;e3eD $.6TD Za" DYNAM C WAVE- Pl PELI NED | NTERFACE APPARATUS Arth}l\)I%H-LCI?SUOS
THEREFOR TECHNI CAL FI ELD The present invention relates in general to data
processi ng systens, and in particular, to bus interfaces in data processing
syst ens. BACKGROUND | NFORVMATI ON As system cl ock speeds have i |
data processing systens, reflecting ?n increase in the speed ﬂmmmmmmmuﬂmm
processing units, the speed of transfers on buses in the system h@ct%oo&gd to
i ncrease correspondi ng_lr%]5 The transfer of data across a bus connectling

el enents of the dat a Sroces PR Ve BIP P A8EAE AN TS nited by the

physi cal separation of the el esyntMETHOYR THEREFOR Whi ch has be to
transfer data across a bus is wave-pipelining in which a datg@& ﬁ"@“ﬂ"‘lm i
€ a
6

| aunched'on the bus before the previous data has been captur Lo,

recei viTFgEIEACETEEY 0ss the bus. In other words, data is pipelined across
the bus interface between elenents in a data processing systemin
essentially " . ner i “pipell " |y
Cne 1o 111 TR PR et SA0LEN, SHeE] 1D R BroRBe Rl RREAE,

| at encyPracipIerthailpn; b Hre. Intsraqeppit SRt RTRCPTVRENFRY'SSyst em data may
be transferred froma source device to a plurality of receiving devices.

Di ffereﬂﬂcx&ﬁ%ﬁ%\’&ﬁ% ﬁ&ps w Il be coupled to the source, or sending,

devi ce acro us i ntertfaces having differing electrical |engths, and
therefore differing latencies. Additionally, in a single device receiving a
plurality ofadladyaten geBdcs:, spaeds Shayealscraayedame cacdi pFeepsing atyebams.,

Vari ati M. ar] S n i i Limtations, for
exarpl S afL o ors T FRAL Tooef Rpebd 03 [ TIRERledlhs ek, BeThhlls,

dat a defferfd@RELFEL PRI PYSSt P- ERMBUEEEh ST BR® FCe fRCkep B kKCRF EFRANALBHT -noi se.
Mor eoverhe detamsifer expeciaed taxrbes del ivver ednsydtahy OROeEnys HiattHes, adtata is
expect &g 0 D6.d8L 40k 80 AL BREQYCLBLALAGY ENC IRy Ocal NESYSLER 6L ASK- 'f2

I
data is delivered earlier or_Fater t han expect e(i errors mpy occur. -
In a waEMBPYR i PBEI mThoer AL PePnPHT SRSTYPEPS % CHERRE SHofRFac 8PP At ed
becausepusoti® thwyefmigtelpaidy ahd wicw patihtarelgaglialis yldaumpbed adr . thEhebwdat a

val i d rnegieon, edd@bedfoukNBatd Ml BI&GT Vabe BRI DRI fh 8343 G € aERldsAPI Y
sanpled, is reduced as the difference 1n tine between thé fast, path and the
sl ow pat?t pl i M L oliPER: o‘}at§e§8i AP BT c2°6° ohe® M S e F &SI vi ng
devi ceshdtweeraslegentd irhe diafé eperweesing sysiembét weeentiadly amt 'paskmiauyd t he
sl ow paiihebeegsmenas driedendsdiber Rk i &d Qbsdddybuse€l OCks1p8d1ChRONY W | |
be | ostde]_I\l/t‘)’relg‘g_)dveraL salgew int he se}:rrpl 1,ng cl oclédga)éhf urltaher reduce tht dat a
valid region s *bus® nflrisce B6edP i ncPEase Shal M8FS1Yni Rgo7Ar i Bt ons
bet weenits&ffesst and sl ow paths are required, and clock skew constraints
becone nore severe. However, the control of clock skew and tim ng

vari ations i At Y, i cal trajnt Les by .t | ayout
of the dat an%?oégg: %Lér?gl gégg%e%n%ﬁééi?%f (s))?é'e%%t hcgalrtg. ﬁa ggng%g’%?%r% de?gc?"{ % or
met hods®@deapparst §8 foPdesidiyt Ak tReedvidle dRBiqescei DiTfgremly i keeeérid9of t he
i nt er f agaricand wi ICre@SEolfledt itge tdur sog-dahi eh daﬁ;ﬁfﬁngand.kxetcta_eIaicadsaelasyda@arrpIhed.h
US Pate .6b8 I " Si i sanpl.ed, at hig
Speod oy ac aRvEy Jabfeihg, Rl Bl a5, B PR SRR
signal 1¥394®S-a series of data and cloth delay el ements, respectively, and
| at chi ng the correspondi ng del ayed data and cl ock signals. The sanpling
speed is therghy . rol l.ed by redative . bet we cl ock d data
signal s, . whi éﬁ‘%&%g é‘yﬁad‘g’ r%l 5%‘?5\6/1& e‘?eg%méﬁ |r§4%8‘v"r§y %egﬂqﬁr%‘nbt&eyd it ?ﬁa“%y

noi se afitfedfidotFaFighalongay rf’af’abi‘i%étf?’ﬁﬂ’i‘.t REGFYT ngPYLatHPEh eyedtise

sarr:pl i ngromymabef alhaime dtoleddicedoCcamph 1inisetionBg et exawpbel ea/riEb:ecmnltls to
Achi eve, \\ave Pi Lpi ng' ., n ils rithos.t 0 ically
cqual | 25 iy, SRR, (e B GeBlndlhe GREL 088 d ol B TRLLEE Y

| engt her(‘lxgqrﬁ;rgyxﬁmlhgqterference) , clock jitter, and noise.

Moreover, data is expected to be delivered synchronously. That is,
data 1s expected to be delivered on a predetermined cycle of the system
clock. If data is delivered earlier or later than expected, errors may

occur.



It is an object of the present invention to provide a technique ,whj E
all eviates the above drawbacks. SUMVARY OF THE | NVENTI ON Accoﬁanglj 2@@3
present invention we provide an interface apparatus conprising: a plurality
of delay devices, each device being operable for receiving a correspondi ng
data signal, each delay device having aypresel ectable delay tine, and
outputting said data signal after said preselected delay tine; and

circuitry coupl.e sa ur.a |t of. del,ay devic rabl e r - 2a
et ¢ | ngaaueY Bl R Bished ek Analysls s B5h0R FaohE P iea B Brhs bofithe fis ng

set in Pa8iP RRNS6w pattAde @ﬁﬁdll‘ﬁllnptohﬁm %%Qﬁtaaviaﬁﬁl ré’gléﬂﬂ 8RN hd &b 1ﬁﬂe%ﬁhunr@
accor di ng to the present we provide a method of dynam c wave-pi pelining in
an i nt evhigh datecapbé siliablytsaepdede (5 roducsd s thegliferencerinvinmgbatergen the farsapdlthdat a

si gnal | ural,i signal s.to corr ond to an arri edge of
o Pat ectrfe Rttt Rus Hiburts Sedhe fedice s B3 Sre Teregae devibose

for egoifgreh@s. Btthé bitRFedc@iM Bme!VeRthYhd fast Jalhdd tﬁ§ s 1S 6EdNTeR as %’@&t ages
of the present invention in order that the detail ed description of

i nvent ithepetied off the buselocka yyhahrénst widk beinste Mersovkr, skeiinitiersampling glock may

further reduce the data valid region. As bus interface speeds increase, smaller timing variations
between the fast and slow paths are required, and clock skew constraints become more severe.
However, the control of clock skew and timing variations may be limited by physical constraints
presented by the layout of the data processing system. Therefore, there is a need in the art for

" methods and apparatus to deskew the data at the receiving device end of the interface, and

increase the time during which data can be reliably sampled.

US Patent No. 5,229,668 details “a data signal which may be sampled at high speed using
a clock signal by propagating the data signal and the clock signal through a series of data and
cloth delay elements, respectively, and latching the corresponding delayed data and clock
signals. The sampling speed is thereby controlled by the relative skew between the clock and
data signals, which can be made relatively small and may be limited only by noise and random

variations in fabrication. Accordingly, high speed sampling may be obtained.”

The document ‘Inserting Active Delay Elements to Achieve Wave Pipelining’, Wong et
al, details algorithms to automatically equalize delays by inserting a minimal number of active

delay elements to lengthen short paths.

It is an object of the present invention to provide a technique which alleviates the above
drawbacks.

SUMMARY OF THE INVENTION

According to the present invention we provide an interface apparatus 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 circuitry coupled to said plurality of delay devices operable for



The foregoing has outlined rather broadly the features and techg'zqal
advant ages of the present invention in order that the detailed ’ r‘“ﬁ”—{ 2&03
of the invention that follows may be better understood. Additional features
and advantages of the invention will be described hereinafter which farm
the subject of the clains of the invent,on. BRI EF DESCRI PTION OF THE

DRAW NGS For a nore corrpl et e understanding of the present invention, and

t he advaIae there ref er.ence | s_now e.foll ow ng de crlptlons
{akon 1 AUEBARTHREr O al'e e LT G BaroR e dras e oe i ehbores

" T ustgab 8 eind AsRifck withagEpdath Sighal. a dat a processing systemin accor dance
w th an enbodi nent of the present i nvent| on; FIGURE 2 illustrates, in block

di agr am f or rhlsaacendiog noré]nmresﬁntawjmame@ methed of falaimewavarpipeliviog in an

accordance th the e ent enti on. [l te
e et comiring e Sfepof sEILISE bt S inaedar oFaehdatipinel o igplugaliey 3t &th °°
illustr & to'cBerép%ﬁH t@hﬁ%ﬁr(ﬁgf ddgBbf ERRGEY] émv[ 'té/ﬁ A sdifl pﬁﬁ&lﬁ&@@ﬂ&tﬁ with

an enbodi nent of e present invention; FIGUR | ustrates, i1h flowhart
form aigmishodol ogy in accordance with an errbodl nent of the present
invention; FIGURE 5B illustrates) in flowhart form a nethod of clock

adj ust nent according to an enbodi nent of the present invention; FIGJRE SC

SChemtTlﬁ%fe\goin IH4§ bhANES rathdribid A0, fhe a3 S teSE R divigtd sbhﬂlerpeésbﬂd of
FI GURE SB; GURE 5D illustrates) in flowhart form a nethod of data

des kewumgenunnam@medﬁm:@lemaﬂe@ﬁesgﬁbw ofethe inyentioiethpt felews mayhsrbettein:  FI GURE
5E sc%&a&g%%ldl )Adg tiﬂ%&r ates a timng diagramcorresponding to the method

of FI RE 5F illustrates, in flowhart form a nmethod of
cl ock phase adjustnment according to an enbodi nent of the present invention;
and FI GURE 5G schematically illustrates a timng diagram corresponding to

t he met hod of FI GURE 5F. DETAI LED DESCRI PTI ON



The present invention provides a wave-pi pelined nechani smthat j oplenents
mtigation of data timng variations and clock fitter. In an iégfpdl lzaz\r_o;
procedure, the size of the data valid region my be increased with a
correspondi ng reduction in the sensitivity of the interface to timng

vari ati ons between chips on a bus. Timsng variations anong a plurality of
data signals input to the receiving device are renoved by determ ning the

earliest and .t eélteg@%rlé »ﬂarggo@maeéle@ﬁézs,bramydeheyfeagume af@ MBSl cal

arriving data signal presel ect ed anount déterm ned the arrival tinme
di f f er eREE2HAGGETE tHHE %’faﬁslef‘%:s’tn"ﬁﬁﬂl‘fnaf’es‘frda’f riheF n'ghed&F'éa%eﬁn%f%F“ptlon
Addi ti oral |ghe sit@entiom tius cidckws roag the sendrngindeviedi s ranmyechal
uher eby dLOe.dda GhaClatdetL Ve meersf\rege%ans APshantial kg ehllad,in.a

data wi nd descri ption) numerous speci etalfs are
set for tisydRrastisusubissckof rtdquetidrest EPpERVEHGES; etc. to provide a

t horough under standi ng of the present invention. However, it wll be

obvi ous e t that the present invention may be
practi se%l“OL r}&ﬁ féélufgh % ergigf%wgﬁ%sai | s. In other instances, well-known
circuits have been shown in block diagramformin order not to obscure the
present i nverﬁdroa hérdRRAFRESALYIHR LM ding RS @he NEME et HiSdRES ] - 2 WhRS €i n
depi ot ed LLENEALS ALLJIO! DECLSSAT L] Y%oR0Wal O S GALe ARELMAST GLILLLEEOf
simlar % ts are esigna? 3% he same reference numeral throu Chthe
sever al t\ﬂkéWsln RoRBBCESRNAER \Fé*ehﬁ?%?ré’léﬁ\ﬂrﬁbrﬂ@nt ip ofpipRacti sing the
present invention is depicted in FIGURE 1, which illustrates a typical

har qvare confaiukal o aledaka, pr 0 eRRoh: okl AL 1A &N {1 dg. I ot
i nvention having centr processi ng uni as a ‘convent Ironal
M cr opr COESEBrin aRtPrEeREHDEED g S'E“?f&m%ffﬁ PE {het RFSSGRRCSETEBE ¥4 syst em bus
172. Data processor 113 includes random access nenory (RAM 114) read onIy

menory (ROM 4:6rx2and '15%9&&1 QQ%(IO% (Alo%o 5 Srﬁrfm fQr & %%gﬁ&%“%f a

peripheral devices such uni t drives to bus 112
user i ntEFFELe w&?jap‘f’é’relir?f foserEsrhect f?fg’rﬂ%’%o‘éftd‘ e PrRBtite 11V EiGRY/ or

ot her user interface devices such as a touch screen deV| ce (not shown) to
bus 112, comewuﬁat1»,ogcmgpfcern}%lfugrract@enect ngtherrf&%gahamafnl%f Ot dat a
pr ocessrlg_g\?netv\ork and_di spl ay” adapter 136 for connecting bus 11

di spl ay FE¥°188. FI89F 110 may include other circuitry not shown her ei n,
which will include circuitry commonly found within a m croprocessor, e.g.

execution unlmubysumlersfla&esumrf b18&d Tdh&@ztalmchnQrW G it reBlfve GRU L10 rray
al so reside a Si rated._circuit Referri.ng now to Fl GURE 2

i |'lustratd nég%tncv‘f/a%t i pe ggmel“ﬁt 8f fRELFI6 ﬁ“ﬁerttdrpgance with the present
invention. Interface 200 is incorporated in each of chip 202 and chip 204
whi Crrrbcgmmni mﬁfmgam w1t Bs@aebs ot hier Yitﬂvc&aftggge%j vgdoi mkenéc&?egﬂoom I In
an enbodi of t Rresent en n,_.chips an 4 may, for exanple,
correspong%%axﬁguwi d&ﬁif %4 %nt% raesﬁr%)éle\ées%ﬁl 13. Data is
transferred between chlps 202 and 204 at a rate determ ned by a bus cl ock)
such ?s bus Eiambs s’amlamlsnzages ,Busn C|f¥)6\kfha2'@6 famk2a8 radrtezoao(rjﬁﬂ;al:wcra he
same fre r Y r C 210 provided to a PLL,
PLL 212 T esERene f‘ dqngeté’z & JE"%?E“ L ERE P %ﬁq‘cr?en?" SERbi pr esent

i nventi on, reference clock 210 may be a system cl ock. Each of PLL 212

Olﬁlt puts a | OCﬁiGIIPJE?)GK) sjzlﬂﬁral:l&‘dl@(}k1]?31145t¥‘i\:e@hiaptz?lfll&gi.r&daémakgﬂrﬁialégaﬂ:@ in
chip 204 i i o i ase to reference clock 210, and may be a
preselec%ygj%nfmﬁmd g{ﬁqﬁﬁﬁfggle of the period of reference clock 210.

Local clock 214 is buffered by driver 218 to provide bus clock 206 out put
from chip 202r1&Girg bArinusteeak, (‘a.lnoﬁkov»%ﬂxﬁrﬂ gohMf hemethddyoflrdavar asswiny
provi de bus clq&§1%0813ynﬁ3t f gh%p 04. Th bus %Iock is provided al ong
with the*data signal & cof %W%H fFom T KECEH lnf%.lmﬁzz fromchip 202 is
| at ched into output latch 224 and driven and buffered by driver 226. The
data is |atcheguaR %Ep%gﬁcﬁrla%géa@q quﬁls‘e?aé&c@l tShOEK 6 dgraml N rd@dRnkiSng
recei ved via nul tiplexer ﬁB 2z8 al so receives a predetermned
synchr onF dtieofe et t%fﬁ”? iols} junctron mnth an initialisation alignment
procedure (1 AP). These will be further described below Data 222 is
buffered by receiver (RX) 230 and provided to an data receive unit 232. Bus
cl ock 206, sent along with data 222, is buffered by RX234, the output of
which fornms 1/0O clock 236, also provided to data receive unit 232. Data
fromchip 204 being sent to chip 202, along with 6 bus clock 208, is
simlarly received by interface 200 in chip 202, and it woul d be understood
that the description of data receive unit 232 to follow applies equally
mell |n the recerpt of data by chrp 202 fronrchrp 204 Refer now to FI GURE

N -1 4 P



In order to restore the width of the data valid w ndow, interfzg 33&:@
accordance with the present invention inputs a plurality of da st I 03)
data receive unit 232, illustrated in FIGURE 4. Data is buffered by a

recei ver 230 and coupled to a programrabl e delay |ine, one of delay |ines
406 t hrough 408. Programmbl e delay |Iines 406 through 408 provide a

presel ected anount of delay in the corresponding data signal input to the
delay line. The del a\é | ine receiving ihe | at est _arrivi nI? dat a 3i nal ,
corr espondi ngFtFRBafE SHASFRAFEPCURE 81°1°03hr ofidinmBd "FHYCY: &0 A8 ayPRAe
woul d beadsidensitoadedtiaty ary agiarbadimenasof the nprasenpriopagateonatd me. Zero
del ay woul d be further understood to be relative to any such m ni num
propagation tinme.) Thus, if for exanple) in FIGJRE 4, data 402 corresponds
to data 304 ofIGPREURE SFhEG‘éFh‘SﬁlllVné%r?'éespraog“r%{‘ﬁﬁ%dd‘fa@rraﬁeF%r‘%TéP%‘?m@el ay
| i nes reggivnengethbe & Ipesurtata. signals are programmed for increasing
anounts of delay wherein the delay |line receiving the data signal having
the earliest arrival, corresponding to data 306 in FIGURE 3, is programred
for the PEAIGEER REEFRIETIPRus, if for exanple, in FIGURE 4, data 404
corresponds to the earliest arriving data signal, then delay line 408 is
programed for, a | ongest del ay. value. .l.n_this way, . .all of the data signals
i nput to chi p&%4?r%%t“§ 4072°¢ lrO(])nuglf"lrca'altdgls 4064 véarveeyaé%%é\?\é tm(‘)a’cﬁlrgisimatte].gitrl

ar ri vi ngintdeaeni gmakigamiehoedyifrte helnimisodrationd e cpresehittrhventt @@

i 11 ustraiedibhi LicGURE pdotiamrbeensh@dhe a@d wRscCdddaedvalif CARELNCHaON BA t h
| ndi vi dugl_data, signaly i& would.be ynderstood thal, the, prinelpl o8 el he
pr esent PRt Ton nay be app Ped t o groups of data S gna’l‘s, su as a data
byte, orirfie¥épcs koh tgPOYp MR APIY ReAWSERIFRERS |uchPaf- alHainatyardations
emloodi lnemoﬁgmd dpiﬁﬁ'a\ﬂ/ii.i)hi & t AL =S Péiignk 1 aNdnSaopes Ofnd EEedHi@Sﬁglt lclé\‘h'\tégtai&:'l-
Delay lipes 4 t ugh 408 are programed .t ave thelr presel ecte ay
val ues vf%moé'ﬁgitabrﬁ td{egfgnélé‘tlf’%nt al iegﬁfr;%r?t% f5rr“gcleal le]?te a(rlrliﬁll.lg 'ﬁ%te:al %an%?/, bae%1
per f or neteRyipowdhe upagt issds e VGV iBAt A2pf 06é8B g PEY St eRTSSE eF PR r PBPHIS Nng
dynam c &exeamphielbynehé niretidac e i7d0ai fdfe rémree Bkt Rhe Odarihesprasenitest

| vent, O AR, T, OB 01 T OLLeth e 2151 apR) i QEPYI0 2o BB 1

the 1AP) a predeterm ned synchronisati'on (sync) pattern 1s sent across data
bus 222 B5V&Sseltti nEEIKRRA nothe*ERY ecth®2462Fhereh§* MSE2¥8 outFts*The 1

pr edet er susrednsigldypadriteed. inThedsspneipawt ern i s sent on all data signals
constituting data bus 222. The sync pattern is captured into | atches 412

t hrough 414 which receive the output of delay lines 406 through 408. Data

i nput into | atBh&8® 4£914MiBAGRSATAPEI | R BRET DN SR *EdGe GF21150 TIocie™236
whi ch i sforth8 slehi wed husa vtk efr@dentieom btl>ckl eelie?06etd / Ote| pokvi286 a S
del ayed {fbARbAYuhadi@edddnyn Fatifer eiMR URLEnZ34. Thewdelayed |40 iclck
is repowered in buffer 416 and provided to |atches 412 through, 414. Tgie
control GrRiFayel Frees it L i |Shes 061 KJT | NS TACERhr BUGH HOB 1% Hea

st at e narigrds4d 8vitBani ngpchbher¢ARicstata lpachinecd s adftmncsst heell-known
progr ammebl&idelaye blerfasbnPfindel A% hifBamdt hf QIGRr 468 3BorktArk Nehe
response_to capture of t %%attgétréilln | at ches 412 through 414. outputs

. f the rgénc
420- 422 BFELESuPTEG D ABriBEsoHti Ko T Wit s of data conpare logic 424. A
suitabl e sync pattern perm ts unanbi guous resol ution of synchronous data

capture in the.phsencg b apyudasa SkeW. wReisUGRpPaldser i &RAss | tdkesydche
data val ue sequence "10001 0001000". This s,eqUﬂ}gee cl)ﬁs peri odi c _.and has a
ed”in

peri odi cPESFBEE0Ur 589® A ckPEr i%88s, ™R s TP an BRI tH San
el asti c gesiamiaged byhavd mgnaneébagidecntnerel flowongk|theksparaddsiewAn el astic
interface is the subject of the co-pending, conmmonly-assigned U S. Patent
Application entitled "An Elastic Interface rééﬁp]@ar at us and, Met hod Therefaor,"
whi ch has beeft (FTEBFHATEE MATEIT: Dy TEFEF Bt e. T REFCEVAHEIpdt'E e PRESTY

al t er nat iwvedntibe isplearient¢edirprraeiri2dl amhisuchlBisneatrst taeruyppesimagdware
~unanbi gugUﬁf:‘{g%?‘Q&H&q' 08; Otaaﬁyng?é@él%? data GAPLULSa.FOr GXafPlkee a.Byd&
pattern conpl'enentary to the data val ue sequence above may alternatively be
i npl ementBYSREERR ReplisgtepnrdY ArRectfdrgyeritn (GRflay1Pi fRsh4dB & KPBIRT9%E)
and 41 0 wittopiovedRdrdessd iabadmnbdr ©ONHLHEGT LRI M ihbetdtRnopeiatt ONsitett RiL

machi ne 418. fer now to FI.GJRE SA il lustrating nmethodol o 0Q .f or

sel ecti né}gyrsg?jteal aﬁfs"cef%?rstlgéjem i(?‘}?reﬁerﬁi%’.m Iaﬁgg?sepmeg'ﬁf)' ?%%hﬁl ?L ‘o1 B i s
adj ust edorby timokastRA r L V6 nprdatapsi/graputhy Ide] evtapher al Suiftabrenmgetays i n
delay line 410. Step 502 will be further discussed in conjunction with

FI GURES 5B and 5C. The data signals are deskewed in step 504, which wll be
further described in conjunction with FIGJURES 5D and 5E. In step 508) the

I /O clock sanple point is adjusted. Step 508 will be further described in
conjunction with FI GURES 5F and 5G bel ow. Refer now to FI GURE 5B

. NN . A~ M



9 sanme data signal has been |latched by determ ning if output 426201& JUI_ 2003
set-reset (S-R) flip-flop 428 has been reset. Qutput 426 of SR flip-flop
428 is controlled by data conpare | ogic 424, which detects m sconpares and
asserts its output 430 in response thereto. In response to the sane data
signal appearing at each of inputs 421 4 hrough 423 of data conpare |ogic

424, output 430 is negated, whereby S-R flip-flop is reset. Data conpare

| ogi ¢ 4 4,,J&gh&aatleqewcegem%eqslélf.l,kcmlcég 4%%\&0@5 Yir@Pe OULBUL, salgn@L s

establ i on out put data conpare logic 424 in response to t

| at chi ngusse ela%eaffﬁﬁ? Pdagtehee 2499 (RPBRAFHANE 15 YPaRr kX fpl macr‘VEe%%duaﬁ*éﬁ?r of
data conpadee h@gl Qné%ac@%évesmrmilcngast @ aopasistive ldegic: i (mpt esmnahat ton)
may for th oglc f i I n 4 4 t he
gate derl ve From néﬁag@ogl 8%%?%%199%\' §%1?ncéatn|rﬁ\g l%,g g«%r%%%?ﬁ' i A
enmbodi medrta emqeégp@mmengo% andh 84 er jayeadanfiee H?plf%ﬁé%ﬂna??‘@r’ilg h‘?fy H8reR t he
| ogi cal m E lcmeé? %31 tdfrruougm nﬂ?&r&ﬂdd@. gate derhmay ﬁwmnbhae He@@ph enent

of del ay 411 an_enbodi Id rres .ond to he

conpl eme 1?’aﬂ?‘y %Ifdteercnrcd“trcyuscso%mng oe%un%sflartl St 7 cal  PrUe a‘fl 'oifsdin
setting %#ﬁecueiw!aysuiﬂn el dpteifpes WGt Ay gight Yodoahd Wio. n'a‘y: be qPédm:Qad by
sanmpl i Ngmd @18y NesPad tRr & NVELe MHtdJ ke cuekes .of delayed 1/0 clock 411.

. Delayed 1/0 clock 411 increnments counter 432. Counter 432 asserts out put
434 after a predeterm ned nunber, K, of delayed I/O clock 411 cycles, and
then counter BSLEXEHhY SHCUVéP.F@SPBEu% Y3pspratddgnt e"r‘av432iﬁe§ié®®pilnédr€%?er eset
i nput 4fﬁocof i%- %Jddgﬂaﬁdeopwﬂtaﬁ tﬁ@elbe‘byerfteseﬁxfeinlﬁor]?.u'[ pUEnela&&acé\ et sync
pattern/pi sconpar et ec ence.can.t pet f.or ned. y npl e

a ni sconpa?oép?ga (fgt 8Ct ¥, h %F%lﬂ foz oD c}?lg |9§4 swg e F?é’"'L1lnlcr?te datlfI &J%E

if duri ngaQMeOfs"&ﬁpIVéapérerGPeq}é’t’%r M‘fr?é’éafb%/ tte vaFueabnf e!ﬂPféilI“ﬁ{“égeﬁ Rhe all
i nput's 4gledeht ouglernd2en ofchdﬁg ao0e08RArD 4l agy C h2dehimplel hev:SaBEodAka 8bgnal )

step 5z4 | | Yes. .path . and hod,_200, roce ds | 504 I n
this caséié)wr’t%m%?ﬁelqg“lslrno th‘f Kavi ngoqg%en sg |Sﬁt5e? I"lér)lel%ttﬁg

40B, tinkfy %@hé?x‘ht#%&l Fyte |d|ee§1fnrlat—‘% i3 PrEUYRPCSC ﬁ“§hr pr é@énsmqk&ezowo
cl ock 23éndamsbeeausdelaykedz ddkodighsdetayoning 14 ihebyamn raagusncy, Taha wherein
edge t, aérwehh p 4 hedalavahid %edgml%gaet?@rg %?LLby pLL "%[é neral) of - -

|n|t|aIIy hG%tlms Td, may bezero, wherein edg i es outsi de the
data val F’élll?/ﬁ r?éIBW"‘ &OédgeI"I'@nl SPRAEBeRh STy SPE Preteny ri't“éfe’é)"rfé’nof TP ERFERES 412
t hrough 41dck egei vangedat sy=366 clvdkt hekachl ue"BL 212 outatiches loegkialiony, dat a

302 and 30da; AdRcompare &figubhbs. arlaﬂ%cagum& 4339 oh cmplozdiamlemp@re
| ogic 424 is asserted and the out ut 426 0 p-flop i S, set.

consequentEed AR sRRAFe51 T EFEORE BE) 2f‘h’e a‘nﬂlo“‘aybpﬁn%IPﬁe§eI‘%‘It1€8v\k‘bte9Fﬁ st ep
516, state mattirhe 44 8thqregdsesoft hefdedray tChp@ugzhodel agcel nelotk0217hes

del ay isbh@@é&asgg Ryiwdates ne&hlbmléé%@@r@oeg @ns Ma; usl gh&H &npcquat
direction.438 EO i ncre

onal .counter nts
Count | SN Ze 1o5obofcks a3 ARERTThTolT BIE S50 SnBFOCGGnPS: cAg5t
reaches BAg angubfirohechbipudts.det er m ned by the value of the integer) K The
count contained in bi di recti onal counter 440 is suppl ied to del ay control
442. Del ay contro 2_L cpdes $,h nt an les a coares ond a
control signal "344"% 5°-§&f a}® H*RE* de.O 3’3 ti%8°a m@?’élcfeg t he
del ay ti rféomT‘é:PEb)FhaPpre@éPe??ﬁ rferdmtﬂrm |2ﬁére¢réméche(dAlnp© oertanabitechd@ray
l'ine 421-03.\1‘\@ i@y bes us@ﬁeirgdthﬁ a&ﬁﬁe&ntzimve?&h@ndafaElbsdaag&r%t &f khe
co- pendi n nmo wn ation entitle r
Dol by LoRBEE B0 LB aPSH T FEr Tk by oF e BrehtaFetied bR HuEeEt op
502 then (MBKUr3®s$.t oM&t @85&1450 Irécelwﬁssstqureéitbrmtm ismeeleeBhAsEd opabarsegh Td

i s suffigienrbn jtﬁw@h@&ewﬁqg%nt lindeh Qi dalR€odlal B ghadded pdbRARWet NeRp) St 6fhedd 4
follows th bhranch as |bed above. O herwi se, the delay through

del ay |i n”é?illff Rt ‘?ﬁfr’ft‘%%fi gﬁg in step 516 and I/ 0O cl ock delay step
502 | oops through steps 514 and 516 until edge tl falls within the data
valid w ndow. EQt Ezm@'b%@féjeﬁ E\Pe{hce%&ce&% E%eéﬁaﬁpé&%dehntmrﬂhawe

data i s deskewe Dat a deskew steg is descri detalil In FI GQURE 5D.
In step BCEEIYhenpE R332l i tEFSoF1El 43611 Fﬁ’é% 24009 thERD G2 408 - at e EdEFedREd.
In step FkE34a tid sdut@et ayf wHiBR) f&fdsr aspoad«bmg 6, aafsd sircttabal sicgraaka s

sel ected f_or. pr T 0 nde i,

o al i Sssor e AR EE varte N cibiRag b aey ooy B R E 1B
conpare i s made. The data conpare in step 520 is perforned in exactly the
sane fashion as the data conpare, step 514, in FIGURE 5B and therefore,
wi |l not be described again in detail here. If all of the data signals are
in synchronisation, then, in step 522, an increment of delay is set in the
]th delay Ilne) correspondlng to the ]th dat a S|gnal hbte that initially,

o o o S . . NN N MmNz _n [T T T 1 1




This may be further understood by referring again to FI GURE 5C. %d‘ppué”e. 2003
first, by way of exanple, that in steps 520 and 522 the jth data signal is
the latest arriving data signal, data 304. Then, adding the first increnment
of delay to the corresponding delay line will shift data 304 so that its
edge t, occurs after the edge t, of delayed 1/O clock 411. Then, in step
520, the data conpare follows the "No" branch to step 524 where the one
delay increment added in step 522 is removed. Thus, for the. last arriving
dat a si ghed )clock athdi -t Eonsimiderty Hesehtidedy Fiesface 2AR Heshir®Bpernd ii6n of

dat a deskewsStgp Mrbe&aus&athehleasatesaflrptybmgoﬂaaaaslxgsaatvmllte A3he to

ref erenc for t he, deskew 11 Q her data si gnal Sl mI co |der
now, agaf?15 FRRMSF 5%%?#)1?% emop FatTon® %fogst%egss%VZ dzazgz%y?% Pdat a

signal the4. |s the earliest arriving data signal, data 306 in FI GURE 5C.
For the earliest arriving data signal, rrultiple increrrents of delay are

added in its correspondin ro ramrabl del a I.ne eate terations
t hrough steps Séed: &Ry %Ozfgeﬁprﬁi% g gges tscxf'% téﬁ?ﬁ%' d? ttrf‘ Ba&t™&dge
t, of defisgmsdml £OrchBatk 22P1.arFiemnng | atstamasinpuevitouship dazcri Bedheudgbh the

respect EQm%t %1@@4,bedaée%c‘29£§aar@1t%t eR 5326k foll anws the ' NQttextE’a%@CBobo 18t ep
524 where, the programmab b‘%{dl s decrenent ed b{ one, del ay_i ncrenent. and

edge t, P% ddFF{j"rf'éd’atlo é’d‘beltt dBF aYFTFF%L 188k A1 ™ ARE e‘i‘la(?éé'ke\f\'i""rt& t he
jth dat aesegial apply Step dbl6 katrey deshkewtsedpt 54 chiad exo%i neschfp @bt . datra

Si gnal d@i@éﬁs dla@é(esgﬁﬁ'ﬂ p&é:tg.r %mgrrﬂJeanEUerdgskmnﬁiepaéQé agfﬁ%gﬁ Sf:t:’omt(:)
t he next delayllne in st and returns to step ¥ter all del ay

lines hat®® HEAtadfieel, t’a"f1°ﬂa’flae HGRaPEaFR %ﬁlioﬁjnpecb2 \E\hfihzoe“dgeD?ta of02
del ayed i# Oilduethat4d])in FCERMATRrirdwdrigy at |4 ddtinaiaddtioe.t Me t Anmgrgndi degraam

of FI GJR&%& ,apgdcdeskewast ap 1904 RE8E4Ss tﬂ:né&@DttﬁQG £t Rihed 590dat£n
poi nt ad% | gck 411 edge t, ma

cl ock sa yst step .506) del ayed I/
adj ust edn?%n‘aa1 dent rd%f St ﬂ%ladpa?flar@ FRgEWAddE 2R R oty chf“bcal{“"elﬁ e ‘may
be centredicht ¥iddndle, takemmyobbeskewadimim tdedayefedw eamagge at plpashitlyatafncy

differ enaeﬁe)yeaoasea @tgqtaﬁas@l@a&olﬂ% adp ustsﬁtﬁarﬁ% adeskeysadihe s¢Leek
si gnal . Referrl ngh

306 te Eé c t $ t% ml 12 (i,O L2 &ade
Initial | §3-beCiusEor 55?’%1 de 'é?/ﬁ ﬁ'g Q5807 dﬁ P80 AP 855?36?%1556 an
foll ows fa2 "Yes' bPahzh3f® seepl3ueczanddt he thﬁmgdeﬂrayamegk anfresd viickel ay
i neI 410pieécddaer erentsedudnaioner,t lﬁﬂre wel aYFoirnQﬂhQn'%ﬂhaoeien St ecpeséaﬁmrg OgHe
sarrplng ugt,. step_ 506t urns o ste ere the
conpare |§gllna§ 8§géfa§ﬁt 8 (‘:11211 % té 55%1 E 38 S fﬁ’?’fﬁfeﬁg q’eps
52B and Sedﬁfﬁfutrravabtem §mma1r>eg ai ﬁlelﬁlattfmfpaﬁelmierﬁ 528n¢3ésent%ata

i ndi cat i ngs tdat dﬂlea)ﬂﬁﬁlfe_&leﬁﬁk adgerivalotihtel ayethel aRLhbacdatdl dus depofad t1
has crosggd o] e | G;_gRE data
conpar e gtgeréfelr%%o% dgha élﬁ%p b%&%hgﬁwg Qﬂ%\é’ ff%'é © e%? C%;Bﬁ et
counter #% ‘tdém%toF‘é’EPfathE}"éjlgockt%l&ﬁfﬂ‘@sadj G§F19§‘t ep“S'GBattll‘?éﬁ def&ini n"’e% the
early siderigftibthe idatlanyaldndtis Ndma cihe d@debddenicneflelcay, |fidteeddndlesS data
dect emenbegedinONf crek! el Aol CLATRRLyenlc ) Stcegcé%étttanqn?'t%bdatep e3o, a

dat a cor‘rBare IS ma Because,” I n step , . been shi back i nto
the datafVaiREd 3wi AUKREIadRL Ve MESET e”513‘6tﬁﬂe?otﬂé“} {F&SPaRLS CophEhfm G§nt58R] the
delay progamnmedns ,n el ayst i 62 Dllhstsafivnt Her toke cschrmatied thyimy tdiagrahed .ay
increment, CJ.ek $amMie.204 st %ﬁegna%@t&&%n $P°B§dl§££§>‘1%€rﬁt ePR, 236, A

538, untll the data compare In onpare step 5 S a m sconpare.
Thi s i ndFEZRESIPHAL "BYgéet SPGP%Peﬁ"ay‘ékfhl / ‘GhéFo@Ee%fthdFlmRE‘%eshafsf
arrived eatddyeetitwRadiearly side, to of the data vaI id wi ndow. This
transition of del ayed /0 clock 41l is denoted by t,". Data conpare step
S36 then follows the "No" branch and, in step 540 t he early side count in
count er 440 i 282 o¥edatFredktigsosabe t%lﬁt@séemcedeﬁwbdw FOR |28k 21184 s
set to tbegavar age &fockhgiear iy shdlanasacd atedaaiadekadgaswfmayhse dﬁb&u:\v’éﬂ id

Wi ndow. Thscorre nds,. in GURESG) t ol i t|o f ea /0
cl ock 41Y* !(::lhrve §‘ e%ldg tv,lmli:o"be“ilayed ‘[”/d%h ? e gﬁf) jg/s D %g%

t hen pr o@ebdscktee s@@weso&e arﬁtdthectﬂtddewaexaltlsl WheiovaPrwr,mlde thegheumpsaFat us
and net hqdg fepresented in the enbodi nents described herein provide a
dynam ¢ wave-pipelined interface. The plurality of data signals arriving at
the interface are deskewed relative to each other, conpensating for
tracking differences between the data signals, differences in the paths
between the I/0o clock and the data signals, and design tol erances between
the data signals, for exanple, chip wiring) nodule wiring) and card w ring.
Consequently, the data signal region is increased in width. The interface
further adjusts the sanpling clock to 13 substantially centre the

sanpl i ng poi nt |n the centre of the data val i d WI ndow V\hereby d| fferences

.



14 What is clainmed is: An interface apparatus conprising; a pIu 48?003
del ay devi ces, each device being operable for receiving a correspondl

data signal, each delay device having a presel ectable delay tinme, and
outputting said data signal after said preselected delay tinme; and
circuitry coupled to said plurality of delay devices operable for setting
each presel ectabl e delay time, each preselected delay tine being set in

response o a5 aralyalo UdRe:] NunLelsad Bl railt L aperable T0L SELL o
a

each presel ect Pabr e e ne conpri ses: are I C opera
recei vi @90alpr@mréﬁmmé&télubb%tpliﬁse%hlJdlvda%@nsﬂgﬂa‘—lssa ah@raiatcpu@i i waa

first prs@gﬁslesr M eghQUt e 16 00t vakye jwhent rsadd subseiuref 4dat apatiagnal s
‘conpri se ﬁ fi r§ gredeterm ed sg of vgltues anq:aou ut t| 2 second
pr edet eer‘Hf & F % aY pit TRIgRaF VAl G8 €% ¢ SuBEAABTrd&t 39'3| gnafs & a

second pfedetar Aines 6t thfoughl ¢ess, \Rh@’r@mna@al delsi}rbéme‘o‘oﬁoélaﬂa‘ogglgn%ﬂﬂs

assumes 0B¢; & asarsl%stnéééeaarmo&ﬁccmed dé'i@}deir?rtrﬂen%Grﬁe%bén@fngVaiaHQSsiéhal
response to said associated arriyal Js ?} Ci. rcwtrg ggera
nodi fyi tgPs%i &° p"r}éeseqeéé‘i’ea“beel ay "Fi ABEY] 1P%sf)eocr?§§“’tgo E F99~ taréh‘al%gecond
pr edet erdataesisoat pmorsegwa!dmaltwegataz 30Thien apP®wEad ussopradrainmedl fpherssion a

first ong;Qf saird faha sk mlés@&apma%e&n}a sk ﬁaegraalmnﬁmmTpfopaQQ@{&t us
of claim 1 wherein sgl dfir ét ‘}S)rede}tlermge sei of bva egﬁs conpri ses a_set
of val udd™iher&i5F E5cH VEIE P TREPFaMBO RS dPd°8 TORE T e fBY nFHEY set

of val uegnéonprirsesgatiset tofie.val Foss whdr ébn exafplst imeADeYREadd dasecond
member fyb%rgéﬁdhﬁéeéﬁ dﬁ@gufﬁﬁ of FIGURE 3, delay line 408 is programmed for zero

delay. Delay lines receiving the other data signals are programmed for
increasing amounts of delay wherein the delay 1line receiving the data
signal having the earliest arrival, corresponding to data 306 in FIGURE 3,
is programmed for the longest delay. Thus, if for example, in FIGURE 4,
data 404 corresponds to the earliest arriving data signal, then delay line
408 is programmed for a longest delay value. In this way, all of the data
signals input to chip 204, data 402 through data 404 are deskewed to the
latest arriving data signal. Although, the embodiment of the present
invention illustrated in FIGURE 4 has been shown, and described, in
conjunction with individual data signa;g, it would be understood that the
principles of the present invention may be applied to groups of data
signals, such as a data byte, or other such groupings of data signals.
Such an alternative embodiment would be within the spirxit and scope of the

present invention.

Delay lines 406 through 408 are programmed to have their preselected
delay values via an initialisation alignment procedure (IAP). The IAP may
be performed on power up or vreset of data processing system 100
incorporating dynamic wave pipeline interface 200. In an embodiment of
the present invention, IAP may be controlled by a signal from CPU 110 in
FIGURE 1. In the IAP, a predetermined synchronisation (sync) pattern is
sent across data bus 222 by asserting IAP mode select 240, whereby MUX 228
outputs the predetermined sync pattern. The sync pattern is sent on all

data signals constituting data bus 222.

The sync pattern is captured into latches 412 through 414 which
receive the output of delay lines 406 through 408. Data input into

latches 412 through 414 are latched on an edge of I/0 clock 236 which is



4. , The apparatus of claim1l wherein said circuitry operable for Zo{tjl‘f’y’-ngzooi
said preselected delay tinmes conprises: a state machi ne operable for

nodi fying said preselected delay tines in response to said first and second
out put signal values. 5. The apparatus of claim4 wherein said circuitry
operabl e for nodifying said preselected delay tinmes further conprises: a
counter operable for receiving a directjon signal fromsaid state nmachine,
said counter operable for outputting a count signal for determ ning a

nunber of delay tinpme_increments for I s nodifyi saj d_presel.ected del ay
times, WEPEEH G4 Jubtitay ti O™ AT HERE HaS - a %{(gg:elc’@!’nf%edsvﬁ % *The
appar at uslef dliaé m¢bowher érte saeakiver cait ry3oper @bt edémyedodi/Pyiaigekaiid

presel egted, 0el Yt LIES  f et DRT scormdases 1debms Gontdn@bug eyl try operable
for recelving said count signal, and outputting a control signal to each of

said plurality of delay devices, wherein said control signal is operable
for nodifyi ngrisaidnpresalfedetdy denay41d.nes. w&ll e deppar bines ab6 ctlabangh
wher el N SRl d CLLEULY 10 HD0LIN T NGuSaled chY o8 eelad dabiihd LTBSadfhors
response to said first and second predeternined signals conprises: a .

st or age devPERITAVRRLE S5 RYDUL BHDIPEAITIGYsatESc8RpaTEPEYi 428 anfoti% 8t at e
of sai d sdpbage wdevigmrbeingnopsmabpatbor inelitiongsiqLr esporesin said first
predeterm ned signal and resetting in response to said second predeterm ned

signal ; a counter coupled to said storage device operable for_ resetting
sai d st or age eRAVEE 43%-dPR2 a3re coupled to corresponding inputs of data compare

logic 424. A suitable sync pattern permits unambiguous resolution of
synchronous data capture in the absence of any data skew. One such
pattern constitutes the data value sequence "100010001000". This sequence
is periodic and has a periodicity of four I/0 clock periods, and is used
in conjunction with an elastic interface, having an elasticity of
four-clock periods. An elastic interface is the subject of the
co-pending, commonly-assigned U.S. Patent Application entitled "An Elastic
Interface Apparatus and Method Therefor," which has been incorporated
herein by reference. Other sync patterns may alternatively be implemented
provided any such sync pattern permits unambiguous resolution of
synchronous data capture. For example, a sync pattern complementary to
the data wvalue segquence above may alternatively be implemented. The
selection of the delays in delay lines 406 through 408, and 410 will now

be described in conjunction with the operation of state machine 418.

Refer now to FIGURE 5A illustrating methodology 500 for selecting
the delays via state machine 418. In step 502, the I/O clock is adjusted
to the 1last arriving data signal by selecting a suitable delay in delay
line 410. Step 502 will be further discussed in conjunction with FIGURES
5B and 5C. The data signals are deskewed in step 504,'which will be
further described in conjunction with FIGURES 5D and SE. In step 508, the
I/0 clock sample point is adjusted. Step 508 will be further described in
conjunction with FIGURES 5F and 5G below.

Refer now to FIGURE 5B illustrating a flow diagram of I/O 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

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



el apse of a predeterm ned count; and circuitry operable for recéz&ingjga2903
| ogic state of said storage device and nodi fying said presel ected del ay
times in response to said logic state. 8. A nethod of dynam c

wave-pi pelining in an interface having a plurality of delay devices and
circuitry coupled to said plurality of (delay devices conprising the steps
of : receiving by each of said devices, a correspondi ng data signal, each

del ay device having a presel ctabl e and outputting said data
si gnal &fPer %57 d g? Bkl 8% e e?i‘el g?/tcgﬂ Fre)i’yan%%ﬂ”t’ﬁﬁ‘é s%‘l“d’%& r'é8i 19y,
each preselscteable-Rlekfdip-tfiine, 4128atdr peresecieget ed odebwary 426 net ISeRNELipetlom
reSponS%on;Q%oﬂEHM%h 15)) r&%ta'd%mﬁ@f&ﬁoé?& 0 oGl rxﬁH'cU&’et%QE’Prnh%% mpa@%% %t a

conpare | ogi c oper abl recei vi ng a predeterni ned subset o sal
si gnal s,aséﬁﬁtso&ttﬁu?‘fqpﬁé %13°f itPstesprBtRt @rRTRed Obt PRPORFYITal thal SaewARl? sai d
subset afigdal aappegniaigs acoaith SESisputisr $21 phededierazinet]l &ela @Bmp/a&ieU&Sgicand

out put tiag ao%%enahoor@dség%rt@an%ewwgt robgpabuyale, uhen sald, suhsel, of

dat a si % as a second predeterm ned set of val ues, wherein sai
of data SPHRatXd d8§saned Bﬁed%}raysa. Y icres: did- serasray pﬁ'%d’é‘ttéﬁ‘?n’ﬁéda%e’c% of
val ues iestaeSipaaseoh Oopud ascoLd ataed aswhaval 1vdiesi2¢and eesrpmlséryo ofxey abl e

for nodifying,sak dacessl eqted.del 2y LIRS, i ! CARONBRI QP Anlodircit AN

second pre et erm ned out put signal val ues. arm 8
wher ei n S2tR| FEPFReIPFCsAR Y FREELPPRHHTS teofpRIsdELva 1eBb%kl"91gﬂ%ntatw The
net hod ofayckainmtBe whefiean 198D tbff khstsipheretoar mpwed sat cRfousdl UES manprd ses

a set Of \égl U«?es:l\/}@@r eflrg ead%kl]aye% uglééc tpﬁ SaneAlt%Q'gats.L%l gysecﬁ%ndexemplary
predeterm ned set of ues conpr
embodiment, correspondlng to a negatlve logic implementation, may form the

logical OR of inputs 421 through 423 and a gate derived from the
complement of delayed clock 411. Such an embodiment would correspond to

the complementary sync pattern discussed above.

Statistical fluctuations in setting the delays in delay lines 406
through 408 and 410 may be reduced by sampling the sync pattern over
multiple cycles of delayed I/0 clock 411. Delayed I/0 <clock 411
increments counter 432, Counter 432 asserts output 434 after a
predetermined number, K, of delayed I/0 clock 411 cycles, and then counter
432 rolls ovex. Output 434 of counter 432 is coupled to reset input 436
of 8-R flip-flop 428, thereby resetting output 426. A next sync
pattern/miscompare detect sequence 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 K, all inputs 421 through 423 of data compare
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, Ts, wherein edge t, is within the data valid

window represented by time interval, T,

Initially, the delay time, Ts, way bezerc, 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"O" into latches

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



set of values wherein a first member and a second menber are di 2f érgbi 2003
val ues. 11. The nethod of claim8 wherein said circuitry operable for

nodi fyi ng said presel ected delay tines conprises: a state machi ne operabl e
for nmodifying said preselected delay times in response to said first and
second out put signal values. 12. The nethod of claim 11 wherein said
circuitry operable for nodifying said presel ected delay tinmes further
conprises: a counter operable for receiving a direction signal fromsaid
state nmaghtian@omsAied160uNtel apekaddreal ofia eub pultbhbti2d 6OUNR Signalof arns

deterninjng a nugber of delay tipme increnents fying, ‘
presel ecteddel af®t F nE L Wher el n*Saf ' d* d%% * JI%B?%E%&?W%% I\?O gran‘-‘h is

pr edet erfrliededal uén %8ep THié nethbel mclt}lnal Hi82ingreneen S diedaycglintcmgh
oper abl eyd1qf, gl faybng sai d preselected delay times further conprises delay
control circuitry operable for receiving said count signal, and outputting
a control signal to each of said plurality of delay devices, wherein said
control signafhe Siedper ablichonsamipdiyf yrarge sacdiner esdel eotdddy del aypt | semalls.

The nethod Qbu@l Ak &cwber @bp 281 dhiClak CalielibYaf OFoudif ViR SakdiREeselget ed
delay tipes in response to said first and second predeterm ned si naI S

conpr i se¥ °TE"ERGT dG8 HRcE” MERAPRBS At PR Cobpt eétfsfﬁt’é’ﬁl g oiipar e 158i
a | ogi c shatcer o3z aiedchtorage edévol eclizeicognopiatabhimefioby seite ivagué ref eggonse

to said fidgt.priederss dNed Sigoale AN £L38LLINGNLD JLIPANSE, LD, %%&b sgcond
predeterm néd signal;_a counter coupled to said_storage device opera e for

resetti ntP SELY stUAge Hevi cRewrt é?n%ﬁ?lel“ébs"éCB?e“’a tHF etRIEr ArhSYPRBYAT 2 and
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and ”Ddiiﬂgflgs§§“ ghe delay time, T4 by a predetermined time increment. :
programmable delay line 410 which may be used in the present invention is
the subject of the co-pending, commonly-owned U.S. Patent Application
entitled "Programmable Delay Locked Loop" incorporated herein Dby

reference.) I/0 clock delay step 502 then returns to step 514.

If, in step 514, the incremented value of T, is sufficient to place
edge t, into the data valid window then, step 514 follows the "Yes" branch
as described above. Otherwise, the delay through delay 1line 410 is
incremented again in step 516 and I/O clock delay step 502 loops through
steps 514 and 516 until edge t, falls within the data valid window. State

machine 418 then, proceeds to step 504, in which the data is deskewed.

Data desgkew step 504 is described in detail in FIGURE SD. In step
504, the plurality of delay lines 406 through 408 are programmed. In step

518, a first delay line, corresponding to a first data signal, is selected

for programming. (This may correspond to an index, j, being initialised
to a first value, which may be zero.) In step 520, a data compare is
made. The data compare in step 520 is performed in exactly the sgame

fashion as the data compare, step 514, in FIGURE 5B and therefore, will

not be described again in detail here.

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

performed. Data deskew step 504 then loops between steps 520 and 522
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unit (CPU); a receiving device coupled to said CPU operable for receiving
at | east one data signal fromsaid CPU, said receiving device including a
data receive unit conprising: the interfiace apparatus of any claim 1-7.
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Yd0% & (]? st arriving data signal, no additional delay is added. This is the
desired operation of data deskew step 504 because the last arriving data

signal may be the reference for the deskewing of all other data signals.

Similarly, consider now, again by way of example, the operation of
steps 520 and 522 for a data signal that is the earliest arriving data
signal, data 306 in FIGURE 5C. For the earliest arriving data signal,
mqltiple increments of delay are added in its corresponding programmable
delay line by repeated iterations through steps 520 and 522, until its
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
decremented by one delay increment and edge t; is aligned to edge t, of

delayed I/0 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,
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 S00.

In clock sample point adjust step 506, delayed I/0 clock 411 edge t,
may be adjusted to a centre of the data valid window. IAlthough 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

degkews the clock signal. Referring to FIGURE SF, in step 528 a data
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compare is made. Initially, because of data deskewing step 506, data
compare step 526 follows its "Yes" branch to step 540 and the time delay
programmed in delay line 410 is incremented by one time delay increment,
in step 530. Clock sampling point adjust step 506 then returns to step
528 where the data compare is made again. I/O0 clock adjust step 506 then
loops through steps 528 and S30 until a data miscompare, in data compare
step 528 results, indicating that delayed clock edge t, of delayed I/0
clock 411, denoted t, has crossed a late side, t, of the data valid
windoQ, FIGURE 5G. Then, data compare step 528 follows the "No" branch,

and, in step 532, the count in counter 440 is stored.

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
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.

'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 wvalid window. This
transition of delayed I/0O clock 411 is denoted by t,”. Data compare step
5§36 then follows the "No" branch and, in step 540 the early side count in

counter 440 is stored.

In step 542, the phase of delayed I/0 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 I/0 clock
411 curve, and edge t,” Delayed I/0 clock sample adjust step 506 then

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,
compensating for tracking differences between the data signals,
differences in the paths between the I/0 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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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

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, in which said
circuitry operable for setting each preselectable delay time comprises:

data compare logic operable for receiving a predetermined subset of said data
signals, and outputting a first predetermined output signal value when said subset of data signals
comprises 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 associated arrival times; and

circuitry operable for modifying said preselected delay times in response to said

first and second predetermined output signal values.
2. The apparatus of claim 1 wherein a first one of said data signals comprises a clock signal.

3. The apparatus of claim 1 wherein said first predetermined set of values comprises a set of
values wherein each value is the same, and said second predetermined set of values comprises a

set of values wherein a first member and a second member are different values.

4, .The apparatus of claim 1 wherein said circuitry operable for modifying said preselected
delay times comprises:
a state machine operable for modifying said preselected delay times in response to said

first and second output signal values.

5. The apparatus of claim 4 wherein said circuitry operable for modifying said preselected
delay times further comprises:
a counter operable for receiving a direction signal from said state machine, said counter

operable for outputting a count signal for determining a number of delay time increments for
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6. The apparatus of claim 5 wherein said circuitry operable for modifying said preselected
delay times further comprises delay control circuitry operable for receiving said count signal,
and outputting a control signal to each of said plurality of delay devices, wherein said control

signal is operable for modifying said preselected delay times.

7. The apparatus of claim 1 wherein said circuitry for modifying said preselected delay
times in response to said first and second predetermined signals 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;

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.

8. A method of dynamic wave-pipelining in an interface having a plurality of delay devices
and circuitry coupled to said plurality of delay devices comprising the steps of:
receiving by each of said devices, a corresponding data signal, each delay device having
a preselectable delay time, and outputting said data signal after said preselected delay time; and
setting by said circuitry, each preselectable delay time, each preselected delay time being
set in response to an arrival time, in which said circuitry comprises:
data compare logic operable for receiving a predetermined subset of said data
signals, and outputting a first predetermined output signal value when said subset of data signals
comprises 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 séid first and second predetermined sets of values in
response to said associated arrival times; and
circuitry operable for modifying said preselected delay times in response to said

first and second predetermined output signal values.
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10.  The method of claim 8 wherein said first predetermined set of values comprises a set of

values wherein each value is the same, and said second predetermined set of values comprises a

set of values wherein a first member and a second member are different values.

11.  The method of claim 8 wherein said circuitry operable for modifying said preselected
delay times comprises:
a state machine operable for modifying said preselected delay times in response to said

first and second output signal values.

12. The method of claim 11 wherein said circuitry operable for modifying said preselected
delay times further comprises:

a counter operable for receiving a direction signal from said state machine, said counter
operable for outputting a count signal for determining a number of delay time increments for
modifying said preselected delay times, wherein said delay time increment has a predetermined

value,

13.  The method of claim 12 wherein said circuitry operable for modifying said preselected
delay times further comprises delay control circuitry operable for receiving said count signal,
and outputting a control signal to each of said plurality of delay devices, wherein said control

signal is operable for modifying said preselected delay times.

14.  The method of claim 8 wherein said circuitry for modifying said preselected delay times
in response to said first and second predetermined signals 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,

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.
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from said CPU, said receiving device including a data receive unit comprising:

the interface apparatus of any claim 1-7.



