;e3e0,,-%...*06J0T0"el DYNAM C WAVB- Pl PBLI NSD | NTBRH ACE APPARATUS AND
D~THCDB THEREFCR TECHNI CAL FIELD 5 The present invention relates in general

to data processing systens, and in p l 0 bus interfaces in data
processing systens. BACKGROUND | NF mm‘t@ systemc s have
i ncreased WRO¥&H& processing syste an incr eg‘g@épﬁﬁﬁﬁ% spéed

of central processing units, the speed agpoft’'ansf ers on buses in the system
hae had to increase correspondi ngly. The transfer of data across a bus
connecting el ements of necessarily limted
by the physi cal separa ron- o%k?%jép éﬁ%’ﬁf‘?”%ﬂat“?@“gﬁm ch has been

devel oped to transfer data acrod¥ X¥EERADS| THERERAR. i pel i ning in which a data
signal is launched on the bus before the previous data has been captured
into a resRiuNitdag F/Ybce across the bus. In other words, data is pipelined
across the bus interface 20 between elenents in a data processing systemin
es2enti al | y an "assenbly line" fashion. Once the "pipeline" or "assenbly
line" is fill &dp pkesant dnviitioe medatas &m dgperadgee 9atd NrReRsseRT eyde she

| at ency aidoss phbeidubder taaRs. interidtea inyfataaprddabaingl O6R8H4.Ng System data
may be transferred froma source device to a plurality of receiving
devices. Different_receiving devices will be coupled to the source, or
sendi ng) YEFFEEBCIEER™G i nterfaces having differing electrical |engths,

and therefore differing latencies. 30 Additionally, in a single device
recei vi ng a play alykien Qﬁo@iatseegaegnﬁbe, 1R264bedl PR adaTaMRYodtBY hP Fbtdal ent

| atency. ns arise from acturing tolerances
limtati ons i m8 Xa i reaf;/%lrllnaﬁeoﬁ *n %Icﬁg 8‘5‘??“““%“‘% rreq%e %Pnﬁent
ef fect s, ctﬁa%&fea%u%{* JugRn dBnthe jsyeem Bae (*iaﬁt"e‘? -SgFeASE F?ﬁréFE%‘fdélFﬂzlé’)
clock fi t Ther | tranefeyoi fe. ddvbr eovess dabas | soexpedigekliededye o | her athta

syachr 0n0¢£%'c¥ss:.-£gaéysh§n 1qaxt1¢§eeb§ar@.)£peﬁ.tn§gedt By b:%e y'sﬁ./@d’lege&r}aanfogtr @ij:Thgr m ned
earlier al er

cycle of the systemclo a i.s deli

cxpect od, SRR THhE pBBe b OB Rl et e B ehes ROy SFreed =

wave- pi pe‘?‘lsnéd |Wﬁ’t’?e'|1°fla?:1ém%ﬂ n%fhg”haﬁlal ysfataj signede ifphauncyapl Prathed Wecause
bot h t he Betste pakhpeevtiosd dacpaiah Bred edfitatddy ihtPar keddivind@edidedadilsid

region, that Hu§ thQnt b%r‘ %?&Q’aldagyriélgpl\f!@lﬁgd 8RR ¢ap Q@s rﬂtﬁ?@cx
%rrpl ed difference in tine between the fast path_and the

i s as
‘8w pat hbe(%'up’T i ﬁ&m?rﬁé é’blﬁ sara 0‘-’rr°§%sffdf‘?1gsysﬁﬂl|16‘eef%en6h"’ellé$r a’f‘m"r“é’s‘?“?&@l vi ng
deV| ces iHaetafesion.f fre §hé f'eipsidael rert I'Frsebdivweire "t he fidded.pdetr and t he
sl ow pat hadiecerss @5 hir geedget haitperdnad @keddae e Clatekey SYHIREORKeW | |
be lost. Ny.epver) skew in the sanpling 10 clock may further reduce the
data valid region. As bus interface speeds increase, smaller timng
vari ations between the fast and slow paths are required, and cl ock skew
C@Astrai nts bektometyrirel sievwser.oc'PﬁAEveqxst@nhede@nmmlbeof:rcmseekreslkéwmand
timng vasduate omsris@ycde pitidiety e physivead wonsdyd.ai Biscdrenserdced iy t he
| ayout Ofdé‘\nge axS:. E)gcgg 1@8 §ngl§e so%?c%geoggzsgkgin h%re\?n.cles a%rgseeg)el n the

art for nethods an a_ppar tus to deskew t a at the receivi ng Vi ce
end of thtPSeRiaeFabayingndifiscinhserteicpr! nkegtis ngrdhirberedare ddnenas

reliably Y=meptied. ,

30
Additionally, in a single device receiving a plurality of data
signals, each signals may have a different latency. Variations may arise
from manufacturing tolerances, design limitations, for example variations
in line lengths, and time dependent effects, such as data dependent jitter
35 (inter-symbol interference), clock jitter, and noise.

Moreover, data is expected to be delivered synchronocusly. That is,
data is expected to be delivered on a predetermined cycle of the system
clock. If data is delivered earlier or later than expected, errors may

40 occur.

......
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It is an object of the present invention to provide a technique 20 which
all eviates the above drawbacks. SUMVARY OF THE | NVENTI ON Accordlng to the
present i nwedoisaiss4We provide an interface apparatus 25 coppr/icBIOAYTS62
plurality of delay devices, each device being operable for receiving a
correspondi ng data signal, each del ay device having a presel ectabl e del ay
time, and outputting said data signal after said preselected delay ting;
and 30 circuitry coupled to said plurality of delay devices operable for
setting each presel ectable delay time, each preselected delay tine being

set in responsg tQ apvaldib¥finel| %ué%@@l att@:dlﬁeﬂ t bha2364k data mihgNdore Al SO
accor di ng to the Lresent ROV 0 de of d}égam ca&S wave- %}R‘fl i ning

in an i nterFPacE conpriairig 1he o é’faf n§an°atti &tge e4ch

dat a si gnHirosfang . pITheaPﬁ“’(achlfldda‘E?&%l gtrli‘aF stet éh?:drlf“%s‘ﬁ‘éﬁﬁ’at od‘eﬁ‘}n%tr‘fhilﬁ]i‘ ng
edge of addtat st bardelvinlg eabpaedsi ghadedidedsas dnplditaéienye ofn dateabstivgnal s.
WO 00/54164 %E?AQBQQ&QQZ%OI%&%&?@M%M%O\%U IJ&eQez{d%Qerdeb{&a%y the

features and technical adyant es of 8ﬁpresent gve tron In order t hat

the det ai 7%d YedFF pEPBH HHe (TR FHY SMCFEHEhat Fol® Ve Bé (Al
under st ooektwaerlitbe offak Hatat e sharmdoadprahtkegenssohs tlrage mﬂehlm earidd Pf be
descri bedeeab nafdcl Smshidly worimdeheosdibj eetedbrf Neke@! @h MheOfsatiieng

' A ention, OQB' Jn:{ ?E@&RLPJJdQc\L e Tl DR Nﬁlﬁgr SR &QQPAa%Lespeed?

erstan resent inventijon, vant ages t hereo

r ef er ence”i°§e?ﬁ?w ﬁﬁﬁéef o™ 1"HaT f FH 3o ]&'été'E?ri pft“reoﬁ%’s‘:t ARBnSTH EBTHUAEET on
W th t he ecmérganypndgelcawskrys constrafntsh befdn@URBrd sdveust r dlowsven.n the ock
dihagr am f &dtroB sfatcdodd Q&eslssr{aag t&Mﬁ{ge%j:{hta&Csornﬂ9nSﬁl wmt;h%carbye@s‘ap#iicaﬁnt of
t he prese i on trates, | Q¢ iagramfaorm an
enbodi nen?gngkpal%gg % ésen\?%c\ge%l pe ?ntogfrf%fe c?n adéordance Win 't he
priésent | TRAERTT™En; tff—‘FEl;‘FﬂEa3n%e€héﬁ‘rdithFc%l‘ltl ¥OT |MetRqdE ot sk 2ppprahpitEot FEAkAY

di agram fore tdaea 20 itht erdeatengf ddiGREG2 of HHEUREt ek fhtd ,Usihd atreseaden the OCk

di agr am f ofid) e 1datvihi EISGREY @ah et rélriaagpgarﬁbae&e with an enbodi ment of the
present invention; 25 FIGURE 5A illustrates) in flowhart form a

nmet hodol ogy in accordance with an enbodi nent of the present invention;
FI GURE 5B il | ut rigt @8, opirct| efc Rz tPreeeny) iaveRstpddtofPreb sk aacﬁea%rtlmeﬁt
aceor di ngwiiehadllenbods meat akole tdiawipicgsent i nvention; 30

SUMMARY OF THE INVENTION

According to the present invention we provide an interface apparatus
25 comprising:
a plurality of delay devices, each device being operable for
receiving a corresponding data signal, each delay device having a
preselectable delay time, and outputting said data signal after said
preselected delay time; and
30 circuitry coupled to said plurality of delay devices operable for
setting each preselectable delay time, each preselected delay time being

set in response to an arrival time associated with each data signal.

Also according to the present we provide a method of dynamic

35 wave-pipelining in an interface comprising the step of setting an arriving
edge of each data signal of a plurality of data signals to correspond to

an arriving edge of a latest arriving data signal in said plurality of

data signals.



FI GURE 5C schematically illustrates a timng diagram corresponding to the
met hod of FI'GURE 5H; FI GURE SDillustrates) in flowhart form a method of

_data deske\ew&%% in accordance with an enbodi nent of the "gféf&%%m“

i nvention; ‘5E schematically illustrates a timng
corresponding to the nethod of FI GURE 5D, WO 00l 54164 4 PCT/ GB00/ 00756
FIGURE 5F illustrates, in flowhart for a nethod of cl ock phase

adj ust mrent according to an enbodi nent of the present invention; and FI GURE
5G schemati cal illustrates a I orre Ln met hod
of Brare be . BErPTERHREER BrHERT tg‘e’gg%rg%l% Leandl0dg %E%hmceal
wave- pi pePtetrIrscharits meRstt IOV‘T%?reﬁﬁn?réian rgaticofie et %daldas"trilﬁf’r?d‘
vari ati onst apge cloektfdnt twdiat IEnllowsi mayi 8¢ i batteon vphoceded.e) AfdEtierad Of
the data yalthded EHaORcIBIaDE Ic&crteasegvemm 3/160r hes@aRding hesdighi@r i n
the5 sensitivity of the int grffag Li mpg variations between chips on a
bus. Tlmng Vari At Fons HTS 7ura P dat a S|gnals input to the
recei ving device are 15 rem)ved by determ ning the earliest and | at est
arriving deter sEsgradSoN ardTERbaytmvgst he earliest arriving data signal by a
presel ected amount determ ned by the arrival tinme difference between the
earliest and latest . arri vli ng d%ta S|gnal s, Additi onal I}é/ skew |g %l bus
clock from t he*TeRdPPy GoUHIEES i WIPETFAIETInRE tEByPIHRE™T PRSP Hc R et ed
t hex ef r ompfvnRagesylbbexaeli ardfpremast Lednén madeata t‘\klendewowtw tdgectiptiens ng
descri pti @fkenNiiREAIMcSPRC Wi A1 te tadtdrparyifg SBlawigyst hirSusfvras bus cl ock
frequencies, clock edges, etc. to provide a thorough understanding of the
present invention. However it will be 25 obvious to those skilled in the
art that the pfE&Eht |r’r\}e‘ﬁﬁ‘|r6FFsrra3}nbé’16?‘éc?ﬁa§éﬂ“ wrtHou SBER §b%€?f’r’t?
detai | s. Enstemhiey aferydameegithyveh |emkpdimnt iof ciiiet Brdsave ibeerrigiiown i n bl ock
diggramformin order not to obscure the present i nvention in unnecessary
detail. 30 Refe[. pow,tQ, s@UI%Eg 15 Gni’g}? (élggraepl st ed £l ement seneye ngt
necessarily shown to scale and wherern or siml'ar elenen are
desi gnat edYIRPLE HEVEZRIESHEPEr BHEEFAFANEY APCXRRRATI R EPS BYRIEF ’\W%"HA
representative hardware environnent for practising the present 35 invention
Is depi cted lnpﬁu@sJRE donedtiChi iyl liUStdtal€@s ant Mpheatidiag dyRE e 2o giar ation
dat a pr.ocessor ij %Pcor dance with the subject invention having
cen(fral proce55| g un| ,E&% U) 110, such as a conventional m croprocessor,
and a nunber of other units interconnected via systembus 112. Data
processor 113 rFrmrEdeS llasndanRAC 6L SSolE My rapRAMm, 14 ddathestedde anliy iveNOry

(ROM) 116 gcadahddPytdrOUL Ritbodile 2daRt Bfeslld8 ihoLnGoNecting WO 00/ 54164
5 PC T/ GB00/ 00756

25 FIGURE B5A illustrates, in flowchart form, a methodology in

accordance with an embodiment of the present invention;

FIGURE 5B illustrates, in flowchart form, a method of c¢lock

adjustment according to an embodiment of the present invention;

30
FIGURE 5C schematically illustrates a timing diagram corresponding
to the method of FIGURE 5B;
FIGURE 5D illustrates, in flowchart form, a method of data deskewing
35 in accordance with an embodiment of the present invention;

FIGURE 5E schematically illustrates a timing diagram corresponding

to the method of FIGURE 5D;



peri pheral devices such as disk units 120 and tape drives 140 to bus 112)
user interface adapter 122 for connecting keyboard 124, nouse 126, and/or
ot her user wigeifeace devi ces such as a touch screen devi Cectagbodargn) to
bus 112, conmmuni cation adapter 134 for connecting workstation 113 to a 5
data processing network, and display adapter 136 for connecting bus 112 to
di spl ay device 138. CPU 110 nmay includeg other circuitry not shown herein)
which will include circuitry commonly found within a m croprocessor, e.g.,
execution uni tprchis smtieliacerdsNi in AlcwbhuPet E6rd,0gi Bethdiat of edlock GRlds2 10 may
al 50 1esi 06,80 SINQLE s LARAURYaGIRE el el B BELETELDABANGE FI ORE 2
illustrating a wave-pipelined interface 200 in accordance with the present
invention. Interface 200 is incorporated in each of chip 202 and chip 204
whi ch communi cefGEREatd ashétmtéedAy ot Hawtrdtas aa r gigpagt dingramicorfeaspendi®g. | n
an senbodi peihe Mlethbie o2 SrieiRSeRt | Nvention) chips 202 and 204 may, for
exanpl e, correspond to CPU 110 and RAM 114 in data processor 113. Data is
transferred between chips 202 and 204 at a rate determ ned by a bus cl ock)
such as, BERRIEFRHEORERIFEIAnd 208. Bus cl ocks 206 and 208 are nonminally the
same frequency, and are derived fromreference clock 210 provided to a PLL,

PLL 212 in eac{:}leo &st‘éﬁ'd p§n\.%gglc§1ndp1%g4desl Ny aQa\ferIP%lm \Qéchggfsmprtﬁﬁgnt

i nventi on, refetenc g, Ty, a syste 0%k otfe PL 212
outhut s a*TRHERF %rklga‘]“()oé"afD c?a Sk JéTﬁg &ﬁ?lﬁnio? aﬁ%f’ﬁ o&arr &t ock 216 in
chip 204 mtehli@t%%kWCFWrﬁha§éet61?eef@?eﬁ%€e datgckra2i®, regidnmayy béea
pr esel ect efkreateygewithM a Mubireppahrddhg t B&iupetdnodiOf tiieef ssmnenriel ook Zh6.

Local cl ogke2tded %o ZémQHgf, fv%&?éilgb{s %rewe% &l st Oy B 8Y4 deT%%g%&%t%Qm@

out put fromchip Simlarl %/ | ocal] clock 216 |s buffere driver 220
to provi d&Bfs clp&&fﬁajfﬁg 8at gat® 78R thi TPYB4LC THYE® bIREET 88k FE Fr fFrded
al ¥ng wi t kendved duvt desdirghring teaniicat ebd3rtfespmtriheinghfgta Bagrale22n8r om
chip 202 a&sadyahghere | Bhfiawd putrivahe haLd &r@daﬂrbyer& asvdsb1dck ed edmdantdri ver
226. The data.isfd %@damv§l féedfgséﬁch%%gw h tRE 8 ElBekatl dacelbe data

is received via nu exer SO receives
pr edet er nPRES 8y 1EH? ogr’rf’%ai‘lsl orfpatirar ity nS)‘E?BnTrhﬁc’E"i‘soﬁlﬁﬁkt A*%h t’i‘ﬁlsﬁ"‘%nﬁsatl on
al i gnnent dpriceedis e rehdyRy. Wiraskey 35hei | latge falotherdedéwsy | hberfedrowisDat a
222 i s butiwseskiRyi1y eegt arid BXQard3Pinabss, provided to an data receive unit
232. Bus clock 206, sent along with data 222, is buffered by RX234, the
out put of which forns 1/0O clock 236, also provided to data 40 receive unit
232. Data fronfthfif 2tR41EREg SEEFEPEHPIchPERo9S 8PS5HE i 29721 13 0/54164 6
PCT/ GB0OO/ 8856 spuls ek obks 280@cki Sreiuandizs| y cle@deiededs . byetcnt epf aceri2®0ai n
chip 202, cpaduit muwkalaamgndﬁr &L@ogre_tsga& irhi%n%cri Rl of 1@Iam1r geei ve
unjt 232 t g&] Iy vveI It tq‘w% recégls t q_]:qvgn 9 bry chip 202
fr'om chi p now i ¢h i’ SCheratt ca f’?
illustrat éaa%lﬁ?%%ghwagv%spwfdat%Ftézlzs ar rIPv?era%nS&ﬁn?er‘Fpu’c’eltlokWp 204.
Al t hough theuitsnbage Wekh dpewtascsiderdiiabtidn Fespestortier datar22Bscurateef ace
2D0 is bi peide@€tinQBA ionaddubteWOid R tnderstood that a simlar diagram
woul d 10 equal |y apply for data being transmtted fromchip 204 to chip
202. A first data signal, data 302 arrives after a nomnal |atency arising
fréfn the finitBeferams ¢4 nBIGRHES hé -pat hherstipedaridttieps 20PerdAd 264.7%Pat a
302 is il hestssatiag idghofl GIREs@iar ahdi RRer@tin a1fkdusd adintiide, eiBBentd SaEONd
data signgl); fqgée% 304nbas.8 JALeney Lhata §m_10<3519§ heldl04iNG: Liat ency of data
15 si gnal , and 1s eayed(arelatlvetot he ucial tinme by an anount T9
which w || be taken to be a maxi num delay fromanong a plurality of del ayed
data signals oh depmesbusit29? ha@dmidearenyircameryi rigrdatractsisgmal thedatrass306, has
gog&ortelrllhaetn@m&ydltshaepmed ngriFratreANG alglrcth@ﬁL%@-fiﬂe%ratb@lcﬁlﬁtﬁrMe Dat a
is i r as ha an arrival.tine precedes
fiduci al , #‘éﬁt @lt'}a?: OnFc?? tdn[gg BF pose’of “testri Bccorg?rhe op%ﬁa?t?‘on 5P Hat a
recei ve uﬁP‘fenES‘?‘ Bar g, comtr Iﬂrowsﬁwé‘ﬁl‘t dCP‘é)ptlé%eﬁt‘C*t [r& '?eeFPPY@éPOI&‘rlrl val
time frommanmpgodspbiir ahd tay nokbegabt yotdat anstgnatsrconndata \uss@E22n tise

differ enc@li n aéarthVBLoée'sQ&S 195 Lllﬁlugé’st @caﬁﬁ‘onﬂaﬁtc@egu%e?@% V\"erlf Qq4r efenred to
as data s kew may arise fr seve g sour ces, 25 i ncl udi ny
mahlUf act u?f’]\rll\‘l'g "‘te8?ré’r a{ﬁ@@s néesai“&n”m“ﬁ??%ﬂ”bné Ok FERPEE. 13 i%%t FOIETIM i ne

| engt hs, and tinme dependent effects, for exanple, data dependent fitter
(inter-synbol interference), clock fitter and noi se. (I'n FIGURE 3 ,

v ) Ol ! Qchet'f oge

fiducials have been illustrated with respect to the centres of transitions)
for ease of illustration in the schematic timng diagrans. 30 It would be
understood by an artisan of ordinary skill that valid transitions nay be

specified with other predeterm ned percentages of steady state val ues.)
Data |s Iatched |nto the recel VI ng devi ce, such as Chl p 204 on an 35 edge

NN S o o . o T



WO 001 54164 PCT/ GBOO100756 In order to restore the width of the data valid
w ndow, interface 200 in accordance with the present invention inputs a
plurality of data signals to data receive unit 232, illustrated in Fl GURE
4. Data is"OMPFEEd by a receiver 230 and coupl ed to a prBGFERAUNIS del ay
line, one 5 of delay | i nes 406 thr ough 408. Progranmabl e del ay |ines 406
through 408 provide a presel ected ampunt of delay in the corresponding data
signal input to the del ay line. The del&y line recel VI ng the | atest
arriving data.si ,. corre pon to data 304 in FIGURE 3, isS or o r ammed
For vero BEVRYSITh Aeiisef EB ThasPe Bott SRArsSnGaE: PEE Hs o8 Rt Fiim

pr opagat i BPerl@nt¢nfece Adpptefeled i utnpetifgr ktybpanindes sroett a6 bémFlé‘Prat ive
to any suetndd QbsRIMhpPsxFpag aleirDdest bW hs ThwshcH factarn @sxarpl moti fhdwhGURE 4,
data 902 gorespORdant0cflaba Ag.af HLCEE &mggélagattagtéﬁ%n' $1rQgramed

for_ zero del ay %/ I nes recel Vi ng he ot her are protgrarrrred
f 0 i ncr e&%’i%@r‘aﬁ?ﬁh % "3 gl &P whEPETh 2EHREdet 28y T4 ARMTEEHEIA PHY 1Lhe™Uat a
15 si gnal dbspliengdeviiee @3pl | €8V dP riayalinclode rasbporrdraig teyp ngat shoB8ereraitk| GURE
3, is proghagimedchilf excidae ¢iBaast dekeyly Thum, widhihof meas:aﬁpb@ssbfl Bl SURE 4,

data 404 sorrgshonds. ! Qubhe,aarldentuar i, data sl dnal - then gl 2 Line

408 is programed for a Ton es elay 'va of the data
signal s i APUBRLED CATFS 20AH Sd%?tla ’zft’fzg’far'fFBlfg}ﬁc‘éFata 404 are deskewed to the 20
| ateest arriving data signal. Al though, the enbodi nent of the present

invention illustsated; indwHOHEodk Ia%ﬂe%ahevw,waa@qug@ﬁ%abﬁfterfaree
conj unct i Qn, Wi.t h i ndi | dual dlat .S nal s, 1t _wou L&nderfst ood that t he

princi pl e$ bt Fh accroesaenﬁfe i‘Avent T on ey be mvelntm(’il to dP6tipecdr data
si gnal s, %H‘?ﬁ’rpa?%ddb}t fapytd, e éthé‘lndsﬁt}ﬁ @9%&}3*%’95”@5‘?‘“6@% datgnalsr 25
Such an akter nathev e vesrbodirespettvaulitdedFavs t od t hen S rdmbodii@nscoeperddf t he

present lev@g&tomvet?eiay L4#38S 208k N QUG 4%%raé,am9te09ram£%9mtd0ttaaaﬁjthe'r
presel ected delay values via an initialisation al |r?nrrent grocedure t1AP).

et Ap g oot 368 o e AT d° o TPESCE BIMAESSrep IS T o om
100 i ncor B8* &"dngl4diami vtraterephipeli bk & Reerdlacle 2067 asn P ehdddi ANt of
t he preseaha izgenteusnelokrd 208Yanke2@0atd AbhfG1DYy the SdagBad rebiidiBy CRIdaldfk i n

FIGURE 1. sLpy a&ﬁefL&P)re@ez%%@Qeél%Eﬁ‘ ﬁ%d ﬁé!&l%@& 0&! SaatphB“ p(é%YQEEQ &at E\‘é‘ﬁ I\XjJXS

sent acr oss y asse 22A

35°%ut put §*tife *Bf et Pt néd %%/t‘?&f‘b‘b%it“la’étr r?f T‘FFe p§§?ﬁ?tpa‘t‘teé‘f”n°ni srg@ﬁfni‘fn all

dat a si gnalteckcenstmayube ey seatear bis-k222Eackhef phc2izabterunsi s leoapt wledk. nt o

| at ches 413ciihraugh k4 :whicely rReeune 1dg1 ouideut 204 delc'&ypl besndp ihrough

408. Data,i t.] 40 | hes h gh 414 are | atche edeof
16 ol ook 35 ab Hrded o BhAGET ode R el ot e B iR, A <BE

234 from Bus™etdeke 2%6.50F/ BFTirdcRE Z%eF"s"cdeFa?Féd 2L0 defosgl| FiRER4 2Dt | hs dat a
reeei ve ubhffe282. by hérigdet ayied tb/ Oratidekbis aqlepovwsrce dutputbffbrercrdp6 2and
provi ded ts@milatr@heaoéalﬁ ABHOUSH 418urrRrdN@yCRRLER] 220 cHQ)rBYidel BEs 4100k as
wel | as dgl gy | i i nes 4060hthr %Jgh 408 is via state machine 418. During the

| AP, state chithe "49% 3 s the programmabl e del ays in each of del ay

| i nes 406 through 408 and 410 in response to capture of the sync pattern in
| at ches 412 t hrbelghusd tdock]l Qs Qriopidest 426hgd 22t rtRe CAULAl efhnats CasmmesiRaned ng

| nput s of dal a,Loapase bogl Gadfon B bED!S SYBGRALAS! BuBBE My 526

unanbi guous _resol ution of sgnc ronous data capture in the absence of any
dat a skewOnET{fEh Pt tBFHETEBNSY i Ot EE (1€ dat 1ét”‘e\/a“}aﬁié s‘éql}é‘hﬁlee
"10001000F@SE1ecTad sdgeglictrerl idoperiioddi Fharfdthds zeqrérsddicinwtiflekgur 1/ 0O
ﬁl ock peri(mliﬂ 2and imxus;%dai& :racé:leej; mei:gie@ﬂ:e‘ﬁiutnl&dai}rnehﬂﬁﬁis&ﬂoﬂtﬁ’tftaﬁe,

avi ng an of .four-c riods... Al a t ce i e
subj ect oy BEHELLen b Tk B PR B R BB BBt st P e
enB?t| ed “Ah! Beaftitley ri‘Fé?‘f%E‘ebAbTi‘ar atus and Method Therefor," which has
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Refer now to FIGURE 5A illustrating nethodol ogy 500 for selecting the

del ays via state machine 418. In step 502, the 1/Oclock is adjusted to the
|l ast arri viggogala Signal by selecting a suitable delay i pcgdRig¥odsdre 410.
Step 502 will be further discussed in conjunction with FIGJRES 30 5B and
5C. The data signals are deskewed in step 504) which will be further ~
described in conjunction with FIGURES 5P and 5E. In step 508, the 1/0 cl ock
sanple point is adjusted. Step 508 will be further described in conjunction
with FI GUBES ﬁgcla%85asb§§.rQLWarf§5 Bedi0ka I'H?{Wiﬁ&rﬂc_@JBEo 5B i:ﬂulpusu at-,\halgma flow
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S-R flip-bher2428, Thehbifébnencesiet birigadutiped od26he datacxt dayaCuaie22 will
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t hrough 408, tim ng schematicall | ustrated I n GURE 5
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To lies o val i d w ndow and edge To |atches the value "1"
into one %;ta%tec%elg %%gthr ough 414 receiving data 306 and the val ue"0"
into | atches 40 receiving data 302 and 304. A m sconpare results. Then,

out put 430 of DatDiIBOLLALEd ibo PBEl EBOOA DR B6vice, such as chip 204, on an

35 edge of I/0 clcck 236. In the absence of data skew, data may be captured
within a data valid window with a width of the period of I/O clock 236.
Data skew reduces the width of the data valid window, T,, by the sum of T
and T,.



dat a cpnpare |l ogic 424 is asserted and the output 426 of S-R flip-flop 428
is set. a consequence) in step 514 in FIGURE 5B, the "No" branch is
follomed 516, state machine 418 increases the del delay
i ne 410. gn*ﬁﬁﬁﬁklay is increased by state machi ne 418 sgﬁﬁ“ﬁﬁ&gﬁgp
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30 deskew step 504 advances to the next delay line) in step 527 and returns
to step 520. After all delay |ines have been adjusted, all data signals are
al i gned wi 441 of delayed 1/0 clock 411, as schemat i strated
in the ti m%ﬁgggt;gr am of FI GURE 5E, and deskew step 504 prpggeené(gbdg%)éjs

506 of method 500. 35 In clock sanple point adjust step 506, del ayed I/O
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curve, an@hedérrat valBe| sgmdndd Glorockays apbmagdyeist bst éppBOentdden e
proceeds feo1&defh 2@Brnardiap R180ahQ) Bxki Stoshendohbh Mdde. ankhei@ppar ataws and

methods 1 eprasented 1 bivoerhadlBhe gascrided: Nelel Ranyide a dynam ¢

wave- pi pelined I nterface e plurality o ta signals arriving at the
inferface are deskewed relative to each other, 35 conpensating for tracking
di ff erences beReween nbhetdRIGURE gidalid)usdrdtieg emﬂxe\sdc'rlngr heoopdbhssdietiveen t he
/O cl ock taaohetm@s dah dscsitgnalhineadth desﬂ; Pep oY aHeCS/DRIYRERSs thYuskdaa
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I/0 clock sample point is adjusted. Step 508 will be further described in
conjunction with FIGURES SF and 5G below.

35 Refer now to FIGURE 5B illustrating a flow diagram of I/0 clock
delay step 502. In step 512, the IAP is initiated with a launch of the
sync pattern as previously described. 1In step 514, state machine 418, in
FIGURE 4, determines the sync pattern latched into latches 412 through 414
correspond to the same data signal, which for the exemplary sync pattern

40 described above is the value "1v, State machine 418 determines if the



nodule wiring and card wiring may be conpensated. 5 WO 00/ 54164 14 CLAI M5
PCTI GB0OO/ 00756 1. An interface apparatus conprising: a plurality of delay
devi ces, each device being operable for 5 receiving a correspondln dat a
signal, ea®RUE#8¢ device having a presel ectabl e del ay ti RETVGBAYOWH put ti ng
said data signal after said preselected delay tine; and circuitry coupl-ed
to said plurality of delay devices operable for setting each preselectable
delay time, each preselected delay tine being 10 set in response to an
arrival tinme 2. The aégaratus of claim1 wherein a flrs% one of said _data

signal s cBHri%E8 & &Pk AP, 11‘B°}§d e HHFIMHATS of SRV pr €6&di%g
cl ai m whesesi-nessgi @Sﬁ)réuptﬁlyopop@r ah$ Peporreset + | AYtR¥ACHRSpPR FeReliabferdel ay
time conpideses: cod&iﬁlﬁ@rﬂ?aﬂ&a] oghparoNREad|4@. f Ghitr GetsdtBOnikcphmdes emai ned

subset of és%&g daka, g gg n@r}gs dp%tgg%h L0g, 2 £ rl%gpﬂs@dz_eé %EE“AL%Q Qutput

si gnal value when sal a S|g S con‘grl ses first
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out put si ¢@val ovaluuestheén s@Rteds ubssebpfs-datbirsElpralis frast a Setordmpare

predet ermngd s£f 19f guakUSS)aMbIee o abtk SRS Bkne@lnydah dnithghnalignds SWTES
one of sal E:i St and su%cond 3|a3r egeé%m nnclaoa!lrgegs .of 4¥9I JUes LN response to
sai d assoc! a SPrival f’lme and rc ygo éfable Tor mo ? yi'ng said
presel ect &¥FHerapitfaresinte F%ﬁ%s“ézt‘@r@‘éﬂhd‘lﬁ T sfn eﬁ*fﬁm%léébmﬂ‘bﬁ?’éﬁé‘f &t ned
outoput Si garal curgdaneslogdc e appas@itisngftoch apowi 8ivwehessicnitaiederftar sdn,

predeter %&W@oﬁ@khﬂlo&%&@%@GPrt!h%e&g%aﬁfonOInp\(x@é Uz@% éﬁ}@ﬁg@l R2£a6H M@l ue is
t he sane, and sal d C?O seCﬁg Pr gdegerm ned set__of §1 conprises._a set of
ghevs 't

val ues Wh3HEi n FHPF s/ °Fecdh nerﬁ}éfrré?rtév f Pent*VBIAHs. 5.
The appar ethesivgnte| edraePoRAEI%eFn sabshtéve depte ymprmeatiAtdof .o mandfdirhyiheg sai d
presel ect eshidel agrt oS nEGIYr +RESEhrdhga s43at £adTeLhbie opatiadd effa the

mogl fYi N0cSh dndl: 2881 RALGEH debay bl MBS LEURBOSRbO 1 Lhidhofiid second

out put si nal val ues. . g aratus o aimb5 erern Sald CIrCUItry

oper abl e %% Cmef‘ﬁ’?“ﬁéyssé?‘a pﬁ‘rt gﬁcéa“dief‘%‘i?’etl nmes further conprises: WO
00/ 54164 15 PCT/ GB00/ 00756

Statistical fluctuations in setting the delays in delay lines 406

through 408 and 410 may be reduced by sampling the sync pattern over

20 multiple cycles of delayed I/0O clock 411l. Delayed I/O clock 411
increments counter 432, Counter 432 asserxrts output 434 after a
predetermined number, K, of delayed I/O clock 41l cycles, and then counter

432 rolls over. Output 434 of counter 432 is coupled to reset input 436

of S-R flip-flop 428, thereby resetting output 426. A next sync

25 pattern/miscompare detect seqguence can then be performed. If in any

sample a miscompare is detected, S-R flip-flop 428 is set.

Returning to FIGURE 5B, if during the sample period, determined by

the value of the integer X, all inputs 421 through 423 of data compare

30 logic 424 have the same data signal, step 514 follows the "Yes" path, and
method 500 proceeds to step 504. In this case, with delays not yet having

been set in delay lines 406 through 408, timing schematically illustrated

in FIGURE 5C is representative. I/0 clock 236 has been delayed through

delay line 410 by an amount, T4, wherein edge t, is within the data wvalid

35 window represented by time interval, T,

Initially, the delay time, T4, may bezero, wherein edge T, lies
outside the data valid window and edge T, latches the value "1" into one of
latches 412 through 414 receiving data 306 and the value"0" into latches

40 receiving data 302 and 304. A miscompare results. Then, output 430 of



a counter operable for receiving a direction signal fromsaid state

machi ne, said counter operable for outputting a count signal for

determ nin er of delay time increnments for nodifyi i&

presel ect egv del-ay t| mes, wherein said delay tine increrren?'ng%o 04756

predet erm ned val ue. 7. The apparatus of claim®6 wherein said circuitry
operabl e for nmodifying said preselected,delay times further conprises delay
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presel ect e%d time delay conprises the ste
ashion as the” data compare, step 51 in FIGURE 5B and therefore, will

not be described again in detail here.

35 If all of the data signals are in synchronisation, then, in step
522, an increment of delay is set in the jth delay line, corresponding to
the jth data signal. Note that initially, because of I/0 clock adjust
step 502, in step 520, the "Yes" branch will be followed. After
incrementing the delay, in step 522, a data compare, step 520, is again

40 performed. Data deskew step 504 then loops between steps 520 and 522
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edge t, is shifted in time past edge t, of delayed I/O clock 411. Then,
just as previously described with respect to data 304, data compare step
520 follows the "No" branch to step 524 where the programmable delay is

25 decremented by one delay increment and edge t, is aligned to edge t, of
delayed I/0O clock 411.

After deskewing the jth data signal, in step 526 data deskew step
504 determines if all data signal delays have been programmed. If not,
30 deskew step 504 advances to the next delay line, in step 527 and returns
to step 520. After all delay lines have been adjusted, all data signals
are aligned with edge t, of delayed I/0 clock 411, as schematically
illustrated in the timing diagram of FIGURE 5E, and deskew step 504
proceeds to step 506 of method 500.
35
In clock sample point adjust step 506, delayed I/0 clock 41l edge t,
may be adjusted to a centre of the data valid window. Although a clock
edge may be centred at launch, it may be skewed at the receiver due to
path latency differences, noise, etc. Sample point adjust step 506

40 deskews the clock signal. Referring to FIGURE 5F, in step 528 a data
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I nterface apparatus of any clal ml 8. 20 25 30 35 40 . A AU .A .AUs. AY. Asl
I/0 clock sample adjust step 506 then determines the early side of

the data valid window. The delay in delay line 410 is decremented by one
time delay increment, in step 534. And, in step 536, a data compare is
15 made. Because, in step 534 edge t, been shifted back into the data valid
window, data compare 536 follows its "Yes" branch, and the delay
programmed in delay line 410 is further decremented by a time delay
increment. Clock sample adjust step 506 then loops through steps 536 and

538, until the data compare in data compare step 536 signals a miscompare.

20 This indicates that edge t, of delayed I/O clock 411, in FIGURE 5G, has
arrived earlier than an early side, t, of the data valid window. This
transition of delayed I/O clock 411 is denoted by t,". Data compare step

536 then follows the "No" branch and, in step 540 the early side count in
counter 440 is stored.
25
In step 542, the phase of delayed I/O clock 411 is set to the
average of the early side and late side edges of the data valid window.
This corresponds, in FIGURE 5G, to the solid portion of delayed 1/0 clock
411 curve, and edge t,” Delayed I/O clock sample adjust step 506 then
30 proceeds to step 508, and method 500 exits the IAP mode.

The apparatus and methods represented in the embodiments described
herein provide a dynamic wave-pipelined interface. The plurality of data
signals arriving at the interface are deskewed relative to each other,

35 compensating for tracking differences between the data signals,
differences in the paths between the I/O clock and the data signals, and
design tolerances between the data signals, for example, chip wiring,
module wiring, and card wiring. Consequently, the data signal region is

increased in width. The interface further adjusts the sampling clock to
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15 3. The apparatus of any preceding claim wherein said circuitry operable
for setting each preselectable delay time comprises:
data compare logic operable for receiving a predetermined subset of
said data egignals, and outputting a first predetermined output signal
value when said subset of data signals comprises a first predetermined set
20 of values, and outputting a second predetermined output signal value when
said subset of data signals has a second predetermined set of wvalues,
wherein said subset of data signals assumes one of said first and second
predetermined sets of values in response to said associated arrival times;
and
25 circuitry operable for modifying said preselected delay times in

response to said first and second predetermined output signal values.

4. The apparatus of claim 3 wherein said first predetermined set of
values comprises a set of values wherein each value is the same, and said
30 second predetermined set of values comprises a set of wvalues wherein a

first member and a second member are different values.

5. The apparatus of claim 3 wherein said circuitry operable for
modifying said preselected delay times comprises:
35 a state machine operable for modifying said preselected delay times

in response to said first and second output signal values.

6. The apparatus of claim 5 wherein sald circuitry operable for

modifying said preselected delay times further comprises:
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preselected delay times in response to said first and second predetermined
15 gignals comprises:

a storage device having an input coupled to said compare logic, a
logic state of said storage device being operable for setting in response
to said first predetermined signal and resetting in response to said
second predetermined signal;

éo a counter coupled to said storage device operable for resetting said
storage device after an elapse of a predetermined count; and

circuitry operable for receiving said logic state of said storage
device and modifying said preselected delay times in response to said
logic state.

25
9, A method of dynamic wave-pipelining in an interface comprising the
step of setting an arriving edge of each data signal of a plurality of
data signals to correspond to an arriving edge of a latest arriving data
signal in said plurality of data signals.

30
10. The method of claim 9 further comprising the step of adjusting a
clock phase wherein a predetermined trangsition of said <clock is

substantially centred in a data window.

35 11, The method of claim 9 or 10 wherein said step of setting an arriving
edge of said plurality of data signals comprises the steps of:
determining said latest arriving data signal; and
delaying each data signal by a preselected time delay, said
preselected time delay being set in response to a corresponding arrival

40 time of each arriving edge.
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13. The method of claim 12 wherein said step of setting a predetermined
transition of a clock signal to an arrivipg edge of said latest arriving
data signal comprises the steps of:
comparing said data signals, and outputting a first predetermined
10 output signal value when said data signals comprise a first predetermined
set of values, and outputting a second predetermined output signal value
when said subset of data signals has a second predetermined set of values,
wherein said subset of data signals assumes one of said first and second
predetermined sets of values in response to said arrival times;
15 delaying said clock signal by a predetermined delay time increment
in response to said first output signal value; and
repeating said comparing and delaying steps, wherein said step of

repeating is terminated in response to said second output signal value.

20 14. The method of claim 11 wherein said step of delaying each data
signal by a preselected time delay comprises the steps of:
comparing said data signals, and outputting a first predetermined
output signal value when said data signals comprise a first predetermined
set of values, and outputting a second predetermined output signal value
25 when said subset of data signals has a second predetermined set of values,
wherein said subset of data signals assumes one of said first and second
predetermined sets of values in response to said arrival times;
delaying a first data signal by a predetermined delay time increment
in response to said first output signal value;
30 repeating said comparing and delaying steps, wherein said step of
repeating is terminated in response to said second output signal value;
decrementing a delay of said fixrst data signal by one delay time
increment; and
repeating said steps of comparing, delaying repeating and
35 decrementing for a next data signal, wherein said step of repeating for a
next data signal is terminated in response to a last data signal of said

plurality of data signals.

15. The method of claim 9 wherein each data signal has a predetermined

40 pattern of data values.
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P&f()-—PijVV; 7determining a late side of said data window;
5 determining an early side of said data window; and
setting a predetermined transition of said clock tec an average of

said early and late sides.

17. The method of claim 16 wherein said step of determining said late
10 side comprises tpe steps of:
comparing said data signals, and outputting a first predetermined
output signal value when said data signals comprise a first predetermined
set of values, and outputting a second predetermined output signal value
when said subset of data signals has a second predetermined set of values,
15 wherein said subset of data signals assumes one of said first and second
predetermined sets of values in response to said arrival times;
delaying said clock signal by a predetermined delay time increment
in response to said first output signal value;
repeating said comparing and delaying steps, wherein said step of
20 repeating is terminated in response to said second output signal value;
and
determining a data wvalue representing a current delay time in
response to said second output signal value, said data value representing
said current delay corresponding to said late sgide.
25
i8. The method of claim 16 wherein said step of determining said early
said comprises the steps of:
comparing gaid data signals, and outputting a first predetermined
output signal value when said data signals comprise a first predetexrmined
30 set of values, and outputting a second predetermined output signal value
when said subset of data signals has a second predetermined set of values,
wherein said subset of data signals assumes one of said first and second
predetermined sets of values in response to said arrival times;
decrementing a delay time of said clock signal by a predetermined
35 delay time increment in response to said first output signal value;
repeating said comparing and decrementing steps, wherein said step
of repeating is terminated in response to said second output signal value;

and
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5 19. The method of claim 17 wherein said data value representing said

current delay time comprises a count.

20. The methed of claim 18 wherein said data value representing said

current delay time comprises a count.

10
21. A data processing system including an interface comprising:
a central processing unit (CPU);
a receiving device coupled to said CPU operable for receiving at
least one data signal from said CPU, said receiving device including a
15 data receive unit comprising:
the interface apparatus of any claim 1-8.
20
25
30
35
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