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RAM and ot her nenory devices have been and continue to be devel oped as
conput epfle ABLLRI BSEnGHECt r ONi C systens evolve. To store and retrieve
.infornafTon using a nenory, data is asserted on nultiple data lines by a
dat a sour ce JTbeimventibmrelatprigereyallyytoahemmyukviigstmethodiatad systdmd)tand mebre
captyre %Eie rqf erﬁnc.ed to a common flee-running systemcl ock. The maxi num
dat & r aPEUFYRTIY, fRAINEE fof EruPYACCESHever, i s reached when the sum of out put
access tine and flight tinme approaches the bit tinme (the reciprocal of the
data rate). Although generating del ayed clocks for early data | aunch and/ or
| at e daBackeaptind of thdé Inventien i ncreased data rates, such techni ques do not

account for venent of the data,valid w ndow (DVW, or data eye) relative
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devi ce ’l“ﬁa onpgucahdl")ﬁ ﬁ%eﬁ’ﬁg BxeIRYyters and otber electEqmis systasms “rvﬁ’h‘feer for WR TE
operations, 1§ ] Bﬁﬁ& hadh| I [ e 1ol dat a
strobe 25 signgfdgegrﬁgye g&ee-a |g#ggﬁvﬁg%nﬁémggggaéﬁg%aﬁégS)?:lhrﬁ?%lg%e Ji;a[‘%? dat a
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WO 03/ ododessmEoussanple 600 tasteagtsindemprraineg yoltagendeldading.egr at ed circuit.
corBnant o aiaRn s, fieh s valtegiichble "l e rptudots Stbarmi BN BBR
cont r ol SBRAM)) ¥pefad il SbnjEotiRdn itk al dabl SidéberddpdrRRPARdBGhoryEARREY WREH es.

In addition, to insert appropriate delays for each of the ménory nodul es,
menory $ieenthedatarlinesis woast Helytebe v Data sttobes)anesnagefii¢ ecrmpingt signsds h

menory I da.master. DLL.circuit for .coptrolling operation e

sl ave ﬁ%@llﬁ}&glﬁ g?wga%%é%@"tv}ngn_ 8@7153 Wﬁ'ﬁ‘ﬁf’g&‘ﬁgﬂﬁﬁf@bﬁl@ea in
the integiaions e fidirory ot REAIY Bpeshtibhs) NEHERFAT Npefitiofs, 160 data BRYES
consunption, and conplexity of thé nenory system Thé probl'ens are

exdcer U By eda@aﬁmdtw%ﬂxﬁdamimah suchlat ell datal andi the date strolescine to be
romory Syt Haflrs Pind By i, Bty B el Gty BE A"

i nvent imﬂth@dbm@&ab@sigmﬁmfeﬁ&a&a bRkl tHel siin@@iae/St em for control i ng
access to the nepory. The adaptive timng systemcaptures data in a data

val i d wi ndowA (DRl memerpaheweregnddes noh goneratesdataistrabeseint thetmiddisiapthese

. timng erp | | ay, ¢iycuit for.sanpling t.he data signal .at a
i dpor eV oF- i B SRl Sl trpipRapd Abord priirdly e et o8

| de0t i fdatlined ttill ValidUatd Seftedeny ol Ghe\ifth HRies.t The FhélRGHy HonRbiléris y

corresponds to an_ actual mdpoint of the DVWand adjuSting the del ay

ci r cui tconfignvedi taglelay the rexeivetl stiobe ta thiei agntenof theeDMWiniMany Mbmsory systams

I nvent 's?rﬂcﬁr%nizlel Hl%%n%%g %gce% es"a ing fde?ag'afgjcllcgd alggp ’ I.ll)I cr:Ti]réult It%n gﬁlarllqerétg ean

appropriate delay following the data strobe. DLL circuits, however, consume considerable




acconpanying figures, in which like references indicate simlar elenents,
“and in which: Figure 1 i s g bl ock diagramof an el ect'rpni c system according
to vari OU FosRsls of the-present invention; 25 Figure 2 is a bl ock
diagram of a nenory system Figure 3 represents signal waR(eFBP1302608; 2
clock signal, a conplenentary clock signal, and a plurality of data

si gnal s;ar¢d guatcalready crowdatintepratgd aircuif. Usingastaghies wed DLE ooty silenprefengur e 5
is aflao ﬁ%%amof.acalibration rocess; and 30 Figure 6 is a flow
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di agr am GHICHIES 11 fe5tng; eunepsats fer,gualily conteple Husther NASHFNSETRSOVSS MEMOTe
figures | i hCd Lay: i e not necessarily
been dr a‘%lﬁ?%érg (%:hz?IE (Ea@rl ors Eggﬁ%ﬁg{ehﬁ e lﬁ%ﬁg‘%@%&%ﬁg@ﬁgﬁé the 2 WO
03/ 069486 PClha8adBion &0 hsetteapprupsiatenddling for gtclesf RymbRosX avAEks! Bemory

rela ive.tgglgqtrheﬁ elecﬁre t? t(}%{jel p to inprove understanding of enbodi nents
of tRe FPBURYHS PHELHCHs slave A} ccyitssdqdicstaddn egeh memepy mogulerasddi masters 5
The subimsit ofidiit & cBhtrbifiig BESES of MESNLE B, Srdlils! EBHA BiditoRi ThGoeif gl use
in connection with electronfc systens using nenory corrponen‘t)s, thH 48
SDRAMs . reguites pdditibnal ar¢weinthefntepratdd exarit tias tetilomi in@eiseahe §ibe cbéttﬁp@@ér
invention is escri(g din Ihag context. It should be recogni zed, however,
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an éPectronic system 100 according to various aspects of the present

~inventi ﬁ mag ing: uﬂe a processor 102, a nenory system 104, and a data
source i I 06. The el ectronic system 100 conprises a system
usi ng a menory q ' : { JThe ..
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syst em imnkedes alsm@mwramdrm@daptgm tky'lmg emtem_cfamgdﬂmgi@mbéﬂﬁno tHetradrhéy Bt
system contrql system portable electronjc device, audi o _conponent, or
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operation of terl{e’ el gcgp?x gﬁi C s%éﬁggnﬁ]? mé:}]uéj—gggﬁ La%%pﬁ?ﬁggor;s%épgg%?%pﬁqtﬁéﬁ’ A

pr ocess@t agnidpomt 06 the DV WucTha adaptive nimihg systeasmap alsosintuge ah Sdeifying

Advanced. M.cro .Devi.ces i cropyocessqr. The data sources and/ or destinations
106 oy CEBH ISR nE Thht ahe fah I\ Waeasrespands 6 an dgibalmmdpodi or
sendi ng ot/ IOV W REPadfhdtied8d Aelay BirhiticBerdgf¥ly ent i onal peri pheral s such as a
hard drive, optical Storage system tape storage system printer, display,
keyboard, tracking device, or the like. The data source/destination 106 is
an ‘Jzél us, r?.'e\s/e.co opent tht may be primarily 25 a data. source (such as

D SHS
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a kéybo?d : gestination (such as a display or speaker),
or both (suclThapréschflisvertiby 8 MustaRASHEWMS' Of :El;khr'g dBHg" Ly
conprises a stofpa e system for stori n;ﬁgatg. Tﬁe 1m)ry ﬁg:/g%@% 31‘9?]%?/
conpri sacripagppe st B whigh lilke safeencasfindicate sinitag eldateatsamet] inrvelichi:er r i ng

o

dat a bet weenyt he nor. tem 104 a t he data sour ge/ desti.nati on 10§ or
processor 10§§gure limls a l}focﬁé/ 31agram of an electronic system accor & g to various aspects o
the present invention;
25 Figure 2 is a block diagram of a memory systens,

Figure 3 represents signal waveforms for a clock signal, a complementary clock
‘signal, and a plurality of data signals;
Figure 4 is a block diagram of an adaptive timing system;
Figure 5 is a flow diagram of a calibration process; and
30 Figure 6 is a flow diagram of a timing adjustment process.
_Elements and connections in the figures are illustrated for simplicity and clarity and

have not necessarily been drawn to scale. For example, the dimensions of some of the



30 Referring to Figure 2, in the present enbodinent, the nenory system 104
"includes one or nore menpry nodul es 210A, B and a/mgnory controller 212.
The mam)r% nodul es 210 rmay conprise any system for stori ng) data, such as a
convent i oYQ 03864486 SRAM DRAM SDRAM or any ot her suit abl PCIHUS0HIB0Lyst em
In the present enbodi ment, the nenory 3 WO 03/ 069486 PCT/ US03/ 02609
modul es eRidéntsoipthe TpuidsRnBoReNxagfepared/relative tosothbr aRnivhir torhelfil 46 iapddée 256 Mo
DDR SDRAMs. The nenory control | er 212 controls access to, including data
transfe%d@ﬂa%ﬁﬂgpf@ﬁzodm@nﬁﬁﬂiﬁypfﬁmhmﬁeﬂm; and may perform further
~functions and operations as well. Data 5 may be exchanged between the
menory system 104 and the data source/destination 106 along a set of n data
| i nes apeedilkdDescAp&ion ol PReMPIdry Embadiieator technique. In the present
enbodi ment, a_conventi onal %at a, transfer process transfers data by |
~ captring datlheswbigctamatter ohthe presenidaventiony paticelady suites) fgnuse incopnaskignpl e,
T referri t | | SQUI Cé nchronous ,SYys orging tqg,t

pr esent Q’gtrl%b%gf':&nogﬁ{ ’gysg%@%'ﬁlslggsrng |§3"3%°§‘§P{5e8“%’ng“i Ematg‘% P%ﬁ%@t’u%gn t he
Crossi ngreférrell Etediiary @hiddithéaf) ofothe pReseTiivernfidil A des6tiBeKinSthaNadntexXEKit . A

first period of time (tAC(MAX)) passes before all of the data bits (DCs)
are val shpuldybeciecermrizade howevera dhatgsush desarimions ist pet DIMIGEOND gh dhe #5% 0bi t s

remai n | ' t unt . DQr.i t t

bt or o PRACEY bP el eigoent Hvellionk Bhi s ARRERRTIRR heith it SRRl 5.
of 1he BdAYIBEGh ofl fitexcbuipddry @mbefiinidae DVW 300 may change, 15 for exanple due
to | oad, temperature, and/or voltage variations. Simlarly, the positions
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relativ t: I S \/ roller 242 n
t hi ngs, ﬁ{:e%n trlg %nﬁoﬁngﬁ?f rlrlg; QSH%% pgorcégsesg}s? ITg%’ear %?e?éc?ﬁg S&%"?‘he mgrgmg%y&r%ggﬁrges 210,
such asatdioeddstingtiont 105, CHpteldctofic sfgemI180 @offiptides alsystih @ftig metnoiRtsach

capture, the nmenmpry_controller 212 of the present, enbodi nent captures data
at the abgresaveptictiakipersenst casputeresysienr 3Bee elppisonis rmyptpme 40R meAy) epmprise,

of M IR0 mp ERbE A6GRe 8o, Budnlfs GRRERiHGY Sk, (onpaihd ' O"
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214 for controlling access to the menory nodul es 25 210. Cenerally, the
adapt i vEer {ackatn gortalsasieny andhaviarpus qoneponews may differascordingitathe patticylag hed

for tra : t . S, s ' i .

cont 1 of PBge abi birou AR Mhe B ototor TR iBradly bond DS Jnefllll o Ot |
be val i syséem,cardi magy Yomphise agagpprugridie provgssey ot eontediter, shiehta fah datel, HBexas
Iocr:T&ﬁ]i op of the DVW300 in the data signal. In additjon, the adaptivye

ti nthg t59 0T rdvancgd  Migran sices, THIGEONIARSST0. B fiale FRARESS0BNE/RE

For " oacrabiceC I8, AaY RonDrit Sp diafe cHaRhherkE 1B ARk pARAE 1O8TBE, s
changes séndinigh and/endeceiving datar dndludigg edgemntididl, p&ipherss sich B/ BAA. diibwe,

I dentifying.the |l eading and trailing edges 310, 312 of the DVW 300 and
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and the optimal access tine my justed. Furt ove and
tr a2Xki ng datd sowice (muihngss ai kkeyhodrd nomsgpnsomynaldatao destinationn (such easi s tdispday such as

the rate a i gh the m dppint. .and the respective edges 310, 312 change,
may be f??&?&orkﬂb\gf‘?ha%gﬁqﬁgéﬂa?PT'S?ESC?IN menory control ler 212 may use
different op ' t im’ | Jof W ufges For
exanpl e, a fiq‘;lg?ﬂéﬁit%ggngtg%otg‘;nea ac{]ggttogggus?g%mn%dg% ea dugg))ﬂgan gﬁg%&é Its
DVW 300sysherh d 04 thmyncamnmrise ainy appropyiatetmethery Z36EBm fOnetormguiata andrtransfdreng 212

i tabl es different DVW 30Q characteristics for each nodule 210 B,
sul Yata between t{le memory system IOS and %16 d%telx godrcesldestinat%n 106 or pli'occssor 2.

30 Referring to Figure 2, in the present embodiment, the memory system 104 includes one or
more memory modules 210A, B and a memory controller 212. The memory modules 210
may comprise any system for storing data, such as a conventional ROM, SRAM, DRAM,
SDRAM, or any other suitable storage system. In the present embodiment, the memory -
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such as different m dpoints and DVW edges 310, 312. Further, the nenory

"controller 212 10 may in¢luyde nultiple adaptive tim ng, systenms 214. For

exanpl e, |1 adaptive timng systens 214 axe suitably dedicated to
each bit,‘gﬁio%)f@é)‘,86 byte, or other set of data presented on)"Fﬂ'@I%é/P%?"?i nes.
To identify the leading and trailing edges 310, 312 of the DVW 300, the

adapt i venodutes 240 spaipeise DR SDRATSs dirdne Miorom sechigzavigcgons MITYE Vo441 2S6 b
nom nal I@ggMd 15 trailing :edges 310, 312 of the DVW 300 to a signal
val ue ap -mdpoint. If the adaptive timng system 214 sanples a

toggling sig md ' t L dpod o) o n the
sanpl es at tEgEnom rﬁﬁoﬁggg%ﬁgéﬁmt%%a#?l&ﬁgb ’e%%igg fn§1(&t£ 32 %%Vtg%gd %300
tend t otheemsmbsy awdild 210, iadd nhaycpdrfdren futthes fetionsibnd bperatidisoas welleDagt ual
m dpgi nt of the D\/\chﬁgo. Sanpl es beyond the |eading and trailing .edgles 310,
312,° holg¥ebe exchiapgad, betiyeen thememasinsysiems Hidpand the data soutes/despination 106

System SP3e 58 06K BathigeP abRERE B BRY, TSR Bl tod o) toBaRRle, Y ohi Bieblhy 41,
P o v o e B e
? |s rsn'eng %mﬁ%ﬂ?ﬁﬁwﬁ asqla é?g.nalrh &or gEamplgi mfaﬁrielgzltszigw@eii,v&g ltsn@rcpi i ng
25 si ' ]
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and the , data deééi galion 106. The co%are circuit 414 receives | atched
si gnal s HiskPered PLEmee Caresam) Basse befarpplb of dhe datarkits(RQS) iave yalid owhishes

the | at i [ ' i la@p € S | t he
timing. Soind RARLE e SHEHE DY 2800 IS AR BRS Nyl Sl iBHVH
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asserts | tiple signals,_at gifferent tinmes.. The delay circuit 410 may
conpr i <86y e rlipEicdee3 3 of e PW 30T he dvgtion ghicsD¥H 406 reschenga mes,
suc{x as eadqgeegl s e, ) 94884.
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any duridentafiesshangasd theoduratéon andyrelative positton ofithe BYW\P00300 characteri stics

and correspo dfa.:iesi r.e&&[)\/w380 g ratjon. In the _present enbodi nen t he
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30 The DVW 300 and changes in its characteristics may be identified in any suitable
manner. For example, the adaptive timing system 214 suitably identifies and tracks changes
in the leading and trailing edges 310, 312 of the DVW 300. By identifying the leading and
trailing edges 310, 312 of the DVW 300 and changes in positions of the respective edges



. Circuit 414.

20 its output upon receipt of a delay clock signal fromthe delay circuit
410. The latch circuit! 412 may conprise any suitable systemfor asserting

and hol di pon recei pt of a delay clock signal. In the present
enbodi nen%de‘i’gotc‘;%sgut put of the delay circuit 410 is conne&%@é’“éﬁ”

corresponding latch circuit 412. Each latch circuit 412 conprises a circuit

for | at SA0Dy3j2aithé midpointadfibe BV WIB00UhHube epsroxinsel indtheWptital atehs shgnal .
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30  signals generated by the delay circuit 410 accordingly.
In particular, the delay circuit 410 of the present embodiment asserts multiple signals
at different times. The delay circuit 410 may comprise any appropriate system for
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cause any;ReRathl madPEIRLARG to iR Bk hsbSiREFWith Pe VB Bps to move the
nominal approximate midpoint closer to the actual midpoint of the DVW 300. The delays
associated with the outer taps may be similarly adjusted to place the nominal approximate
30  edges associated with the outer taps closer to the actual leading and trailing edges 310, 312
of the DVW 300. For example, one or more cycles or half-cycles of the memory controller

212 clock may be added to or subtracted from the current delay values of the various taps.
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memory dBHAIDFFesty L iming signal fom thgrelevppt mn@oabmggub 240 (stept SH03.

configgur ttixgjﬂ%e t 5113”93{ LR.00 .41 0 c | L di.f fer e

bet ween 1gﬂl atc eﬁgéiﬁgﬁg IT%or es pghgiﬁ ,Oﬁ%he%n%%rr%dgﬁ g’é‘é‘geéﬁ g%'ﬁ“gds’lgﬁ%}lg fed
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When the timing signal is asserted, the memory controller 212 samples the timing
20  signal at several points in the timing signal (step 512), for example using the adaptive timing
circuit. In the present embodiment, the memory controller suitably samples the timing signal
over several points within one or more cycles of the timing signal to conduct a sweep of the
timing signal. The samples may then be analyzed to identify the approximate leading and
trailing edges 310, 312 of the signal’'s DVW 300 (steps 514, 516) and calculate the
25  approximate midpoint relative to the free-running clock (step 518). For example, the
memory controller 212 may identify a first and a last sample following a data strobe that
achieve a threshold value known to be in the timing signal. The delay circuit 410 is then
suitably programmed to place the center tap delay at the approximate midpoint of the DVW
300 and the outer taps near the approximate leading and trailing edges 310, 312 (step 520).
30  The memory system 104 may then proceed with normal operation, using the center tap as the
latch circuit signal to capture data. The calibration process may be repeated at any time,

such as at periodic intervals.
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when no READ operations are occurring. Consequently, the full adjustment process is
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performed only when a sufficient pattern has not been received and the time constant timer

has expired.
Referring to Figure 6, the memory controller 212 of the i)resent embodiment
25 performs a tunmg adjustment process by receiving the timing signal, which may be any
appropriate signal for identifying shifts in the DVW 300, such as a predetermined signal
generated by the memory module 210, the conventional strobe signal, or the data signal
itself When the timing signal is received, the delay circuit 410 taps generate signals that
cause the latch circuits 412 to capture the signal at various times (step 610), such as at the
30 nominal leading and trailing edges 310, 312 and midpoint. The output signals from the latch
circuits 412 are provided to the compare circuits 414 that compare the various signals to
determine whether the leading and/or trailing edges 310, 312 of the data signal have shifted.
For example, the compare circuit 414A may compare the leading edge 310 data to the
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circuit conpares the nomnal mdpoint sanple to the and the at | east one of
a noni naB10 e%idmfgheﬂlgﬁhfeﬁrﬁ)@ aAdtditionahtaps iyl iergoeided l@mpibleto cdlectdate aboup

control system accor, o _.cl 19, wherein the analysis circuit 25
conpri se§YgT Ttiqos of, EI é’yﬂ aier%ozfxagpﬁeﬁng leg fgﬂ?‘ggcb“rtm to
clai m 19pepih She hidBome Hal! the éHgEsC'S'l@ 8 BKQs th@@Wer@sanﬂnmﬁﬁfHeUﬁﬁﬁlaﬂ?
with a free-running ¢l ock signal. 25. A nenory control | er for

cont r ol | icompectedrie fcemparsfcinaitas 4. o'ﬁhcadalap@llestndrbyela&b circviits 4l 20eonneeted tothe

i 20 cPiopal TaBRy P e to Ml St . B DAV o8 iE Rk B Pl
edge of ge@iangasahithe PVVWG00 afd\dcustinga tim ng signal. 15

Benefits, other advantages, and solutions to problems have been described with

regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any element(s) that may cause any benefit, advantage, or solution to occur or become
25 more pronounced are not to be construed as a critical, required, or essential features or
elements of any or all fhe claims. The terms "comprises," "comprising," or any other
variation, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements does not include only those elements,
but may include other elements not expressly listed or inherent to such process, method,

30 article, or apparatus.
In the foregoing specification, the invention has been described with reference to
specific embodiments. However, various modifications and changes can be made without

departing from the scope of the present invention as set forth in the claims. Accordingly, the
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WO 03/ 069486 PCT/ US03/02609 26. A nenory controller according to claim 25,
further conprising an analysis circuit, wherein the janal ysis circuit is
configureg t just the timng of the capture signal generated by the
timng cig’&ﬂ%{(’%g‘@ﬁor ding to at |east one of the identifi ed’qTé‘éﬁi’F’/ﬁg“’%dge and
" 5identified trailing edge of the DVWW 27. A menory controller according
t o cl ai nspge6ificatien end fipiwes aratoylss segarded un tin ilbustratite rathierdhama sestctivalseyse,
adjust the, timng of the capture signal ,generated hy the timng gircyit
accor di nép ol sichyraedificatinas gfe altqpépéggge fchidled 3 laﬁae sApe af PlosstaIventioR
constantag‘gamaoci ated wth the data source. 28. A nenory controller
according to claim?25, further conprising a free-running clock circuit
configured to generate a clock signal, wherein the timng circuit generates
t he capture signal in conjunction with the clock signal. 15 29. A nenory
controller according to claim?25, wherein the timng circuit generates the
capture signal at a nom nal mdpoint of the DVW 30. A nenory controller
according to claim?25, wherein the timng circuit 20 conprises a nmulti-tap
delay line. 31. A nethod of transferring data froma data source to a data
destination, conprising: sanpling a signal to identify at |east one of an
approxi mate | eadi ng 25 edge and an approximate trailing edge of a data
valid wi ndow (DVW; and adjusting at | east one of a nom nal |eading edge
and a nomnal trailing edge of the DVWaccording to at | east one of the
identified approxi mate | eadi ng edge of the DVWand the identified
approximate trailing edge of the DVWN 30 32. A nethod of transferring data
according to claim 31, further conprising capturing data at an approxi mate
m dpoi nt of the DVW 16 WO 03/ 069486 PCT/ US03/ 02609 33. A nethod of
transferring data according to claim31, further conprising conparing a
sanple froman approxi mate m dpoint of the DVWto a sanple fromat | east
one of the nom nal |eading edge and the nomnal trailing edge of the DVW 5
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. 34. A nmethod of transferring data froma data source to a data destination,
conprising: sanpling a tim,ng signal fromthe data source; identifying a
data vali 1 (DVW in a data signal according to the sanpled timng

si gnal ; angvuf@g%g%turi ng the data in the identified DWW LT ¢98d of
transferring data according to claim34, wherein sanpling the tim ng signal
conpri ses sanpling at a nomi nal |eadi @aimge and a noninal trailing edge of
a DVWin the timng signal. 15 36. A nethod of transferring data according
to claim35, wherein identifying the DWW further conprises sanpling at a
nom nal m dpount ofa kidenoey bhtfboilel Sorl dotkBling! HiRasra o aGRTRA M oA QRPN
m dpoi nt sanple to the nom nal |eading edg€ sanple and the nomna rai i ng
edge saw@édata@eﬂmumm@muingr transferring data according to claim 34,
wheretn capturing the data,conprises.ca ring data, at,, an _approxi mte
m'olpo.5 nt of the identif 2t “5‘299"@8‘#8‘”&)56 'Fat??ahlﬁ]é}'ﬁfﬁsﬁm&b&kﬂgnals
according to cl ai maBdiffeydp@tigjel conprising 25 adjusting the sanpling of the
timng signal according to the identified DVWWin the data signal. 39. A

met hod of reading data fapdwalitynefileichics respomsive itothe plealinssf duayeclbélisipgals,
signal fromthe rren?lr .30 ﬁﬂi‘l gq% fhe reguested tim ng signal;
i dentifying ax | eaXt™*bit BFL 2 BatCryesdydt signal Sfromn theadgla spwrge rada
valid wi ndow ( DVW gkmerithe atihid S ; : 3

pLarie 00 BN ep b VW08 B

03..02609
cal cul ating an approxi mate m dpoi nt of t a %ﬁ%ﬁ éé??e of

east 0O
the 1®adi ng edge ath¢ dat@squred iniresporstge the delsy slbclgsignalpsi si gnal fromthe
menory; and capturing a_datum fromthe data. signal at, an approxi nate
ni dpoi nt of a DVWof thé& CSB’PQI%?"&H&F%PBP?IE%Hbﬁ@ﬁ%ﬁéltv&fﬁhrelaa@ﬁd@;gnﬁbt’@m
m dpoi nt of the DViheGi f 193 } mp%r Q8dis !
according to claim 38‘?%@?%{%@?&?@@&?@“ méggi}m gn%i)n%@%glri?(ggg&tr&e
sanpling the tini ngcemgaagonzignal camdspanding tpodifireanel betweks st plaradityodf the 10
nom nal | eadi ng ed%gca d. asﬁom' nal trailing edge of the DVWof the timng
signal. 41. A neth h8 188 ing data according to claim40, conprising
conpE¥ i ng the nom nal m dpoint sanple to the at | east one of the nom nal
| eadi ng edge and the nomnal trailing edge sanple.

2. A memory controller according to claim 1, wherein the delay circuit is

configured to generate the delay clock signals for a nominal edge and a nominal midpoint of
a data valid window of the timing signal.

20 3. A memory controller according to claim 2, wherein the compare circuit is
configured to generate the comparison signal according to a difference between a latched

signal corresponding to the nominal edge and a latched signal corresponding to the nominal
midpoint,

25 4, A memory controller according to claim 1, wherein the delay circuit is
responsive to the comparison signal and adjusts the timing of at least one of the delay clock

signals according to the comparison signal.

5. A memory controller according to claim 1, wherein the data source exhibits at
30  least one of a voltage time constant and a thermal time constant, and the delay circuit is
configured to generate the delay clock signals at intervals substantially equal to or less than

the at least one of the voltage time constant and the thermal time constant.
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10. A electronic system according to claim 9, wherein the timing signal analyzing
25 means comprises a compare circuit configured to generate a comparison signal according to
a difference between a latched signal correspondmg to the nominal edge and a latched signal

corresponding to the nominal midpoint.

11. A electronic system according to claim 9, wherein the delay circuit comprises
30  amulti-tap delay line.
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14. A data transfer system according to claim 13, wherein the compare circuit is
further configured to adjust the plurality of times at which the sampler is configured to
sample the timing signal.

15. A data transfer system according to claim 13, wherein the compare circuit is
further configured to adjust at least one of the plurality of times at which the sampler is
configured to sample the data signal to correspond to at least one of the identified leading
edge, trailing edge, and midpoint of the DVW.

16. A data transfer system according to claim 13, wherein:
the sampler is configured to sample the timing signal at a nominal
leading edge, a nominal trailing edge, and a nominal midpoint of the DVW;
and
the compare circuit is configured to compare the samples from the
nominal leading edge and the nominal trailing edge to the sample from the

nominal midpoint.

17. A data transfer system according to claim 13, wherein the sampler comprises
a multi-tap delay line.
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TAL0% & ()-M10% & ()- 10 My&g RErok fléclé%/mBg e samples from the sampling circuit

and identifying a data valid window (DVW) according to the timing signal.

10
20. A memory control system according to claim 19, wherein the sampling circuit

generates a data capture signal at the approximate midpoint of the DVW.

21. A memory control system according to claim 19, wherein the analysis circuit
15  is configured to adjust the samples taken by the sampling circuit to take a midpoint sample at
an approximate midpoint from the DVW.

22. A memory control system according to claim 19, wherein the sampling circuit

takes samples from a nominal midpoint and at least one of a nominal leading edge and a

20  nominal trailing edge of the DVW, and the analysis circuit compares the nominal midpoint
sample to the and the at least one of a nominal leading edge and a nominal trailing edge

sample.

- 23. A memory control system according to claim 19, wherein the analysis circuit

25  comprises a multi-tap delay line.

24. A memory control system according to claim 19, wherein the sampling circuit

takes the samples in conjunction with a free-running clock signal.

30 25. A memory controller for controlling transfers of data from a data source to a
data destination, comprising a timing circuit for generating a capture signal, wherein the
timing circuit identifies at least one of a leading edge and a trailing edge of a data valid
window (DVW) of a timing signal. |
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configured to selectably adjust the timing of the capture signal generated by the timing
circuit according to at least one of a voltage time constant and a thermal time constant

10  associated with the data source.

28. A memory controller according to claim 25, further comprising a free-running
clock circuit configured to generate a clock signal, wherein the timing circuit generates the
capture signal in conjunction with the clock signal.

15 |
29. A memory controller according to claim 25, wherein the timing circuit

generates the capture signal at a nominal midpoint of the DVW.

30. A memory controller according to claim 25, wherein the timing circuit

20  comprises a multi-tap delay line.

31. A method of transferring data from a data source to a data destination,
comprising;
sampling a signal to identify at least one of an approximate leading
25 edge and an approximate trailing edge of a data valid window (DVW); and

adjusting at least one of a nominal leading edge and a nominal trailing
edge of the DVW according to at least one of the identified approidmate
leading edge of the DVW and the identified approximate trailing edge of the

DVW.

.30
32. A method of transferring data according to claim 31, further comprising
~ capturing data at an approximate midpoint of the DVW.
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sampling a timing signal from the data source;

identifying a data valid window (DVW) in a data signal according to

the sampled timing signal; and
10 capturing the data in the identified DVW.

35. A method of transferring data according to claim 34, wherein sampling the

timing signal comprises sampling at a nominal leading edge and a nominal trailing edge of a

DVW in the timing signal.
| 15
36. A method of transferring data according to claim 35, wherein identifying the
DVW further comprises sampling at a nominal midpoint of the DVW in the timing signal
and comparing the nominal midpoint sample to the nominal leading edge sample and the
nominal trailing edge sample.
20

37. A method of transferring data according to claim 34, wherein capturing the
data comprises capturing data at an approximate midpoint of the identified DVW.

38. A method of transferring data according to claim 34, further comprising
25  adjusting the sampling of the timing signal according to the identified DVW in the data
signal.

39. A method of reading data from a memory, comprising:
requesting a timing signal from the memory;
30 sampling the requested timing signal,
| identifying at least one of a leading edge and a trailing edge of a data
valid window (DVW) in the timing signal;
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41. A method of reading data according to claim 40, comprising comparing the
nominal midpoint sample to the at least one of the nominal leading edge and the nominal
trailing edge sample.
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42. A methoci of reading data according to claim 39, comprising adjusting the
sampling of the timing sample according to the identified at least one of the leading edge and
the trailing edge of the data valid window (DVW) in the timing signal.
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