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divider 112. Data to be sent from chip 102 to chip 104 is latched on a
35 predetermined edge of the divided local clock 111 and driven on to data
line 116 wvia 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
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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
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apparatus to ensure data sgnchronl sation betwe n Chl(g% in data proce55| ng

systens in whi B FaPh?Y S8Rt v EISPREVAT BFSYE etshé}’ir & BEP iy cl FCURRAE n

Whi ch theinsedrites cdesigingpbepfac diadtwar® addi Hy FISUBE| bt nixt edlicRSHet s

an obj ecteflget hey @feesteet thQV@ 428 Lo BLQVidesaat echnihvane Wi Chso¥es cues
t he above dr awbacks THE | NVENTI ON 30 _Accor d| n to t he_present

i nvent i or°¥@epr ovide’ Jéﬁ?"‘?nf’érf%e n&Bb At 35S B r1'si 1y 2P8%H | 1% st ot 4g¥
devi ce opeycllebe flgr fasvrpaty) Aatencygt Bet 1&)f11@la$tzravgt¢t}evsbe35ussc geetrd shapr age

devi ce opstailg d,mest% Rfle 3190CHHE $8terl, 0Al &/ 3hUE: o Lgtglt{,auwyﬁsed
to said first an

second stora devi ces operabl e f uent
out put t i ngP2R FIP StUSJSYESFal ud” %S‘dﬁt @ty 1 ?s‘trﬁr Bg'ér%é & &’ﬁ’d?s 12bciEnd

. dat a val urrqURBnNBakdriseeOddtst or afe devger yrleespendmis) dvoled dfeest danze
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latency, from to T. 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 be 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 1local

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

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

40 worse case, or slow path, Ts, is 4ns. The data will arrive after two ns and
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FIGURE | A, in accordance with the prior art; FIGURE 1Cillustrates a timng
di agram for anot her enbodi nent of the Ehie p.-i.nterface of FIGURE | A
according to™H¥fe FORBE AFt 3 PREURER 1BPS | #ifct 78t SPPATHNEr APt reshods to
i nt er coreahathtehidagai nrandfera pPeoweRsSiddpsysher] dat¥\OpbOtdssitid system

ch CT/ GBQQ/VQQJ 54n§reasing 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 intexface apparatus
comprising:
a first stcorage device operable for storing a first set of data
values;
15 a second storage device operable for storing a second set of data

values; ﬁ

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

o] to at least one control signal, wherein said first and second storage
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e€nbodi ment of the plurality of interconnected chips of FIGURE D; Fl GURE 2

«illustrates, in block diagramform a representative 5 hardware environment
for practising the invention; FIGURE 3§ |lustrates, in block diagramform
a chip interface in accordance wth an enbodi nent of the[zp Q!GZ ntion;
0 FIGURE 4A illustrates, in block diagramform an elastic interface in
accordance Wt r}‘ 3 $ d 1mentfof thedggesent [ nv nljt |o e 3 ¢
schemat i CBI*F§° 19 as arﬁté% &1 RgPdficagram o1 ‘the d"rr%nt of' ’E’he present
i nvent i oftask MAGHRESB3And 1S cPrEgREES o wva%réfseeﬁh ARYESnar i EPBhbodi ment
of a chi pedpateifeagecduplad aor daneepmdiig timpups esesdiid Aet hod;seEbJRE 6A

i11ust ra&&%aag%b%e@' Leldative aﬁab&@bgmfel@éu%ﬂ &Rl 20 %@{rtgage

accordin resen{1 I nventi Q F B schematical ly. |It7ustrat es a

tim ng d?’af@rta?ﬁ%’ft PRE3R %\Sft"Fcr?cr?ﬂé’r’Tga@e‘&acﬁa ﬁrﬁﬁﬂE A 2 WP
i 11 ust r at@mpledrist herespetbiveatitpat cpb G8i heirsofandnsasiond ttorasm dav Heast
accor di nghdr@ih heripr e5emt and¥esdridoBe 1 dek iRk i Riisehermbpexalbhy idd ustrates a

Limng dLaqBmd Qbr AR R000M BNLAOS oh! GRGe diiq Pkl GREDAY Lialdsat es 11

bl ock di agram ormget anot alternat]ve epbodi nent of e elastic
i nt er f act® FEEBTHIENFC 1% FEHE ﬁf‘%s‘s&ﬁf’“ﬁ‘ FOBHEY ﬁ’*g"é‘ 8° 35 FI GURE 8B
schematically illustrates a timng diagramfor the enbodi mrent of Fl GURE BA.

40 I W) 00ADSL @3cHHIATHERAVLRD Frédsent’ iMkénCi 003 f¥ciAld EDmBERZGRLPTI ON The
present investion PLAy.-dess %s!rfms?é\acwtc%@ﬁqnma&&@ Lﬁatsl npl enent s

data synchroni sati on t rocessin 5in a data
processi ng sy§'f°e’?+f‘glﬁtfér§€ﬁ€ﬁr%fmd§5? ‘%P‘lu?s 130%5&{)7'? §ﬁ%ﬁ“§% ’PTH)’I&‘F t he need
f or paddiiryednisdehofdter frbite ebmAidchires gateiprproredifoni s Pngdetemuinaids

conpl exi aymdew dheybpsdwar£ rdest gnocdhe "el asticity” of the interface

accounts for Lé’k?nﬂgy,s?'s%@&n&“sfe{ leeBQt?a heiygen, naatsgéonqoskpéfagg dhg.dat a
pr ocessi vr}}geremlpesacﬁqndata vgi’u t eg] salx c%nclilrsle@gls s%oxr'eedc?claz}/ea prea eat':elrrmnoeda
number of cycles of a first clock;
sequentially outputting a first data value from said first storage
device and a second data value from said second storage device by coupling
a circuit to said first and second storage devices and providing a control
signal to said circuit, wherein said control signal has a period that is a
predetermined multiple of a period of said first clock;
receiving a data stream at a first input of each of a first and
second selection circuitry;
providing the output signals of said first and second storage
devices to a second input of each of the regpective first and second
selection circuitry;
outputting each of said first set of data values to said first
storage device from said first selection circuitry in response to a first
selection signal;
and outputting each of said second set of data values to said second
storage device from said second selection circuitry in response to a
second selection signal.

The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description
of the invention that follows may be better understood. Additional
features and advantages of the invention will be described hereinafter

which form the subject of the claims of the invention.



16 pl ural] storage el enents, and selectively steeri t | at
dat a, dg%%g%VQQhronisation is provided in a data progggégga'gigFgﬁgﬁgging

- latencies that vary by nore than one bus cl ock cycle. Synchronisation may
be established dynamically by performsyg an initialisatio | i gnnent
procedure, on power-up or following a reset. In this way, %s?n&%}@uﬂwl on
15 of data may be acconplished in accordance with the principles of the
present invention wt the need for a timng anal ysis of the board

hout
desi gn 556@?é@?cﬁﬁ?ﬁo%g%dFWﬁPRWWﬂﬁﬁe fol | owi ng description, numerous

specific details are set 20 forth such as bus cl ock frequencies and
synchroni sat irgp £ Y¥ek8Ssonpl HEK uREIREanBnG- of @nPIEI¥EEE Antéienghind the

under st andi of e t L t] % ' s Vi to
those. sirrTiqsey afedl.cfflrehfy ah bAT nabPHE By cladtihs QOIS
wi t hout talieh 18peitpetips: wiyhs the RCsPPRANY NG CRRERYS vi& FRIGH5wn circuits have
been shown in block diagramformin 25 order not to obscure the present
invention inpBGELeRSANYsERlRll a IR eintloR de0 ik lebRidands vither i proepi ct ed
elenentgrgre not necessarily shown to scale and wherein like or simlar

el ement s ate designated by the same reference nuneral through the severa
views. 30 A representative hardware environnent for practising the present

i nvention i s RIGPRE ti8ds¢hiembt (BIREY 2illubtiahes [d ushingt dsagxatyfurcah har dwar e
confi gureabb@imeat SatRe LIS CSHePEachy 8t GiTGEd 1A ACGOESARGE With dHae subj ect
|nvent|ogigggh@g central processing unit (CPU) 2l1lo, such as a conventi onal
35 nicrébrocessbr, and a nunber of other units interconnected via system
bus ' 212. Data processing system 213 includes random access nenory (RAM
214, read onlBicuREGCYyilIREMjat2E6a tdndng Mpagyaoutputandtiied) emcgipment 21 8tHeor
connect idhgp PRitePheleabs davure s as Usdtoasindl 8& dhai p8io228wnd tape drives 240 to
bus 212, user interface adapter 222 for connecting keyboard 224, nouse 40
226, and/or other user_interface devices such as a touch screen device r
4 WD 001 5416FBRE BCTH A8 G673 £ AY of 206 CRDTCSHOMPSt & Buda® 2,
comuni carressindagssem234 for connecting workstation 213 to a data
processi ng network, and di spl ay adapter 236 for connecting bus 2/2 to

di spl ay device 238. CPU 210 may include other circuitry not shown herein,
which will include circuitry comonly found 5 within a m croprocessor,

e.g., execution unit, bus interface unit, arithmetic log~.c unit, etc. The
interface of the present invention may be included in CPU 210.

Additionally, the present invention nmay be incorporated into storage

devi ces, such as RAM 214 (which may include nenory control circuitry, not
shown herein). CPU 210 may al so reside on a 10 single integrated circuit.
Refer nowto FIGURE 3 in which is illustrated an interface 300 in
accordance with the present invention. Interface 300 is incorporated in
each of chip 302 and chip 304 which communi cate data with each other via a
15 respective interface 300. (Al though the enbodi nent of the present
i.lnvention is described in the context of a chip to chip interface) the
princi pals of the present invention nay be enbodied in an interface between
any pair of clocked |atches.) Data is transferred between chips 302 and 304
at a rate determ ned by a bus clock) bus clocks 306 and 308. 20 Bus cl ocks
306 and 308 are nomnally the sane frequency, and are derived from
reference clock 310 provided to a PLL, PLL 312 in each of chips 302 and
304. In an enbodi ment of the present invention, reference clock 310 may be
a systemcl ock. Each of PLL 312 outputs a local clock, local clock 314 in
chip 302 and local clock 316 in chip 304 which is |locked in phase 25 to
reference clock 310, and may be a preselected integer, M mnultiple of the
period of reference clock 310. Local clock 314 is buffered by driver 318 to
provi de bus clock 306 fromchip 302. Simlarly, local clock 316 is buffered
by driver 320 to provide bus clock 30B fromchip 304. 30 The bus clock is
provi ded along with the data conmunicated fromthe chip. Data 322 from chip
302 is latched into output |latch 324 and driven and buffered by driver 326.
The data is latched on a presel ected edge of |ocal clock 314. The data is
received via nultiplexer (MJX) 328. MJX 328 al so receives a predeterm ned
synchroni sation pattern in conjunction with 35 the alignnent procedure.
These will be further described below. Data 322 is buffered by receiver
(RX) 330 and provided to an elastic interface unit 332. Bus clock 306 sent
along with data 322 is buffered by RX 334, the output of which fornms 1/0

cl ock 336) al so provided to elastic



40 interface 332. Data fromchip 304 being sent to chip 302) along with bus

WD 00/ 54163 PCT/ GB00/ 00754 - ~ 9 2 7 AUG 2003 clock 308, is simlarly
recei ved wo 00848 f ace 300 in chip 302, and it woul d be und®CTGRIG/00154t t he
description of Mastic device 332 to follow applies equally well in the

recei pt of data by chip 302 fromchip 304 5 Target cycle unit 339 sets t he
target cycle on which data is latched ' by the |ocal cl olei?nA[ﬂ@ 2@%@ Vi ng
chip, such as local clock 316 in chip 304. The target cycle discussed in

detail in conj ynethen :;ﬁ‘ t chémQéBfﬁléA/ Byadsk bAdSler abi ngs sl igglace 822 an

havi ng an el asticity o . For ‘an“interface having an élasticity, E,

t ar get cy(ﬂmé°@mefltn‘h§/t?‘ﬁd}‘ld‘délhtylef dinFrEeeBPCEetiohdRf 1of RERIREI Bhal | v)
target cycle unit 339 may include a progranm ng register for hoI di ng the
predet erm ned t L8R ycl iChy, e a tar

341. The tar getﬁcyc’% egpr olglru\é%rre?sl \rll\hitar g{egtacyccy ag?%l %o 9 :an 9%8‘%;:%
be &di f f er érdy¥dren ephigonaerfe £OF RIS HFIGYr BMERVENFiCRI get cycl e un|t 339 in
chip 304. Target cycle unit 15 339 outputs select control 343, which may

i nclude a plur na depen o epbodi nen interface
unit 332 and t és%res hq' of ﬁ%ﬁee as |g|h?g3 ééatgég'r Erbg‘dor?t r‘%’ﬁpSﬁ “ S Iafe I
further d@sePrmelwt@on]lm‘r@P#mm oh the QIRESAY ANgBREdeIMNi ch enbodl rrents of
interface unit 332 are illustrated. 20 Refer now to FIGURE 4A il ustrati ng
an enbodi mrent of an el aél c interface yn 32 _in accordance w.th, t

pridsent i nvent iFRREMR 33USEREFEUST ﬁﬂlﬁcﬁo AT NP Eh PRpEESxa% \’7\%%5“3
recei ves dat acdardanéeX w38l anOgripratimdo off thrmtl snm!ipbled to the data (D)
i nput ef latch 408. 25 Latch 408 is clocked by I/O clock 336. Latch 408

| atches data at_the D input th f _on rising edge, of. clogk 436 a olds
Lhe data ani | TOHE 4 SPHBRLE Y ot DRE SR Gl At o HPSFR a0

coupl ed bzgkodigeatsef she pusgent inmprftion]of FTGIRIX3302. MUX 402 sel ects
befgween input 409 and input 412 for outputting on output 406 in response to
gate 414. 30 Gat 414 | derived from bus cl ock 30
period of bus c”§ 1&3%%“&?4% Y5 E Y Er 5?‘%?116”“51‘?19 aaché’i’/ f'btc?lff"f‘%
(DLL) . Ardneatrsdidanes wethaih@Lnrmnt;hmytm used in the present inventi on
is disclosed in conmonly owned, co-pending application entitled "Dynam c
Wave 35 Pipelined Interf ar atus . and_Met hod. Ther n or or.at ed
herein by referénce %éq“gﬁﬁép i @’é‘ftgeﬁlilvbefg%’tve Lﬁ’“gﬂ'g‘"ieﬁ& Phit aﬁlr’?é’u on
alaognnent iprerfader acqprdins sedtire pyesergninvdnsioper ati on of gate 414 will be
further described in conj uncti on vvi t h FI GURE 4B. AUS980208 10

27AU62003T edln ara

MJX 416, on in ufsglg}tlgﬁ ﬁj{“n attlﬁ rﬁ' % i% (::Lo Ada?ram °% gnpu‘?tq""sﬁ"lc
second Iati@he’r'fzﬂcehofl’c"ZGU%lSéh is aI so cl ocked by 1/0 clock 336, and | atches
data on a rising edge of 1/0 cIock 336 and holds the-data until a 5
suyhsequent ri si the ock t put, 424 of C cou
a%g.'econd i nput ﬂ%ﬁ%t 42’@'10?t Ai%ot gﬁe &t veecteéng %tm\ﬁélén fnputeqﬁ and
i nput 426 emhodigepd macsording o chep Prersnt B‘F"e@a%@ 414, \gate 428. Thus, when
one of MUXS 402 and 416 is -.f10 selecting for the data received from RX
330, the other j lectin ta held inits corres ondi | at ch,
one of |atches Flzfggikgmggﬂiglef"ag’t% S \/\alq%strcfafaa Bt "previ ols stoé;'%d ?h
one of | attthedined8 MFIGYRE i78: hel d for an additional cycle of 1/0 clock
33%. Z5 Hence, two data streans are created, each of which is valid for two
periods of 1/0 6 Because of phase. r versal bet en

and \gate 428) Fft % daf“éStsrta? &any’ gég%f‘#lagfa"frorﬁme anf’vf Sggematwe

t enpor al W?W"@Ptoné thke elpgkie) intexfads acgaedinge|te GfIEI PG%’-PBCR“‘B%’GN’QO
This may hkeafurther understood by referring to FIGURE 4B illustrating a
timng diagramin accordance with elastic interface unit 332 in FlI GURE 4A
As previously described, data 325 held in output latch 324 is launched in
sydschrony with HIGURE @Bockei@idtiqnldhi pil202trafee dat aimdmt ad8ram stqreceheved
at RX 230 gnBo&iMeRt 204 rrbgred@hayed by the |atency

40
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75‘represented by the path ,between chips 202 and 204, as discussed
her ei nabove in conj unction vmth FIGURE 1D. On rising edge tl of 1/0O clock
>+ 336) dat MQIWMEY 3" of data 322 is captured by latch 408 W 'GBINETS4406 of
MJUX 402. Because gate 414 is asserted, or "open", the data from RX 330 at
rnput 404 is thereby selected for out putti ng by NUX 402. (A gate WI II be 30
termed open when the correspondi ng MJX sel ects for the inﬁu? B& g t he
i ncom ng data stream Although this is associated with a (ﬁ ogic state
in the enbpriinemtoEstrRBMEORE 4, it woul d be understood that an alternative
enbodi mrent al which an o en p gate corresponded to a "low' logic level . )
35 ' Conversely, \gate 428 is negated, In response, MJX 416 selects a
previ ous data T2 RFESERE FHYeRsiRh RESYidesagh elastisy HRERFIRSR KRacHaRH® BhAthput
‘of latch ﬂr&ﬂ.eﬁbﬁ@@htWﬁ&nfEhUS@n tahengiat plvalliiey el datan phadarzidd Zhiss

retai ned for i V) WO
ooPostes Ho SBho g’?éégmg gPafley” dgié 2 cq‘l”ﬁ a|§§g1<\@[g g&%? oArhqg wienplk
‘408 and 3¢Pe ngsddéex magdirg yhiehjahberyiss RGP iFRSRERE RhYELerc WdEINR 387G 5
obt ?i nedhéact:)yncbhimeedﬁegkto?)eﬁe InrdsvhesVaes gl &m"?laﬁlcﬂa}t" 0§ ﬁEaS:iﬁBdi*chfh’alt .
at | aunc us. cl Qc 6 re a i i st,rat e
in Fl GUREél B nﬁfjsgg o% cé’n P ntl ﬂfckigrs%rclgb gt'iy%nt ﬂ;a%g w%ﬁla%g tk‘g tda@a

co- pendi nBregseEintsERscip FlP%cPYBB?ﬂamFNvWéuﬁ"ﬁeltPﬁeHeqeﬁb’e féate ARtp 2

Mahod Thenefa0lity df1Gebpafedle@emdttisei Sth)éeleétﬁRrED}CQ;teBHﬁmgCkﬁ&klaieﬁe&laﬁfﬁrS a
del ay acrgss the interf ace j ust as t%l 0 dat adagoes The. atencLy

cl ock 30698 cRIS0H Mty SBe o kiar 8 Brpecteind Frareovite / 0
cl ock 3361mne:he$ sihﬁheY%'b'ybte'mrleeHhﬁtfePa?thé F%POéFaFmpl?rZZ.SmbEOMEHft%O@ may

gener at edpé UGBtihialsnbae d@ﬂa@&a@iy gabtye Moaﬁlagpmusenlﬁlspiﬁ&m wﬂga.mtaxkte
falling edgesdof 110 ¢l ock u336 g el I/ Q ctlhqck 336, Yi’%

falls, edfT Fn PeBPEHsE® UKL ER% ects Yor "Fhe SufPut *FD ?“‘1"‘5%

408, coupPéddN@ |mtbﬂ1@cq9rnpme4ozp Fs%owpﬁm vithg e eripeAprle®oof Athegat e
414 is negadfsit ‘nga&e;14,28wmmaﬁsmhbedeemzemy tling Lon209keCt & fte boara
.outputti ng. 9N out put, 420 é%ra];‘g fromRX 330 on input 20 _ 418. This is
coupled to e B‘I np it I%ﬁ 22. The data received from RX 330 now
corresponds to data val ue "b" of data 322. At edge t, of 1/0O clock 336 )

| at ches 408 andn42B8el abrivdiheg dakana;twb:heimuureeswciﬂecefﬁiwﬂ;ss ke | 8dtch

448 thi Sf%hr es%%‘i%”tdar%]é B %8925:5%&% (TR, yanlael ol O 1},/{4# L cvéle ‘ée %1%%6

data 322 'S or an a t| onal ock
Lat ch 422313%&50hé§° da%°aPV‘a‘r’tﬁ’€ B BfPyongh D“‘idﬁﬁ‘ifta“éf%ﬁ IEXLBE PrEFERS: 66Y?§i§f‘°‘ﬂ24.
At the nexbwdveansit ivdin10be | dHVichoOcto 3BO3e tskillbdan ivathe are" thr IBe Gafpkerted.

Because, i‘ﬁ 0%‘19? N&Qa%g ‘}%gch%eﬁssﬁ%&ﬂ dabd SRALYE C c?ettagf‘zt.a 32¢ 3pPaArs

on out put ta value b i1s retained In 422 because

\ gat e 428iPstanEgnt ctElpERNG (HESEETpheteResds sgte 1911‘-?“%5 afag¥ame £7FBf at a
cast | nues okderahtt i obsdakatB? presdrasinentdbon e FBdcemnirydmailin this way,
to generate two data streans at outputs 410 and 35 424 of |atches 408 and
422) respectively. The two data streams contain alternating portions of the

i nput data str&8F§%ar PPYi i o THRES 422° WHPETPLZr edRRICERP f S 2PSRT S peticodEOof
| ocal cl ockceklarins bhdwnsttcat echlien #FFAGCURErd: ke Sir ugimilar obldneets Npry

data strequhighateshsy efle il JREDA Yuftdas Shiatbindryalaiess i omaone of the
tvxéo data streans I n'synchrony with | ocal 54163 PCT/ GB00/ 00754

A representative hardware , environment for practising the present
invention is depicted in FIGURE 2, which illustrates a typical hardware
configuration of data processing system 213 in accordance with the subﬁect
invention having central processing unit (CPU) 210, such as a conventional

35 microprocessor, and a number of other units interconnected via system bus
212. Data processing system 213 includes random access memory (RAM) 214,
read only memory (ROM) 216, and input/output (I/0) adapter 218 for
connecting 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
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12 2 7 AUG 2003 i clock 416. A local clock target cycle is selected. Thea

| ocal clock target cycle is the cycle at which data is to be captured into
a desti nafyicgpgd/sqiét ch by the local clock, such as |ocal clo®cTAED00TSEI GURES
3 and 4. The target cycle is determi ned by analysis. The target cycle nust
5 be later in time than the worst case | agency across the |nterface For
exanpl e, in the enbodi nent depicted in FI GURE 4B, the tar ggizﬂﬂgs been
set to be three periods of |ocal clock 316, corresponding The
target cycle is nmeasured fromthe zero tine reference deter |
ref erence MPGCkS®MB) atC pri ottty GEVMRHRYPn ¥BRFEHct3*8n c?’éte&té’ﬁ%e
10 cl ock MiSkbtathloGURE? 1t a Hatd hperoeksmsing chdtywotno aedbm:hpﬂemadabtﬁ @3REfor
4A' B, the dala Ay \@Js "Ry e %%sBl’a%h A1 E0dg0cal ol ofls Gug! @ﬁcgﬁel loRher

than the target cycle. In such an enbodi nent, tar%et cycle unit
FI GURE 3 i9ierutled 98 mhaue blenekB . crieli i1y gingly tHE R e (CORYIHY §€tmd
dater i s selieaigd & OmiesHiroEesddi!, 0 €lRst i nateconidnat wiit43Mpus Nisktdaians € uhot,

| ocal clocg )

pat_ 434 32 oeeit BN oSl T e PARReRE Che, PR st Ol
to out put J@EA“@FF Iaflch%’ZZnMJX A@Z‘Q@%Ets “F’Sr Rﬁ?ﬁﬁ%’ctrlﬁge’&ﬁénof‘“aﬁ'heb%v\o
data st re&ﬂﬁof@iﬁ’a&&&ﬂhﬁda bktéﬂ‘i@eZQeﬁiﬁe{%Ut s0éh | £ Gloes 24@B (@Rt Awayi Ninclude

response to sel ect co 4 ntr 4 S first,| |c
tare. -nidsy ol GRe e, SpERpRRERhei 00 AdCatd hSlag 091,
i Mfut 434 %%‘giﬁemDegﬁiﬁﬂd s#rquattch 430) and when sel ect control 343 has a
second predetermned logic state, "low' in the enbodl ment of FI GURE 4B,
data at input of 4 2 r Q\i. put of 430.
Sel ect control A‘%%g hg%pgﬁduga 2 {) \{‘ ?wr te e p”é‘r“% t?)zé% P?)%k
316, and iascphdanses yathr BrroPreasnth Jrn@eeﬂmer ockntSFﬁﬂ@uéHOt#mtllverm!tate@ntrr ol
343 has thﬁ.cfi' 6f3tch|1§gt(§32 Shat &ipaBole GRAEK esimﬁmuctakea dhaagmthcyﬁheotﬁé}ustal41

FI QURE 4B) |.aocal Ioc e.a a

CoTolod. PR e it eRe o r s T hen Uisiatell ¥ Pibendtente
edge to oflnl"e’e‘a’lmclléclées%lbeﬂt 1Phéh¢1e‘5&nts%§%|?ﬂ \Pe @dgetefcﬂ@caht@rfaek 3t
t9) the nextinpiyaiisoroof utdnepi—ésmsmltmactldat @a$l beambsaiedt GRhethrd Nixterface
o b e B 3By PLP SRR ety "B, AN AN R el P B ORRE |

period an second Togi c ere
latch 422 302 gRiR08d 203t FRE3BeErTmMipgd lar al BP%rFlékS’Q \Hug Mkaszos Andegef
t y20 dat a \B&buel&ksa'fao@u&ﬁdlho@zﬁré)fndnﬁh&i‘lly‘lZBeI Sameak £4tREnEVIL Qnbiahed sdeZvedind

data valu r n S qugnt gycles, of | cl

316, el as% g ?%?%% §8§ %%%Scr es r%gg §§°stj?§‘§‘m g‘%ﬁs al tel ergﬁa ely a}ups 982}(

sel ecti ng 36t Ween oth it eaheligent gef thaoBrepsat omvsatlcmz4retezteat=%: rFléPE‘Z 31
WO 00/ 5%§3be a system clock. Each of PLL 312 outputs a local clock, local clock

PCT/ GBOO/ 314 >4n %Zz%cﬁlﬁgﬁ Qfﬁsd%acﬁ n 9? »}]éﬁsm“oﬁﬁeé‘%{)éﬁase

el astic interface concom tant e conplenent
429 nust e ’-’Fﬁ?’tﬁ“&Fr §e€Fk Bééau%‘éi t"ﬁ‘é‘ P%ttaer?fﬁs?fé‘-f: imkegent ¥ f BelEiede <fary
by nore thae paeeidioesl referekicpeailiood, 319at eLdkbd Bk bes ik bufddrse doyMdichivéhe

proper ph%%gcfﬁ%r§§§%§‘ﬁugu§+é/c)<d ErézQEd%h%h?o(xgger ls%flighﬁaﬁgcﬁlﬁlbéh%% Cfs

that of 1/0 oca cl oc I's ‘phase synchronous
with 1/0 EMEERTSS BY STEHYerh3A0 £PRIFHIP U] BARSkot0BgAFe™ £#23P #04- centred on
presel ected edges of 1/0O clock 336, the positive edges in the enbodi nent of

FIGURE 4B. 10 Ggle,dla fgf’cYc bg %/ R @ | asl‘éﬂ ME a&ee%QQQ'JE%HSmQ_fatwerrB&e%é“

i nvention, by transmtt Ing a synchroni SAtT sync) pattern up
reset. Ref®iPingPatgapn? tbrom G 382 it %5%%@% (9“5P‘1“e§éfdbr3zﬁom dﬁb""t‘ff

t he dat a pmacesSiergdSystdii)et del.al rsatdaea A godmrRat oPrdpedsmectédPRuganse

si gnal 34(3.\oc aASek! ?fqt V"Q%e %r%%@n? 9%[ %mi& 18 élpbt%i)ngég 1§frux 328

pr edet er m ne sync er | AP node sr e asserte

enmbodi nent216¢ f?@lﬁFESEnPrﬁidr?\?emllnGH saby: ernuszteort marw@omserqruusween “vith
it ructi ame ANGnkded didcBéMe216Thdse i sebmet RaNbeMrigkaYenswi Nterface
unit 332 illustrated in 20 FIGURE 4A, data can arrive in a two-cycle w ndow
Wi t hout creating synchronisation problens, as previously described. Elastic
interface unit 332 PR RIsCOREE «rAd| by rugfeivead (RY 330 hrandi pypvaded|tasen ilegtf

two. In theckARcet BRisYAGhr ofissaiban 3B§-t§e§1|§:naio$1gr@ﬁw B8k 592 D& BREINEAhChy
with a perlod P, .equal to ar )i%ccater ?n the elasticity of the elastic

devi ce. THs %5 tfht'?r PR e P4sY AOEPT 4R Uik 332 BtsrpeEe gB“’ Flastic
Suiot abl e syxncmmr §ati orpagat £eem chvbpll Th4beengplsemtaltiot yhigf 3b2t s1lahg eritht buyg
between "1" and "0" with an initial bit of "1". Enbodinments of elastic
interfaces having elasticities other than two will be described bel ow, and
t he synchroni sation pattern will be nodified accordingly. For exanple) for
an

rn



30 \el astic interface having an elasticity N (discussed in conjunction with
FI GURE 8A/ B bel ow), a suitable pattern would be an initial bit of "1"
" foll oned WPAWS&Bi ts of "0", which pattern then repeats. Cf(ﬁ@FB%q’QWﬁ‘atterns

may al so be used. For exanple, bit patterns conplenentary ﬁpﬁ.ﬂg | ary
patterns herei nabove may altesnatively b& used 35 In set g m

gate 414, output 410 of latch 408 nay be sanpled while the sync pattern |s
being sent. Gate 414 is initialised with a presel ected phase. If, for the
sync patterscklesdy,i hied SiRiBiMgbevceivea B apddegtddd exchace whip &822 hai ag

el asticit e t u 1

concom ta}r’;'f”l1 be un%i%,%ogrg%&r gﬂ%azﬁeégl%o%fl ge}%‘é}%%%)’ gﬁ%%%/ éogg4§{iqfﬁ

27 AU G ZQBBlﬂgﬂfaSE‘dall& H@r%%éihet ﬁ%ceaaaﬁ f1taghY et 4302, fgore ebir sitdndi ngl y
\gate 428, should be shifted by one-half of the period of 1/0 clock 336. As
previously dis ssed te 414 enera ! L n .embodi, nent
of %a DAL is di glléill yg? ttﬁ;ei]:' 33';a¥eds tge rl:a £ %ygggsﬁ%g%’ké%h gaéla is atchmé
‘above-r ef évemd,ocabml%&t ilbrf—hemqqehwg 'CE#,EhaﬁP%h \Agv éotilpelogie 31 nivrdhiipe
Appar at US3a£1d MehdOga Heer efle "aikBEseROL AL &&LRET ehnc&ﬁuheiﬁfnemeh FRGURES

t ..el ast terf rd I ‘of th
o coont | ALY O SR ARET e n 1 PALEEa00, MRS BED b1 hfer a0

under st oodnbsrfackerhaviags new tedafyiGIRE SE. | hafdeGUREBe oimip 362 echadmes

data W t haehide-304e &brduic Fl Qe Sonaaly, additt oa,%llgyumé hs BhinRy 30%e1uER1 P
302 includes two . of interfaces 30 e .of whi.c coug%es chip §02 to chip

304 via aR*PHAFFEL e T4HF PR ﬁ’ﬂe‘&&dﬁn%hflbe ﬁ&de‘é?fa‘lf‘ E%E?Sﬁd c¥f ‘?/mﬁ:lﬁ‘e‘
coupl es chhpclBOtayt dechpgsiegOBiattastetalrzogranc Bagtles The targntl gyeld@Fodbanmad

accor dancenWich byt &Eediiantz:0f shhensy %Qntnair ny@rumgred%atéﬁaﬁD@ne eé%u ng
chi ps 302 154 in FIGURE 1

ath
havi ng a F&fgehc‘ﬁf"?rarx'%fﬁd”battaﬁggbzfyfg%p‘ﬂlﬁga 309hi“bo‘§'8‘§ £ 8% chi"BFHe SHEYS BB R
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Gate 414 is derived from bus clock 306 and has twice the period of

bus clock 306. Gate 414 may be generated using a delay lock loop (DLL).

An embodiment of a DLL which may be used in the present invention 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.
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The structure of the input data stream is restored by alternately

40 selecting values from one of the two data streams in synchrony with local
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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, in 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 captuie latches, in the embodiment of

interface unit 332 in FIGURE 6A.
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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.
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In the embodiment of elastic interface 322 illustrated in FIGURE 74,

latches 702 and 704 axe clo;:ked by I/0 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/0O clock 726, and
the period of I/O clock 726 is twice that of the local clocks, local

clock 314 and local clock 316, and bud clock 306. Bus clock 306 is

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

15 The embodiment of elastic interface 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 low,
at "flattop" 752. In other words, data value a appears on output 706 of

0 latch 702 prior to edge t, of I/0 clock 716.
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h"t' 109& Myxs BOR.\ 4 Q1rst input 704 in each MUX receives data stream 322 from RX
"#rP=1 Tl DS P& ol slesbrld) Uipht - P02 s( k- LRHAYO8phe Gy W)cbR¥esdohnidd) one
of latches 808-818. Each of latches 808-818 includes a latch pair. 1In
latches 808, 812 and 816, the latch pairs have an internal output of a
first one of the pair coupled to an internal input of a second one of the
pair, in master-slave fashion. Latches 808, 812 and 816 provide an output
10 820 from the slave portion to an input 806 of the corresponding MUX B802.
The slave portion of latches 808, 812 and 816 latch the data on the D
input on a rising edge of I/O clock 336. Latches 808, 812, and 816 have
their respective D inputs coupled to the output of a corresponding MUX
802. Latches 810, Bl14 and 818 couple output 822 from the first one of the
15 latch pair to input B06 of a corresponding MUX 802. The first one of the
latch ﬁair is transparent and data on a first input 828 flushes through to
output 822 on a *"flattop" of I/0 clock 336. Input 828 in each of latches
810, Bl4 and Bl8 is coupled to a corresponding output 826 from the second
one of the latch pair. Additiomally, an input 830 to the second one of
20 the pair is coupled to an output of the corresponding MUX 802. The second
one of the latch pair is also transparent, and flushes data through on a
flattop of I/O clock 336. The first and second one of the pairs forming
latches 810, 814 and 818 flush data through on flattops of I/O c}ock 336

having opposite polarity.

25

MUXs 802 select between the signals on inputs 804 and 806 in
response to a corresponding gate signal, gates 832-842. Gate signals
832-840 will Dbe discussed further in conjunction a timing diagram

illustrated in FIGURE 8B.

30

Data is latched into the local clock via data latches 844, each of
which receives an output signal from a corresponding one of latches
808-818. Data is latched into data latches 844 by local clock 316.
Output 824 of latches 808, 812 and 816 is provided to the D input of a
35 corresponding data latch 844. Outputs 824 are obtained from the master
portion of latches 808, 812 and 816, which is transparent, as previously
described. The remaining ones of data latches 844 receive on their D
inputs the signal from output 826 from the second one of the latch pairs
forming the correeponding one of latches 810, 814 and 818. This second

40 one of the latch pairs is also a transparent latch with data flushing
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10

An alternative embodiment, having an elasticity of N may be

iﬁplemented using the circuitry shown in FIGURE 8A. 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. Data 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 wvalue a 1is passed through the
corresponding MUX 802 to the D input ofAlatch 808. On edge t, of f/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 B32 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/0 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 t; of I/O

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

35 edge ty 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.



'

(10%z& ()-Y'l (109%& ()-YS10%& ()-!10%& ()-??WAA BbBC}~<|] >
10! 1Y/ (109%KX& () - . 109%2& ()-! *"10%z& ()- "i!M 10%2Z& ()-=!Fi! M 10% ()-:
10% & () - GRDHeEMBAEEEQESEOPLY " 10% 0& () - 10% 0& ()-! " *10% o' p&T/QB00AOB3 1033
1033! Y/ (10983& ()-! Y/ (10%2& () - SEEESEFHHDU}[ 90P1! ' 10%08& () -! Fp#10% o' 0&
()->'10% 0& ()-!c' 10%00& ()- "910% o0& ()-8 "10% o' 0& () - DIKL>NNZOQOzX9. 1
10' 08' 10% 0& ()-!c8' 10%0& ()-,/' 10% & ()-!c, /' 10%0& ()-!c P1pAbS 2003 1
0% of 0& () - 000OOP?QRABL 10" 0! S (10%&! ()-3! (109%AT& ()-3ST#10%& ()-s!

|' 10% E & ()-!Pl' 109%& 10: ORXSTTUZVRWE X9B1

10' 0. 10947& 8 | P NYoflR 8 @}“1‘“ iR )G L@%ﬁ&"’? ug\b dfogiRidarly geld for N
(10%&: () - SBMBXIY P YQWadbOXEr 836 TinSehel G at h 4G 086n1&d( $o ASLED®WIOE (Fres

10 10 10! Phae 1 Qpdgnn6) velO& (ise Qb ] gadeXGiyal ted ted b

1HA l'10%‘}u8fl )Ef-&l“{’ilb a%‘&'ﬁ' VT 1000ueP 1) 820 1006 08 0+ B &S Ei0oRuAGE ) -
, S& 10%ull R £fifbbits e e‘i‘?‘q AOF Q3500 3% e ippYt FOLURE thex GRYresponding
5 MUX 802. Data value b appears at input 830 of latch 810 and is latched by

edge t. of I/0O clock 336, whereby data value b appears on output 826 of
latch 810. Output 826 of latch 810 is fed back to input 828 of latch 810.
Because I/0 clock 336 is negated following edge t,, data value b on output
826 of latch 10 falls through to output 822 of latch 810, where it is
10 coupled back to input 806 of the corresponding MUX 802. At edge t, of I/0
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 B810. 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/0 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 B44 on edge t;, of local clock 316 and appears on output B850,
30 and, likewise, data value c 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+1l) st data value on edge
t,: of local clock 316.

35 Data is output from MUX B46 in 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 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

e
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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

1s with an elasticity of N-1, corresponding to the elasticity of the
embodiment of wunit 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 selectivelf steered

25 into the receiving chip .on a pre-selected target cycle 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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circuitry coupled to gaid first and second storage devices operable
for 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, wherein said first and second storage
devices hold data values for a predetermined number of cycles of a first
clock and first and second selection circuitry each having an output
respectively coupled to corresponding inputs of said first and second
storage devices, said first and second selection circuitry each having a
first input 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 one of said first and second inputs
in response to a first and second control signals.

2. The apparatus of claim 1 wherein said outputting is synchronous with
a second clock

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

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.

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
gsald second clock.

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 wherein said first and second

control signals each have a period twice a period of said first clock, and
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9. The apparatus of claim 1 wherein said circuitry operable for

selectively sequentially outputting first and second data values comprises

a multiplexer having a first input operable for receiving said first

data value and a second input operable for receiving said second data

value, wherein said multiplexer 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 fivst clock.

10. The apparatus of claim 9 wherein said period of said select control
signal is twice the period of said first clock.

11, The apparatus of claim 1 wherein said circuitry operable for
selectively sequentially outputting first and second data values
comprises:

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 multiplexer having a first input coupled to an output of said
first latch and a second input coupled to an output of said second latch,
said multiplexer 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 is a predetermined multiple of a period of said first clock,
and wherein said first and second holds latch data on first and second
predetermined levels of said first clock.

12, The apparatus of claim 11 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
predetermined level of a second clock, and said fourth latch being a
transparent latch holding data on a level complementary to said first
predetermined clock level.

13, The apparatus of claim 12 further comprising third and fourth
multiplexer having outputs respectively coupled to said third and fourth
latches, said third and fourth multiplexers having a first input operable
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gate signal, complementary to said first gate signal.

14. An interface apparatus as claimed in Claim 1 comprising:

a plurality, M, of first multiplexers, each having a first input
operable for receiving a data stream, and an output;

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

a plurality, M, of second multiplexers, each having a first input
operable for receiving said data stxeam, and an output;

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

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 multiplexer;

a plurality of fourth latches having an input coupled to said output
of said first one of gaid latch pair, and an output coupled to a
corresponding input of said third multiplexer, said third multiplexer
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 to the period of said first clock, and wherein each of

said of third latches is operable in response to said first clock.

15. The apparatus of claim 14 wherein said first clock comprises a local

chip clock, and said second clock comprises an input/output (I/0) clock.
16. The apparatus of claim 14 wherein 2(k-1) equals M.

17. A method of interfacing integrated circuit devices comprising the
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number of cycles of a first clock;

sequentially outputting a first data value from said first storage
device and a second data value from said second storage device by coupling
a circuit to said first and second storage devices and providing a control
signal to said circuit, wherein said control signdl has a period that is a
predetermined multiple of a period of said first clock;

receiving a data stream at a first input of each of a first and
second selection circuitry;

providing the output signals of said first and second storage
devices to a second input of each of the respective first and second
selection circuitry;

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

outputting each of said second set of data values to said second
storage device from said second selection circuitry in response to a
second selection signal.

18. The method of claim 17 wherein said first and second sets of data

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

19. The method of claim 17 wherein said first and second selection
signals are complementary signals.

20. The method of claim 17 wherein said first and second selection

signals have a period that is twice a period of a period of said first
clock.

21. The method of claim 17 wherein said first and second selection

signals have a period that is a predetermined multiple of a period of said
first clock.

22, The method of claim 17 further comprising the step of:

initialising said first and second selection signals.

23. The method of claim 22 wherein said step of initialising said first
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in response to said preselected data stream.

24. The method of claim 23 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
value is captured in said second storage element.

25. The method of claim 23 wherein said data stream comprises a
synchronisation (sync) pattern.

26. 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 1-13,



