;| } e3eEo6ElI | 46T6GEM 2 2 A ~ 2003 A METHOD AND A CI RCU T FOR RECOVERI NG A

DI G TAL DATA SIGNAL AND A CLOCK FROM A RECEI VED DATA SIGNAL The im ﬁrkg; %
relates to a nethod for recovering a digital data signal and a cloc 'g 403
5 froma received data signal consisting of a nunber of successive bits,

wherein a cl OCKJHMEMMU, m]” rst produced fromthe received data signal by
nmeans of a reso and wherein the recovered data signal is

produced by sanpl i ngcdoche recel ved data signal with the recovered clock
signal) In addition invention relates to a corres er’ldl circuit 10
Then-r boer vi HE THR? NG A ORGR SEraY SRS e TGP Bt P el KA
successi ve didck FROM AfRDE e opATs&iclpaansm ssion Iink, a clock signal
will typically be recovered fromthe re ceived data signal and by neans of
this clock signal the incomng data will be retimed in e.g. a flip-flop

whi ch meansrhkhilentib®reldtes w @IH@thdal fbre@bvdritg lalRaiHalNgbna @ dydsdkadraed
with the clock signal. A nunber of methods for achievi ngpthl s are known. In

an frequentfiop ﬁé"eC(?'VQdS’af?e?% comristpg st R nuimRRL|of ucceasiys Bite WhEreIR g1dogkt ed

first by prsﬁ@dmwsmast@ro‘zm@@homewé PetefveB WakPsibR4! lyandarshdfiat rebondtbeciicgic @inded
data signal and then \}/%fIH ating this pulse S|%nal t hrough a resonator

circuit. THEFRHitdEaVarsd daips'ana 'S@WUCESWﬁaw S SARPFIVEY dRtagiangl with

el ectric hitghréoliérkbd elock SiaRalofin bl@tidt anihagesoraklatdd ® adrhegohdng bisduita very
clean and well| defined clock signal is achieved. In addition, the nethod is

wel | -reputed and verified at 20 very high data rates. At very high data

rates, tiee wm r‘é'céMﬂb répi8l dRRA dutiés@ﬁ@s in@eUbah bya numrbyr sfictessivemite] d.g.
perlodat .5 Ghit]s is Hence reverybltte

recei ved dafl't"a1 37 gRie! tf%“sé‘?'%?g‘?rb“’&oﬁ Cl?ﬁ\‘ﬁ'gggg‘f‘fﬁﬂp“f?é'w decsieq romdng igar ef or e

i nportant tcBpbddbg dlgﬁfa‘l)ah@ﬂy ﬁiﬁbﬁs aftﬁl&ainodkSs@adTMeefdcor%gwé Rilaecdfimé@lny in
the centre of the bit per centre of qﬁ/a?ﬁdla ramas it is

al so t er me@:9- GiffRelor ‘HE‘CFé‘?ﬁ?&PgPat@T‘F‘a'PQ'(Yldé‘ﬂ Rt ?féh%fiatﬁcﬁ & YRcRnzeg i and

the clock ?elhegclB@H sngrfial scuhnmséxea n&hddy foRh Eedn@ tHigameaKknon. frf aﬂmrédﬂ%ntly used
transm s

process a ture variations, it is
i it cu® fetsdiieatekionehs riomioneaior on TEL NG LEaR F 8 LR TS Rent  f or
t he sanpli rpgls&démﬁchyhmnhe retéieed astaistgriahend etk ftufatmbeh:blpmspesrgned 30
Thi s mayb ied ¢t oso etetb in ertln anadus el ay
elenent i niBRESH? resaatoP gRANS TRa irEPharpY ot RO AR, B fila SR Pl HEp §'yed
si nce the remmcdﬂ@d()(ﬂtepbr@lcgmﬁ advantiiges afithiss niejrecitie that a \&Wedﬁmelh e.
t he resonato rcuit thi olution.,re UII’ nt of the
cirou ¢t nognedl SR SanalReANBled 1M edafPn b Sk FLH st eP e A oAy
separ at €y véryrhug?adé‘tarartelsw dual circuit during manufacturing, it is a
process that, to a 2 2 APP 2D03 2 substantial extent, makes the product
nore expensive and nore conplicated. In addition, it is only possible to
account f oAt serythigh deda rates, dmsindividubl it periousraravireatgrally, dgneshart; therbitperivd et

whi ch e.g. ’?éb:@‘%‘l g;zf& C#’Xc% 5 n@é reve 61%%%‘%%%’ &at?%@g%g‘&@ﬁe‘%’r for.

5 Thus, it s an |nven out € above
type, wher oy atsmg)rt penod and it is therefore |mportant that the incoming data signal is sampled

25 quite accurately in the centre of the bit period, or in the centre of the eye diagram as it is
also termed. Since the temporal characteristics of both the data signal and the clock sig-
nal is subjected to variations originating from the transmission link as well as e.g. process
and temperature variations, 1t is difficult to ensure that the synchronisation between them
is sufficient for the sampling actually to be effected in the centre of the bit period.

30
This may be rectified to some extent by inserting an adjustable time delay element in one
of the signals. Typically, the data signal will be delayed since the recovered clock signal is
already subjected to some delay in e.g. the resonator circuit. However, this solution re-
quires an adjustment of the circuit in question, and since this adjustment is to be carried

35 out separately for each individual circuit during manufacturing, it is a process that, to a
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sanpling in the centre of the bit period of the data signal is 22 APR 2003
automatically ensured, and wherein an individua) adjustnment of the '
synchroni sation in the preceding circuits is thus avoided. 10 According to
the invention this is achieved by phase |ocking the received data signal
and the recovered clock signal to each other in such a manner that the
recei ved data signal is sanpled approximtely in the centre of every bit.
By phase | ocking the two signals to each other imedi ately before the

sanmpling, the effect of the varyjng tine del.ays to which the two signals
have boors UG EHE o e P BRI PBISF R AP RE FERERE ol AR and
every 7 5tisampl posgibtatd daeopaidragtatdy Jpmechssielttys wahhémwHhdneasvémpansdiaaria-t | me
during V\/qich the data sig nal i §table As ipdi cat ed ti n claim?2, the phase
Lock may 1ot 4BFY S AT ERC By THEBR A1 e i el tteperietiohet ween ¢ he

recovered clock signal and the received data signal and by tinme 20 del ayi ng

one of m dependi,ng .on,this phase difference indicated.in.claim3, it
Ty be & HiUseE Bt wlog 8 e oyean st Rortirbo iy B Hedaiarsis 1Bh " he
measur ed sahgsiag th theeseare@f thEMitspepiod\uf thesdaaa wignyl iexatomaticatg easljragtarent ) and
inaddition it is %d.\/ant%gJeS?us that the tinme, del e%% onI%/ has. tot be

i mpl enent@FTED a7 DEVISLRAIAGISTPE 8/ SUICRCEISEH 0 B RESPYRAFTSHE S THE a
singl e freRgiRdacy conponent. Alternatively, it may, as indicated in claim4,
be the received data signal which is tinme del ayed dependi ng on the neasured
phase difference. 30 The tine delay may, as indicated in claimb5, be

pr oduced Antopdigyiodthadnvehtormbasia aebiepdbe pihskflerkenctbe ascepedemtanggsdigndl to a

control | apbl e del a nit. A relatively sinple soluti is thuys, obtained in
St Dhe e Seetin b s e qlferfn §UPs raBphidfe tetehBH 3R NG
cont r ol | adanepletbhpproximately in tRe c@ntfeof-everPbit ByPhAke irckiag theetiwg, sigriads toiemehdel ay

may, as indicated.in claim®6, be produc b rovi.di ng th asur hase
G 11 er enclham e O ey b saip oo e o B BB e BB WHER e i ch
a cont r oltivecigats Hdvetmenpubduedonitheir vag tveughtthe lcoclkit is ngutedlised riindaviesd by a
signal, which.is produced as, a neasure. of fr ncy, vari at i ef ween the
recov e1r5ecf a&’?%‘&‘% an g? é’ﬁ’gg m&%ddprgﬁ'sg]sﬁt"ﬁﬁfn %‘Fgﬁ% S%g ﬁg'fﬂ%dé‘.”ag P@ %ﬁg? g?ttacﬁ'gﬂ'c uit.
By use ofnahisfstailgelency | ocked | oop for producing the time del ayed signal,
the latter may generally be produced without fitter, causing the retinmed
data signal to be largely free of fitter, as well. As nentioned the
i nvent i orAd indichtednimclaim @] tieedase lawk oiaycaliitably be pedemvasiiyrgeaswiingiatpilaseat a 10
signal a I r 1 i .51 a
umber _oftiaefichyBbRiR et Aol BHa e LARR oG TRF A, e
ci rcui0 faslaygehecoftbem deperding pgtizs phasediffdiendeecei ved data signal and is
desi gned to produce the recovered data signal by sanpling the received data
signal with the recovered clock signal. As the circuit is designed to phase
| ock t he Ascibdiceled inlalaim Si §maly beribie renoveedelosk sgnal waikh sitigitadelayededich ot her
so t hat [ t ' | ; | ' centre
]p:ént:i;f'@ drARE MR hash AiRherce. FRSRIARRIAXLIR] G difisirisht,

of every bit) “the e the varying tine ays to

signal s tebddn pedition ity advastrosepaihat Bletirondelaeenly hag o igwigmeted aiacuit is
neut r glg %‘ﬁ?bl@ﬁe&l%%g's%g tRPAY S« si?ﬁg né’%%smé Reqienty BEmBEAdHRr Med

precisely wthin the very short Ich'the data signal is
stable. 20 As indicated in claim8, the circuit may suitably conprise neans

for _rreaswééﬁgatﬁe@h@ﬁ% sﬂ'g;fercsweﬁn RetHReBe iHRGeESEV I8 dighhIRRck GRR) g@nd the
recei ved data signa gn or per
layed depending on the measured phase difference.

30 The time delay may, as indicated in claim 5, be produced by providing the measured
phase difference as steering signal to a controllable delay unit. A relatively simple solution
is thus obtained in that the desired effect can be achieved with only one component, i.e. a

controllable delay unit.



form ng said phase |ock by tine delaying one of them dependi ng on t21i25APR 2003
phase difference. As indicated in claim9, it may be the recovered clock
signal which is tinme del ayed de 25 pending on the neasured phase difference
by neans conprised by the circuit. This pro vides a very exact tine
adjustnent, and in addition it is advantageous that the time delay only has
to be inplenented at a single frequenéy since the clock signal has only a
single frequency conponent. 30 Alternatively, it may, as indicated in claim
10, be t haltereetvels thedtitha dsiagmady, whindicates! 1t iclaen ebapedubsd bepnosidogthe i sed by
the circuj I . - differ T i jt may, as
 ndi cat o PO At T e enoe A a MG AR Sl G B RO BBt Bl TR

sai d ti mewliehacaynliadddcdididypredisestresacedrghadedk sigid epdraded bAarsgrat | vel y
sinpl e sol yt.i ' = [ j ' t Led
ef fect cavr\llH 2qggrr(\)idé%égdé\fm%:p}?%gﬁrle;‘/bfgﬁreetqggﬁc ong%ff%e%tgeegnggﬁ%%lr%gkéekedeI ay
uni t. Abteggnaltandeinoutputsigorl fcuntsaidagsonatoriciteliic By ageioha degirencydockediqari se of
frequency. gqq{g B f i i i rd i a
controll efglrggm Inggigér)t"ﬁgyg%!yggg ggltﬁ‘gl%géé&/ﬁgﬁgg@&%frés@ﬁ%gwgglﬁtﬁ@grl'I ed by
a signal ehisdrg ths regimerildatd sigoabtornedargely fisfe odjitteregaiwalty vari ati on bet ween
the recovered clock signal and an output signal fromsaid resonator cir
cuit, the frequency | ocked | oop in addition being designed to produce said
ti me del ads byendipped batriventio furthermeraselated tpaakeuitdof faspeaitng aadigdel fdatat her
steeri j t i I

o1 oduc, gt PR oL el ikotled B Riordl SArRWARES LARES b sBORekE |

Wi t hout fhits swhereimtheiairguit pemprsasreeigselater avicgihtar prasiugiaglazaiepk| sjgrfal Eemdiie
fitter, . {.n i -\ i i ; il:~bel ow
w th ref o Sane T vaE Rt it to AbdHEs il el B S A S P

f or recoviéeirageivectiala sighalgthathsiregnykeregirmipck sidnek I sdhe)pisguitiis designaddeei ved
data sig Ockthg receival UM, WS R Eﬁg@ angi 1\ LNg to
the i nveﬁ?‘#adc’r(la,a %@ "3 ‘ISV%QV_VS a%gite)é(laa%rrglte_ o?g\% he gltorag%' Béraéé %?I '2"%&@%@%& ector
for ust ithetrheeivec daip sigpel irpampizd approrimgptely inshewsnie skavsRUbb iR EifeRtAt of a
circuit %%Qfa%liﬂét?tri]&@td%l%?sh tdWKigh 'ﬂ%.”two%ﬁb%ﬁgsﬁ e BeR QUBiedted BEp&afeiiPainapnt  of

a circuit accor o the invention. e disclosed circuits héereunder are
pr ef er abl %23y mr@'gqu! @6"%1 ig Ngpiigfised gp dQW@ﬁéPb%v PRE @gﬁfawﬂpimm@x bg To
support ymfar%wprr&%ew Wik BREGE P BRSirh & Bulg Wiieh M@éﬁ@gﬁ/ﬁaapg iabfe, | 0gic

c

gates an ircuit blocks are preterably inplenented as ogi ¢ usi ng
bi pol ar transistors The preferred process is a 2.0 pm Bi pol ar process

sui tabpe Al Gidicdkedtih lcRith BStHRRSCAR hiag sWitddN BorhpiRelnh@sHLTP Y IeaaNBg 20dhagbout 622
MHz to 10 GHz. The NPN transistors provid hi s processlgﬁc}/%rfT val ues

d by t
of about YEEIEAgE PRAWEER g fegaysred EIBFr'fr%'BE"i“é’I?‘F'}hey'ece'Ved data signa per-

forming said phase lock by time delaying one of them depending on this phase difference.

As indicated in claim 9, it may be the recovered clock signal which is time delayed de-

25 pending on the measured phase difference by means comprised by the circuit. This pro-
vides a very exact time adjustment, and in addition it is advantageous that the time delay
only has to be implemented at a single frequency since the clock signal has only a single
frequency component.

30 Aiternatively, it may, as indicated in claim 10, be the received data signal which is time
delayed by means comprised by the circuit depending on the measured phase difference.

The circuit may, as indicated in claim 11, comprise a controllable delay unit for producing

said time delay controlled by the measured phase difference. A relatively simple solution



35 available 0.13 - 0.25 pm CMOS processes with sufficiently fast 22 APR 2003
transi stors may be 2 ? ~1f'" ~ 2003 5 capable of being applied msone
applications of the present invention) at |least for circuits operating at
the | ower systemfrequencies. Fig 1 shows an otherwi se known circuit 1 to
whi ch the invention may be applied. The cir5 cult shown is a part of a
receiver circuit which may receive a digital data signal e.g, froman
optical transmission |link. Only the 3ata signal itself is transmtted in
the optical transm ssion |ink and consequently a nmatching cl ock signal

t her ef or ds iz abipings ighat e desred effa@ crBO&iaFBIEVER ST ORY rEc@mRArerhi-& 3i gnal
The i nconddigofitiddahpndl. Din is led to an XOR circuit 3 via a data buffer
2, partly directly and partly via a delay elenment 4. If the signal D~ is
10 constituted by a data streamof e.g. 2.5 Goit/s, the bit period T wll
be t00 psancrpativeRetheelravit Mﬁyta@%dil@té’d'lnedlﬁm cOmipAYe bh@éhdé‘ﬁcﬂo%k@d 10680 ps.

At the output of 'the XOR circuit ul se signal with pul se of 200 ps
will ockUuPr pdugagspid Himetdsfay, mw@'%lpapglcgﬁgp”edﬂﬁ%'aw"w RIPEYRS the gegavd t o

t he i npute@fl cRek SIERNRLATolfdByW digrnl WRickhs Sro@iucé@%s B%éﬂhsﬁ%ffd fréQleney a
dielectric high Qfilter. The circuit 1 itself Ecally be fornmed as

an i nt egr @eHoEPeWESR thfgea?Y&r@t%OCrkéé@}?éﬁE‘éaBPPtﬂh‘ §|ggal FRdRCPRIBREr | y be

an externali %mn@rmy ;Meatbdpsn%euabresemgdtattgnedntoe;gbat@sm frﬁ@ldela])f!l}ﬂce t he
resonance circuit has a very %ge a stable clock sig

will appe%ﬁp"att'omoétt@uﬂﬁﬁuredamﬁ?ﬁ* rNcE 3 fUghal Stﬁﬁrww%ft?'t)%sajgwpf 5y
sanpl i g tééeofctate@uémcg/natkea%d% f6r t:ﬁadac.t\é trmfrtx@aelayé@s@hat tha l4tedrinigRyd dat a

signal Do~c , i.e. a data SIQ{ is synchronised with the recovered
clock si gerqeral, bewr q’qucsﬁy%tﬁ?u é_r{tert, ﬁ@JStHI& ‘Bﬁtfe%f'e‘ﬂ Aetasigalf qb&t graeharemeh

buf fer 7)jitte¥iad wielicl ock signal buffer 8 the recovered clock signal is also
avail abl e as the signal Cka"t at the output of the circuit, said clock
signal also being used in following circuits. A delay el ement 9 is inserted
in the trmmmmwnp@é feefibdd i gr&nei aesl) Babw withgeRrerde to 2% 8faRiRdshe buf fer
2to th%e flip-flop 6 for the purpose of conpensating for the delay to which
the cl &ekWRflnal s i nevitably subjected in e.g. the XOR circuit 3 and the
resonat or CII‘CUIt 5 so that the sanpling in the flip-flop 6 occurs

appr oxi el e centre f the bit rio of. the dat i gnal .30 The

del ay e|ma]1. WW&H‘I‘ 'EEFQV%WT% Bf"eddatt%s'%%féﬁsaaagat%Q”%rﬁ&ﬂﬁt| on

t ol eranca&belh@maatestgnblhl S requires an individual adjustnment of every single
circuit during production which to a substantial extent nakes the product
nore expensive and nore conplicated. Since especially the delay in the

r esona2®rFigi 2 shows Sfirseambaodimbetrofarcecyibageotding tnbednveatibnwi t h t he
tenperature, the delay elenent 9 at the very high data rates, i.e. the
Y1l~~ LI11JJ 6 very short bit periods, is, however, not able to ensure that
t he sanplkipg3 shovisted dxXaimpid bfape Stratuwrercs aphase defegtonfdrhisa it the oiresiyoshort ti ne
during V\,hfgg the data signal is stable. Fig. 2 thus shows a circuit 11
according fo’'the invention wherein this problemis solved. 5 The | argest
part of the circuit 11 corresponds to the circuit 1 of Fig. 1 and

conpo t r t he sane

refer Q%fgeﬁ ep’ s?aa %Coﬁase%ggfnl el gfoa Q?Utt%;t&&%m rtéﬁeﬁﬁ%rﬁf&\?\\h?% wll be
described in greater det ail bel ow conpar es the recovered cl ock signal Ck
with the t i ex pressing the
phase. i 7o or BB aeBHRREE e PrskltRtireo bl B, £ 0nt  mum 10
sanpling time and the actual sanpling time. The output signal fromthe

| b
St o S o Bk T N A e PRSI B oL, B
t he oudQuttegiagertdirclits Totsupp@hiteeeqidtesd igh-sdaekd d'neeatmmtqjtthe piiegenat| cirbuitan t he

del 2y uniibad 308t SONNULNEER: bR 180 INELRALRLORIIL ARL 6k e has been

adj usted n w'to O i mim sa op 6. The
circuit 1tEar$$tca$ §d)e$|m)‘asedipnbeéws ard.@ pe Bipolehprogasasisiagleadigipdtincuit¥he | atter

may stiII rpate to co of the clock
si gnal i 'R FasPBREE th ke quehel RTBRGE ahay S%rzétt"'rfléu‘? ey tﬂ%%%ﬁm | abl e
del ay el qmawdedlB/ thisgdrocesk Ihgye ﬁrvglued@ﬁamm)%pms; tAleenalieblgysommercidipul d be
not eddj? g%ag ﬁjéa%z?%m § &ﬁo%ap}’oc%s%gs \Irvr?hg tlflrcll(élnﬁ))} %sf:t?gnss'ls%rs%ayab fixed and a

contr



_ 22 APR 2003
Fig. 3 shows an exanple of the structure of the phase detector 12. As
nment i oned above) the phase detector 12 conpares the recovered cl ock signal
Ck with the data signal D, and produces a signal at its output, said signal
bei ng a neasure of the phase difference between the two signals, and thus
between the optinumsanpling tinme and the actual 25 sanpling tinme. This is
effected by the recovered clock signal Ck being used for sanpling the data
signal D,~in three flip-flops 21, 22 23 at three different points in
time. If the type of flip-flop applied is designed to sanple on a positive

cl ock signal t he qut puts of

Che' pr osohIPaRRA HruE e anple frsTarns coreuRe el iRty Al st aeeiSely.
The pr esesperatrhgiat the lovadr spdera dieplenc@s( SC), whereas the pre 30 ceding val ue
is called sanple A (SA). The delay in flip-flop 21 is taken to be
sufficient for a new sanpling value at the output (SC) caused by a positive
cl ock si ghAal 1edg\ss A0 btHedwiap predwn cirduit [ tafwtherh thbinp)fefnlr@rpmza beagppped.fTdemdd its

I I t.hi
2dd 1 ofaf STy S e o Bed b B RalPte SeBer e, s
~ Z ~4~ ~aﬂ@68ca7trﬁ)ummhmomhre< Oniyehé Gata%@naﬂ Itsqu-xfsltmpsrz[%tew:d! thesaptiphitrdrise dat a

signal on_the atlve f the.clo Si resulti sanpl j.ng
val ue (sa%ﬁséo i §I§)j OOHS%@? e%m?ﬁfg‘ OC& zthere@e %agggtbet%grtac eldﬁ%l
the trans ra;blvenfrcﬁmcnm tdvevpd eatadigngl traenrtt@rrmgadmtsugmat me leddo @ao @R cirt he

o1 "cqual 84T BHgeror PUTi Prd st b ineloatil e rduAD e SF iy B Pe bl acea

by a debayomstltm:ed by aidbta dred® df @yy. @y Bleigpahe bitgpetiod Matill ba 400 pskarsd e ale-

ol ng REAE Sare e Rar behtE 2P 200 b apiheRipul e XIS ERAR S

appr oxi mape!bg signaltwith T pulte ef 290 pshall pccmcétm aaghlshift ipaiddatasignabB hikhpudde was
Per o e SrRRAS I8 A (P RS R IR A MO O RSRRHIY e
cent re of diekeetriprrégreqtfiltbr. Theeirquitdi. |tselfsu|lgtyaicalsmf>b femed ed apdotepratedainsitof an

T 1t Bnahy SR sPRhs R AR AL P SR B st ! AP osB DFep 55T

"o" |f thequ;mcbtodhé fréegratied circudt. t her e has been a shift from 15 t he pr ecedi ng

to the present bit period. Simlarly, a signal SAB is produced by nmeans of

an XOR circuit 27 and a subsequent inverter 28, said signal being

| ogi cal | ypincethd fesohancsairpil %@W@VW@@BA@@&&QB elpek signat Gked 2,5 @h’@ wiki ng,

| ogi cal I'y}ppddy al Lfts &ﬂFMt Qﬁdglhg'&clcfc%ﬁtai m?b’g-ﬁe‘?\%égﬂ éocyfor Eéﬁﬁpl S'd'é\FéJénér?al 29 and

30 produce two | ogl ca
cor r esgBnBiniyafl- fi%lﬁ’eﬁ saiiel 2 fRymed|datassignal dhd . 56 %éaﬁagﬂqr@éwhicbas synsbEch si g

nal's, UP @ldq me mcbverla@aba@é. d¥al BR, wil apbE5CSRAE bltst &fths b@cm téea@staSAB

t he sanplln val ue bei ng |nS|g icant, since it is inpossib Inthis
si tuati onbu QS@M@&@JOQ'(MQW'M% thetyeaevarad closk signakis a\SOtaHéﬂas%ﬁ theg ti me.

25 1f, onghha &L hst th@%ﬂfbut Sthfe bl?Cdlt%&@@lIOEN sggal al§6’5é|ﬁ§ Qé)é‘tijlnrfgllévﬁngﬁh' ft

from the precedl ng to the present bit period having | ace
signals, ©p Saﬁdiemwmamt@ iz weeited indbe 59n5trwés'§n CGEL °f$¢€Bfe°ﬂY§d SatthaienabO

wi 11 ogi gahlthe Bifer P'toithe @é%ﬁo;b 8 foelthe%hsc%%m REhpRnERingdoMhk ABI1aYab %ﬁ:hSA and
SB being identical as a resul he shift fromthe preceding to the

present bine GRakK; S&ﬂ‘ahﬁ\}”%a‘?'hk@ie%?%@ee g-dbe %Q%a&ﬁcq%a%@mfﬁwa&rgw Cet St he

clock si g@@that 81 dafhdiiRgin tﬁ@ﬁ@ flop® &cgmrwbtélysmttﬁ@c@aré ¥ tROBRPEASH &0 t he
optlrrumsarrp ing tinme and the signal signals that it has to be further

deI ayed. e datSigeal ot her hand, SAB is "0", the signal UP will fog~calfy be
"1 ", corresponding to the sarrpl i ng val ues SA and SB being different as a

result of the shift fromthe preceding to the present bit perjod having
taken pPadBe griryplement Rerayogtenalls bedgiiskibla ReEPRRNSAS FgRIPIUHPNt hat case

the cl ockicidraRads; hewde®, thidt@uired ak indvidua? S8idstnent of every single circuit during
production which to a substantial extent makes the product more expensive and more
complicated. Since especially the delay in the resonator circuit 5 may furthermore vary to

some extent with the temperature, the delay element 9 at the very high data rates, i.e. the



conpared to the optimum sanpling tinme and the signal UP signals tl*%lf2 t’RB 2003
del ay has to be reduced In order to convert the two signals UP and DOM to
a single signal which is led via the 5 filter 12 to the delay el enent 13,
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data signal, respectively. The present value is called sample C (SC), whereas the pre-

30 ceding value is called sample A (SA). The delay in flip-flop 21 is taken to be sufficient for a
new sampling value at the output (SC) caused by a positive clock signal edge not to ap-
pear until after flip-flop 22 has performed its sampling caused by said clock signal edge. If
this is not the case, an additional delay element between the two flip-flops has to be in-
serted.

35



This contributes to ensuring that the recovered clock signal Ck,_is
frequency | ocked to the output signal fromthe resonator ci rcui € I5APR 2003
However, it does not ensure that the sanpling of the data signal in the
fhp-flop 6 is performed at the appropriate point in time in relation to the
data signal. This is achi eved when thg phase detector 12 conpares the
recovered 15 cl ock signal Ck mnth the 'data signal and produces a signal at
its output, said signal being nmeasure of the phase difference between the

two si gnaPye tafhe 'PYﬁE%efBéthA%é?P ?I’w"bmmwﬁ thesdatp PRy an the ngaetiverrsiog of thel

sanpl i ng gbe@siglAirss HifgsRla sahiphak vbﬁje (s4rhSiE 8dsBNInt WL ENMNBARS ofHerd, €6, 38 and
is then added in the summng point 39 to the error signal fromthe phase

f requencya%{té'lﬁt@mes‘sh%b‘f‘ér”é“%'ﬁféorb?r?’ar*h%w@ﬁ%ﬁm@@ th%@“ﬁ@”t bibPerod-qsaws. fi | t er

36 in they@ridgitnad az@négme hzhgér.é@sswméclbék @gr@ﬂ@éﬁgqmg@ pefof bhGal
vol tage-control |l ed oscill ator hus of "the recovered clock signal.

If the §i¥BIPoldhiak Rotthe casgethevibvariar 24 mayde fﬁPIéIC%BbYaP delay|cieyibyithsa dehat

the | ow pR§EofrbbddidindBoinal BUsdbkSigheperdid@n the |owpass filter 36, the |oop
consisting of the phase detector 12, the lowpass filters 38 and 36 and the

vol tage-controlled oscillator 37 will adjust the recovered clock signal Ck

to obtai nThke apHel cmﬂ;m@ afmle itft8e tfnwwo,dsnthtr&es&éeéswepsafmﬂﬁg Qaludd @Ilpaéw%breoarz ts

of the CII‘CUIt in are unchanged conpared to the circuit in .
For a ciregnted.ie. §63%1@UW?%P%B§F§P@PIPFPXI%€|2 'rsthe%ntraﬁé@e pée%qdm‘?ifd??st ant

for they! qyu BIS®hichMRIpeABrmdd AU thel@fe RBen ﬂ%ﬁfd?}%@l@ﬂ‘ﬂr'oﬂgthb%ré’ce@hhb't@f f
frequency of about 10 kHz, such as 30 between 1 KHz 50 kHz

pref er r edtheResSnb Pl PRERH dsove 2ng RS Whisk "‘@éﬁ§ff%{med(ﬁp9'%9ﬁa?§/ ip |”I‘% %f’rmeG’fl s

pr ef er abl ghegpbLGk 8H pbAoPA §grwnetAIot@rﬂrI>duc§HBI h@%n& Beah XOR GRORDEBHqAF filter
38, i.e. lowpass filter 36 has, preferab % substantially higher cut-off

frequencyS‘Ibr?SﬂU?rﬁé“V@ﬁ‘@r of fsafdr%%?éﬁéwgopg'lcﬁ paddhe spplingpllags 3 8pdBly, the

cut-of f faequeiey, ahd beiwgpagisally ldﬂfthgﬁalesdlﬁ@brﬂcf[@dhété Haeibeen akatfrok® - 20
times higher than the cut-off %uenc of lOWP§ﬁ§ filter 35 38.

Accor dthghg Precidinglenas P‘E?ﬁe“trkf’“tﬂ?é‘ 9. BiMARy. Ay e i PEdtieed Rumeaps of f

f requencya®koRr arcu‘lgmnd a subaéwenlﬂwah@mg $8dkidaal melhg)woga@as@ fr lftiey 38, a
cut-of f frequenc as betwe shoul d

o' 50l ot AR YR Re SAUEN 5 B 1B ticale ROl il e SPHTEISRE ot | o

frequencies, e.g. 10 GHz or 622 M—Iz (corresponding to STM 64 and STM 4,

ti ff f f I I i
oo el g6 Ry PP ol 9B B SRR Rk iote o,
for pr2@iucyicsity 'af, d;dm@sporrmwgibftrh@sempmgwm&ual&ﬁoamﬁsem@lmgademhbbtlhes:gslat a

I I E th t f th
or asont | 1 HErT: ahc RVl bareu B0 PAER B 8HBR B RE SR, TR nox
limted tWﬂm&eSB,beblgmsrglymcﬁrscsu’_[m it ispinpossitie dh mscs)trudtlorg to exteadhenforevabordi ment s
W t I\1| n thgoo%qﬂ%epo%fitioﬁ'\ IieoslalmS’I\I'ng% cI ai ns. ?.?2. Af" P 2003 m CLAI Ms:

25 If, on the other hand, SAC is logically "0", corresponding to a shift from the preceding to
the present bit period having taken place, the signals, UP and DOWN, are determined by
the signal SAB. The signal DOWN will logically be "1" if SAB is "1" corresponding to
sampling values SA and SB being identical as a result of the shift from the preceding to
the present bit period having taken place later than the negative edge of the clock signal.

30 In that case the clock signal is too early compared to the optimum sampling time and the
signal DOWN signals that it has to be further delayed. If, on the other hand, SAB is "0",
the signal UP will fogrcaliy be "1", corresponding to the sampling values SA and SB being
different as a result of the shift from the preceding to the present bit period having taken

place prior to the negative edge of the clock signal. In that case the clock signal is too late



1. A nethod for recovering a digital data signal (Do"c) and a cl ocgzsiAgﬁaé
(Cko"c) froma received data signal (D;~) consisting of a nunber of 003
successive bits) 10 wherein a clock signal is first produced fromthe
received data signal by neans of a resonator circuit (5)) and wherein the
recovered data signal is produced by sanpling the received data signal with
the recovered clock signal, charactePised in that the received data si gnal
and the recovered cl ock signal are phase | ocked to each other by neasuring

a phase dofriparehoéhdeptwaen sehplirgRime s teewnel Ueksigiagntakt tedddyehasdoei ved
data si grg)%l dby time delaying the recovered clock signal depending on
this phase | erence, so that the received data signal is sanpled
approximately in the centre of every bit. 2. A nethod according to claim 1,
wherein i r
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is designed to pro uce re signal by sanpling the received
dat a §5gnal with the recovered clock signal, characterised in that it
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t he I‘QQEI m%sga;f@;eg,lngggbnws sanpl ed approximately in the centre of every
bit. circuit according to claim7, characterised in that it

conprlses a controllable delay unit (13; 34) designed to produce said tine
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phase detector 12. The crucial point of the invention is, however, simply that the clock

25 signal and the data signal are adjusted with respect to each other whereas it is not crucial
whether the clock signal or the data signal is subjected to the variable delay. Thus, in Fig.
4 is shown an alternative embodiment of a circuit 33 according to the invention. Instead of
the controllable delay unit 13 in the clock signal branch a controllable delay unit 34 is in-
serted in the data signal branch. Here, the phase detector 12 compares the recovered

30 clock signal Ck with the delayed data signal and produces, as previously, a signal at its
output, said signal being a measure of the phase difference between the two signals, and
thus between the optimum sampling time and the actual sampling time. The other parts of
the circuit in Fig 4 are unchanged compared to the circuit in Fig. 2. Further, it should be
noted that the fixed delay 9 and the controllable delay umit 34 may optionally be combined

35 in one single unit.



10. Acircuit according to claim9, wherein the circuit is adaptedZWOqutmgs
receive data at data rates higher than 2.5 GHz. 30 11. A circuit accordlng
to any of clainms 7-10, wherein the circuit is adapted to be operated at a
frequency between 622MHz and 10 GHz. 2 2 ASR QU3 13 12. Acircuit
according to claim7, characterised iyjn that it conprises a frequency | ocked
| oop, wherein a controlled oscillator (37) may produce the recovered cl ock
signal control]ed bﬁ a signal, said S|gnal eing R ?duce measure of a
5 frequen®l'dFas Pt f & Haekriens! eRe theedals s190a" ETBERME, 75F 98l it
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10%4&'20) aop. This results in a phase change of the voltage-controlled oscillator 37, and thus of the

recovered clock signal. If the time constants for the two filters 36 and 38 are selected so
that the low-pass filter 38 is much slower than the low-pass filter 36, the loop consisting of
the phase detector 12, the low-pass filters 38 and 36 and the voltage-controlled oscillator
37 will adjust the recovered clock signal Ck to obtain the optimum sampling time in the

25 flip-flop 6. The other parts of the circuit in Fig. 5 are unchanged compared to the circuit in
Fig. 2.

For a circuit 11 adapted to operate in the 2.5 GHz range, a time-constant for the low-pass
filter 38 of about 100 uS, corresponding to a cut-off frequency of about 10 kHz, such as
30 between 1 KHz and 50 kHz is preferred. As explained above, the time constant of low-
pass filter 36 is preferably selected to be significantly smaller the time constant of filter 38,
i.e. low-pass filter 36 has, preferably, a substantially higher cut-off frequency than the cut-
off frequency of low-pass filter 38. Preferably, the cut-off frequency of low-pass filter 36 1s
selected as being about 10 - 20 times higher than the cut-off frequency of low-pass filter

35 38. Accordingly, for operation in the 2.5 GHz range and a selected cut-off frequency of
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10

about 10 kHz in low-pass filter 38, a cut-off frequency of about 100 kHz, such as between
40 kHz and 2 MHz should be selected for low-pass filter 36. For higher or lower system
operating frequenciés, e.g. 10 GHz or 622 MHz (corresponding to STM 64 and STM 4,

respectively), these cut-off frequencies are preferably scaled substantially proportionally

It should be noted that the method of Fig. 5 for production of the time difference may also
be applied when the data signal is delayed as in Fig. 4.

Even though preferred embodiments of the present invention have been described and
10 shown, the invention is not limited thereto, but may also be implemented according to

other embodiments within the scope of the following claims.
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3. A method according to claim 1 or 2, wherein the received data arrives at very
high data rates.
25

4. A method according to claim 3, wherein the data rates are higher than 2.5 GHz.

5. A method according to claims 1 or 2, the method being operated at frequencies

between 622 MHz and 10 GHz.
30
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said resonator circuit.

7 A circuit for recovering a digital data signal (Dow) and a clock signal (Ckew) from
a received data signal (Dy,) consisting of a number of successive bits, wherein the

10 circuit comprises a resonator circuit (5) for producing a clock signal from the
received data signal and is designed to produce the recovered data signal by
sampling the received data signal with the recovered clock signal,
characterised in that it comprises means (12) for measuring a phase difference
between the recovered clock signal and the received data signal and for phase

15 locking the recovered clock signal and the received data signal by time delaying
the recovered clock signal depending on this phase difference, the circuit further
comprises means (13; 35, 36, 37, 38 ,39) for time delaying the recovered clock
signal depending on the measured phase difference so that the received data
signal is sampled approximately in the centre of every bit.

20
8. A circuit according to claim 7, characterised in that it comprises a controllable
delay unit (13; 34) designed to produce said time delay controlled by the

‘ ) measured phase difference.

25 9. A circuit according to claim 7 or 8, adapted to receive data arrives at very high
data rates.

10. A circuit according to claim 9, wherein the circuit is adapted to receive data at
data rates higher than 2.5 GHz.

30
11. A circuit according to any of claims 7-10, wherein the circuit is adapted to be

operated at a frequency between 622MHz and 10 GHz.
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designed to produce said time delay by provision of the measured phase

difference as a further steering signal to said loop.



