28 July 2006 A nenory and an adaptive timng systemfor controlling access

"to the menory Filed of the Invention The invention relates generally to
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systemswwﬂ%e and retrieve information using a nenory, data is
asserted on nultiple data lines by a data source device. In a purely. ,
synchronous e inventign relatss gprarallynto mapory devicas, methods candarystemsaanbmors
fre K ximum data rate for such as 15 system
homverg%g&@ib%ﬁﬁgﬁrgﬁ%o@u%%ut put access tinme and flight tine
approaches the bit time (the reciprocal of the data rate). Although

generatjng del ayed clocks for early data launch and/or late data capture
al | ows DAEXKZTORNEA-OfAfle MNERUORt cSs, such techni ques do not account for

et o My Bkl g AR RN ety ESha L Aol bty ooP%rJ e

| oadi nginfatthakiony Mee StofdicamaPEystiifis G Rindosiedcaess
dynamc RAM (DDR SDRA opefdagte in coenjunction with a data strobe to

per For nhighacorsaspeed-aaddew cppte Several typemol RAMiaacdothemmemory deyicesbaxebgen o0 be

valld [ runni dri,ven the devi ce t hat
ol PR Gt P Be BORIRN of PEBRHAIA] bulir HileBni SRk ER ek "0 C011 00
the nenory fTo stirélandRetiidie &ifsomation usitip" Pnedirit d2as adsbrted!oh amilfiple Mata?S
signal s are Ed%gta{l lgned with the daltsa si gnal F’such that all data and the

data stliegg sourne deyicee Inacpuy thchmmgmmutp i qapbire are

S'ricéeﬁt@%?%%:dc@”i%' Bnal oyt B4 Y Bt S Fh JE0 7

not 13 ensysteing evess lif ﬂa&ﬁod Whéd he Bufté foudputidecess B a@ﬂﬁhﬂﬁﬁi&twmaﬁﬂes
external system readl ng the nenory typ| cal |y del ays, readl 3 the 30 data
lines u hﬁv@m@edm ozl of thecdata mick hAltheugh ganawating de elnoks femearts! | er

v W e BhsER M 1 %@%@%f&%@%ﬁﬁéﬁ%ﬁ%da%ﬁ% [RoABhE]of ek e

| oop ( Dhdcpust foeunéﬂment @fﬂmmtveh&ﬁvmdow (DVW, or data eye) rclanvc to any fixed
 clock signal, for example due to changes in temperature, voitage, or loading.

20 Many memories, such as various double data rate synchronous dynamic RAM (DDR |
SDRAM), operate in conjunction with a data strobe to perform the memory access when
data on the data lines is most likely to be valid. Data strobes are non-free-ranning signals
driven by the device that is driving the data signals (the memory controller for WRITB
operations, the memory for READ operations). - For READ operations, the data strobe

25  signals are edge-aligned with the data signals such that all data and the data strobes are to be
asserted by the memory using the same internal clock signal. Consequently, the data signals
and the data strobe signals are generated at nominally the same time.

A typical memory, however, does not generate data strobes in the middle of the

DVW. Consequently, an external system reading the memory typically delays reading the

30  data lines until valid data is present on the data lnes. The memory controller is typically
configured to delay the received strobe to the center of the DVW. Many memory gystems
synchronize memory accesses using delay locked loop (DLL) circuits to gemerate an
apmopiﬂeddayfoﬂowingmcdaamu.%ucﬁwim,howm,mmwmidmble



appropriate delay follow ng the data strobe. /DLL circuits, however,

consunme considerable 1 28 July 2006 area in an al ready cromded |ntegrated
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at a midpoint of the DVW. 'I'headaptmtmnngsystemmayalso include an identifying

circuit for identifying whether the midpoint of the DVW corresponds to an actual midpoint
of the DVW and adjusting the delay circuit accordingly.

20

Thepresentmvenuonlsﬂlustratedbywayofexampleandnothmﬂanonmthc
accompanying figures, in which like references indicate similar elements, and in which:
Figure 1 is a block diagram of an electronic system according to various aspects of
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;
* Pigure 5 is a flow diagram of a calibration process; and
30 . Figure6 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 Figure 6 is a flow diagramof a timng adjustnment process. Elenents and
connections in the figures are illustrated for sinplicity and clarity and
have not necessarily been drawn to scale. For exanple, the géﬁe Q&ns of
sone of the 2 28 July 2006 elenents in the figures may bé 33@ at ed
relative to other elenents to help to inprove understanding of enbodi nents
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The subj ect, matter { t.he, preseE i nventjon jS particularly suited for use
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SDRAMs. As a result,~ the preferred exenpl ary enbodi nent of the present
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and/ or  cerdiardestiration 106. The electpmic system 108 compiises asystenwsingsa nerolg such

el ectronic syst em. 10Q for endin and/ or ecei ving data, cludin

convent i it B %’tﬁi el°°t5H’S‘F t&a 9&‘@#
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| i ke. The data sodrc estination IS an | FI ustrat Fve co onentﬁP at nay

be pri marsysteng Sntertdament system, (antrohsyster, poriableesiectunic denden, pudio chatponent,
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storing GgtRm ddfed¥irBaiként. The processor 102 generally controls operation of the electronic

system, and may comprise any appropriate processor or coniroller, such as an Intel, Texas

20 Instruments, or Advanced Micro Devices microprocessor. The data sources and/or

destinations 106 may comprise any suitable components in the electronic system 100 for

sending and/or receiving data, including conventional peripherals 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 illustrative component that may be primarily

25  a data source (such as a keyboard or sensor), a data destination (such as a display or

speaker), or both (such as a hard drive or transceiver).
The memory system 104 comprises a storage system for storing data. The memory
system 104 may comprise any appropriate memory system for storing data and transferring

.. data between the memory system 104 and the data source/destination 106 or processor 102.

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 -



system 104 may conprise any.appropriate nmenory systemfor storing data and

‘transferring data between the nenory system 104 and the data

source/ destination Mor processor 102. 30 Refrring to Figure é in the
present enbodi nent, the nenory system 104 &chi d= one or Ad Iy ry

nodul o 210A. Bﬁﬁd a rrermdﬁ/ controller 212. The nenory nodulo 210 nay
conpri se gﬁ@“@ Femprise DR SORAMs from Miczon, suchoss Mirtron MT46 VERMEREMBRAK
SDRAK or ®PRS suitabl e storage system in the present enbodinent the
menory 3 28 July 06 nodul es 210 conpri se DDR SDRAMs from M cron, such
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dur at i onggpipdist €l ative position of the DVW300. Referring again to Figures 2
and 3, in the resent enbodi nent, the nenory controller

¢ memory confroller 212, among other  things; .controls. the timing: of access -
operations to the memory modules 210, such as to enhance the capture of accurate data. To

20 optimizedatacapmre,thcmcmoryconn'oﬂerzuoftheprwcmembodimcntcapumdataat
the approximate midpoint of the DVW 300. The memory controller 212 further suitsbly
identiﬁmchangesinthedumionmdrelativeposiﬁonofthqbvwsoo.

RcfaﬁngagamwFignes2and3,mthepresentmbodim,thenwmryconmﬂet
212 inchedes an adaptive timing system 214 for controlling access to the memory modales

25 210. Generally, the adaptive timing system 214 controls the time at which the data is latched
fortransfcttoorﬁ'omthememorynmduleszw.Thetimingissuitablyconuolledtohtch
dataataﬁmewhcntheassuteddataismostlikelytobevalid. Accordingly, the adaptive
timing system 214 identifies the location of the DVW 300 in the data signal. In addition, the
adaptive timing system 214 may track changes in the DVW 300.

30 - ﬁeDVWSOOandchmgeeinitschmctuisﬁcsmybcidenﬁﬁedinanysuﬁable
manner. Forenmple,ﬂmadapﬁveﬁmingswtem214sn&nblyidenﬁﬁesandmcknhanges
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

-




212 includes an adaptive timng system 214 for controlling access to the

I nenory nodul es 25 210. Cenerally, the adaptive timng system 214 controls
the tine at which the data is |latched for transfer to or fromthe penory
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20  differ from the samples within the DVW 300.
Referring to Figure 4, in the present embodiment, the adaptive timing system 214
includes a delay circuit 410, a plurality of latch circuits 412, and at least one compare circuit
414. Generally, the delay circuit 410 asserts multiple delay clock signals at different times
with respect to a timing signal and/or data signal. The latch circuit 412 receives the timing
25  signal and/or data signal from the data source 106 and delay clock signals from the delay
circuit 410 to latch data at the time of the delay clock signal, and provides the latched signal
to the compare circuit 414 and the data destination 106. The compare circuit 414 receives
latched signals from the latch circuits 412 sampled at different times, compares the latched
. signals to identify differences among them, and may adjust the timing of the delay clock
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 appropriste system for
generating signals at different times, such as a programmable multi-tap delay line. The



20 differ fromthe sanples within the DYW300. Referring to Figure 4, in
the present enbodinent, the adaptive timng system 214 includes a deI ay
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The latch circuit 412 recetves ‘data from the data source 106 and latches input data at
20 its output upon receipt of a delay clock signal from the delay circuit 410. The latch circuit
412 may comprise any suitable system for asserting and holding data upon receipt of a delay
clock signal. In the present embodiment, each output of the delay circuit 410 is connected to

~ a corresponding latch circuit 412, Bach latch circuit 412 comprises a circuit for latching an
input value at an output upon assertion of a latch signal. Bach latch circuit 412 may

25  comprise a circuit having a data input, a-clock input-for the-latch signal, and-an output, such
- as a flip-flop. The data input is connected to the data source 106, for example via a buffer
418. In the present embodiment, the data source 106 is the memory module 210. The clock
~_input is connected to the cormresponding tap outputs of the delay circuit 410, and the latch
‘circuit output is consiected to the compare circuit 414. The output of the center Iatch circuit

30 s also connected to the data destination 106. When the various taps of the delay circuit 410
asgert their respective delay clock signals, each latch circuit 412 is activated to capture the

- input data received by the latch circuit 412 when the delay clock signal is asserted. Thus,




nommal trailing edge). The delay associated with each tap may: be
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circuit output IS ,connected to the conpare circuit, 414. | U output of the
center | af RIS 4124 (C-30 b COmParS CEmictideoransres:ihe gignals Jad detaminisn WhogheT when
the vari ougtdrémteHetir le@ﬁaﬁi | ct@Bifdshold S ko V(N { 4

cl ock signal S?&eeach atéci& rcuél)%%zﬁlkgc act | vaPce)@' ?gs%’agl?%rse ﬁ%ﬁlﬁ#%#
dat a 1@ceigonndatoy a fingt doatpatisari sighnl (suthas aHegic HIGH! sikal); df netk theiconmplard circuit -

assert ed. us 6 28 Jul.y 2006 each tch circuit 412 captures data
recei ved #IQW%QFWGGP@EW Wﬁkﬁ%%ioﬂq{@ys@ﬁﬁ ‘as the ni'dpoi nt

gingnglh.e | ‘el'ﬁgl Qg'rtrl%gﬁc“&ﬁ ic’{% 2%?@%@%%?%@?%%&%5 ﬁlttvtxlg of
t he | at chcompargicireuit #24 smanycapopriste tiaemetaguchtas to determine whetheriapdhow mye.
o1 onal o alLedil S04 deip aspoutesed it Aoy BaFe 1 e dely G 410 g B sroponding
STl e o St 418 o AP BELHERIG Y NASK G B
of the ot with thatdslay circuiti418 tai s, a Aesifddepasitigrerelativer touthe detal sipnab &When whe
el oot od_ PHPRSH P 114 didiciits, B fhe siguals; taseived shoms o Jeh ceuis, 412,95
Cireui 1 Ein pongy wtfiels ek he Sigoal i 0 il oige (RRling LaR SO Kjine
signal ). wige chegshe sigadimt ithe saminabmjdpodntf i Therefore; ther signab atithe montinal
S1onade L0 i"Rithin the DVW 300/ If the signals do ‘not substantially atch, then the signal
associated with the nominal edge is outside the DVW 300, thus indicating a change in the
DVW 300. Accordingly, the delays for the various delay circuit 410 taps may be adjusted to
- shift the center tap to the approximate midpoint of the DVW 300,
. In the present embodiment, the memory controller 212 adjusts the delays associated
25  with the three delay taps in accordance any appropriate method or algorithm. For example,
when the compare circuit 414 indicates that the DVW 300 has moved, the delay associated - -
with each tap may be changed to shift the delays associated with the various taps 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 ¢ycles or half-cycles of the memory controller
212 clock may be added to or subtracted from the current delay values of the various taps.




conpare circuit 414 in.any appropriate manner, such as to determ ne whet her
and how nuch to a4just the del ays associated with 'one or nore of the
delay circuit 410 tape. By responding 15 to the conpare circuit 414
signals, the delay circuit 410 may: adjust the del ays assoé$ &Ed00ith t he
del ay ci rcuit 410 taps to a desired position relative-to the data signal.

Wien a conpar dhei adjustinerith 40 ithel delay @il iay tHeemad @ tPady ARFEPIARS nidnRdd. t Rer

latch circuits 4§2ﬁ are substantla ly |dent|cal then the signal near the
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i ndi catin in the DV\N300 Accordi ngly, the delays for the
vari ou &%ﬁ%ﬁ&%&?{ 00hag moeiyed. Rwrthes theimenosyl conrolleh may have admstmnttlmntso

menory cont ot e AR dhod WW&%{*% 3 adhr S St PR ines e

del ay taps parhoulnt@h:dﬁhﬁﬁvﬂrbf goR Dliraitéd SagiitddebfUdjudtradit] TR tyfetindovaNPbE
when t he cogs e cirguit, 414 |nd| cates that the D 300 has nbved,

t he, del ay fiymay be splected ageqrding so aay criseris foragquaetioudar system afipplication.
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he actual [eadi ng and

edges assgg' i&g ,glth the outer taps closer

trailing @ e mitial vgiues mpayhs/progiled favany appropdate anenner, smh@sbydlsmg or
hal f - cycl betbd Ye dded LR

subtracte romtheﬁéﬁ%'}let% eﬁ%&;ﬂg\/a ues Oﬁfﬁ)&u%fc{ram §°f5¥ﬂ”§t2006

The adj usFIpm § fm' 4 bﬂxweﬁmypmmmﬂmmb& efibstimedt, # meARiPy QBhitrcIleR 2.12
manner. For.. he partjcular_ technique for adjusti Sgktﬁe del a nay

be sel ect VR Imig signal fiom theirelevant memory o1

23&“‘2%?%3"3”%28 e T6F bE SRl sl WAL ek 0 4 Brodilerifbiod it wsﬁ%‘”
300 has noomentionakstrobe signalia mﬂmmIWWhlﬁWﬁrﬁgﬂwﬁﬂ s

so that t ays .assgciated wiith, the tops Jray be adjusted a |imted
number of&F‘%&é’aﬁd P Jnonecmhodiment; the timing sigoal i§a togelieg si

Z‘é‘%ﬂlé?‘ﬁé"?ﬁ’ﬁ%. sd B igiggand value of such LI 5 ey be sol ected
menory system Whenrthy timing isigria) i adsedosd; e iridoayl @Bitroffertd 17 sathplessthe tirmihg.
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 frec-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 thé 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.




10 Calibration Provides initial values for the nom nal m dpoint and | eading
and trailing edges 310, 312. The initial values may be. provided in any
appropriate manner, such as by using preselected default values or testing
for Dvvno information. For exanple, referring to Figure 5, 28:Jyy 3006
calibration process of the, present enbodi ment~ the nenory controller 212

initially requethed the KMy bysteni 904 hek BeencalitRatads tHelyStéai inaj O RAMSED
210 (step 510), 15 The timng signal may be any suitable signal, such- as a
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be analyzed to identify the approxi'mate |eading and trailing edges 3 101
312 of t héheiadaptivestibing sgtem (2idepuy -pGioren as pejustmentc prosessatos eagh memory

appr oxi mat e dp re Lvest0 the free-running clock (step Sig). For
exanpl e, H‘F@ﬁh‘%rer ;B%ﬁ#‘ Y-may identify, a, first afd a | ast

sanpl gof ol | owi ey Rx4lBPR, ﬁﬁ{&bﬁcﬁﬁﬁnﬁaﬂb@w Hbatships $he DV Wad 00embky eisve! CTHee
in-the timng signal. -"no delay Circuit 410 is t"hen sw tabl ﬁosrogramred

todpl ﬁce mmrmyrmhem 34 amdyabe aonﬁguee‘hpq)me?mﬂéycht |

an teouter mteapr te 1 N a

(stop 520/%% M MW 'iﬁ?g'ﬁflgggb?fw ?z’?ra% |on
usi ng thewﬁrwmaalaﬁaym%a@mmmmm t reffiest the

cal i bration. process may be repeat ed at any time, such as at_periodic

i nter vaI s tinting signsl at wemilar intervalsweo loogen tham theithemmed and/or voliage timg
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determi nembm Beésd P Of the ntmdr{ @ohtkoles 092 msdrtbéglﬁﬁpaﬁbth sackegtsiig
timng system 214 may check the DVW 300 at any tine; xarrpl(e

cont | nuoushq/datssumlban notinal mmauﬁcmitmwlﬁ charasteristios of the BYW 300,

[ endi ng, - SRLCEPLRpiR: bl 2™ %#ﬁ?%’%@%‘ﬁ%f"ww e Bt

ggg?.r )C/mgoﬁi'é&ké ﬁiay2th3n MecintiR&d. WThiis, "k tadBpteve titHing. sysrein! 213t 2ik§ continuously
sample the strobes on READ operations and update the delay circuit 410 opportunistically

when no READ operations are occurring. Consequently, the full adjustment process is
pcdbnmwdcnﬂyvﬂunzasuﬂkmnnqyuuxnimsrnwtnenremnvedandihctnnoconmwntnnmw

' RefcrrmgtoFxgurthhcmcmrycomﬂerzmofthepxuenIembodmnt

25 padbnms:lunungaubummxmtpmmxsslnfnuwnnngthetunnqgsqpmm 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 verious times (step 610), such es 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




the adaptive timng system 214 may perform an adjustnment process for each
menory nodul e 210A, B or section of nenory. 10 For exanple, as the nenory
nodul e 210 heats tip, the DVW 300 may nove. The nenory systenfré’gﬁ may be

configured to occasional | y~check-the DVW 300, such as in a8¢BY#REe with a
thermal and/or voltage-tinme constant of -the system For exanple, the
menor y corﬂ@bﬁ(@él%ﬁfﬁmﬂﬁdmﬁhmmhﬂm&qmmhnlnﬁodiugpdgﬁ%lo

andl or - vol e 40 TR R0, 00, PP e SaingaEh AChesotiere it op i g the ek
Sd

controll er . i j : 1 i nt
théd the"BY W SD0UER ﬁovfelcue@%} i atﬂc‘ ﬁ@mggﬂéggmgat i e?'ér{iﬁ?% e 4 S10E

process. If the nenory contro sato L as
using the3i@atnd snidpeind may borineakassder atlecied amolft (itemt616) oveactdrdinghte. any
characteristics of the DVWM3009 the tine constant tinmer may be reset. -if
t he tiﬁe &FiﬁMr’E@wﬁWes, the adjustnent . process may then be
initiated. ThusgintRgvadantd cbRo41 WE i

sanpl e t he strg%es oﬁ’gﬁ% g‘pe‘% atlohglgﬁﬁﬁp at'e tﬁg.y%ei a%/ c#rggii%’a%cll%the
oppor t uni sidpaint data(step 618). RifARe dataraee the same (step 620); thenghe gominaljtreiling wdge he
full adju nt _.arocess, | rmed onlk.y when.a suffici pattern. S
ot been rileopt] R, e 1Y HE 308 Boa auimdient jaaccbsmpiff Bl fingiot B8
Figure 6, dh@ MREPIHEDYH 800 hhemovdd Rfccérﬁﬁ%ﬁi A mEPRAATB Hnd tréiti s
a timng Austient prons by recelving the timng signal, whicCh nay be any
appr o0 at30s 332 ahd midpoidtmay tbei degreasrds 4 seléated amomM(st8 1622) suetcoading to any

pr edet er mi ned, si gnal negat ed b he jrenory, ul e, 210, the -cqnventional
B Fobe o GRAEted s orRgor i, -ThiY, the Gely Sl AT sEitiIR progtaminigh i s 2
recei ved; Jabgusgh ishEidteld Wi HeCoet@NBp id Aepblifibned AUt adiifted |
latch circuits 41%?8Ecjaptur‘g&?he S gggp%tﬂi\'/ari%tr@ﬁ mes <slt1ep‘ 6%), such

as at t he msidpnowiandadibssed laadingrandttrailizig edgesedde $1310, 312 and-mi dpoint. ~ no

out put signals fyomthe |atch L cui t 12 are provi.ded,t,o the.

ot Ul ts q1a. P BRopea emoimnent if fttctiied A poBhBeRbR B 8y GG AT Biine

| eadi n§ anfifetagty, dhé fdithe AEnad HldpsikPard twid Br ﬁmﬁhanﬁhdﬁg\mdwmﬁgeﬂgcs'
For exanpl e tt%% conpar eeg r cul t}ﬁél 4A may Corrgg?e the 1 eadi ng edge 310 data

to the 9 319,312 of the@V Widah oAdditicoaldppssnay be provided, Haweves; to collectsdataabiont ep
) T S g e U o e
has moved pigsed R0 idpdiRieaitP We" 8hiads 0] B 126E HHADVWO0URS ddbe similarly..... ...
connected to compare circuits 414. - The data collected by latch circuits 412 connected to the
20  additional taps may be used to jdentify changes in the DVW 300 as well as the rate at which

the changes in the DVW 300 are ocotuming. , . ..., . . .. . .

Benefits, other advantages, and solutions to problems have been described with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any clement(s) that may canse 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 the 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 clements,

but may include other elements not expressly listed or inherent to such process, method,

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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312 and m dpoint may be increased a sel ected anmount (step 616) or according
to any 5 selected criteria or algorithmSimlarly, the conpare circuit
414B may conpare the trailing edge 312 data to the m dpoint _data &step
618). If the data are the sane (step 620), then the nom naP8{i¥iZ0Peg edge
312 is still wthin the DYW 300, and no adjustnent is necessary. - If the

dat a ar e rapecifibationsadefigurése aret th cheDelyiirded inhasilhmstrative rathen ticinrayreptrictive sense,
nom nal | eadi d trailing edges,10 310, .312 and,  m dpoint jmay be,, ..
decr eased ﬂaﬂgﬁig@?ﬂ@wdﬁmﬁ@sg alzes%ﬁdﬁ’g@)beom WSEWF&W%GEEW
criteria cBligeqi thm Thus, the delay circuit 410 is suitably programed
Lo shift the various delays associated with the taps so, that the centre
tap is repositioned to an adjusted mdpoint and adjusted | eadi ng and
trailing edges 310, 312. The present. enbodi nent is described in
.~conjunction with a delay circuit 410 having 15 three taps, one for the
nom nal m dpoint and two for the nomnal, |eading and trailing edges 310,
312 of the DVW 300. Additional taps nay be provided, however, to coll ect
data about other portions of the data signal. For exanple, additional taps
may assigned to intervals between the m dpoint and the edges 310, 312.,
of, thoJDV, W -4309, and, may, be simlarly,, connected to conpare
circuits 414. The data collected by bitch circuits 412 connected to the
~00, as well as the rate at which 20 additional taps nay be used to
identify changes in the DVWthe changes in the DVW 300 are occurring.
Benefits, other advantages, '‘and sol utions to problem have been descri bed
with regard to specific enbodi nents. However, the benefits, advantages,
solutions to problem and any el enent(s) that nay cause any benefit,.
advant age, or solution to occur or becone 25 nore pronounced are not to be
constructed as a critical, required, or essential features or elenents of
any or all the clains. . The terns "conprises,"” "conprising," or any other
variation, are intended to cover a non-exclusive inclusion, such that a
process, nethod article, or apparatus that conprises. a list of elenents.
does not include only those elenents, but nmay include other elenents not
expressly listed or inherent to such process, nmethod, 30 article, or
apparatus. In the foregoing specification, the invention has been descri bed
wth reference to specific enbodfinents. However, various nodifications
and changes can be nade wi thout departing fromthe scope of the present -
invention as act forth. in the clainms. Accordingly, the

11



10 28 July 2006 specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such nodifications
are intended to be included within the scope of present inventjo as
claimed. 28 July 2006 12 Clainms: 1 A menory control ler fd® BMQ%Hing a
transfer of a datumfroma data source to a data destination, conprising:
a delay circuit configured to generate plurality of delay clock signals
at different tinmes, wherein the pIuraFfty of clock signals conprises; a
del ay ct@gks:Si gnal generated at a nomi nal | eading edge and a nom nal
trailing edge of a data valid window (DVW of a timng signal, a delay

cl ock signal generated at one of shortly after the nom nal | eadi ng edge of
the DVWand shor t4 &eﬂgipéﬁufohsr fapez?ﬂ%hlgagﬂzingfé ofH88urd 8 AR WurRDth A
del ay signal generated at a nom nal mdpoint of the DVW a plurality of

| at chesdatadgstimationecamprising: pl ural ity of delay clock signals, wherein each

| at ch receive

a timn ignal fromthe data urce and _gener. at ched
signal cor r'e e&’ncﬁcﬁ]é c&?ﬁﬁ%&i%@%@egip %gﬁtyrogﬁgwglg cl??‘&%‘g? ﬁte&ﬁélggt tg%%sr cein
r esponsehdréintdiepldaliayof ctdchGlgnsisgbmbiiseend a conpare circuit responsive to a
plurality of the latched signals fromthe plurality. of | atches, erein
the conpare ci rc&if&ae[awg?%ﬁf ghsagrated a8 ﬁ%mgiaﬁfea&eg ﬁ%@&r%ﬂé&mm’@aﬁaﬁamg
cor r espQRdingdath 9aif Hiddo®r(®VOF) bEL signg plurality of the latched
signals. 2. A menory controller according to claim1, wherein the conpare

circuit is confiagighedlack sigsakgeatratedheonorfsheitiyaites thg mamingd lradiagsdea o a

di fferepc t n ched signal ..correspgondi tQ.the one of the del ay
si gnal etggﬁé)r%gtaﬁgss%r@ﬂ)%’mgﬁ?g? agtran%m ?1({ e"?@é‘aﬁ?gg‘”é‘ %e and the del ay

si gnal gener at ed asdetuytdighabgdnerated di@ nominah alidgoimtiolf thedd¥#ge, and a | at ched
signal corresponding to the delay signal generated at the nom nal m dpoint.

3. A nenory controller. according to.claim 1, erein the del circuit is
responsive to t ﬁé’@ﬁhﬁ#ﬁ@%ﬁ?g§%§ﬂ1§|weatﬂaheéémﬁﬂsoﬁdﬁ%ytcp%ﬁ@g%’ R 8ast one
of the del ayeat RE reéedealadiming signal from the data source and generates a latched signal

corresponding to the timing signal received from the data source in response to the delay

clock signal; and

a compare circuit responsive to a plurality of the latched signals from the plurality of
latches, wherein the compare circuit is configured to generate a comparison signal corresponding
to a difference between the plurality of the latched signals.

2. A memory controller according to claim 1, wherein the compare circuit is
configured to generate the comparison signal according to a difference between a latched signal
corresponding to the one of the delay signal generated shortly after the nominal leading edge and
the delay signal generated shortly before the nominal trailing edge, and a latched signal

corresponding to the delay signal generated at the nominal midpoint.

3. 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.

4. A memory controller according to claim 1, wherein the data source exhibits at

least one of a voltage time constant and a thermal time constant, and the delay circuit is

1835112.1



according to the conparison signal. 4. A nenory controller according to
claim1, wherein the data source exhibits at |east one of a voltage tine
constant and a thermal tine constant, and the delay circuit_is,  1855112.1
28 July 2006 13 configured to generate the delay cl ock sigﬁ%hQY%906
intervals substantially equal to or less than the at |east one of the

vol tage tinme constant and the thermal fjnme constant. 5. A nenory controller
according to claim1l1l, wherein the delay circuit conprises a nmulti-tap

del ay |doRfigured tdf o FRFRY e QORY ERkk @i@ﬁ@&ﬂﬁﬁiﬂ& sh@st&ﬂt?a!l?‘e&ual%@f Bisthih@e del ay
circuit is configured to generate the plurality of delay clock signals in
conj undeaspanewiithe woltage simeponstany and dwkhermghtine cynstang el ect roni ¢ syst em
conprising: a data source configured to generate a data signal and a timng
signal; a data r z romthe
data sour ce%lv\,her el n tﬁé&é}?ﬁlgﬁg&ﬁgto égﬁgl){yg’?%ge;ﬁlhng%%% I dent %@hséas dat a
val i d vmmultierap ¢&8Afiné.n t he data si gnal according to the timng signal;
means for capturing data in the DVWWin the data signal fromthe data

source, whergein t dat a turin del ay
cl ock si gnalf’e Wg}ﬁoﬁéfonl gﬁg{ aﬁﬁoéﬁﬁe ?h‘%ﬂ W?‘H%g%é‘g]f%ﬁggge : gl ock
si gnal talgererme mhd‘[ﬂhrallfyajﬂdelmg chidyeigntls ﬁmmrﬁﬁﬂalolgwﬁthraﬂee-mdag aelpck sipma k
signal at one of shortly after the nom nal |eadi ng edge of the DVW and
shortly befQ{e th nom nal trailing.edge of the DVW and generate a del ay
signal at a nom h"’oﬂ CIRSTERES $Y5teB CYRRISIBKAY means for transferring the

capt ured datadadsdul® o@ﬁﬁgmg&ﬁ)t renaiateQ datPdiShalBadD S tiffrig AAghalist i ng the data
capturing neans according to the timng signal analyzing neans. 8. An

el ectroni ¢ sysipesarsRndi ng to claim7, wherein the data capturing nmeans
conprises a del ay circuit conflgured to generate the delay clock signals.
S A el ect Al rERkISHnE B %%%%&191 fEbAHE dhta WAIRECH Herk AGhd {itirdGiapnal
anal yzing neans conprisés a co re circuit configured to generate a
conpar i selyzgiggneshs wevifiet adpta wlid window (DVW) in the data signal according to the timing

signal;

means for capturing data in the DVW in the data signal from the data source, wherein the
data capturing means is configured to generate a delay clock signal at a nominal leading edge of
the DVW, generate a delay clock signal at a nominal trailing edge of the DVW, generate a delay
clock signal at one of shortly after the nominal leading edge of the DVW and shortly before the
nominal trailing edge of the DVW, and generate a delay signal at a nominal midpoint of the
DVW;

means for transferring the captured data to the data destination; and

means for adjusting the data capturing means according to the timing signal analyzing

means.

8. An electronic system according to claim 7, wherein the data capturing means

comprises a delay circuit configured to generate the delay clock signals.

9. An electronic system according to claim 8, wherein the timing signal analyzing
means comprises a compare circuit configured to generate a comparison signal according to a
difference between a latched signal corresponding to the delay signal generated at one of shortly
after the nominal leading edge and shortly before the nominal trailing edge, and a latched signal

corresponding to the delay clock signal generated at the nominal midpoint.

1855112.1



di fference between a | atched signal corresponding to the delay signal
generated at one of shortly after the nom nal |eading edge and shortly
before the nomnal trailing edge, and a | atched signal corresponding to
the del ay clock signal generated at the nom nal m dpoint. £8d8ly12008 23 July
2006 14 10. An electronic systemaccording to claim8, wherein the del ay
circuit conprises a nulti-tap delay line. 11. An electronic system
according to claim8, wherein the del circuit is configured to generate

the del ay chack Sincuighdnict,G0NaH05IRRM Watils il WMot Sokpiiicanal

12. A data transfer syste or transTerring data froma“data source to a
data oadtitapeddlaynlineconpri sing: a sanpler configured to sanple a timng
signal fromthe data source at a plurality of tines, wherein the plurality

of times conprises at.a nom.nal | eadi t DWW
in the timng si Z*rﬁ‘aﬁ??"‘rgf‘wéysr?%’ﬁiaﬁ%ﬁg‘?? Eﬁqf‘?ﬁgge‘@%%&%ﬁ%t%é*“@\b{?@“‘égn%q@?“ﬁ? a
time shegtdeyat@fteklaytchekRipihlea cdrpamtiiog wittgdreafruhiing EMVY sigdalat a tinme
shortly before the nomnal trailing edge of the DVW and at a nom nal

m dpoi nt of _{ he and_.a ¢ re circuit. confiqured to analyze the
sanpl es fro thei%?@ﬁf?éyﬁ%gﬁ?ﬁtfafsfimqgﬁ %}ngélﬁ ,SOWS???S%Fi ng edge,
and t hejesiindfon, Rbmpfisinge DVW 13. A data transfer systemaccording to claim

12, wherein the conpare circuit is _further, configured to a jléEt t he
plurality of Sﬁmﬁlésc‘a’tﬁgﬂiﬁddﬁséqﬂée%lﬁﬁl‘%ﬁlgﬁl%ﬁ@éh@F&&tﬁéamP%a'sadﬂfﬂ ¥ Qthe timng
si gnal ... 14. : : ; | ihel 'a JHREE AildRwih &S
conpar é:m‘(]:efé,rv&rlﬁélrgl ﬂ:ﬂge IBIP% ?ﬂ]@n%%ﬁ%?ég?% gblg'g}ahis%? &ggb{%asta one a21f t he

pl ur al i(DY W intthevexmiretsiguial, aha héveinshbirglieg edgs of eV Bl vedof o asimpsherthhafterat a

signal to correspond to I ne of the Jjdepntified |l.eadi edae

e ai i b R TSR e of e ToF N ard Bgmimersiorey Wil neFEptpR Walhe R or
accor dithgDVW Gndiaf Admineh@idpoiiit of the DOOWPaie circuit is configured to
conpare the sanples_fromshortly after the nom nal Iea?i ng. e and

ed
shortly bef 8icemMpHE chewt erufispredith prajyzsdbrsamplester figspripler ShideMeY anoni nal
m dpol riéadir#gedigé HekanhE B0 Sld RY RGMiRGE AV Lo claim 12, wherein the
sanpl er conpri'ses a

13. A data transfer system according to claim 12, wherein the compare circuit is
further configured to adjust the plurality of times at which the sampler is configured to sample
the timing signal.

14. A data transfer system according to claim 12, 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.

15. A data transfer system according to claim 12, wherein:
the compare circuit is configured to compare the samples from shortly after the
nominal leading edge and shortly before the nominal trailing edge to the sample from the

nominal midpoint.

16. A data transfer system according to claim 12, wherein the sampler comprises a

multi-tap delay line,
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multi-tap delay line. 1855112.1 28 July 2006 15 17. A data transfer system
according to claim12, wherein the sampler is configured to sanple a

ti mng signal fromthe data source at a plurality of times |n nction
with a firee- running clock signal. 18. A nenory control s té‘ 3(@
controlling access to a nenory nodule, conprising: a sanpling circuit for
taking sanples froma timng signal, vﬁgerei n the sanples conprise a sanple
froma nom nal |eading edge of a data valid wi ndow (DVW in the timng
signal, a sanpl %éa&@ﬁ&rﬁf&@%t&ﬁbcé&cﬁh?tdﬂmﬁf’ﬁﬁv@xfereﬁrhﬁe@éﬂﬁleﬁfs cbﬁ‘ﬁ%ﬁre@ne of
asarrplefromatlrre hort | after the nom nal |eading edge of e DVW and
a sanpltesfmplern sintingysige rond tgne dethsewsce e plotdityaf timasan wrn@lcgag &idra frgee DVWY
and a sapn m nal m dpoint of the DVW and an analysis circuit for
recei vir%gﬁ%%celgéka%%?gs fromthe sampling circuit and identifying the DVW
according to the timng signal. 19. A nenory control systemaccording to
claim 18, wWiérei A mhmosampirolhaystehy fortdntrollagecetse ®© amdmbey maghtler e si gnal at
the approxi.mate mdpoint of the DVWW 20. A nenory control system according
to cl ai’MMPESMGherein the anal ysis circuit is configured to adjust the

sanpl es t ak@Ramylitd\@rcud Tl fakidig Wgws frofQ tinikg sin sl GRereli the sanples imprise
approxi mate ndpoint fromthe D A nmenory control systemaccording to

cl ai m peamplecFan A npminad leadipg |e§85'c‘?fr3($i?ﬁ Vahé‘dﬁ‘iﬁ@ﬁ"é(sDYW@ Yo tﬁgqng HEIRoR nt
sanpl e ¢ Pllter}f'onfﬁ nbtﬁﬂ'ﬁ] tr;fﬁﬂﬁg §<%§b|f§%etdl9v NGt fhst! o‘ﬁ9§f' 19&‘roH‘.ftn§@@ﬁﬂrﬁ froma

tinme shor ter ng ‘edge andt roma tine
shortl )&ftb]ﬁﬂhﬂ neminableadiogiedgd oﬁtheaDlV‘Vﬁ gndeal grepl@ fom/s trqulqrﬂ}a beforeghe agmingin

accordin cl a whe e ana |s Ci.rc rlses a multi-ta
del ay 153 ngeggeogwﬁiﬁ{)‘yy (%‘8}?%? 31*‘%“35 Eg 18, wherein thg
sanmpling circuit .takes hes Iesmc ction.w th fre

ST onk. of s PR anysigé Pveeaﬁ'g'éalm ot oL e P cted and SRat AL
from a phahescsedirzao kiR @nfakanadest i nation, conpri sing:

19. A memory control system according to claim 18, wherein the sampling circuit

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

20. A memory control system according to claim 18, wherein the analysis circuit is
configured to adjust the samples taken by the sampling circuit to take a midpoint sample at an

approximate midpoint from the DVW.

21. A memory control system according to claim 18, wherein the analysis circuit
compares the nominal midpoint sample to the at least one sample to the at least one of the sample
from a time shortly after the nominal leading edge and the sample from a time shortly before the

nominal trailing edge.

22. A memory control system according to claim 18, wherein the analysis circuit

comprises a multi-tap delay line.

23. A memory control system according to claim 18, wherein the sampling circuit

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

24. A memory controller for controlling transfers of data from a data source to a data

destination, comprising:
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1855112.1 28 July 2006 16 a timng circuit for generating a plurality of
capture signals, wherein the timng circuit identifies a |eading edge and
a trailing edge of a data valid wi ndow (DVW of a timng signal _and
generates at |least one of a first capture shortly after theg%B%Y%gﬁileading
edge of the DVW and a second capture signal shortly before the non nal
trailing edge, and generating a third 6capture signal at a nom nal

m dpoint. 25. A nmenory controller according to claim?24, further conprising
an anal ysis n%}hep VASY r Hﬁ@gdc adj ust
the timng oft%%gléggm% %Mr? Eﬁér&l i eor?fa:?%tgllle S?éﬂtats wﬁ?@nﬁgﬁé (E'Jll r cwntcgu

accor di ld@ttﬁgs aﬂeaﬂera@dg@mi a)ﬁaltlh@edgst@f nidhiacdlid ea@dqwg(fé‘dbfé gh &lnmiigj%ﬁlml fied

trailin eof t ol 25,
wher ef rAERERREt oD BN, ColRE Rt TS Ry BRIl e bELE TN 71 g
of the mamtsudmld&agmi S sl Befol)thd heminhIntaiigngcédge Lanid geammtg:la mgrdt o at

| east one of .a yoltage tjine constant and a thermal tinme constant associ ated
with t%BmB“a?&mléiﬂ%an?m Rmﬁ%rmry controller according to claim 24,
further conprising a free-running clock circuit configured to generate a

clock signalzs, whex ﬁie&okgh&rﬁrbﬂ%ﬂ&c&ﬂfdg% tlafge D& faftes coh@risiagRh dhiflysd gnal s in
conjunction with the clock signal A nenory controller accordl ng to

claim ETCW@Tﬁnﬂhf‘ealeﬁisﬁgﬂ@F pegnfigyehioragiustthe tiging afthe eaptese §HEpls at a
noni nal i A\ cl ai m 24,
whor o e AR ol i hectindho I IR Vor BP e i A SRR BB AR 11 T Thod
of trandémlﬁedrugﬂmgtedgéofﬂremmma source to a data destl nation, conprising:
sanpling a signal to identify at |east one of an approxi mate |eading edge
and AN haPPIRX! Tk kiR LonsdatRlngo SR X AL RARM SRV Sampl i ng
t he signal at Oné o or g ‘RO nar’ ng edge an ortly

bef or e cnfiguredal selecaiblyi H@lsedﬁairmﬁgdfﬂhdjch{ﬂmlemignals g@amteddnaheﬁnﬁﬂpcmum nal
| eadi ng edge and t he norg naI trailing edge, of the DVWaccorE;\?&?%o at
¢

| east OffETBME(Rat IFREADS of 2tplapp iERicRdYant FrdiiFgmal diges wrsiapes thhe
i denti fi,edaBpLoxi mate trailing edge of the DVW

27. A memory controller according to claim 24, further comprising a free-running
clock circuit configured to generate a clock signal, wherein the timing circuit generates the

capture signals in conjunction with the clock signal.

28. A memory controller according to claim 24 wherein the timing circuit generates

the capture signals at a nominal midpoint of the DVW.

29. A memory controller according to claim 24, wherein the timing circuit comprises

a multi-tap delay line.

30. 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 edge and an
approximate trailing edge of a data valid window (DVW) by sampling the signal at one of
shortly after a nominal leading edge and shortly before a nominal trailing edge; and

adjusting at least one of the nominal leading edge and the nominal trailing edge of the
DVW according to at least one of the identified approximate leading edge of the DVW and the
identified approximate trailing edge of the DVW.
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1855112.1 28 July 2006 17 31. A nethod of transferring data according to
claim30, further conprising capturing data at an approxi mate m dpoi nt of
the DVWW 32. A nethod of transferring data according to claim3 further
conprising: sanpling the signal at a noninal nidpoint; an&SéBWﬁ'g)pﬁng a
sanple fromthe nom nal mdpoint of the DVWWto the sanple from at |east

one of shortly after the nom nal | eadi 99 edge and shortly before the

nom nal trailing edge of the DVW 3317A met hod of transferring data froma

data sourcesio aadalfiod!5ehidtif ata SRR Eim SARIhBCCoyhsHeAdpiiapal

fromthe data source at a nomn I ng edge and at a nom nal raiTing
edge oflata atlat sppvartimdtewniddomt ¢V Wanpl ing the tining signal at one of
shortly after the nom nal |eading edge of the DVW and shortly before the

nom nal traikhing,ed f.the:D i 1 &V 3 DYWL DH]H’S" a signal
accordi ng tg&'t heAsrg%g?‘g%fthnr%nfeﬁ%/ﬁ/%‘?aé%%{a?}dgﬁr%ﬁ%}%%t% Sh ngEIFche asﬁgt'i n the
identified BAlingdhe Agnmtahadominal maipsingrandng data according to clai m 33,

wherein identifying the DVWfurther cqonpris | i at om nal

i dpoi nt of COHBATARA SERIPIEom the Bagasl maPoin the DY 19 hy saele, (i Fidpast
m dpoi Bhe §PIMRHE 4R BRG1oRtindl MdRIRdEL ¥nddhofly Beiste iR Aondhall tRAdigEge dOthe
sanpl e and the 'shortly before the nomnal trailing edge sanple. 35. A

met hod I¥Wt ransferring data according to claim33, wherein capturing the
data conprises capturing data at an approxi mate m dpoint of the identified

DVW 36. A mgthod rﬁéth&g gf;émfﬁﬁggdﬂgfr&ﬂ%%&w 1 @ dGta Wendfon,f U t her

conprising adjusting sanpl 1'mg the timng signal according to the
i dent i komdrifd®/ i n t he data signal. 37. A nethod of reading data froma

he.r Shuost BRI HmREGHER o 45 il P O A Bl ol BRI .0

dat a mi]in@eu'g@dm\da(tmdmd&h@we}qpested timng sigrial, at an approxinate
nom nal trailing edge of 1855112.1

sampling the timing signal at one of shortly after the nominal leading edge of the DVW
and shortly before the nominal trailing edge of the DVW;

identifying the DVW in the data signal according to the sampled timing signal; and

capturing the data in the identified DVW.

34, A method of transferring data according to claim 33, 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 one of the shortly after the nominal leading edge

sample and the shortly before the nominal trailing edge sample.

35, A method of transferring data according to claim 33, wherein capturing the data
comprises capturing data at an approximate midpoint of the identified DVW.

36. A method of transferring data according to claim 33, further comprising adjusting
the sampling of the timing signal according to the identified DVW in the data signal.

37. A method of reading data from a memory, comprising:

requesting a timing signal from the memory;

sampling the requested timing signal at an approximate nominal leading edge of a data

valid window (DVW) in the requested timing signal, at an approximate nominal trailing edge of
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28 July 2006 18 the DVW at one of shortly after the approxi mate nom nal

| eadi ng edge of the DVWand shortly before the approxi mate nom nal
trailing edge of the DVW identifying at | east one of a | eading edge and a
trailing edge of the DVW cal cul ati ng an approxi mate rridpoi?‘ﬁJ y 2¢ DvW
based on the at |east one of the leading edge and the trailing edge;
receiving a data signal fromthe mem)ry' and capturing a datumfromthe
data signal at an approxi nate m dpoi nt %f a DWWof the data si gnal

corres ' I OXd i ' i T4ee pgnal .
B A e o DR A

t he ndreferathepgpoimate sampiabtraibing kdgeanf theB¥W;,one of the shortly after the
nor ni nal | eadi ng edge sanple and the shortly before the nomnal trailing
edge sanpl e.id8fifyiAg aekho dnobdf 7 kading gdgtaind aamdorgdidgg of the O\GWmM 37, conpri si ng
adjusting the sanpling of the timng sanple according to the identified at
| east one ofcalchiatihg adlbigoedge midgoinhef the DAMWibagedengke affledshendDM\he leading

edge and the trailing edge;

receiving a data signal from the memory; and

capturing a datum from the data signal at an approximate midpoint of a DVW of the data
signal corresponding to the approximate midpoint of the DVW of the timing signal.

38. A method of reading data according to claim 37, comprising comparing the
nominal midpoint sample to the at least one of the shortly after the nominal leading edge sample

and the shortly before the nominal trailing edge sample.

39. A method of reading data according to claim 37, 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 DVW.
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