menory controller 100 may inplenent a cache coherency
protocol. If the nmenory controller 100 is coupled to
a plurality of nenory buses 516, each nenory bus 516

511 myy hea SESTabadoller pad sdokade, dovicediSlBangnbe 8Ai$Telks. The I/0
ranges may be mapped to different nenory buses 507.

e 088216 B AR MEELOBoP Qi 1 SO 29 1B 1t may e
as peripherals or additional bus bridges may be .

2 logab afs e twerk merasss fyhersan E%rwcﬁmkhﬁlé sgreandegs byapridge
include a storage controller 511, a m scellaneous I/0O

maydeViged tdlidterfics adaitidany dOlic:shid sgehbdbus e thel prod®ding system.
processor 518, and a | egacy device interface 520. The

i y bu i - my_al . [\
For BB R 5 DEAIST AR AL BE 1 GOUBLEA pR 098 Bt
ersonal __conputer, for exanple, the special purpose )
usccgm ouply Sk devipes PEL sladpahe @razespns cestepR0. A mudemedia
to couple a high performance video card to the

pro@¥sEesly Mgy DSt Dind2Afd, 4 8880kagtuee 64rd( ag&nit 6ftek @Y peedf media
511 coupl es one or nore storage devices 513, via a

. _storage bus 512 ,to the,peripheral b 510, For

im0 SR Py 0 pd Sl B B Ao Rttt usbih speakers 519
PCT/ US2004/ 007980 511 may be a SCSI controller and

Theglegragtevirsinesetncs $30 naysqggtoswpl@ieg@gz deiees| fap exgmpies eolder
514 may be any type of peripheral. For exanple, the

styld k&BiRYACa DddceTRY thepratetspegbystdrg&00et wor k i nterface,
such as an Ethernet card. The 'secondary bus bridge

[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 arﬁhitccturc 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



may be used to interface additional devices via
wanoeidsy22bus to the processing system For exagi®s2004/007980
~ the secondary bus bridge may be a universal serial
port USB controller wused to couple USB devices 517
via to the processing system 500. The nultinmedi a
processor 518 may be a sound card, a video capture
recérdesd, The moyifehtiens toppénabderddi exanplt e¢limpationpteigmnesgssary
al so be coupled to one additional device such as
con?fo%%%@sr %dé'ﬂi%n of $PELIARAGYVHRY of @irb it £ hAEr BlgtaSiol ST
0 coupl e Tegacy devices, for exanple, older style
keyboards and m ce, to the processing system 500.
plufahigse] depfesspr ocessi ng system 500 illustrated in FIG 4
iIs only an exenplary processing systemw th which the
i nvention may be used. Wiile FIG 4 illustrates a
[0032d ces sWhije aliccinvtecouhes bepedesabibyd suil filkureat¢dwity reference ro
general purpose conputer, such as a personal conputer
bBRimEdtsSi Qdogatat fahyWebdifications
Spcgiﬁ(g\%ﬁmﬁoﬁg{y [ @gﬁ%%étsbgg#%ﬁgg&ngﬁ%&t o confi gurg t he
rocessing system 500 to becone .nore suitabl.e for use
and pRREBRERPTCPUBT DRBHICCRER SO PREIT B Gl Skl gne Scope of the
el ectronic devices that require processing may be
inveARbE ARt edlingdy e ansdmioings nar chibt eonsideredrastlimited pgshe
on a CPU 501 coupled to nmenory conponents 508 and/ or
8% i i ’ fHRMppeHayd eRfms.
R s R e
processors and recorders, gam ng consoles, digital
television sets, wired or wreless tel ephones,
navi gati on devices (including system based on the
gl obal positioning system GPS and/or inertia
navi gation), and digital caneras and/or 18 WD
2004/ 084225 PCT/ US2004/ 007980 recorders. The
nodi fications may include, for exanple, elimnation of
unnecessary
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conmponents, addition of specialized devices or

circuits, and/or integration of a plurality of

devi ces. [0052] Wiile the invention has been descri asyp WISE
and illustrated with reference to specific exenplary

enbodi nents, it should be understood that many

nodi fications and substitutions could be nmade w t hout
departing fromthe spirit @ihippppe of the invention
Accordingly, the invention is not to be considered as
limted by the foregoing description but is only

I d by d cl
w Se F oA AR B ik i AR AR S4PhRbey dovi ce

conprdoaihtigg an exteimial ¢lgclesigey er nal cl ock signal; 5
counting.an internal read clock signal derived from
5 sai d ORpERgaN nggraliread ¢fack signal deryadgrem saidiextappal glocksignal;

sai d _1ﬁ%g%buﬁ:t! Vafde ocf!s?irdaelxtérﬁ‘a lfoeR g[@gldltn ﬁ)o'h?eat% ahread

comman etermning it a pre eter t1ons
coxigamsl; bet ween the hel d count val ue of sai d exter naI

cl ock, si gnal d count .v of sal d ternal, r

C! oceliiine XA preddeinined RPogiP skl Bshvern tht fld count value
dfisBid dx&:rﬁ;ﬁ%mn%e%xfapaﬂd&uﬁwa%@@ml@ﬁnéﬂ ead clock signal; and
predetermned relationship. 2. The nethod of claim 1

10 furt héwegamed |d§tar$g1 amyuﬁmnlmg imrespengs o theexistense pfisaid

I nd sai d count value of said internal
Jr}géf &trega% perf orm ng said 15 determ ning

oper at i on.
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

15  determining operation.

3. The method of claim 2, wherein said held count value is adjusted.

20



\Vé' The nethod of claim2, wherein said held count - LLOYDWISE
PUHOB42E5 adj usted. 20 LLOYD W SE WD 2004/ 084BPHUS2004/007980

PCT/ US2004/ 007980 4. The nethod of claim 2, wherein

said internal read clock count value is adjusted. 5.

The method of claim3, wherein said determ ning

opey at i co i se conpari ng an. adj ust ed hel d count ]
valtie vt SRIOR R sl > Phsieier i mcemal epd) derlcha value i
issuing a command to place read data on sai d out put

adjpstete when sai d conpared values are equal. 6. The
met hod of claim4, wherein said determ ning operation
conprises conparing said held count value with an
adjusted internal read clock count value and issuing

a chrmanht¢ endthaafichad Hatifrem oad deRvRuh ldg@ﬁtm%mpdscs
sai d conpared values are equal. 7. The net ﬁo of

cof BB 30 2 PB4 SR S P o s sl

. followng said read command. 8. The nmethod of claim

1ssugne asemeRandee plaice serdrdptoon sas! etrhitding pliedeideeompadd values
nunber of external clock signal cycles follow ng said

arcle@agl. coomand. 9. The nethod of claimb5, wherein said
adjusted held count value is determned at least in
part froma stored read |atency value. 21 LLOYD W SE

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

1ssuing 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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WD 2004/ 084225 PCT/ US2004/ 007980 10. The net hod of LLOYD WISE

claim wherein said adjusted held count val ue
“Kh%ﬁg&%?%ed at least in part froma stored vaIETQT/USZ“‘“’O07980

representing the nunber of cycles required for a
signal to traverse a processing path used to produce
said internal read clock signal. 11. The nethod of
cl ghm ofre! 3k Mo ﬁ’!‘ﬁl Feh NyBédeh B4QCRAFSHDhAaBunr value is
|ngPudes H1 ° ock [‘oop. 12. Thgﬁﬁethod of claim
5, .wherein sard d usted held count val ue
dereqpointi A IEAP o PR En PO TPRC P BPE g Bpmber of cycles
representing an approxi mate nunmber of external cycles
requigduor edigral ts aiaderseagrodestRg piagmabed ® peddee saiddnfarpah read
said external clock signal. 13. The nethod of claim
ckm? Jerein said adjusted held count value is
Stter ii ned at | east in part froma stored val ue
representing t he nunber of external cycles of
conpensation required for read latency timng

ratiqn becau nal i.stribution del ays
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mherern sai d adj usted hel d count value is determ ned
a dedty lbelagtop.n part froma stored val ue representing the
nunber of cycles that may safely be renpved from said
adj usted held count value and still place read data
on said output line within a predeterm ned read
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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.



15. The nethod of claim®6, wherein said adjusted hetlPYD WISE
w6 losyakue is determned at least in part fr

stored read | atency value. 16. The nethod of é’l(&?(%zgo,uoowso

wherein said adjusted held count value is determ ned

at least in part froma stored value representing the

nunmber of cycles required for a signal to traverse a

pr agessiTige pethodisfdaing 6pwbdrsia ssidi adjusaddheldl coumadalue is

clock signal. .17. The nethod of claim®6, wherein said

Q ' ' d pgl,doop. 18. The

daér%é?ﬁ%g%%&g%ﬁgitp%fé? &leﬂ%esﬁ:élrcgi geg%igé{tac&&ugt%d hel d count

value is deternmned at least in part froma stored

val ue representing an approxi mate nunber of external

cycles required for said read clock sign o0 be .
dert&ed ﬁ“% meshe Oéilla’é‘ﬁ r?a|“%€§131{,\éﬁldsﬁ}43\ﬁ§133hi@ coppy value is
nmet hod of claim6, wherein said adjusted held count

detsrahinedias leastehgrani fiech astorahsilub mepasdntifugahe austloared cycles
val ue representing the nunber of external cycles of

re.qgﬁg@ ?&SQEilzﬁﬂ é:B%i:fsgg 518&5% oy AR ﬁct\ Pldﬂlﬁg said internal read

ener at 1 on cause of ‘sigha I stri on del ays and

a read strobe preanble. 20. The nethod of claim®6
clogihggeiln sai d adj usted held count value is determ ned
at least in part froma stored val ue representing the

nunber of cycles that 23 WO 2004/084225 LLOYD W SE
PCT/ US2004/ 007980 may safely be renoved fromsaid

adj 18t edThelnaetbod of cleainue vamerest fald prsicassing pathh ideludes a delay

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



on said output line within a predeterm ned read LLOYD WISE
5 21. The method of claim 1 further cogptjsi
W(Ii g@?ﬂ%é read data for output with said inte?ﬁg@?@g/ 07980
cl ock signal; and placing said | atched read data on
said output line in response to the existence of said
predeterm ned rel ationship. 22. A nethod of operating
mayasafaiyrbe yerdewddcfomosapd adjungd beiduotnteplanard sell phce read data
clock signal in an upstream counter; counting an
on s%.Ff BAk 1ihEHeHih Q?g&é@ﬁﬂincﬁ%ﬁd’ BleddyOm sai d exter nal
clock signal 1In ownstream counter; storing a count
val ue of said upstream counter in response to a read
command; determining if a predeterm ned relationship

exigts tween the.st.or count val.ue of said
oxtr nal L BEC G ARt B tophpE EdRcbiead data for
downst ream counter; and placing read data on an
outpuft wirh shidnetermalrespolosk sigoat;kedexi st ence of said
predeterm ned rel ati onship. 23. The nethod of claim 22
further conprising adjusting one of_ said held count
v alnRS o 6 Hitehachidae das R SO GHEPHL Hois 1PBaRTCEORE eRistence
before performng said determ ning operation. 24
of sdil QYU MESREneE:1200844H184225 PCT/ US2004/ 007980 24. The
met hod of claim 23, erein said stored count value is
adj ust ed.

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.
24



- 25. The nmethod of claim23, wherein said count valueLLOYDWISE
wotoosasqg2downst ream counter is adjusted: 26. PEEUS2004/007980

met hod of claim 24, wherein said determ ning operation

conpri ses conparing an adjusted stored count val ue

with said count value of said downstream counter and

issuing a conmand to place read data on_said output

|i 3. widwe meihddoafimbeime?d3 yehersin spie sege Fountvalagis adjusted.

met hod of claim 24, wherein said determ ning operation

conprises conparing said stored count value with an

adj usted count of said downstream counter val ue and

| SO NY FheCRBTRIOL Qail 38 ewhern edti@oant saiid obsHig downstream
| ine when said conpared val ues are equal. 28. The

n?thod.oQ g[ain126, wherein said issuing occurs within
cougter i3 AU i ned number of external clock signal

cycles followi ng said read command. 29. The net hod of
claim 27, wherein said issuing occurs within a
predet erm ned nunber of external clock signal gycLes
f ol3wi nEhemiethodaficlaimmnwhereip sagetermifinG QRETRIAG m
26, -wherein said adjusted stored count value is
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{
countvalue’i s rmne east in part froma
stored val ue representing the nunber of cycles
whersaid comprird vlugspiarqed. traverse a processing path to
produce said internal read clock

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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signal. 32. The nethod of claim 26, wherein said LLOYD WISE

woasbpyedsesk stored count value is determ ned at Pb’f’ﬁ]%& (;4)307980
part froma stored val ue representing the appr oxi ma?e
nunber of clock cycles separating the count of said
upstream counter fromthe count of said downstream
counter. 33. The nethod of claim 26, wherein said
adplst eThs mthdd efehimvad, wehérein Gid edjobteddtated| st value is
part from.a val ue representing a nunber of external
0 .
dere Al By et PR DR A A LT VAL SR IR bey of cvcles
Th thod of claim 26, wherein said adj ust.gd st ored )
requis T 9 el TostraVFeteet RIQRSEPAE PRI POAUES Sid ARtsspal read clock
- val ue representing the nunber of cycles that may
signslafel y be renoved from sai d adjusted stored count
value and still place read data on said output |ine
with a predeterm ned read | atency. 35. The net hod of
claim 27, wherein said adjusted count value is
deker m ned Almbaastcldim BANWhifeRMAd LERGdIAEREY ciHlUalue is
26 LLOYD WSE WD 2004/ 084225 PCT/ US2004/ 007980 36.
The net hod of claim 27, erein said adjusted count
detegminpd atﬂcasag% BT aaswrﬁ‘éav uG IePHRFRR 3PREQHRate number
representing the nunber of cycles required for a
of cleichnptlet epuraawgrtbe caupt of &sd upstremat lkoused ftaom ghoduust of said
said internal read clock signal. 37. The nethod of

downk@tith 2buniier ei n said adjusted count value is

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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determned at least in part froma value represgntingYDVWSE
wd WB4aRRsoxi mate nunber of clock cycles separating the

count o?‘sald upst ream counter fromthe countpgyugﬁﬁwM”mo

downstream counter. 38. The nmet hod of claim 27,

wherei n said adjusted count value is determ ned at

|l east in part froma value representing a nunber of

exB8ér nalThe yadthsd &ff cle@nPEnsihérebnsaidadjused «duat Value is
signal distribution delays and a read strobe preanbl e.
. (o) | .
derepiSincH'E PR BORur ey Tl e et R uBEt PPGRRS required
val ue representing the nunber of cycles that may
for asggrgl yo paversed pEaCTsFinm pash gseifuBtasice sudtinteanalgeatheglock
still place read data on said output line with a
signpll edet erm ned read | atency. 40. The nethod of 22
further conprising causing said upstream counter to
begin counting said external clock signals and said
downstream counter to begin counting said interna
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The nethod of claim40, wherein said initialization

deteg QcaéBWpPﬁ“% Zzo.m AJeHiE PTG ENS FrRPrakiTedic sngraes of
sai d upstream counter; passing said signal through a

clockicydts ppaaeagithg cpahhohsid ngstréen sab®res ignakhd tHAMNDL said
characteristics as a second signal processing path

dowMrelRbgEuces said internal read 5 clock signal from
sai d external clock signal; and starting said

downst ream counter when sai d signal passes through
said first

~

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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processi ng path. 42. The nethod of claim 22 further
conprising tracking a timng difference 10 between_oypwisSE
said external clock signal and said internal read

clock signal for maintaining a read |atency between

said signals. 43. A nethod of operating a nenory

devi ce conprising recei ving an external clock signa

at sgl d_may éx)/ tﬁ@d/bmalml@o Wdaih E‘Qd%lﬁbliz‘ﬁhoﬁ@éﬁﬂeﬁée comprises:

base external clock signal; devel opinhg an
i nt ergandratinme kigsalgrkth stagssasdipsteamaonater;cl ock si gnal ;

updating a secon u ased on sa r nal cI QG .
o andrnaeeid Sane (ERU E B PR ST Dyl e el famin
cRiradtefiftioatak @R&¢UNA stgeiam@eessﬁhlgquh Which pesduk ey sa&i’ldlteﬁ'ﬂaldead
second counter. 20 44. The nethod of cl ai m 43,

clgeksignal ﬁaméawreém@lrcm*éeg%aa@u onship nmaintains a
pr ed%la‘?{dlg/&%jd&%&f&% REHHE Seh Bid S1aALIH31 Mbleh §Rd fifk
NMenory a

I cCe conprising unt er
peaugsdingipathn external clock signal; a second counter
for counting an internal read clock signal produced
fromsaid external clock signal; a storing circuit

for spori ”lglef?}n@tﬁé’d‘@)f M2 ftﬁth’éﬁb&n fidiSg tr%ﬁf% @fmﬂu‘ig difference
response to a read command a ¢ircul

betwesinisaidrextainal av!@cktS@gn@baIm a@b@temal aendoalogkigignal rfmr maintaining a
nse, t.0 a term nati on of the existence of a
rﬁFﬁ%% %¥R?ﬂ@8“?%&5¥?%%ship bet ween sai d stored

43. A method of operating a memory device comprising:

receiving an external clock signal at said memory device;

updating a first counter based on said external clock signal;

developing an internal clock signal from said external clock signal;
updating a second counter based on said internal clock signal; and
outputting data onto an output line based on a relationship between said first

counter and said second counter.

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

maintains a predetermined latency between the clock signals.

45. A 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.
28
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count value and a count value in said second counter.

28 LLOYD WSE 46. The nenory device of claim 45 LLOYD wisg
further conprising a count adjusting circuit for

adjusting at | east one of the stored count val ue and

count value in said second counter for use in said
determnation. 5 47. The nenory device of clai m 46,

wherein said count adjusting circuit adjusts said

stored count value. 48. The nmenory device of claim 46,

wher éi6n saih¢ memery devjogsficlaim &S fethar comprisiag asountsasdjupting
caunt ' ' ter. 49, The nmenor .
ST Lor By nd 1Y Sn ERR L RRE st o TG i seid scond
cpaiteoformise Badaill dd¢mghatiop. at | east in part in response

to a read | atency value. 15 50. The nenory devi ce of
claim45 further conprising an initialization circuit

for sgrartifg Sah {2 UaGRUB! @Bex@ﬂldsaﬁﬁééo%ngﬁ’dﬁﬂ&ﬁ{gecmn

counter. 51. A processor systeniconprisin
adnstsegislmtored adutabienenory devi ce for exchangi ng data
Wi th said processor, said nenory device conprising: a
first counter for counting an external clock signal; a

secon®. COUrteaherh6fy deRuRIfORIMMA6] WhakRHaid &gt &djfsthe circuit
si gnal produced fromsaid external clock signal;
adjusts said count value in said second counter.

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

said adjusting at least in part in response to a read latency value.

50. The memory device of claim 45 further comprising an initialization

circuit for starting said upstream counter and said downstream counter.

51. A processor system comprising

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.
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25 a storing circuit for storing a count value in said
first counter in response to a read commuand; and a
circuit for causing read data to be placed on an LLOYDWISE
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
countsr . 3fhedRerhby'devide S clad -5 lmh&%Gpr}ﬁsﬁlﬁ\é' &ﬁn@dwstmg
claimb51l further conprising a count adjusting circu
ciingnit &efj adsusting atakeast@as of thestaréd chmt saloe end ccwmvaluahrumld second
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QHIE" FELEY H 1N ? onTHEANR The menory device of claim
52, wherein said count adjusting circuit adjusts said
stored count value. 54. The nmenory device of claim52,
wher eP3n salhs meary deyjcsfickimS2r wherein saif epng adjgsting circuit
t esecond counter. 10 55. The nenory
EE%‘%#&%ngwﬁggﬂlmhereln sai d adjusting circuit
perforns said adjusting at least in part in response
to a sead tenc val ue. 56. The nDr evi ce_ of
cl ai M1 f chyo Hesqfﬁgmaégf thed 52 %‘g‘f‘-’f“&h adjysfing circuit
ddjus&Watld dovht 65166 id faeH $RbAU Rtdream counter and said
downstream counter. 30

55.  The memory device of claim 53, wherein said adjusting circuit performs

said adjusting at least in part in response to a read latency value.

56.  The memory device of claim 51 further comprising an initialization

circuit for starting said upstream counter and said downstream counter.
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