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5 THe present invention relates in geﬂg 'W mewmm processi ng systens, and
in particular, to the interface betwe or cl ocked, integrated
circuit chj dat a processi ng system's"BACKGROUND | NF § 240 Modern
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cl ocked, circuits enbodied in nmultiple system For exanpl e,
data nmay need to be transferred between cewpdoabl processing units (CPUs) in
a nmulti-CPU system) or between a CPU and the nenory system 15 whi ch may

i nclude a menory contFOFfFE: IW’Q‘F‘? ARPARATE AR MEREAD, TR RS er s are
synchronous, and data is expected to be delivered to the circuitry on the
chip on a jpeeherfignsd systemcycle . Aa CPU speeds have increased, the
speed of the interface between chips (bus cycle tine) has becone the
limting constraint as the latency across the interface exceeds the system
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FIGURE | A) in"which 25 1s depicted, 1in block diagramform a prior art
interface between two integrated circuit chips, chip 1D2 and chip 104 in a
dat a pr oc BISKERPUNY SENEPRMAERYh of chi ps 1D2 and 104 receive a reference cl ock
106ocoupl ed to a phase lock | oop, PLL 108. PLL 108 generates a | ocal cl ock)
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time del aydeisigﬂiéi‘f eusedlbw tas bﬂﬂa@dl ot eheybusalfl ovdet trardtiscusssd ochuwdikar in

conj unct i of, W {0 FLOYRE LR i Rost M 1 @rly, chip 104 sends data to chip 102
via data line 126. Data to be sent fromchip 104 is latched in latch 12B on

a predeterm ned edge of the output signal fromdivider 130 which divides
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andscapt ur g opieasti Bat borkl at&dram3dodi, a al @eedV &lre 1 3bcerfhCe ditfc@edpiub t O
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FI GURE | A to @ ploeer taohckoopi t PLLE hes.pr Pigr 168 tvendates Bl 508 skavk, felomk chicp 102
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113, Sus clock 113 gener at ed by ,| viding | clock 110
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in accordance wth ah%yars in ¢ch g Q‘U‘i?ﬁy cle
fol  owi ng STE9FRUEh 7% ERiYs P82 Irﬂm Re%1B° ‘Erﬁgréo"i slsz FehEke
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line 116 via driver 18. Data is received at receiver (RX) 120 and
captured into destination latch 122 on a predetermined edge of the divided
local clock 110 in chip 104. Due to the physical separation of chip 102
and chip 104, the data appears at input 124 of destination latch 122
40 delayed in time. (The contribution of RX 120 to the latency is typically



25 If, ininterface 100 in FIGURE | A, the bus clock speed is increased, the
| at ency may exceed one bus clock cycle. Then the exenplary timing diagram
illustrategddysile®IRE 1C. may result. As before, data 115pbmeBbmrssl at ched
on edge t, of bus clock 113. Data 117 appears at input 124 of destinatjon

| atch 122 after latency rine) T, which is |onger than 30 the period of bus
clock 113 and bus clock 123. Data 117 is | atched on edge ~, of bus clock
123 in chip 104 to provide data 125 on chip 104. If interface 100 between
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chip 103) aBdzd:5 siakChadeédbas bk 103 Altwis 2hcpneasbus cycle. This is
illustrated by the dotted portion of data 225 in chip 103. In order to
restore synchronisation, the fast path, path 154) between chips 1d2 and 103
wouP¥ require pafidi AR EBESHEFRasEPhe f JECUHAL o atendRPs fLGFF t BPSFE. 15
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nanosecond ¢Bs),, F&@rb&dcﬂ_&e 1DYS 4 Lf?&k 194 '\Jo Q?o\(/%dél dQ@é'l% J;zh%u& Sm% f'f?ced
mul tiple) which will be taken to be | ocal cl ock th
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case, or slaaw at frurdBeyl ¢ Yifer R HAL W 4 lda8d (Jr¥esBiiL sy bR, NtheaNthe WO
00/ §€'163 two c¢cycle latency illustrated in FIGURE 1C represents the "target" cycle
for the transmission and capture of data between chips, such as chip 102
and chip 104. The target cycle is the predetermined cycle at which data
is expected by the chip. Interfaces having a shorter latency may need to
be padded, in accordance with the prior art, in order to ensure

40 synchronous operation. The padding ensures that faster paths in interface



4 PCT/ GB00O/ 00754 before four ns. Hence the interface will operate under all
condi'tions i.e. data is guaranteed to arrive after the first bus cycle and
before the_se bus cycle. However if the speed of the creased
to a .9ns 3@@2&&3 the bus cycle tinme is changed to | %E't%qo#(ﬁ% ‘ger to 5
ensure enough tinme for the data to propagate across the interface under

wor se case conditions the data nust not be captured before 2.5 bus cycles,
or 4.5ns, because two bus cycles is Iess t han the slow path tinme, T5, or
ans. Then in orde{ to 0 8ns bus cy stest data c
arrive o foBugtgclefeBafRELiReR chal Khe hle Y05 G bl PR WRF o Ples
10 on the $3nagk cyeles: f‘ﬂ&eraw datn gynrdhgerisatinRenay betipdneadmpdest data can
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systens in whi cthaélmlﬁgatdeaﬂaﬁslmwuﬁveﬁ ;xmofdefshmeae@ &H§1PYCL‘?GUR§”%' n
whi ch t he nﬁdfor desi mmp%mflc har, dlngls elimnated. 25 It is
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circuitry é’BﬁptT“édc’f‘% a"’}“& fl?er §f‘°‘éﬁ’g”‘séébﬂ‘(ﬁyst Tor aﬁjes‘b‘@‘ﬁ‘l E‘é?eofb’eﬁgéb}ye et
sequent i al IthamFvpuusl AYCkest | rit thist gaaeal erchf pHrahsaphirhlityt oStawipgaodein ce
and a secondcoia apvahpiirkr #8aS aind theCOitbeSt Hicage HRVILGS bytiesSpanRseadth to
at |east ong,gc@ntrol signal, wherein said first and second storage WO
00/ 54163 P 7GBOO/ 00754 5 deV| ces hold data values for a predeterm ned
nunber of cycles of a first clock. Also according to the present invention
we provide a nmethodhafever. rther fasi ngrthntegsiaireer Ci ¥ldustradedi mestasonpatisi ng

the steps QhierlOrdadtg @mbhfshlissbn0fs dadtad Vﬁl k-!§§s IR Eatrastaém;;a&ecmp
el enent , V\/qggel n eatch dat a vaI ge Qf sai.d f L tl i.S st
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first C|CM3%hi§”M$3. In order to restore synchronisation, the fast path, path 154,
between chips 102 and 103 would require padding to increase the fast path
latency, from to Te. Consequently, the timing of such a prior art
interface is tuned to a specific operating range, a particular interface

30 length, and is valid only for the technology for which the design was

timed and analysed.

Likewise, increasing the clock speed of the chips in FIGURE 1D will

result in a loss of synchronisation. This may Dbe understood by

35 considering an explicit example. The local clock cycle time is first
taken have a 1 nanosecond (ns) period. The bus clock will have a period

that is a fixed multiple, which will be taken to be two, of the local

clock. Let the nominal latency of the interface, Ty, be 3ns with +/-.99 ns

of taming variation, i.e. the best case or fast path, T, is 2ns and the

40 worse case, or slow path, Ts, is 4ns. The data will arrive after two ns and



sequentially outputting a first data value fromsaid first storage device
and a second data value fromsaid second storage device in response to at

| east one @ydofs@lesSi gnal . 15 The foregoing has outlined rathepodioraad v t he
features and technical advantages of the present invention in order that

the detail ed description of the invention that foll ows may be better
under st ood. Additional features and advantages of the invention wll be
descri bed hereinafter 20 which formthe subject of the clainms of the

i nventi on. pdfREFEdAESERI BIANLLF i hitiz tRRAVE NCOpEfite aui®eF €210 06¢Idet ns i.e.
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i nterface ifnsmcustearioe. wthd kuzse cpeleortipe t is 3raf§<@URE IB8wchéEraPFdsal Ity

illustrategndurkl Bhdignde g aa}fa{e agtaerfbogwaagateofacym ¢hé pideBt Rkt aieef
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timng diagram for another odI men interface o
accordi ng PH 41585 prasgpuse ttw° AueUREleD ’isl tast r%f“%s’;hﬁ piafr BRTR FiBg. s or
i nt er conneegh£d Tahh PSin Rraex aoa opeacessi NEns yistserych) tha\(Fafbé54866 can

PCT/ GB00/ 0Q4n4,e6: &1 GRE d-E-sahensld el | pcid |dast {ah estca ekglmenaaai fagmmsf or
an enbodi nent of the pl uralégq}ymﬁ i nterconnect ed Chl 1:1 GUR D; Fl| GURE

2 i 19 ust r aPBs ™% W0 EK of P FEpr B2 eﬁ?atl ve §aﬁ i*GWal & 3t
envi r onmengrfige fracttbsi #Rpve hbatiepngie muineays [ GURES: i flaptispatht with lanTbI"éck
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Sk

elastic interface in accordance wth an e o I ment of the present
i nvent i on; SPEIBIREPUARY s FRENBITS 41 PRPerTIctstidPel st PP rﬁlﬁﬁeﬁltﬁg?ﬁrﬁeﬁft tté
enboali ment and dpeeatyr @seat2 i7nventcleotior H-GRE-8/A¢ycl8s =4.05ns and 2.7nS*.5

cycles =1.35ns) which militates against the increase in local clock speed.

Thus, there is a need in the art for apparatus and methods to

accommodate data transfers between chips in a data processing system

20 having increasing clock speeds. In particular, there is a need for
methods and apparatus to ensure data synchronisation between chips in data
processing systems in which path latencies vary over more than one bus

cycle, and in which the need for design specific hardware padding is

eliminated.
25
It is an object of the present invention to provide a technique
which overcomes the above drawbacks.
SUMMARY OF THE INVENTION
30
According to the present invention we provide an interface apparatus
comprising:
a first storage device operable for storing a first set of data
values;
35 a second storage device operable for storing a second set of data

values; and

circuitry coupled to said first and second storage devices operable
for sequentially outputting a fairst data value from said first storage
device and a second data value from said second storage device in response

40 to at 1least one control signal, wherein said first and second storage



FIGURE 5 illustrates an alternative enbodinent of a chip interface in

accordance with the present invention; FIGURE 6A illustrates another
alternati v%‘;f%gd sment of an elastic 20 interface accordi N resent
i nvention; 6B schematically illustrates a timng di agr(glﬂm }g&s{)

el astic interface of FIGURE 5A; 25 FIGURE 7A il lustrates another
alternative enbodi nent of an el astic enbodi nent according to the present
invention; FIGURE 7B schematically i I | ustrates a timng diagramfor the
embodi ment gl kL GURE, T ta30afileS! +A&§H;@L£-% Pk, HeadAT mrsm yet
another alternat;ve e di ment o th astic Interface according to the
present i nvEH$on; and 35 FlI GURE 8B schemati cal | y illustrates a timng

di agram for the enbodi ment of FIGURE 8A. 40 wo oo/s4iss DETAILED
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hardwar e degi@R- Jheycielast kCif¥e Qbckhe interface accounts for the

physi cal difference et veen g@t hs coupJ i ng tl e data proce sin h| RS in the
system By capt ufiHg"{ne ¥ & £t £2he 10 I r a€f°°f“§ orsaﬁléage

el enént s, antemserectherety %ﬂtCéeldPhég Y-ﬁe‘el at chetf deecand datta @yﬁéh?qsimf@at igon
i's provi dedpi.-éueaeld:a.had PILASAS 61 RYcBASbem Baricngldcit emai es that vary by nore
than one bus clocl g &L%nﬁ%ﬁl%{ﬂt‘%@!ﬁiai 'fmtr@xtmaf@et 304 shedl Avpaealdey bY

performng an |n|t|a|sat|o dur e, power -up o

fol | owi ng adPESELand A 197PRY WaR Vﬁ%ﬁr"ﬁ'ﬁﬁé‘é‘f|56ﬁ°‘f556?r383td5"h‘é"y 1Beres"°nse
acconpl i shetoiat zexcorat@ncentwpl it .pri nci pl es of the present invention
wthgut the need for a tim ng anal ysis of the board design and fast path
P NG s 0 A SRE RO SWIE QS SPRE ek el Ak, B8, 881 20
forth such as bus clock aenci es and synchroni'sation cycles, ck
edges, et c. 3ERHRHRF Elfs “&et?ﬁfPB%’ranYﬁMé?%tlan‘éﬁ%ﬁ YRt He fetediet dF‘i’ﬁFéﬁ’f’i"Gn
However, itofM khe bémehbvioustiao tthosasskial| @d battdelre vatérstbat. t hBdditesent

invention may,dRgedr Aat Iaaeglnt%wow FHCRne@ehf 1\ 18ebal bScr{ftaOhb S inarter
cir own jin block diagramformin 25

i nst ances,

orde?® not t8 bcﬁ‘sgu’?“m?ehémﬁ?re@‘ée‘?ﬁ a\ﬁ“’r'n‘fg?ﬁ"isoﬂf tﬁedﬁ’ﬁﬁ%telggary detail. Refer now
to FI GURES 2-9 wherein depicted elenents are not necessarily shown to scale
and wher ei nekiBsepEycrsPION 0F efie BRAEINGAr € desi gnated by the sanme reference
nuneral through the several views. 30 A representative hardware environnment
for practising the present invention is depicted in Fl GURE 2, whi-ch
illustrates a typPcd ™At &ﬁ%ﬁlét?:WFW&?‘F’@n°Bfth6a?%?sf)?toc}§§%‘itﬁ§“'s)?§?e‘i’ﬁe213

i n akrcor daneévantedest bemglfj eveferemaentisononavdagte etier &bl iordee SBE PO TS

(CPU) 210, siikdh 8% BnPdiYEsH WOAkhe accompanying drawings, in which:

FIGURE 1A illustrates a chip interface in accordance with the prior

are;
30
FIGURE 1B schematically illustrates a timing diagram for an
embodiment of the chip interface of FIGURE 1A, in accordance with the
prior art;
35 FIGURE 1C illustrates a timing diagram for another embodiment of the

chip interface of FIGURE 1A, according to the prior art;

FIGURE 1D illustrates a plurality of interconnected chips in a data
processing system;

40



35 mcroprocessor, and a nunber of other units interconnected via system,
bus 212. Data processing system 213 includes random access nenory (RAM
214, read @@aisemsory (ROM 216, and input/output (1/0 apepn&esodisa for
connecting peripheral devices such as disk units 220 and tape drives 240 to
bus 212) user interface adapter 222 for eonnecting keyboard 224) nouse 40
226, and/or other user interface devices such as a touch screen device WO
00/ 54163 s PCT/ GB00/ 00754 (not shown) to bus 212) conmunication adapter 234
for connecting watksd abk OncRdwhtienlaydaflaufirac@s Shngeim@hyWikagrand fHrSpimy
adapt er 236,508 £AONGCLLNG) E&lgﬁ Q.tQ;lc%HL ﬁ%&?@&%w&?l& 210 may

i ncl ude ot her circuitry not shown herein) include Circuitry
commonly found 5 within a m croprocessor, e.g.) execution unit, bus

i nterface unit, FIEVRENN2L iélyssgitesuniin, kEpek Thrgrpnt dpfmcea ofrem#ﬁeelpﬁﬁéémt

i nvegtion ayahire aolivoemdnt FoCRdaldikinfdadtiB@iby; the present invention
may be incorporated into storage devices, such as RAM 214 (which may

i ncl ude nmenmory control circuitry, not shown her ei n). CPU 210 may al so
reside on a 10 STAGRR 3 rifARICARERS cilfchlack RbAEAT nERE™ 02 FFEIBRENSEIEACHhITh i s
i |l ustrat echcabirdante rviak ean3&ibokifineRe Gl €oen peesunt hirtvletipresent i nventi on.
Interface 30D is incorporated in each of chi p 302 and chip 304 whi ch
communi cate data _w th Lach ot her via % ?FF ctlfve interface 3

(A though the emBodrnéht *oFStHEpr edehtes n\?é dRTBES |1ﬁtetrﬁ§°e
cont ext of & é?ﬁ%‘d@‘b:ech#t@ fheppdddoent PﬁéhprﬂmeW&aF%"e@\thfhe pr esent

i nvention may be enbodied in an interface between any pair of cl ocked

| at ches.) Data Iﬁgﬁﬁanﬁﬁersrcﬁgmwmg lclliwéa@; gndu%Qé afdlégxraat €f the
det er m ned '%8% bus cl ock, bus cl ocks us clocks 306 and

308 are norfi mFaf (P& E}élenﬁrefsrg&ﬁdé‘ﬁwm‘é\r?& EIrG@R’EIeaPrved from reference clock
3101provided to a PLL, PLL 312 in each of chips 302 and 304. In an
enbodi ment of thecmeselndseymaism,amem&mce,ms&dmkn@m HBYhiRE i AceR¥8Lm

cl ock. Eacg ﬁ%’%}%"?’ 3124 lﬁt%g e%wﬂ Lestigck, local clock 314 in chip 302

and | ocal I'n c ip 304 7S Pocked in phase 25 to ref erence
clock 31o ( and . may be a presel ected integer ) M nultiple of the period
of reference cl CURUEELGA LUGatrarkecincBidr a3 tétrht brec@mixydident/ @f 3d8eltagtic
progpde businglbole 3BofdiR Nt 30sendi fAvbAibY) | 0ocal clock 316 is buffered
by driver 320 to provide bus clock 30B fromchip 304. 30 The bus clock is
provided along with the data conmuni cated fromthe chip. Data 322 from chip
302 is | atched ifHFEREOEE piAberafticnt 3221 g8 arer v Figing Bitgemeef e drliageic 326.
The dat a i sintatftlredbfonI@rprasel ect ed edge of | ocal clock 314. The data is
received via multiplexes (I~1U-s) 328. MJX 328 al so receives a

pr edet er m ned Syne hroni s n pattern in unction th 35 the nnent
proé're’dure Thesegqvmmﬁ f],b a#lursf’ﬁagfsd%nsc’(?f’?rbe%t%é’laﬁwe 55?&41@% i° B{’Jf? g’cF by
recei ver (RXPodBerhmdcprddnd dedticorrasent doventipmt erface unit 332. Bus cl ock
306 sent along with dada 322 is buffered by RX 334, the output of which
forms 1/0 clock 3363 aBBSOsP}KeQn\ALQc%Q }Ol‘fil?s%%é% 40, 1 0t o acﬁagr?a%- Pat a from
chip 304 belng sent t00|g ong W t us D 00/ 541

PCT1GB00/ 007533 gent QfotieUBH A | s simlarly received by interface 300 in

chi 6302, and it woul d be understood that the description of elastic device

332 to fol |l ow appkies QQQL!thJsﬂ/ra\‘.\@é | i Bl&lﬂedfa%‘z?@rjl anefye(daazaetlayr féiicgrr&ezvef rom
chi p 304. 5 acgnlgn% Cgt(:lt%e a?st?cﬁg nstee;[: acEe gcc':[o%r tcygl £ On é""l :an n%t >

| at ched by T ocal “clock TN recel vi ng ¢ Such Focal ck’316
in chip 308"4The target cycle discussed in det a| | in COI’]] unction w t h
FI GURES 4A/B, illustrating an interface 322 having an elasticity of two.

For ;an i nterface e ngs aBcel@sidagiy Y i1 fusch@legela C¥EhR UMb FRY FAIC! tide a
10 divide-by-E circuit. Additionally, target cycl e unit 339 may i1 nclude a

progr anmi n mP8‘§1’i"‘§PEr°ff BISURBI% ng t he predeterm ned target cycle val ue,

whi ch may be | oaded via target program 341. The target cycle programred in
target cycle unit 339 in chip 302 may be different than the target cycle
programmed in target cycle unit 339 in chip 304. Target cycle unit

40



15 339 outputs select control 343, which may include a plurality of
signal s, depending on the enbodi nent of interface unit 332 and the
correspon ticity, E. Select control 343 will be f cri bed
in conj ung*vaa'g)ng{'/\»lg h FI GURES 4A-8B in which enbodi nents of Hé @% @2% uni t
332 are illustrated. 20 Refer now to FIGJRE 4A illustrati ng an enbodi nment
of an elastic interface unit 332 in accordance with the present invention.
Unit 332 incl udes MJUX 402 havi ng an input 404 which receives data from RX
330. Qutpu is coupled to the data (D) input of latch 408.
25 Latch 4 Eél SC| oéggé&dp%génllo clock 336. Latch 408 | atches data at the D
i nput thereof on a rising edge of clock 436 and holds the data until a next
rising edge of Gheckreddt: @uepuitnifvified anchlab@8c i mrevisvketedbaskent ¢har
second i NpUkpidmeptd ddi2 FhcMdiid{tdon Mn%néquﬁﬁlagﬁysop@a\ﬁ@eﬂ}ol:%hg 4Qd4pand

| Pul 412 T GULRULLLDG. 00 QULEHT 400 LG ESRRNSE. O, datepdlhiea D Gale 414
is derived frombus crock 308 °and has tw ¢ eri od of Bus eIdoc’k

Gate 414 nﬁ?eb‘eeeéeﬁ%‘? :I’Pé‘éim@sl"’h’gfha°ﬁ@|raysel SEWPlF%ﬁs(BLGLPhYBlAﬂl et bRe - mém of
a DLL whi claat@ycohpredsed donthd@apdwase tesidi/entieOnelast thik@l agethd Ancarraenl y
owned) co- Q@@gun@g %BP' 'tﬁ@-t %mleﬁ'aiﬁgm@xnm&e}{\a\est@ faugfiﬂgnetﬁte' %L@Jface

Appar at us and her e i ncor porated _herein by reference. hase
of gate 415”?%“%?9 a‘ﬁ’t“?ﬁg“ﬂ H&ei AYE5Rr i sBY | RN nHshieproEddite o‘|"§?:u%sed
bel &%, and rlhrrldperctt isbpragk gamentel4 apd |deléxtifeint lsbeexdes hebkatched data,

conj unct i oravh t Byidhebidfsadfon 1NVl 63 10 BLdH GRRREHAAG4 E}B&nda{aauﬁg om

RX 330 is gl, r gl s X1416 on input. 2

Qut put 420(’i QT\C/EJXQ éfgtp‘?arg b mo%je tt%m?e‘%glr]%l l%%c%‘l\% seconﬁn mhs EJfa %Y 422,
which is aP8o eéFB‘&’I&éBe%de‘}@leTHé’k %@eréﬂﬂur%t eﬁesma%ﬂtaé1w13nr|a§+ﬁg\e%ge
of 1/ 0 cl opkoderancdnhpdwes-ther dailaowinyi 4 rasé.Subseguenky s isshétlgoetgeiai t he

clogk. CQut it aded @J |t mc&;’;&lhﬁe&qupla%eomn@e SAEANEhd nﬂ&uﬂﬂagugf%ﬁe Of
MUX 416. MJX gfe mv 3:13 bglt yeen énpu 4 P and |n ut 426 i.n res n}%

conpl enent T67°Gat 6 4T4 % gEtBN0s e TREEY Whet & ngf RENE509* o §* s 10
sel ecti ng fdﬁﬁi‘-’t’hen%léﬁat IPéé’@m?ééPf{gr om RX 330, the other is selecting for the
data held.in its corresponding |atch, one of |atches 408 and 422. In this

way, a data bit Igr%xaoesiﬂew§£gor@&cﬂ6btqaﬁ oﬁumL@élgh%eé%aﬁQtﬂ%Z ;3o hgld fox

an additiona cyc of /0O cl Hence, two data streans are

creét ed, g@ﬁ “hiSHRRi &F ° svﬁ’r‘?‘% G PTIRE S5 ARG d SY U= PPERE B IEYS5% BdeSuse
of the phasddtsmversaltobpravdén pyaheranydl wnddritgadieg4 o8 the herespnt daventsbr eans
are of f set sowerarcach wvathese RyviouetPndke Wkdileaoin ahe gat anyaltue, phddahe i S,

I | ock 336 t derst.ood b f
T i s il R

interface JAFE"S8% "Y‘?II’ET’@SPEE PR CURS &F&%l’?ﬁﬁgl §h°d’§st’:’i‘|1b1€8k ?Péﬁéa@z@rﬂe’rrﬂ in
out pait | at Gid82 4ot S ghavwhe dherprepemthioveptiet hn lvogedesshcket3id. i n chip 202.
The data, data 322, is received at RX 230 in chip 204, is delayed by the'

| atency 25 repregs nt ed by .the n _chips 202 and 204, as di scussed
her ei nabove in goﬁ unct} on w%%%wl%:j IBEE Giri d% lCtegd %e nESt 17°0 &ock
336, data VAFEREATHY ofhoyRt §03F9ales %éiptwéﬁmbflkat eﬁ &wléraebmeﬁm 806 of
M.TX 402. Besbtirseed)dlyethbl danes rasende dumerhl "tapauyh, cicheewtata Wiewsn RX 330 at
inpys 404 is thereby selected for outputting by MJX 402. (A gate will be 30
termed open when the correspondi ng MJX sel ects for the in recei ving the
i ncom ng data sfr é&ﬁfesﬁflf?'ltdgﬁhh? 8T¢ seHIETRE e B0 R R ‘lﬁ?gﬁhe | BH"E st at e
in the enbodrergarn ofs REGUREA4 in~FIGHBE| 8 béicinddivttgetes Rattypiradl hardvats ve
enbodi nent doht k£l cANo O RN Gabee RS FPaRdeth 1if dtcotze Wagh Cenee¥@lje¥oul d
be wi thin tﬁ@er&ﬁbﬂ'& w c%gt?xgg §1Ioc%€/%>xzer é§seﬁpbp\’£'8t Isuch)a 32 gor‘}\égtrlsogl JY’

\gate 428 is neae I respon ects a previous data va
hel &in | at'“dﬁr%ﬂceﬁﬁﬁi’crﬁ“ids c’bﬂ’ﬁ?’éc?fbaﬁ*k*rt PR THFAPRECSE Vit éHS‘ZFZ?bUS
t hrough MJX1216 pathusroctfreindasietwdl e hredldadsn rhitophadk2ds ingmoet akmed 20Y one

ddi t | f nddo@, CI 3 gh o 0 or
gcﬁ Gégglaoorggi I 8ehOf nddo@ CliR6N 336 Whigh REQVidEse MWAHPO0LR4LIE3 215 ¢

nnectlng peripheral devices such as disk units 220 and tape drives 240
to bus 212, user interface adapter 222 for connecting keyboard 224, mouse

40 226, and/or other user interface devices such as a touch screen device



the clock signal for both latch 40B and 322, as described in conjunction,
wth FIGURE 4A. 1/0O clock 336 is obtained frombus clock 306, as shown in
FI GURE 3. a,d(;o,shﬁ;_,,assurred that, at launch) bus clock 306 pereasddoesd in a

data valid w ndow, as il lustrated in FIGURE 4B. Bus clock centri ng is
described in the conmonl y-owned) co-pendisng application entitled "Dynamc
Wave- Pi pelined Interface and Method Therefor,"” incorporated herein by

reference. Hus clock 306 suffers a delay across the interface just as the

10 data doeaotTtL%owery zsu% bylsz claﬁhuﬁ&ﬁtﬁén cmagtém 2HRY f3e CRARafabbe to
T1 andthrsrgﬁaflect /Oclo

b t re lative
[o Gata B2kl P 1 et g B BHSGRERs RApworhe B aripy safbel d Fof
phase 15 cotrsresiingi pye tHe fral Kisrjaeddesicsf 239-0 c‘F%’c k'-’133FJaY Ancdudre ‘-tthebf
|/ O cl ock 3dfcuaiendtldstosh | Bereenlgesidh winlr e5108s ecirblibt rd02omsehBE t Huhdr
the Qutput 41@;0f .l gfseh, gﬁ%ﬁes&wp' &£ toet.rtqutofll@mctf M 40RL£QE unit,

out putting at out ate i S negated ate 428 is asserted,
wher eby M.TRPE® g'éllé’gt% Yo SGEput PF ngeeTe E|t°5u{:he4g5‘”ﬁ‘te THERH PP IIAYRRE 330
on input 20infl@dedThis FBU c8upl ed AdditipmaDlly.npthe ofrelseptc hid@ERtiophematat be
rece;ve;:l f r DiPoiPor3BEl NBo C BESRGPOBEE b, delatca ﬁiﬂﬂﬂd ‘A2 abndat aap22Zncibbe edge
t, of 1/Oc¢ aLc 08_an 2 t t e espective
D i nputs. J‘e L%f %9%’6§ gtx}r%lggtrg'orrrlogzsg%on hM%!Lgt he@%Sggér g‘\? oaul;sP lleﬁ ‘?ed%ga%a
val 48, val t@nal%fma%qrat%dzzlrwrch is then held for an additi onal period of

| ocal clock 416. Latch 422 |atches data value b on its D Input via MJKX 4I 6

onto out put 424 .gefbr t esxttmhﬁanﬁiltti QRi@f 1L/ ngta%eé?a@y 1htexdat-@ a8l y;e

is 30 captured Because, at ed ate 414 IS sser ata val.u
data 322 appearson ougpu]ile f(’f IL\‘)[‘J% E'l PR tog 1% 1?%?’5°hae§g

| at ch 422 bEchudfe Mt ag ?‘Slpné@at’wh B@tmﬁglctahe %mléhﬂﬂchcﬁthgat*eMM
As asstreante@pectdva ciapéifades 100. G (lviuwoR Ghka ehdAdimehBStdfC HRVI 332

continues) jfehdlion \t@ydest:mmn%ﬁatﬁe MR @t Br SLr&ARE At ciyl PS40 and 35
424 of | atches 40 g 422, res ecti vel The two datg streanms contain
f

al t er nat i nP P87 oM tf‘?\epferfﬁ t a'étegtg‘t’r % &Fr |e\'}‘i°?fb‘°8n HafB A3PLWAFEH
are valid fRatvesio apérﬁ’a(}asoﬁfﬂl%’sﬁﬁ lateheR- )41 @atysisi tFansferneddbdtveds GQURES 4B,
The struct wee efd zhe ithpuiratialiat&imiLaiTbly Sa RSt €Iced, nsaticeknaioe! yndQos.

sel ggti ng vg@lugs, Lo t taa hrony,, ;Logal
V0 081 5436z ERckhOMOAfa Sogt Bfe iHLALP ST 4 fi’%t:”lgx{&gr 4] Wf% v

sel ected. THE™ TEEFeE ok Tar hP ey e % &t ﬁ@“ C%II‘ e 14t “\’/\Aﬁ"“&’i’t ‘tfaf’al‘is 3% be
captured i mnd acdesttpnt ieghediaeet dfy thheorkemyl| imtepticon, suefierams-e| gbadk 8lock
316 in Fl GdRESHS3 aabghtém JRex! akget oeymliesis oﬁi@tueg i neshibyianal dehs.c1dbbe
target cyclgamisto:So bl BLencil B than L b, Mpst,aage J ALSNAY.ACHSS L he

interface. For exanple nent dep| cted T tar get
cycl?& has Beeret¥Ento Be Mile Per f“tb’élsbeof‘ rt?ealrece%ewtsaeef BoresidAdPhg t o
edge te. Theret pegetl «fyckeerescergasti edof r anrdlhelowyr 814 iimebuigkerdehgalriver

determ ned hy tcefpesaeeebtg 0ek13386 £asn REEYI305S| ¥ifhasely, begkah NeieeR] HRCEL On

with refer ck 106.in FI GUJ | ast Clt two enbodi nent
of FI GURE }Kﬁg a aaragzr(i \7‘3Ipmv|¥ Lus C!L°°k F']c?s %r?m sh océ‘f cl ock cycles

earlier than the target cycle. In such an errbodl ment, target cycle unit 339
in BbGQURE 3 i nclmeesusactiban de-grpvidda gldmguwvith #be \BAtd doheudiasgat teyChre set

data is selgglied 4,08 ﬁ%pkwm chi}I 909%%t h%b@rinl;@to‘&@p@(iatéhn 35@%99%%&9
| ocal clock 316, via has a pair, of 1 nputs, 434 and 436.

| nput 434 i ¥ BiRFEES thS ‘?)"dt"f)ﬁt”ﬂlo Td‘F fach &chﬁedaﬁftj "1 REREL9956 % €960l ed
t 0 out put 4¢apfclpgt GR442Zhe delgX 4D 2ecydlvedtvéa fmyd t plejen tMPRY d%fe OfUX A28 t wo
data str earassfarceseerbt deil.@é&;}&gﬁuagd cus}ttautonggtactat cgalaetseAOBn arzteljtﬂ%%ziém wich
respgnse to.,select contro en s contr s.a first logic
sta?g " hi gth f f“hen% %"Caii‘t%nt %\\g Cﬁ? %)Q‘Eﬁﬁ(g §I‘J(;\%I Fds the data at
input 434 to the D input of latch 430, and when select control 343 has a
second predet er maned2kogi Gusteate, by’ kemwiven (ke emrbadi periddl cblaoURhs4B;
data at i npﬂrteéf%@eqtmt/t%ﬂ?»%ds c?o'%kprav'sgedat&gt h&hDd;eapytz qt Auetgitdflﬁp

Sel ect control 343 has atﬁ 9 } period of |ocal clock
316, and i S pRAYe "B fEHPY 86sw%°t’h ‘T’B‘Eat Fb"c?l% 333166 §hsé’rtpf‘?’1"afleqsél°e%]tas&b‘htrol
343 4has t helrtprice| Pigi-c itat Eromapbic 8t rrednosent e thipgal2 cypbdng. wilhubys i n
FI GURE 4B, at edge tB of local clock 316, data value a at output 410 is
coupled) via MJUX 432, to the D 30 input of latch 430, and is |atched by
edge tB of local clock 316. At the next positive edge of |ocal clock 316,
t9, the next portion of the transmtted data streamis latched into
destination |atch 430. Select control 343 has advanced i n phase by one-half
period and) therefore, has the second | ogic state) whereby output 424 of

| atch 422 is coupled to the



35 Dinput of latch 432 via MJX 432. At edge ty, data value b, at output
424 of latch 422 is latched into latch 432, and data value b appears on
data out subsequent cycles of local clock 316, el rface
332 restor3§§ ygﬂa stream 225 by alternately sel ecting bet %%’%%%@gﬁt 410 of
| at ch 408 and output 424 of latch 422. 49 WO 00! 54| 63 13 rcTr~soor oo~s4
Before data can be transmtted across elastic interface 322, gate 414 (and
concorn'tantly the conplenent, \gate 428) nust be initialised. Because the

| atency acr, éi)t%% I gL e%{u@%%r&a'}déiﬁ%db%’y ”Bft@rfa!l-@”s%eld 0&% %PC‘%nHeEk od)

gate 414 mist. be ihitiallse oper a previ_ous

descri bed, YPA F&r PBIF*EFOYR B2y £4S %esf:gﬁfémf‘ h‘%‘t i‘?“llfcf%‘ﬁl(‘iﬁkn%é" éﬂd°\"ocal
cl ock 316. agati@sddqnailsy pleds anstiec heeriptiPivfata by Chip GeR 306 dwehBXthat
flattop portions of gate 414 are centred on presel ected edges of 1/0 clock

336, Lhe posi i ue.pd0esnthe, g WOt 0e FLAUREATn:AD G0l & 1 By Do

|n|t|al|sed in an e resen ent1on transmtting a
synchr oni s&¥i 91t ¢85 FLodt t‘*Er"ﬁ‘e ﬁe"ﬁdWe"fg GBifor Sids 8F . 1ogat eﬁlPF’hﬁlég’a‘i‘ (FRED

FI GURE 3, i3p4responserger sycdsedisonsgpéwdn dgradl irhecodaraetperocessi AIFUREST em
initialisahpd) ahhQHRAIngPLACERAULEcE! 45D hHDQ% sh 0Nkt 340y i St Qs%éertx%d, an

wher eby MJX 3%%aggl c\t’snfor out Q,lcjttltng g predet e¥m neq: srx {) rn. | AP
node si gnal™® B Is<er t B THEn enbSATITent Y61 t e Spr&eent™ i iVenti on)
by &U 210 dilﬁqueébzﬁwscerf‘eltBl QSM%&?’F%&& oq?s‘g?%cqyﬂéledlqlﬁ ROVl 6 inglyde he
enmbodi nent p@égzﬁinasﬁd Creighsdrf doe Hending32hd | ﬂxﬂ&éﬁ’e&fnﬁd&di raZdbtFIcGHRE WAnedat a
can arrive b ohyops »&%L&equg OV ki *y}ugra%r S@f ) "% y&e@&e rHyéi’é f%gparm%& ens,

as previously described. Elasti L nterface unit

referred t 3™a&* Vi ﬁédaf"n “é‘l“ésﬁ citfy “BtP t3R6. "h ti%éhf’;ﬁé'en’f h'ehagyﬁﬁﬁr’bafﬁgﬁ‘ét i on
pattern is crvetpuipregkampeddnperygeti eyoht tynib Pér imdhiP)3odqudifarpet gwvely eater

t haps t he e|3a§t41ﬁbﬁtys @ki1édte coh@sl | £a30eMMiCR. malNi8e1udd £ Qﬂiui‘:h&t?'&stsiéhals

neeriace Wibladd? of Gl BULLABLESYRET A 201100 BaLLSLAON! 4

be a plurali brts alternating

of "1". Enﬁéﬂ?“r’réhf’é' of- el aSEI%E] n'fce‘l"'F%Jceé“?la\YFHg &P asturERer egeﬁﬁrh’e?d t Ban
two will becdbsctidyedibie| RIGYRESNEA t8Be i5 ywhd bl Gvbsditmests pat ireenfatel lintre 332
nodi fied ageerdnglacE9r exanple, for an 30 elastic interface having an

el a?éi city N (discussed in conjunction with FIGURE 8A/B below), a suitable
pattern would be an initial bit of "1" followed by N1 bits of "0", which
pattern then repBe&s.no® tfer FEFUREpARt étistrmiing| ap geecdinsgt Fér avxalgstes bit
patterns conphagaeatariy o2t he exerfhas ywipat tes neehefeiinadoen Myunit 332

al ternativeghy; ResUsgd Eb'i |h'3v§rﬁ_;t ta'n”gn&l?:e Bhags Aaf rQ@é&e %ta()lﬂ}&#taxdfjsgoo‘c
| atch 408 ma esar‘r‘g5 while th esn attern is
pres

initiali se&“gﬁ"f 3° Bect%éd lf)h&%“@ f*° {5F PR G c 8%‘1% @Fnlﬁ‘ecg’cr"ioﬁed
her 8F nabova&atst 48P ait | Gorkrde by abA®. GheTk 339. haekely 46B abatickes ydatqoat ghe]d j s
det ect Ied atindé: Qlhkpeds 45310a/ m.aa? g&t;g 44 4c108Rds ORGOMSIABT tne \agal eurdd8, aa][e
roper e[=rise se o
properly \é\% Q:QE?:@-Q?? PGE T@%Qg Q1 }é‘% L PRES & g Jbagcﬁ {0 E% c‘gu;tﬁﬂa% Q%fi‘cl ?

gate 414, and correspo hdi n shoul e Shl one-

t he peri od2f*i9d E:‘I‘%’('fk B‘E’G‘t ?ksz ﬁFe”G‘ixodg?‘y Hp’écﬁj’gséﬂl“@%t@tﬁiﬁl ABEMH&04

gener at ed wsénigipat Bk, ft@noerrrodingeat cofpua Dlbl ik sredposkosedata sthe

co- pendi ng comonl y assigned 5 above-referenced) application entitled,
"Dynam ¢ Wave Pi Qel i q_ed int erieaace éﬁ par atlus aarbg I\/ecg Qlod Thereth .

i ncorporated herern by Feferance "The dperation ofc an°ef'4sti & ﬁfer ale in

accor danceb\RFtWOFhe“tﬁl nErYS €34 gfavt he %Pee%ﬁti yaiven |deh-?y shﬁ?eh Jﬁpel%é@i c
interface aﬁo,emlﬁmy.m&&. of a DLL which may be used in the present invention is

IS

disclosed in commonly owned, co-pending application entitled "Dynamic Wave
35 Pipelined Interface Apparatus and Method Therefor," incorporated herein by
reference. The phase of gate 414 is set during the initialisation
alignment procedure discussed below, and the operation of gate 414 will be

further described in conjunction with FIGURE 4B.



10 further understood by referring nowto FIGURE 5. In FIGURE 5, chip 302
exchanges data with chip 304, as in FIGURE 3, and additionally wth chip
306. Chip odifdsudes two of interfaces 300, one of whi chceripssssechi p 302
to chip 304 via an interface 300 included in chip 3D4, and the second of
whi ch coupl es chip 302 to chip 306 whichi@l so includes an interface 300 15
i n accordance Wth an enbodi nent of the present invention. Path 502,
coupling chips 302 and 304 nay be a fast path, simlar to path 154 in

FI GURE 1D havi ngna balercyn k. ﬁmspam fi@é ﬁpgptalaglcéy B 302nkoMEd)i PuB06
may be a slow path, such as In an

ncy Ts
interface it°ac®rdBRte i t hg‘ttl?ét p'ﬁo Pga'ﬁx 48 ’tsh§°'fptlf%?t%° a‘d:%f %é‘?u—etné’f %0
bet ween patsesoBD2lagall, Shkckxdtdbdsvbacihetrd orlsef cieréepuly c¥/(9c ikelogat F6s02n%houl d
require paddicgges Ba© @ara t:Asify BEGd BESYMCRLAR S @ Hoflad hedbita, wadl a
previously gg GeiSONRUEL of RRETSREES HCNGOL RAT AdAT] 35! Eupiea

§§§ gt?

interface unit § accommo a es ference in the |atencies between
path 502 arf® 30%°OBy *BBtY h’b"“t‘:h‘e“ta JC ticle in each of elastic 25
interfaces 332 in chips 30~ and 306 to be the sane cycle, as described

her ei nabove, datvgxSy1¥ ket sapiiges Ninpst 324, atD4npand2806 irssgmisatai RREl.
Al ternative, egge%%' E‘Eo'}ts Of {‘ \BLESGDL | '%gg;z“ LRL, TRY J%e L eren) egd. §%
I of t wo

alternative € ment ace uni t havi ng an el as t|C|t

is i*Plustr a‘teéac‘iﬁ‘i‘gFFGJREEGSAFtaTHécee‘HB‘?)o"?%an of*%| Gt PEPS nt&r f%?(fé 92 £8hown

i n FIl GURE Géei satdautleB WMoXses40@rm@npendiify diakah, Nngné f chashedd) S0amhd4222.aSIn n
thf e][modl et 9{3 2e| ?athla&ﬁtR@t 65@@&&123&0%& Uit satj e lt%hdﬁlaﬁll%ﬁl t ﬁt)ealdd?wﬁygrz 5
interface 0 i nc S S nd capture latc atc

cl ocked by é ﬁs cfo@ﬁdﬁé’naﬁ cy%.cfdl% 28 ?l“t(g’%gh 630 whi ch 35 corresponds
to latch 430 in the enbodi nent shown in FI GURE 4A. Additionally, the output .
MJX1632, corresp@agé NGwbd QalvbXstddadnd ArE| ddebfed} AcdtiSobamiicimedadavnnst team of
the capture,,.atghes. o GB{‘ Nidg ?f@)Ode&[&Ee Qe 'tﬁ'é %E?ecé‘ex'rlﬂ-'sh %%%wéé?x ELéEUBEq 6A.
WO 001 54163 15 PCT/ 00/ 00754 Thj s reduces tency throug

interface it€el2terni®p |tHT)uf‘§° PP afTiraes 62%" a‘?f(ﬁs%% r&?‘eﬂ%ﬂhp‘ttéar th @

out put s 424rempeiradlvidrh ¢fapehaatad 22lemdtdO8isr espeyrie/of yI/OTHecHald-at the D
i nputs of |atches 628 and 630 are clocked into the |atches by |ocal clock

316. OThuS data T’h.stscar%g(ur gg SEJrQhé[xheflLé)e%Loocél 085 %@e@lﬁ?d rﬁf %@32 Dat a
e

stream 322 is restor selectin or outputti ngtthone o) e out puts 634
and 636 of YAbeHesiwL e aﬁ’ra”@SG‘lW‘%?“‘l\/Hk gepord tj}‘fae?’ hél‘t’ﬁfﬁfrb‘l‘t%ifa%eeluébt
control 34332Tht FIGERE4AI | &rs poeviiheslyctiespmilpfd, odhtpud2sVbXI A 32 eurpuhelatch

enbodi ment 0fs E GdREHA, nhcg\geyreeny Sﬁltﬁciocﬁi)rl:tl'b@j; 3343id enghizbi ed T'h@ dahase by

one-hal f period ared ect contr 343 n_.the
enbodi nent % m?zerflagg 35° |n Fgﬁﬁg 61,&) ]t"t?e at a’i gefa tc%e% Sﬁ é“r‘?‘%’( ng
edg@Sof | oc&PretsdErd 3P8. the vRiHrd BrEvetile F81R50029%h oY e R4 by 28in SAFE1588H of
ordi nary skidrkitdpate ant esrjabénien enfsbdi 1eeRE SLoMBOn aistihg tdvge dat af aro aclbeak | i ng

edge provi dad, that, ehher.Lopt rdQLa Si,gnad %ap?\{u@e@ r DRh afosl «ylaaghéb%ke%sl Bt
phase. For exa Ie 15 in an e nbodi nment ic Iatcheéa and 630 Iatch

on the fallTRg*EdgeP B Fo@aFe HH8ck S'i%ertgcg’l 8Lt "B8ht'r o7 wott *hidfe?f t s
phase shi f tiE@ubyAdnés Hakfehyertlpgtedfer opepattilion kof M‘t”hé%rrbddl FREat Wil be

i nt abf ace Wirkhed2BedfwnEh QUBE-GAednaRyy Wex fadlddier cdmeey Sheod rbyeikedL thé Ng
now to Fl I t g i.a Beca| 02
and 416, and et Snds g dh oL By e A B S el 24T ok
316 are conffdfiet 6™t AeF eFbOaIEAt §F oFI‘?‘ﬁFer“f ace tienie §82“P?FrFF?§9RI'—f§aﬁAa’and
4B, the pordltemasfive rebddinveny idi dgicamn bbers bret edriegpérid@iiRE 6B Yol atcgdct o
thoSe St T UCHEES.ohd Ibe2D: A0k e HiSeUSS8 L REAIR, trHeNpidiend NhEdRIbn Of
brevity. Focusing on the portion of the timng diagram of FlI GURE 6B
assoCiated with | atches 628 and 630) and MJX 632, data value a is |atched
ont o out put 634 %hvérgedh 6FBtoOrt2Eddge reseted- | GeakesePoek BU6. 415 RElestFy2 30
dat a val ue ;b:eivSodsatdﬁh.ﬁdvdlﬂEOhﬂldt pUt 1636 @bz atihn 628 catipedgeatid ro ahel ncal
clock 316. eraerléttt@h dat APRSRE Pl datrﬁusoumytda%;%&atxetttadt@tgetcch

cycle, the rlszng sel e contr 343 nust be dela ed until ge t 9~
of | ocal cl‘t?c?kl%f@)tatn’kﬁd fe SPACIYEE Rpt Perhe? PAr Hét St3F¥I &3° TS pd‘a‘f‘& Yal ue
a appears on data out 338 from MJX 632 at edge t,e of select control 35
343. Hence, select control 343 is phase synchronous with local clock 316,
having flattops centered between rising transitions of |ocal clock 316.
Simlarly) data value b appears on data output 338 on falling edge t" of

sel ect control 343, and data stream 322 continues to be restoreed
thereafter on subjsequent transitions of select control 343. WO 00/ 54163



is PCT/ GB0O0O/ 00754 Additionally, enbodinments of elastic interface 232 having
ot hér predetermned elasticities may be inplenented in accordance with the
present invention  These may include half-period elasticities,

embodi ment W& Wsﬁgz’pr esent invention having an el asticity SFTP“S‘"B‘BP‘f ods is
5 illustrated in FIGURE 7A. Data 322 |s ][01 upled to the D inputs of |atches
702 and 704. Latches 702 and 704 are arity hold", or "flush" |atches.
Such | atches may al so be referred to as transparent Iatches When t he
clock (O |n | atch 702 i.rst redet ermned |o or |evel

ot on 1 ham Picsh Srral i PRI UGR 4 B Hue 08 TRt fanSrurBieh 10
the cl ock f#i&mAIRERY fphst state to a predeterm ned second logic state, |atch
702 |l atches the data on the D input and the data on output 706 is held
unti | the subseqysniobk angl 14 %thﬁethaoﬁ'aekct%&@weaem 81 3E8ud0 5t he
frrst state. (In di mrent o

Irst state corresponds to

a "1dwW' | oditc feﬂ‘FéPm%ﬂtdhf‘he abe LR s toAPe Che5r A% GfdSerTed 1%  Kagh valigi c
IeveI whemghgou, hes t ¥idnsidaked iORSIUREUSRS &usicliony eaigeingHdwedsrcriled in
al ternat i veherrbodarreatyia,aﬂéawg t RE-SREPAL MBI Yeak OGH C dndl €feqWOulvgyhic
wi thin the w's%' Lt e:f&r};%l SGOp. rfoge tae preecg %t |enr\éent| on l_‘)coLaotrc L 704 rfel !tljsges
data on its rou'h £3 ol 0 en rt's clock e hadf Sécond
| ogic | evelrefq”rFé‘cﬁlat &us §1P%& éﬁécF"éﬁ”tshé {elansicepem the dthW@CEOJ‘sﬂéc%dh? ogi ¢
| eved to thetdidees. | agecldtenat iefbhishelddkogdks aanchibeba: way ide thgpachiiek to
transitions, farn@nattllaemsegart@cLCQthx/loeyfAcktest B8 chi [Stnk QB Codne ¥l 'rem:LGQ in
t he enbodi mené of f is "low." The flush through property allo
data to becSnEAvata abI e W|thout having to wait until a latch zs cl ocked
thereby inplenmenting a "low | atency-low el asticity” 25 enbodi nent of
interface unit @382.41kn ikhgersrhosh nRBh ﬂfat6|ta8t£@geisnber§ﬂﬁe 4322atd I;uﬁtsé ated
in FlGURE 7 0 C K /2

X (Bheld ?& &R Z&fo?ﬂ nd O gi {)eof gﬂp%ggckb):h% § %é &,28: I%hat

interface 322 o 1S a ata rate vice 1n

i s | at ched 336 i%7t® ﬂﬁeft}r“r fRee- 702 BRI Wé&%rﬁetlF%?%rfP’r’dr’i’eo?“tlpr
cl ock 726, 4aAdof hkagsdr o8l ofouple® dbodkput2BiRsof wige 4oRat fof dureutweoal at

gggcks I O%L%&I aek. glné; anek lagals qlegstked3lﬁgatendlzé%t|% akatled08me Bl nté@ﬁk
is centy w that is al .clo in wdt

35 The errboéfg s.!_hﬂcé‘ %rasc’t/\%pgq?nrt ag"étpﬁnm? % %ﬂ?ﬁge‘{/’! s yhe PliF t her
und@? st ood 5§ r EP&F riiEngPuPded Kve "c*t?r Pe’s"ﬁbhdﬁfnbattcrhn‘i% dThegfafn §ﬁ‘€ﬁﬁﬁe‘? TP GURE
7B. When daxasiahoe carwspbiviestatdaed aglwe "bntcgr da@eszamit 332, it flushes
through t o out put 706 of latch 702 because I/O clock 716 is | ow, at
"flattop" 752. In her rd ata _val ue appear s .on oyt put 706 of 40
latch 702 prior Afo cdgé ) ? Ptk l?i%?es %D 36/ fs%ﬁéégi hS0alla 46
PCT/ GBOO/ 0084 Deg=Repoye &h alpprecede@ ta&AR| #PHn tt,liSbycqynesmarte? pee i od
of b2O cl ogkeBIsWhinela cats eapasidsate ane- badd 3per wadinhs | eal ndakogde 34.6.
|10 clock 336:{inlPidevbeh LEOMANCaRE HoCkLaN k5 SALLISIalal RRAREH on

relative 5 to the bus cl ock | aunch by the |atency o% patE et ween
t he chips a§5p9 eIPugty Mdes“clfr‘ifed OYkRYY t*bnal 1y) 1/0 cl ock 716 is given a
one-quarter period phase advance. At edge t" data value a is |atched

whereby it is hakdchornduie tp@kdi@bordfod 0G8l cCbskCks3316+¢,, 1Qiabh Mrhakl vk dat a

val b fl hr h 1o out 708 aof ,1atch 704 e, .t rive

el ag(t?l c i nt%??%gé u(rﬁétga?@ T oa'rr?%?)f i o bec‘laﬁge"’1 Sfbté,%noc?tﬁf% 1% h?bﬂdata
flattop 75422 RAPE2ValReHFPS tHeAt HEKA*Wh oBRFUl27OB Poy® negatiafe ivdgéct ~ of
i /0O clock A26.bdoatse \ghtte 4bs iis hejadled Oetme tperdcogdlaxfent afabaed @ack. 3k6. a

Thus, datas\eataresofapaear contoratputcé Zpﬁtv@n%nlixaw%% I@taeheé ZQAc@nqzzM
respectivel | ock peri ods&?\éml ch is the elastici t‘}lll

enbodi nent C\é’%‘ nI“ﬁ%t |lé’ tﬁtserwfaat:et%(?fn%ﬁatﬁl 2N, scﬁé?'? & r 84TH"832
recénstructiéd af GUrs 4888dy 4Pat cleerscriteland 2@e V2, dahird sWEpémEldontife t wo
dat a Ftreﬁmtﬁﬁﬁta@er@tﬁ%oﬁy autcaatﬁqlpzegda%?gsmamawmvr@sra,eca&eéehyz wrdtghed
into latc C Q ta i

pr edet er m nea Jaglgr}dﬁots‘tot ‘iy/rem?n tfh]gocgrfrbo f:}rcrélr%t il tﬁ@%ﬁ%@ E']i[ocal cl ock
316 wherein the target cycle may be set to occur anywhere Wthr n one and
one-hal f cycl es Toé¢ elrasturei by ofe dapex akalestxeaRSireviows| py deserhdredy
Thug, da_tas\é@éetenﬁ)verlneaeeor dRaBCe:s Whi N Johgadd Bt AGLEA 803 R FIGIRELB 1S
| at ched into latch 710 on edge t, of local clock 316 and sW|tched onto data
338 via MJX 714 in response to seI ect control 343. Data is selected from

| atch 710 in response to select control 343 having a first predeterm ned
val ue and selected fromlatch 712 when sel ect 30 control 343 has a second
predet erm ned value. The first value is "high" and the second "low' in the
enbodi mrent of FIGURE 7, however) it would be understood that other

predet erm ned vaI ues are vvrthr n the spirit and scope of the present

Y 1 N A S\ . .



Additionally, elastic interfaces in accordance with the principles 40 of .
the present invention are expandabl e, whereby elasticities nay be WO

00/ 54163 1%&&/@00/ 00754 increased by adding steering apgyesoyaea

el ements. enbodi nent of an elastic interface having an elasticity of N-1
bus clock periods is illustrated in FIGURE BA. Interface unit 32 includes a
plurality, N of MJXs 802. A first input 704 in each MJX receives data
stream 322 from RX 5 330. A second input BO6 receives a signal output by a

cor r espondi g Qng; Of |@th2§§ §ﬂ>%k8lc eEaepcqu 1lsars§fe°c%e§08 mlbea:ll udesk a
| atch pair. In |atches 808, 812 ?n E? | at ¢ch %F ave ap- i |nt gr naI
ifi

output of a¥FPFst HHE JF (HE FAF c%ﬁpr%lcfk §25h illgﬁtern T eof *A-%etond
one of the dsakination faselebystheydodadsetash. suak AitesoBOBS1BE B1antkr FTI8URFEoYi de
an out put 1£ha820 frh@rpakhier sl anee ipteteHiinéd b@Naralpails . 8OfheOfarighe cycle must

corr Spond'&g 1&(!:% 8Q2¢ s N@nSh B4E. QS’JSU Q&eOflaé&Tc h§§ro§98uhe813te%9ce816 FL@t ch
t he ata on the

input on a_risin cl ock 336. Latches 80B

8l 2, and 81¥fElfe ﬁﬁeF’Pe r"é’?ﬁ%’d’tef’?/eg@lfgﬁ?uﬁg EBTBF et othfhéa’iﬂff GYelss has
correspondlbvgnl\&stx 802e Limteghreri®d® of8lakadneloBk 8160 ugHraesnenping mzedwom t he
]fi rst one Oi;het Esrﬁle'é kadieh 1painéash9ed l’fﬁbht\ 136 2800 RiGONFREPRREIT B6ebhbied0By The
irst one of .the aocp |stmr=v =Tl t Ry i en

SR trioh b sk AR ERlerBhlh PR S iod e Pllen)

flushes thr ougﬂer{ 0 out
in é&dch of F&FEHLS Bl@mm 1&nd I8‘18*“? §1E§fdﬁ+%'dt‘t’<b CRPLRBERSS 96 NTATGE o"&t/ Put
826 from t heheserandr:oirel ofayt be abatuech patve 1Ackl tlarkakglesagnri pgputh8B86@hé 0

the second QRgeOfcy2Pe ! N&NPBLEL a9 EMEREARG ! OcBOWRUL Bfict B GAr FRARENSI N
MJUX 802. The Iatch pair is also transparent, and fl ushes

nd
data thr oug‘ﬁ’cg geé? ?Idglf'i‘de LEST“P ﬁrci“bck 336. The first and second one of the
pairs form ng | atches 810 814 and 818 flush data through on flattops of
|/ Oi6l ock 336 haitikhRgtBpp@sided pods i bot, 2meblXs BeZeashedbrbetyeen tiheo

signals on dé&Q&ﬁa‘h&Q‘ha@M 4@96 id”' rlégp%qggst% b 8.4 E%Jke%é)n‘iw%ﬂalf‘a si gpal .
gates 832- 84 Gate signals di scussed furth

conj uncti ori = P‘Tsman%ald'l %fgr"&ﬁﬁ"isl | £ PO 43S T n TEEORE 8B, cﬁﬁlﬁfﬁ ciu§p"ftaf’(‘:?’1ed
into the | cfalatdlodReviamddanmt| A3 HescSpied togohtrut o o Ratsdhi 9% aMuX
out put signalz E€RELa RN EEGIRONGENEh0BE tHe Ll Ghes sBO&m31lBeprBadrited oyl ahehed

intgodata |afghes fs‘lﬁt&%ﬁ' 26! antd! 995‘ 1%1§§S§QALPL{¥0 %@i‘e f cngLtr%E'e 43'308w18,§}2

and 876 is provi i nput correspon atch

Qut puts 824°%3FE" dHPETHed?? r}Eﬁﬁ ?hélﬁsll‘é?lcpﬁﬁtleon la’t’bﬁé@ gosditers ghd
816) whi ch FISURE @fspaXend2 rasvigieevilpuditp desioputhads tthehe dnanmitngf odrgsh of
data | at che@0844ncr e;ﬁ@,i V106t tRREFo1D3dNPUL Sa tdReos PRedetbERiRe@UIqUE £248efrOm

t he second g@g m egbo% dnag S 1;9 Ug%ng%ttyrg corresngondhrgg nguxofugatches

810, 814 an |s secon one atc rs 1s also a
tr afépar entp"]°&f‘§ﬁ’i‘ WPt FRed &t a™PYushi ARFCR WY -00/5549%3 CEQ“PET ?EBAGF 0D 7BsF 10d
t hr ough on trapolsativiae olie peOigl 0LkKod36 cOPPOsSiE eabd ishpliasensynhhinodatwath

flushes through dickhed ishst QRe Qéletsbecdnaé&lh BRI S tmlﬁéé fhecisicone of
the signals t&el d.in data Iatches 844% out putBA ngB An o t put gf eafh of

data | at che®89% e SBupid +5°5 %yorresbr%‘hsdl hY StRput Corfe 819% Aplt s
B48- 858. Thaoskgh&l #atapyepist at ot tEPethi4p? sm@humdcm"ﬂ@ H¥O® Gr 30U thA D
out pat 860 Bipubdf 8d6i=h M 846 isehechsd aypadye nput BRI 88BcNiA6SEel~CtEhe

control 343,.,0el861c1GONLEQ 3431442¢! Wdes: Kensl 90l SunMRLET BorKohSopaial to
N transmitted data stream is latched into destination latch 430. Select
control 343 has advanced in phase by one-half period and, therefore, has
the second logic state, whereby output 424 of latch 422 is coupled to the
35 D input of latch 432 via MUX 432. At edge t,, data value b, at output 424
of latch 422 is latched into latch 432, and data value b appears on data
out 338. In subsequent cycles of local clock 316, elastic interface 332
restores data stream 225 by alternately selecting between output 410 of
latch 408 and output 424 of latch 422.
40



10 An alternative enbodi nent, having an elasticity of N may be inpl enented
using the circuitry shown in FIGJRE 8A. By coupling the respective D inputs
of data | atches 844 to outputs 820 of the correspondi ng /%&000 ghes
808, B12 andP8¥#6%nd to out puts 826 of the 15 correspondlo‘ﬂ%l ne of | at ches
H10, 814 and 818 (instead of outputs 824,and B22 as shown in FI GURE 8A); an
elasticity of Nis obtained. The circuitry of interface unit 332 in Fl GURE
8A is otherw se unchanged. Refer now to FI GURE 8B i I I ustrati ng ati m' ng
diagram for interface 20 unit 332 illustrated |nl A Datg va | ye a
arrives in the THFE® st Bafif b ddraI25 % A6F°tné'f ttlér f"a 5 P4t eféy o T
and in respons@ntdocenrenianbly | e GP“‘@:’H“EM%Z%H)\A?GM'“‘E# tbﬁe %b?%aésmm ng
one of MJXSeddlde theplLLefB) edrbys thé| Aitedprce 862 vad@ily wmatdiehan ihepasseaed

through th r nd 4 Uty;, t 8 edgg t,
of 1/0 cl ogi&gsg’%’%ﬁ |g£%hwg¥8ﬁﬁg& i Hgfta%%gzgem of éh%hg?gégoﬁh%d bask on

pl
out fut 820PTRVIPYRIYH deRREIPes | ﬁbﬁtpege%d SE BREE dof r 85 JBRET H52bn@t oY OMRRER802.
At edge t, 334, gad el®BR, clickke TS r eSndiLh gl sMoKa 80 Byseironeus worh tIf@ slqpkal on
i nput 806, 33i eilenhasad N adedpd péadidhs dor Gaite 832 i nRgeterd chopbrdbelepadal 0ds

of bus cl OC%; %O% Wﬁ 1180y she dat s\.{givléeg% ”Qh@h%%gzgﬁegﬂ deNfrddrk L OF

| atch 30 80 erefore, on out Tate e data val'ue a
is held for an additional cycle of bus cIock 306 by transitiont, of 1/0
cl ook 336, aftesatshich tdag theangiitiadfséd, ofn gat ee@iSimnkt @Iﬁes:htehearesent

cor r espondi \gnM 8%, 89;2 ttrQns'iﬁL@ﬁJg iOJ Eﬁk%n@'é’ét@oét(rsm Q&Qék%ﬁg&er\f\ﬁﬁr&by at
edge c5 of I/Oclo he (N + val ue_1n dat a |slatch%d
ed

into | atch™8Y8 on 3%‘”“8 S5 5P 17 EI dckn Spmﬁﬁta Vaf Fe* &5 BoCEptRir
into the data dabp cﬂf°8%I§P1P@c>'ﬁ19W“hg ipifnipdisagran @flignnenh mee%eeWé’)tW%
| ocal cl ockighh®) m:mnd @ppesdestay) OuHepdby Stk Bod as¥bddi® &FokS Juepekt@fg out put

848, for N B?Jdeggﬁngéd @%c aQ‘EKn?’OG AP A(c\!&eogigﬁéal.ﬁiopﬁlé?eg%ggﬁé 281 énneXt

data value in data 3 %a val ue iS sim erio

cl ock 306 F‘PF“[dh‘ée'&aPa |“§Fcﬁr%5¢&tcaaﬁ%a°& 0 kiyatctf’ﬂ B16. 1W§?FP83 %l ’El’é? b
arrives at iegtrbci3i®py igglwieg3ih RM 23€ert ed) represented by "flattop” 864,
and sel ects for data 332 on input 804 of the correspondi ng 5 MJX 802. Data
val ue b appears; ttcfgpungoogﬁm(%ngf okateh 810 .and i |s Iatgh%;j %le%ggi%e,d , 110

cl ock 336, wher & ta va appears on ou t put
8262%f | at EFBF0 4|A$ 882 b&ek 25Tiput® 828 tB?- qva’cechwmw B’é&ba‘ﬂ%e cfrFE)t’cﬂgock
336 i s negatedrémishomnngradges.t 4s dakaiomaly alebcoivedut Blast826irgkriaecimit0

falls throygh 1TnOFQ¢ﬁRBU£A &%Zreier&aa% gLQ’uav\M?@rﬁl 'eiadt&c ceupled BACKet O
i nput 806 correspo

sync nag?g ter s :er? o be e:LoOCl(%kBBquﬂata
valuebls elaonyﬁu f SFT t“c’h éf‘é“ A e o Or“gare 3341
cor r espondP ngfIRK %02rs%eﬁé?fé§haﬁoth§e1i3€é€§°%tﬁpﬁf Ge]faGFlﬁ)lﬁetSb‘fec i ng™tfat a
valae b hekéer ortheut plast822 oiteksiceh 8di} | nt» isHUtFIBEE ofaBl atch BEibablsat a
val ue b thggncfh@&lu%a{:mnogg&etrg PothRULe 852 19I—a1|1@3t/ C& %1:95 ]ait:%&?nd tbelt§een

coupl ed bac |nt0|n ut 28 of latch 810, (flta val continues to be
fed back to'l BBt °SoB 8 2 HEI LS R h8hditng I@BR" é'E’é"rs\/f’EgElﬁé'f’ec P YHARE34.
Thus, dat ah#dinge ebaﬂsCh@leé cthegut phan 86 iwAll abe hdSsr@ifegy Mdlew] p@rl‘mﬂﬁs of
bus cl ock 3Munromeatl HCKaftekh ad 18 B hogiat €a &E&ﬁd&a@@i timsezatmpedgeof,@ 20
836 Igla%gllgye elrpz-]\cpahgigx? nlzgelagt Lla tg.gltgake( s%u ed g g%%lugg:lgh +1th

o 836) sim each “succeedi ng gate Si gna are aye
phase by oREYSEr PBP diﬂ?‘f)@ @ Sekta®36 PHEFT vOuiD ’P%ea“prlé‘éé’cﬁl §igabe Si'gnal

in the chakEellowadthy sNviayiteach succeedemgodtaboh 838- 8&Bedls. st Grasr thie
succeedi ng g@;e@nyavla ea.l'sB lgeatageé)’SzFO‘a@gaMLd%lE %t@@%r@ M@ﬂlpli@tnérﬁﬁr}Nt$ t;.I-he

periods of bus clo data va 5# ? res ectlve | at ch 808-810
is then Iafﬁ?{%’&afynp?ﬁte?r%ﬂeé‘é’ﬁ’gﬁﬂ g d ‘aerlna’f’c% %4F%aEN period of |ocal
cl ok 316. Thus, data value b is latched into the corresponding data | atch
844 on edge t" @ﬂi s€dhg GhaCknadbbofnghtappear Subfutout puss 8a@ch Adsandy be
1 kew Seof dgop f(a' S.ekt%ej-G%OC gdeinto, btefz‘n{]e%%c“ aecedéiéi lﬁgtﬁa‘l

edge t and” appears an | as Fat ch
844, coupl #ih & PErEheBES, PheEfched t FRF Gmlsvngtpada?a* \9“5T‘ifé‘°6‘5n "ERGERPPVE of
| ocal cl ocko3k8as3s Datezfase outtpas2 faoimaVeMasBdéitiyntwesponseis geseltedtat
contg ol 343umhicChibNclidesake ShgNal o EBEMREadci® Kosdegnabks ofe sphpetiy
control 343 is periodic. A "zeroith" signal, denoted S(0), has a

hal f-period that is equal to the period of bus clock 306. The (k-1)st
signal has a half-period that is N bus clock periods. Each signal in
sequence between 40 S(0) and S(N) has a periodicity that is twice the
period of the preceding WO 001 54163



21 PCT/ GB00/ 00754 signal. The data value stored in data |atches 844,
appearing on a corresponding input B48-858 in MJX 846 are sequentially

cl ocked outy@pifigdata out 860 in response to select contrelrihdendsd 2 val ue
a is clocked out at the target cycle, having an elasticity N-1, on edge t"
of S(N) in 5 select control 343. The remmi ning data val ues are sequentially
cl ocked out in response to the cyclic transitions of the k signals in

sel ect control 343. Although the signals constituting select control 343

have been \Wha t oobﬁé&eup@a%ﬁe stro@nya&nm I agh NGB re80Q8naink1 0L bSs,

under st ood rtis; t.hat the c me ase may
10 be used g% g‘fté‘i’%ﬁﬁ?vg" e?r’b g#fe i (o33 |?{rp{5frar18§k 12
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corr espondi % he el asticity of t embodi ment of unit l'ustrated

in Fl GURE B ﬁﬁ?tuénar%ﬂ f‘%ﬁl‘r‘?ﬁt'ﬁ}\?éefé’ﬁbodf‘ﬁ‘é’f’l’f’rﬁ%ﬁ?l P ean B éesftei‘?:’ictey of N) as

descri bed herei nabove, the sync pattern nmay have a periodicity N During

i ni ti alization, fher cpeSytionpaikt amn haviirg ﬁ«.t'élEaa‘eolirov\ad:obaanaeplmual ichy oOf

e one | Grinhld BekD SRR Ohehe AL AR MBS GBS BACLEE o343
T8 , ani sm ng data’

are properl sequenced mal nt al ni
syndfrony tHIEEHRYh FATCPAL &Y Fﬁfe&rtﬂ% &°Pr Bt £387%Fg Ss:ysf‘ér*"lIF!“o‘t‘%E Beefbigr 307 ded.
Recei ved dagxahamgesapduar @dch mhip 80pl Lrsalint JIQURE s1,0 aadeaddli eimpally, warkd chip

sel fect It ert Yadst. eeéxei% 35 Ilaﬁgldetbemroe@el ir/]dtegfaf‘cb_g p30:0?n01?3 ralk ewxa%hﬁ&;ugs!eg t%gﬁt
cycle a n r0|ze W C nitla nc 0|za|o
diéy‘%g (1\‘1 B nter?ace !HRJ f‘ﬁ\%uléﬁ in ch 4y %# P@sent

establ i she nam ca er’f ormng e neehani ¥t
i nvention pﬁfoW’d@sc‘da’tlas s%hhlerﬁ%n‘i%&i"rmﬁ"f Whack @ ae GPGb@SSl%glEWF@‘Fﬁ A8Yi ng
| at @aci es tiataceardanby wirhe ahhafbcaiteniu st CkRE kpregette. ingbntiodD 084l 563, 22

CLAI M5 PCT/ Qﬁ@@l@olﬁ%sl 30ANadd 8L AGE &praarféléélspaﬁéﬂﬁpgﬁéim to apkid 36545%” age
devi ce operlgbug toring a first set of val ues; second, storage

devi ce oper f*8r h%‘PS?l % aée‘bcé’c&nda’é%tpabkf Saét %°“9é’r’t?e§hlpaﬁﬂlz &ior EAR P96
coupl ed to mayi Be & Pk B, sEusbNRE PeElr ABe ideTAGERE 15peithbi dafencysBaueimt pal | y
out putti ng intckifask dat acasabareel WQER Satied diris:Starkl 08 AQ€Ehel OLadeNdC Q1idP&keRce

secqgd dat a,gldie LEQM 831 ndeRANd SO0 AR OB | ! Z00NSE! Qolth sGASt

one control signal, wherein sald first and second storage dat a
val ues for %Y e’i?g’t”e’?enf’?f@dn?ldﬁb%‘?d%ft‘i:V‘E’r’&?l’ﬂ)fsyﬁ‘:’?‘Pf‘é‘ia‘t&?‘beﬁ thesdata, THip
appar at us ofregiaisiy 1 dpberibedr saibdwensrputibkenfares sy hiopopsranitch elasetond

clock 3. Thacappaeatss b2 cL@ommé’dawr@ien a8fielefRCAAMchd OGKeRASs ApdiSkEDd
equal to t%eatgeerQdagé §@4Id fhl’St t% 19 the target cycle in each of elastic

25 interfaces 332 in chips 304 and 306 to be the same cycle, as described

hereinabove, data synchrony among chips 302, 304, and 306 is maintained.

Alternative embodiments of the present invention may be implemented.

An alternative embodiment of interface unit 332 having an elasticity of

30 two is illustrated in FIGURE 6A. The embodiment of elastic interface 232
shown in FIGURE 6A includes MUXs 402 and 416 driving latches 408 and 422

as in the embodiment of elastic interface 232 illustrated in FIGURE 4A.
However, interface unit 332 of FIGURE 6A includes a second capture latch,

latch 628, clocked by local clock 316, 1in addition to latch 630 which

35 corresponds to latch 430 in the embodiment shown in FIGURE 4A.
Additionally, the output MUX 632, corresponding to MUX 432 in FIGURE 4A

has been moved downstream of the capture latches, in the embodiment of

interface unit 332 in FIGURE 6A.



20 4. The apparatus of any preceding claimwherein said first and second
st orage devices are operable for receiving a data stream conprising a
plurality of data values. 25 5. The apparatus of any_ .
wherei n saV@%/F416t st orage device | atches data on a flrstﬁgﬁgga¥ernlned
edge of a second clock, and said second storage device |atches data on a
second predeterm ned edge of said second'clock. 30 6. The apparatus of
claim5 wherein said second clock is derived froma clock signal received

froma sending gevice, 7. } ara rouggf:h%n\.’né%r?ced'hp%ﬁl a'Tﬁ‘efﬁ‘ E@Js
conprising first ands¢EEdn SCEHY on eIt 7 avi n

respecti vePy oapted2p @%5%(&?’-’%@%&&? g P‘l‘ﬁ?ﬂ'ﬁ% Bf g 419 |‘?fstla%ﬁ’i‘ﬁss‘e?t?ond
storage deuh€en)p, Seespettively ancrhe egaiadasedtechi Dipucs rafuildtghegacls hati 6Rp a

first i ”pUtarQFL%@Péde 1];195 trhgcﬂt\éhgg @ g@éaa §$Jcﬂa§Q6 a”@‘mﬁs S@%”d.s'%‘éﬁred
coupled to a respective qut Eut of first and second

wher®in sait® e $P°Hn§1<%cdhY aé’éf‘%&ﬁ W &Pt cuiBry sit§ead'b3?%lb’ls f%'iprgécbé’ctl ng
f or out put BelrFtansifgnadutputtiny\@ng0dH 406 SuPTEsCBU0ATD FBE I3 latrhep 628 gandl
first and ggeand wmxPEis, LAddCERORELAD & bblezt adrsesond epid 66lsisipnal s.

© one @DPLAS 10l 81 WLpNSET 11530l LaloRltheOBF VHGROAY OhnByd ON2 S

each have a W Cce a er| 0 sai wher el n said
second confF CtsF@‘?féPH%“ igothifEsferin BYasgaPy WFr’?Pfcﬁﬁfﬁ?%lassFa'PP&I“d F° The
appar at us etledtacontiobh®seiin BTGUHE 44.St Ianthes evondneel oft imrerfaqec @k ripn

respecti velpYoG@mes | &%ef bEel ianghespeoONG BULidiRk @6gE Sor 18cd10.c1dbie 3a@parfet us
of claiml th'lec{eb ed:sé:l (rgcwh%aré/ operabl e f%l seI e%tl v?llyﬁz%ec%ew
da [

out putting Pt > antPSEdoT 4EVPAr L&Y conprlses a mu avi ng
a first inplterapeigbpeedidrenceceay LakFhsaicd dftiar SP AeH 194 e e BrPVAISe ElRd
i nput oper abhex fcohtdo@CeigHang & dpmepoindelintadijliredainighasdier ol SaimgdldVpC

sel gcts for,oyf Q\%Jdﬂﬂ&xtonﬁ &chlﬁai'agcﬁésr 83s apd 6§6301%@Qh @ﬂtﬁx @Lﬂ%g'é&gé ExPonse
toaselect contro havi n eriod that eermnednutlple

of a period°8t sHcCgr fF?%t 168k . g‘ffrglrh%‘* p’f?éi?‘ét ’Gas"eofltél EPHTeLPRARTRI W sai d
peri od of woaedhagélreestotontrol 20 signal is twice the period of said first
clock. 12. The apparatus of claim1l wherein said circuitry operable for

sel ectively seduantiallon gulpubli g tisst Andageond.fat 3,y Ylieneganpy ses

25 a first latch having an 1 nput opera or recelving sal l|rst dat a
val &%; a s&¥Hntf I%FEW%&\?FW@“&H" |’?YplfFf‘c')’ﬁ‘éP%b‘l‘9§’ £8r F1EBE| ©8 mg lesT L éhd
data val uetiwivd dizgdati phegeéel.( MEpchere MgKsa 42 ratl RIubned olaskhek 1498 aand
output of sabd ::50 del1iShs!| € el g5 aaRNdobdIP o8O0 URsEdrE OcdiioR UL HUtnDS
sai d second dt sakd v r{)ace % 9p3e32a113n %Ig&rEssgA ecé 4Qg ‘_}‘hor Ouctlg [ one
of said firs $elbnd g ues in response § rol = Si gnal
havi ng a pél’-\“’d’a Fh?ﬁraF‘s“e{l“ﬁF@féf’eﬂnFﬁ@‘d‘ErrﬁPt¥°d|aée‘bft°a“t%ﬁ BEFUGFUSE Y1 H r st
cl oek, and mbeareciitschasell hgdst, andhsaceatsholfdsrdvatyh data on first and
second 35 predeterm ned |l evels of said first clock.

Focusing on the portion of the timing diagram of FIGURE 6B
associated with latches 628 and 630, and MUX 632, data value a is latched
onto output 634 of latch 630 on edge t,/ of local clock 316. Similarly,

30 data value b is latched onto output 636 of latch 628 on edge ty,/ of local
clock 316. In order that data appear on data output 338 at the target
cycle, the rising edge of select control 343 must be delayed until edge t,’
of local clock 316, which coincides with the target cycle. Thus, data
value a appears on data out 338 from MUX 632 at edge t,, of select control
35 343, Hence, select control 343 is phase synchronous with local clock 316,
having flattops centered between rising transitions of local clock 316.
Similarly, data value b appears on data output 338 on falling edge t,, of
select control 343, and data stream 322 continues to be restoreed

thereafter on subjsequent transitions of select control 343.



13. The apparatus of claim 12 wherein said first storage el enent conprises
a third latch, and said second storage el enment conprises a fourth |atch,
sai d thirdyby 3”391 ¢¢ transparent latch holding data on a fip&fihsboorss
predeterm ned level of a second clock) and said fourth [atch being a

001 54163 24 PCT/ GB0OO/ 00754 transparent | @ ch holding data on a | evel
conplenentary to said first predeterm ned clock |evel. 14. The apparatus of
claim 13 further conprising third and fourth Muss 5 having outputs

r espeCtl vel y Coupgid?glo l%}a CLmLQ&lmgn@J] { Oé’]; LQJ.J a:t.n%lgg)?acesaf3g th'élb{;% atﬂ:@.er

fourth Muss having I nput era recelving a stream.of data

val ues) andP’%fdg%"rFB‘hﬁe"i rﬁ)‘ﬁft’rce%b‘“e%t'?‘*)'elﬁ/e cﬂ‘l?ﬂaf'&?{‘t?‘?) vl 6‘Eﬁ°ﬁﬂfn"8f WhRd *PRird
and fourth pasemesinveatibnt hi r theei oper dbtlmdk ohatelperiddngelsetigdeiessai dAfir st
and second énmaaix&en't Nog %ﬁ@%@é‘er&oixﬁrefxi:{o%t hgAahe a$xi QI&%':;c:l:@ and. sa;ieciil&wa;h VX
oper abl & f o, 3¢l ecling atwges, Sabd fLisl.an cf% "Bk LD d23ROAsE O
a second gate conpl eneritary to sard 117 ate si

interface a'ﬁ’&af‘ J§4coﬁ'f5F‘i*’§Fnb°.2 g &°1)Iat§FaIH°HF“Mh‘6f‘"'f|°Fs'fflﬁﬂll’tllﬁ1“33?és
(MX), each $Hewi bgrched ivayt alsrphie ogFereds eofor "roodpateny” alatabes .St Femmthand
an output; @dakuf@l iihyiad¥h 92 fﬂaesg kﬁrsehgﬁedeeéabngaa\ib@g: @.rcate nput1&Aaupl ed
to an out pu‘% of a orresn%ogd{]ug I\/g()t Qu a%js On . atcr}lsrllalvl ngf
first outpu 2B BRE" ol }Cﬁs JEuoﬁ'lged T §¥&Sedbhd PRpu ST 2

cor ri®spondi fﬁg fﬂilpslt fyrm ghe| iﬂrraFl gtateMfoof Beasorrimiek  sesgreth lr?aw ngFakef i r st
i nput oper apltenf od2 neesiewi O satd chatbe g LEAY adddhRNAHH PHt Sutdupl wEakist Y,

M of Seconl?elldaltxr&qgstheegﬁlmgﬁ Qngréngiﬁuncfyrgﬁé $h Ogk "%rim?ttﬁb s%%bﬁd \A’@ggeew an

i nput of a rst one sai air 1s cou to an e

cor r espondi Wf sEFShd G an&“ha%heane“%?ﬁ?ﬂ‘t?f‘t °§n518“%€ec?)nd B?Iefb’fs"sa'?"'dtbal r
has an i nputcrzesgringd o asaiak"obepist lofelsand the refcomhaestefe s@reespands tand an
out pigt couphfidnt OLcyiseQeRsl,i RAUtedf thal HrLQL ¢iR5PRBARTIGUERC ANGiiGg Sedge.

plural ity ofebird Al ahes oY Decahd- Pl gumee%o&pqe%&t@rﬁ'Iofgﬁf?’gra%&p”t

of a correspondl ng one of sai Irst lTatc and an out put

cor r espondi YR} Pn‘?fui“'ﬁ’f“n t’ienFP’cflﬁ/D@“daB‘ﬁﬂpﬁr%q thy PGFST’GuPI"I‘?“Paﬂ“cheé‘aﬁ%R/WH@ an
i nput coupl Edishes statd @utiputd dhpwaittirdughsto onepuwwf 768 iwleh aitshclpky ,C.amds an
out put couptedstera eaficespandi ngnd vl of 18edndat bi rtﬂemaﬁﬁéﬁnt Bidndl VK

operz%bl e for 35 olut gutltelvgg A sgquence lof dqea vaI ue}§ |? resg 3 un%n
sel ect controcl° sard sel ect controf - compri si ng 11 ghal s,

wherein a f?*fest°1§F’gn%1‘Ta“6¥“§&F df’ﬁﬂ"Ur‘-’é‘Fl 13 An¢n R°%1|Cgﬁér’§l h%fs 'é‘ehafllf‘“pelr"lgbﬂ
equal to a peelodmoth ainf thstembbditlént Wiie FEGURESAI dseadwv. of Bai dldshr shrcapgnl

second | at chRpeld, ARESALLEL Mo HESRRNGG 1R SEORRE RINAGK & gRat Having a
hal f - peri od e%al o 0 Q{ 54Jh 3 PCT/ G?OO/ 00754

ereby implementing a "low-latency-low- elast1c1ty"

2S5 embodiment of interface unit 332.

In the embodiment of elastic interface 322 illustrated in FIGURE 7A,

latches 702 and 704 are clocked by I/O clock 726. Elastic interface 322

of FIGURE 7A is a double data rate (DDR) device in that data is latched

30 into one of latches 702 and 704 on each transition of I/O clock 726, and
the period of I/0 clock 726 is twice that of the 1local clocks, 1local

clock 314 and local clock 316, and bus clock 306. Bus clock 306 1is

centred in a data window that is two local clock periods in width.

35 The embodiment of elastic intexrface unit 332 is FIGURE 7A may be
further understood by referring to the corresponding timing diagram shown
in FIGURE 7B. When data value a arrives at elastic interface unit 332, it
flushes through to output 706 of latch 702 because I/0 clock 716 is 1low,
at “"flattop" 752. In other words, data value a appears on output 706 of

40 latch 702 prior to edge t, of I/0 clock 716.



25 to the period of said first clock, and wherein each of said of third
| atches i's operable in response to said first clock. 16. The apparatus of
claim15 wherein said first clock conprises a local 5 chlrﬁ:g;ag%gu nd said

second cl &KMEBMBri ses an input/output (1/0 clock. 17. B3t us of

claim15 wherein 2(k-1) equals M 18. A pethod of interfacing integrated
circuit devices conprising the |0 steps of: storing a first set of data
values in a first storage el ement, wherein each data value of said first
set is stored for a predeterm ned nunber of cycles of a first clock;
storing a second set of data values in a second set of storage 15 el enents
wher ei n each daPata aloybiqf asareredes dirdnsigion stshyrang-fusrter Pesist efnitffed
nunber of Gyedepaef wiidhi &6irechstals; tarshesiRueptiall ¥ aukautdioBg Al i r fo dat a
value from.sgid LErel RLNA0EAPLhE Sl RS RE 1 %&@equushgsgomggu%
second storag evi ce I n respon one control

The %ret hod t6f t}t"-l & At éPH“%PH ‘T*ier éiteaﬁ’d °§e&’6"nd’a§’ét%e“67endé’ﬁ%1 PaPtres
conpri se aapl w@vituslpf ddatwibedl uesAdddceinadly.i NI delegksttigams 2@ivefhen

met hod of Ghaldial€eMRESIN ﬁxagéj a%tve&eof aequegt itdl 3acQUEDUE hNYs 2Bit@ndd r st

data val ue gog']%rl S€s, th SLeps, eno%ugg ihng .a id &S§, S selection circuit to
said first "an econ orage cfe\?l ces; I’OVI drng a control signal to said

selection circuit) vvherel n said control si gnhal has a period that is a
pr edet er m ned mshiilpkey Ofdada panied FusHessabrbufh ret octme k702 bt Thenmetshod

of claim 2th£x'1|r.Inthea[rrg'g)ég)ra[tmer]!gséllge lﬁtj.:epr@§c unlE e%' \@rgrg 21 dﬁtoabéédfuggnkw
input of a first and second selection circuitr 35 outputting each of said

first set Gfegatdevat B8Rt ASAFYFPr &t stB?“é‘g@ZEeeﬁehT PEB Y B° fIYREE
sel ecti on CoBcey tnegativer edgroriseoft /@ dlefist718el eBttrovrisieghals held pigirt PRy
each of saipgdrsrcendisali efodtatds valies, sars dlaludLGRPehrShbar agpued e;rasenanofrom

| ect 4
001 5576528 Bt R 7y 58 SRS Eedele BB EF 0T B S LREL Pk B YO
and second *8&ffects ditesiPgrEiS B STcGhpl BIRRAYPY SF gfiassic 2intertacenddhotf of

claim 21 wraseem7said first and second selection 5 signals have a period
that is twice a period of a period of said first clock.

Data stream 332 is reconstructed at output 338 by latches 710 and
20 712, and MUX 714. The two data streams represented by ocutputs 706 and 708
are, respectively, latched into latches 710 and 712 by local clock 316.
Data is latched on a predetermined edge (positive in the embodiment of
FIGURE 7) of local clock 316 wherein the target cycle may be set to occur
anywhere within one and one-half cycles of elasticity of data value a,
25 previously described. Thus, data value a, in accordance with the timing
diagram in FIGURE 7B, is latched into latch 710 on edge t, of local clock
316 and switched onto data 338 via MUX 714 in response to select control
343. Data is selected from latch 710 in response to select control 343
having a first predetermined value and selected from latch 712 when select
30 control 343 has a second predetermined value. The first wvalue is "high"
and the second "low” in the embodiment of FIGURE 7, however, it would be
understood that other predetermined values are within the spirit and scope
of the present invention. At edge t;, of local clock 316, data value b is
latched into latch 712, and switched onto data 338 in response to select
35 control 343 have the second value. Subsequent data wvalues are then
sequentially output on output 338 by alternately selecting the output from
latches 710 and 712 via MUX 714, as i1llustrated in FIGURE 7B.

Additionally, elastic interfaces in accordance with the principles

40 of the present invention are expandable, whereby elasticities may be



24. The nethod of claim 21 wherein said first and second sel ection signals
have a period that is a predetermned nultiple of a period of said 10 first
_cI _oc_k. 25. w%/. hcd of claim?21 furt her_ corrp_ri sing the s&fRBod00754
initialising said first and second sel ection signals. 15 26. The nethod of
claim 25 wherein said step of initialising said first and second sel ection
signals conprises the steps of: sending a presel ected data stream and

adj usting a phase of each of said first and second selection signals in

response to;sai.d.dy %§eL§&ltn ds%‘;@néta ﬁamorg ZefemedtE. Mef DO inehl B 28
wherein said ste 0 i ng sald phase o %%of sal d sel ection Si gnal S
e
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syst em conpPf siaighes BPF e daF%thf’Bc’e’st§P‘?'Fg saé\ﬁlﬁemcaﬁ‘af’ 35 &3%Hd P
processing Yetdhee eWUpBeR] 4nd 83d.d ther atchabzirpr bresshniptgenalc eourpet &f a

el astic int szfs'%c&)e 22l theebast icgudiRbetd aseldceﬁdaudmwtt&eaa%at&ﬁ of gy
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5 outputting. An output of each of data latches 844 is coupled to a

selects one of the signals held in data latches 844 for

corresponding input, one of inputs 848-858. The signal is output to the
chip, such as chip 302 or 304 on output 860 of MUX 846. MUX 846 selects
among input 848-858 via select contrxol 343. Select control 343 includes
k-signals, wherein 2% is equal to N.
10
An alternative embodiment, having an elasticity of N may be
implemented using the circuitry shown in FIGURE B8A. By coupling the
respective D inputs of data latches 844 to outputs 820 of the
corresponding one of latches 808,812 and 816, and to outputs 826 of the
15 corresponding one of latches 810,814 and 818 (instead of outputs 824 and
822 as shown in FIGURE 8A), an elasticity of N is obtained. The circuitry

of interface unit 332 in FIGURE 8A is otherwise unchanged.

Refer now to FIGURE 8B illustrating a timing diagram for interface

20 unit 332 illustrated in FIGURE 8A. bata value a arrives in the data
stream on data 322 after the interface latency of T,, and in response to

the assertion of gate 832 provided to the corresponding one of MUXs 802,
represented by “flattop" 862, data value a is passed through the
corresponding MUX 802 to the D input of latch 808. On edge t, of I/O clock

25 336, latch 808 holds data value a which is coupled back on output 820 of
latch 808 to input 806 of the corresponding one of MUXs 802. At edge t, of

gate 832, the corresponding MUX 802 selects for the signal on input 806,

which has the data value a. Gate 832 is negated for N-1 periods of bus

clock 306, whereby the data value a is maintained on the D input of latch

30 808 and, therefore, on output 824 of latch 808. The data value a is held
for an additional cycle of bus clock 306 by transition t, of I/0O clock 336,

after which the transition t, of gate 832 switches the corresponding MUX

802 to select for the data stream on data 322, whereby at edge c¢; of 1I/0

clock 336 the (N + 2) nd data value in data 2 is latched into latch 808 on

35 edge t; of I/0 clock 336. Data value a is captured into the data latch 844
receiving output 824 of latch 808 on edge t, of local clock 316, and

appears on output 848. Data value a is held on output 848 for N periods

of bus clock 306.
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10" Y. Y80%& o) - Q@MB(RFIEZXEARD LnrolO%K Qhepue 822 of 1atch 810, where it is
10 coupled back to input 806 of the correspending MUX 802. At edge t, of I/O
clock 336, data value b is held on output 822 of latch 810. At edge t,; of
gate 834, the corresponding MUX 802 switches and selects input 806 for
outputting data value b held on output 822 of latch 810 into input 830 of
latch 810. Data value b then falls through to output 826 of latch 810
15 where it is coupled back into input 828 of latch 810, and data value b
continues to be fed back to input 806 of the corresponding MUX receiving
gate signal 834. Thus, data value b is held on output 826 in latch 810
for N + 1 periods of bus clock 306, one clock period after gate 834

transitions at edge t,,.

20

Gate 836 is delayed in phase relative to gate 834 by one period of
I/O0 clock 836, and similarly each succeeding gate signal 838-842 are
delayed in phase by one period of I/O clock 336 relative to the preceding
gate signal in the chain. In this way, each succeeding latch.808-818
25 stores the succeeding data value in data 332, and holds the data value for
N + 1 periods of bus clock 306. Each data value in the respective latch
808-810 is then latched in the corresponding data latch 44 each period of
local clock 316. Thus, data value b is latched into the corresponding
data latch 844 on edge t,, of local clock 316 and appears on output 850,
30 and, likewise, data value ¢ is clocked into its respective data latch 844
on edge t,; of local clock 316 and appears on output 852. The last data
latch 844, coupled to latch 818, latches the (N+1) st data value on edge

t,. of local clock 316.

35 Data 1s output from MUX 846 1in response to select control 343 which
includes k signals. Each of the k signals of select control 343 is
periodic. A '"zeroith" signal, denoted S{(0), has a half-period that is
equal to the period of bus clock 306. The (k-1)st signal has a
half-period that 1s N bus clock periods. Each signal in sequence between

40 S(0) and S(N) has a periodicaity that 1s twice the period of the preceding
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10 10 data out 860 in response to select control 343. Data value a is clocked
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out in response to the cyclic transitions of the k signals in select
control 343. Although the signals constituting select control 343 have
been shown to have phase synchrony on a rising edge, it would be
understood by an artisan of ordinary art that the complementary phase may

10 be used in an alternative embodiment.

Unit 332 illustrated in FIGURE 8 is initialized during an IAP as
previously described hereinabove in conjunction with FIGURE 4. A suitable
initialization pattern may have a periodicity of N-1 for an embodiment

15 with an elasticity of N-1, corresponding to the elasticity of the
embodiment of unit 332 illustrated in FIGURE 8. For an alternative
embodiment having an elasticity of N, as described hereinabove, the sync
pattern may have a periodicity N. During initialization, for a sync
pattern having a "1" followed by a plurality of "0"s, the *1" would be

20 sampled in latch 808 when signals in select 343 are properly sequenced.

In this way, a mechanism for maintaining data synchrony through
interfaces in a data processing system has been provided. Received data

is captured into a plurality of storage elements, and selectively steered

25 into the receiving chip ,on a pre-selected target c¢ycle that is
synchronized with the chip clock. 1Initial synchronization is established
dynamically by performing an IAP. The mechanism of the present invention

provides data synchronisation in a data processing system having latencies
that vary by more than one bus clock cycle.

30
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values; and
circuitry coupled to said first and second storage devices operable
for sequentially outputting a first data value from said first storage
10 device and a second data value from said second storage device in response
to at least one control signal, wherein said first and second storage
devices hold data values for a predetermined number of cycles of a first

clock.

15 2. The apparatus of claim 1 wherein said outputting is synchronous with

a second clock

3. The apparatus of c¢laim 2 wherein said second clock has a period
equal to the period of said first clock.

20
4. The apparatus of any preceding claim wherein said first and second
storage devices are operable for receiving a data stream comprising a

plurality of data values.

25 5. The apparatus of any preceding claim wherein said first storage
device latches data on a first predetermined edge of a second clock, and
said second storage device latches data on a second predetermined edge of

said second clock.

30 6. The apparatus of claim 5 wherein said second clock is derived from a

clock signal received from a sending device.

7. The apparatus of any preceding claim further comprising first and
second selection circuitry each having an output respectively coupled to
35 corresponding inputs of said first and second storage devices, said first
and second selection circuitry each having a first 1input operable for
receiving a data stream, and a second input coupled to a respective output
of said first and second storage devices, wherein said first and second

selection circuitry is operable for selecting for outputting a signal on
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5 gignals each have a period twice a period of said first clock, and wherein

said second control signal is a complement of said first control signal.

9. The apparatus of claim 7 wherein said first and second selection
circuitry respectively comprise first and second multiplexers.
10
10. The apparatus of claim 1 wherein said circuitry operable for
selectively sequentially outputting first and second data values comprises
a multiplexed (MX) having a first input operable for receiving said first
data value and a second input operable for receiving said second data
15 value, wherein said MX selects for outputting one of said first and second
data values in response to a select control signal having a period that is

a predetermined multiple of a period of said first clock.

11. The apparatus of claim 10 wherein said period of said select control

20 signal is twice the period of said first clock.

12. The apparatus of claim 1 wherein said circuitry operable for
selectively sequentially outputting first and second data ) values
comprises:
25 a first latch having an input operable for receiving said first data
value;
a second latch having an input operable for receiving said second
data value; and
a multiplexed (MX) having a first input coupled to an output of said
30 first latch and a second input coupled to an output of said second latch,
said MX being operable for selecting for outputting one of said first and
second data values in response to a select control signal having a period
that 1s a predetermined multiple of a period of said first clock, and
wherein said first and second holds 1latch data or first and second

35 predetermined levels of said first clock.

13. The apparatus of claim 12 wherein said first storage element
comprises a third latch, and said second storage element comprises a
fourth latch, said third being a transparent latch holding data on a first

40 predetermined level of a second clock, and said fourth latch beaing a
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14. The apparatus of claim 13 further comprising third and fourth Muss
having outputs respectively coupled to said third and fourth latches, said
third and fourth Muss having a first input operable for receiving a stream
of data values, and a second input respectively coupled to an output of
said third and fourth 1latches, said third MX operable for selecting
between said first and second inputs in response to a first gate signal,
and said fourth MX operable for selecting between said first and second
inputs in response to a second gate signal, complementary to said first

gate signal.

15. An interface apparatus comprising:

a plurality, M, of first multiplexes (MX), each having a first
input operable for receiving a data stream, and an ocutput;

a plurality, M, of first latches, each having an input coupled to an
output of a corresponding first MX, each said first latch having a first
output, and a second output coupled to a second input of said
corresponding first MX;

a plurality, M, of second Muss, each having a first input operable
for receiving said data stream, and an ocutput;

a plurality, M, of second latches, each second latch comprising a
latch pair wherein an input of a first one of said pair is coupléd to an
output of a corresponding second MX, and has an output, and a second one
of said pair has an input coupled to said output of said first one of said
pair, and an output coupled to a second input of said corresponding second
MX;

a plurality of third latches having an input coupled to said first
output of a corresponding one of said first latches, and an output coupled
to a corresponding input of a third MX;

a plurality of fourth latches having an input coupled to said output
of said fairst one of said latch pair, and an output coupled to a
corresponding input of said thard MX, said third MX operable for
outputting a sequence of data values in response to a select control, said
select control comprising a plurality, k, of signals, wherein a first
signal of said plurality of k signals has a half-period equal to a period
of a first clock, wherein said each of said first and second latches is

operable in response to a second clock signal having a half-period equal

()-
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17. The apparatus of claim 15 wherein 2(k-1) equals M.
18. A method of interfacing integrated circuit devices comprising the
10 steps of:

storing a first set of data values in a first storage element,
wherein each data value of said first set is stored for a predetermined
number of cycles of a first clock;
storing a second set of data values in a second set of storage
1s elements wherein each data value of said second set is stored for a
predetermined number of cycles of a first clock; and
sequentially outputting a first data value from said first storage
device and a second data value from said second storage device in response
to at least one control signal.
20
19. The method of claim 18 wherein said first and second sets of data

values comprise a plurality of data values received in a data stream.

20, The method of claim 18 wherein said step of sequentially outputting
25 a first data value comprises.the steps of:
coupling a first selection circuit to said first and second storage
devices;
providing a control signal to said selection circuit, wherein said
control signal has a period that is a predetermined multiple of a period

30 of said first clock.

21. The method of claim 20 further comprising the steps of:
receiving a data stream an input of a first and second selection
circuitry;

35 outputting each of said first set of data values to said first
storage element from said first selection circuitry in response to a first
selection signal;

outputting each of said second set of data values to said second
storage element from said selection circuitry ain response to a second

40 selection signal;
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signals have a period that is a predetermined multiple of a periocd of said

10 first clock.

25, The method of c¢laim 21 further comprising the step of:

initialising said first and second selection signals.

15 26. The method of claim 25 wherein said step of initialising said first
and second selection signals comprises the steps of:
sending a preselected data stream; and
adjusting a phase of each of said first and second selection signals

in response to sald preselected data stream.

20
27. The method of claim 26 wherein said step of adjusting said phase of
each of said selection signals further includes the step of selecting a
phase wherein a first predetermined data value in said data stream is
captured in said first storage element and a second predetermined data

25 value is captured in said second storage element.
28. The method o©f claim 26 wherein said data stream comprises a
synchronisation (sync) pattern.

30 29. A data processing system comprising:

a first data processing device; and

a second data processing device coupled to said first data
processing device via an elastic interface, said elastic interface
including the apparatus of any claim 1-14.

35



