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wherein the data signal is sanpled by an internal clock
signal gene ed froman external clock signal, and a circuit
retim nggsuch a digital data signal Wen transmtting rapl d di J‘lm”m"mlmm,mlul"m
signals in the formof a nunber of sucgessive bits, a g froma |asgg,driver
to an optical transmission link, it is usually necessary to perform 2
so-called rg [ t ed wth a
cl ock signal ME{? very Ed}R{%Bgraftcggér%% }s@ tcaé Dﬁﬁﬁf’*\eh fl/Qté‘g?]'t%ig)er| ods are,
naturally, very short, the bit period at 2 5 GHz is e.g , only 400 ps
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rlnoe 101, ASEVerbh 3 M0 kB OPUE PO o 2GR PRl
accurately qfﬁucmsw@mw evifrein e dite snal scsanied by arhistecrsiclogk snataeney e
1 agr ameas roled ifrRbAS AR SLONR, LAPLBIRPIRIERAY 8k A bk ol g data
signal as well as t e cl sighal s sensitive 0 a g process and
tenperature variations, it is difficult prior to the sanpling to ensure
that the SW@&F Qg?sﬁﬁﬁln Qaaﬁtdwﬁglrﬂétg%g?n'a% A 'tﬁéc fo?rh &L nfifbet g‘fesuét?égglv'e"tﬂs
actually to ected 1n the centr bit period, or at least it
pl aces heawys dermAdaseoAriveido ﬁmpgmalé@aﬁmﬁ@mﬂd@k i'oA Uéwalh/ﬁ@cgssgn/atpsnerfzon a
Therefor e, dolcd1as rifuh@wRPER IRARERRREY bidlarbly na{r@,ﬁgémgq gubaug,gﬁa;tﬁetv%wure
that these requirenents are However, usua hi's requires
adj ust fént high dip datep rtballrtd'V'C&'ﬁUb% pageds EPfﬁs”@Hﬁ&mtVﬁﬁfrﬁhoﬁstﬁed}'tb@flpéraf 8med
separately ¢ ,sea@h iy &“P{'en&é rfsyé&erg%&'tmdas %‘HSM 9Bblel dni) for 3 REREESS
that makes the product’ consi derab nor e expen5| vé and nore conplicated. 25
Thus, it i sﬂoénafafb]f’@f,ftfm@f” 'ﬁhfépQW‘éﬁlaté'Fﬁ 6OBEY dlA S'anFhis FRvEPIed Qyiteacebiely
type, wher gi phat ek o@'ir?e tQPpe'?rFoB' &F:nﬁﬁ@%érﬁt‘?@?ﬂhé es}“@d:fa rahN8s B YUY t%rr‘r'né@t ion
bet ween the data signal and the clock signal, erein an 1 ndivi dual
adj ust ment Brcelhe &pReRl @f‘rﬁr%oéﬁflséiﬁ of e ¢rda ﬁrg@ebaﬁ ‘ﬁ%j' 35 the glock siggalipgensitive
avoi deds 3Q éf%cgfccyeegaﬁ@tetnnﬁmnr\éamrlaqané hi 1§ dirfcuRGhbenare BYmPIMSS chegki ng

t he internal ock signal to the data signal in such a way that the latter
is sanpl ed t%ﬁiﬁ%ﬁ?'}?@f@lliﬁ“% betweepdngpes B‘Fff'%@r‘?r ‘BFtsa'BP“'?jJe‘?fé‘r‘aJV iip §e efected
internal clipgle singaa) taseskren, i i8xdt & fiades He@ekdsmhgitRlon tﬁ@d\xﬂﬁaltsl(wth%rfe
ti me phase Iockln it to the data signal, the internal clock signa

aut omat i calVSPU98 OhteRINY sel f so t hat the data si gnal as sanpled at the
approprlate point mtinme, i ain the 2?2 C('~~yJ2centre of the bit
period,As result, ther re no | onger ui renment s 0
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which is 5 _a neasure t he ase difference between the data signal and
the T nt or ndlP BB RUGFGrat QR e BRASERT Sk b e Por el e PedRE i
control si goationist 1$ agraatethatmakas thedprotihe consiéerablly nudre ekpesisyraindmagrebe
pt)oduced by 9‘§| (%églg the external clock signal, said delay being controlled
by said contr signal Arelatively sinple solution 10 is thus obtai ned in
that tBé desired effect can be achieved with lust one corrponent i.e

controll able, def (%%n”cﬁ)' écﬁtﬂ%%%g%ﬂ&? 'k atnhétr? P L bt%be tzp ‘@?dé’r‘? heré hat

t he external Clock si T1e cfre uen
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retimed da

i nt ernal ts%cé’ gﬂél\'\/hle%nél]b% tghégk%tyﬁ%chmg ?ﬁérﬁ eéenlo éﬂqg}pﬁl@ Cs'rl'gnal
by means ofcuits rﬁrtb!@ﬁ,ue\rmqedl ocked | oop) wherein a controlled oscil Iator
producgg the internal clock signal controlled by a steering signal which is
produced as a neasure of a frequency variation between the internal and the
ext er nal clﬁ@éwdeQQéﬂﬁQ;mvanmn $iasa'is agmeveol bysingaalocikag threinteomd cleel simhelHo sk d
steering si t [
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signal 10 RgnbAAEhNadk1E& QN thitht @hta 8§nMEhE internal clock signal will automatically

35 adjust itself so that the data signal is sampled at the appropriate point in time, 1 & 1n the
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WW &m’ m ng a digital data signal consisting of a nunber of
suc

he



By lowpass filtering the steering signal as indicated in claim5 with a
first Bandwi dth be25 fore it is provided to the controlled oscill é?tBrN”arid!rJ
| ow- pass filtering the control signal with a second bandw dth before it is
conbined with the steering signal, wherein said second bandwidth is

narrower than said first bandw dth, the change of the control signal wll

be substantially slower than that of the frequency | ocked |oop itself.

Thus, one may ensure that the internal e%ock signal is in the correct phase

position wt ct to the dat wi t hout affect ng desrred
frequency CIEBE% ﬁgpt ! R8 %%f%sa??" @F%cf{eéfog P ET AR gtaes‘dto Hec‘?ﬁﬁ t he
f r equency safonaif theagernah@oafsigriaéin mtaeonadtheldatd(srgn;gnal and the exter naI

cl ock signal, respectively, may be divided down prior to the production of
the steering signal DiViding down the internal clock signal when it is
gener at ed Ibynraparpnefe ani@blimere guemdyngltocked 2| sopniad!isans! 1t Ipeoduced wdintiys | ock
operation to be uner than
that of tKe"FAtE erggﬁh%cq ?(8]%8%%%%% ﬁ%he dgta\/\snlprtahénde%t:ei?tﬁgqa%(?{ ﬁ'g ?gnal

al | ows thrasrdsthgpadaseafsckmelpbrformehab/;emaarhsrefqbrewoytrbfrsggmf than that at which
the frequency | ock operation is performed Thus, perform ng one (or both) of
these divisions also allows the fre- quency of the internal clock signal to
differ from rhbreatbderqdemy to¢ int¢realenteakranglal clagdle modral by Slekyimetht iesteethl t he
i nvention urt h n t nal
consi st i n oc# | ﬁ%@%}%% be% 2%%5?@% té% %a?d cérﬁfol g’gﬁgl rglagveiggrm&)qe gonhétr' M e an
i nt ernal ad thois cebtegrnmj mfttnammaadesamti effadl caolbetﬁchs:rvgnatrth Jtesmdné oomsrampftr reg at he
data sign I I n h
cirout t  oqR AR e Pt A QbR R vt P 90V o Rthe bR BRek o
si gnal so sidve alfdralylnas ther sange kegysined aa P ¢atd mgnel. pnd Any héar@remer@oakfsr@wer y
bit resul Ig being able to adjust itself

aut omat i cé@ll bgé%ngfﬁh%ﬁttgéb%{t%&g#aé%a%% sanpl ed at the correct point in
time. r e. inthe centre of the bit period. As a result, there are no
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bet ween t he data sig { % dne S'rjg'r?fltaer naro &P . gmb E’n 0 As fgnézfr cated in
claim9, tie PEALUWIP pf wﬁquﬁwﬁe@oa Q@Mﬁ%hﬁaﬁeea @rch%ye@ﬁtqrna@@c@ﬁmal'o‘n

such a waynhhalg c%kr@l &?Hbf Fal b%'c%ﬂ%'me@&%trpé%m Et@lenhé sigRdl BeRffe @f‘esfaggﬁg pr&
provi de the internal ck Ssignal ettin e external cloc qnal pass
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desired efsfgﬁ—‘@ﬂ tﬁ@r@ttaanaﬁbé g atdlidrgh i) Shthe06iteP NRRBAG the detfeddala signal to
control |l abl e del a% uni t prerequisite for this solution is, however, that

the exter R5I'2GRYE ez%r%%rgrﬁarve'ér ready has the same frequency as the dat a
signal, and any fitter in the clock signal wll be transferred to the

retimed dat nal. Alternatively, as indicated in the circuit
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As indicated in claim 6, the frequency of at least one of the internal clock signal and the
external clock signal, respectively, may be divided down prior to the production of the
steering signal Dividing down the internal clock signal when it is generated by means of a

35 frequency locked loop allows the frequency lock operation to be performed at a frequency



. 27?2 ~~1t~1it 2003 4 ter may be generated largely without fitter
the retined data signal to be largely free of fitter, as well sza{ﬁﬁ?uébr@t
the circuit. as indicated in claim1l conprises a first Iovv-pass filter
with a5 first bandwidth for filtering the steering signal before it is
provided to the controlled oscil- lator, as well as a second | ow pass
filter with a second bandw dth for fllterlng the control signal before it
i's conbined with the steering signal, whierein said second bandwi dth is
narrower than said first bandw dth, results mthe control signal gﬁ? |ng
subst ant i a| )y, $l-aWedt ot Bnniehel Ebequend yDioiostpwbts $Hapkciockpanal

ensure that the internal clock 10 sign GOrthe Geqidas ®dr eta on
in rel ati ofmg y9tHEs dgt &0 E‘?\@rﬁa{(e%e{’%g‘ ﬁér bggﬁbﬁtahsﬁe desi red f? tﬁ %Cy | ock
to the extgrnalpefbntdd Fhaddkrfoang ot toatbew @f&&&ﬁ]dl‘Qs'oT%%'s‘&? Rl

corrprl se neans for di vi di ng down Jf easéxtemel cﬂrﬁcktsr@wal

i nternal clsekeys! @’Wall‘teéﬂ‘?éi ﬁ@s'g%'téor ﬁ‘g{e’r@%ﬁ&g?gﬁ@ respectively, be 15
fore thgy are provided to the oscillator. Dividing down the internal clock

FER Rt WULYRLE g URRestirhiA &Qﬁbliaoomaelmlal es the
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this 20 signal as well ay r Imbirgnee dakisghdialy redanstuif eludt he
frequency ISS¥R! fb%%@afr@walg'“ 7 ogr'rre %Pﬁ ha r@he per f or mance Ie one, ("

bot h) of thesmadiiviksdigms Talbsfaint&i'lldtd\ﬁsc”tché i %ﬁdﬂn?ﬁ*c‘&? RYESE HREKi R BISTA" ¢ ock
signal to differ m t he X4 8 &nn@dt@l@kn tiegnraire BBe\?Hwne

i nvent i'18n vigne @é{‘%gitfq,‘rsi'gﬁg G tﬂgf@g%{aet{r& det alFﬁ F@f@ th hor Ferlenc t he D

dr awi ngs mgpttiesiits in thElngtef'nai;houhssn@natbelomapled@@é‘#%ﬁtH guigmafiealy sg | msnt
of the invention, Fi Aphe @f i fhe o%hfru@)f Ufe&)ltqferladp‘hﬁae
det ector fdfet %%‘8”‘?'1‘1’5 ?aﬁ‘?eoq%q ?téﬁ??m?&go'% S and Fi g 3 shows, ectem%p%c o
accor di ng tr@s@u srcec@ancé mmghrmeqwremﬁnlsr?é tpﬁ%ﬁt‘?%ﬁwpos"é’”ﬁ 2 s

The di scl ose othQ% % gr are preferably integrated on a si ngl e or
several int r‘ rcw support the required high-speed operation of
the pregent ci rcwts Ioglc gates and circuit bl ocks are preferablpg;@ g

i npl ement ed,_as t R PRl RentibRBSES GG 20 Thaem B éfeemnceitlisphesenss i s
a 2 0 um Bi P4 a% ”g%segntgﬁjlﬁn?&b digital circuits P e/ AL A% W frbtieRcd he
frequency r:mrrge‘omﬁ sab@hasealgszk We?'ﬁﬁ @_LfC?l TR RPRI FRNST ST6rs provi ded by
this proces Al A& nRheuinaR BloEkiEigAblt er nat i vel y, commerci al |y
avai l abl e Ogiﬁ'g&? %Yﬂﬁa prnocesses with sufficiently fast

transi stors may be capabl e of bel ng applied in sonme applications of the

present, nvﬁ?ﬁgﬂ:@ted% cl'aﬁﬁlétmEerc&ﬂ rhﬁy-ltcbrﬁpmwai abitrajlabte dety yraiaasiaepd fresrch

frequenC| es shows a circuit HOWRNA qm]l;‘iaek
circuit show\waiYéhaéSF'QS?@F‘"%SW@W“EY P forock(gj)ér ?%/%]ﬁnéd;t ‘gg\gr di od ee I‘QP

optical trangnhi$5i@ing iheexithen elobk agsapaab bad de mﬁltnej\ gtaty ¢l SRS S

is performed™in the lTaser driver circuit SRt
synchronl set thes gbtanetio tE?'dH%Pe%Eﬁdﬁf%Ct(%ﬁn Af&f"? S‘hﬁ”*‘j RsPortd @dlonkht, 1.e. a

el ectnc% dat a S|Cg 3
D > and a cesﬁmm@eénagu% rchreadquiitg ralthiSlssationrse hpwerety Bt e B & &Edi ng

circuit (not shown) which ARr inth&Bloepigaal
teletr aﬂ’gm §§Pé)rﬁ"§§@t‘é’#ﬁ“T*ﬁF%"V"S:S%Eﬁ%qcyt%lté?pémﬁ%iasl?gonr?asr;@t em nay operate en
accordance ke sirandaddo e@maumed dbiacignapr ot ocol s SDH STM 1, SDH STM 4, SDH
STM 16, SDH STM 64 and Ethernet GE 1.250 CGhit/s utilising data rates of
about 155 MHz, 622 MHz, 2.5 GHz, 10 GHz and 1 250 GHz, res ectllve‘lqagj P40
Alternatively, as indicated in claim 10, the circuit may comprise a freduency loc P,

by means of which the internal clock signal may be frequency locked to the external clock

30 signal, the frequency Jocked loop comprising a frequency detector unit which I1s designed

to produce a steering signal as a measure of a frequency vanation between the internal

gnals and a controlled oscillator which is designed to produce the in-
om-

and external clock si

ternal clock signal controlled by the steering signal and further comprise means forc

bining said control signal with said steering signal before the latter1s provided to the os-

35 cillator By use of a frequency locked loop for generating the internal clock signal, the lat-



The data signal D,~is led via a data buffer 2 to a flip-flop 3,|ihmp g
the actual retimng is performed. The retined data signal is then4eéd g 2003
the | aser driver 4, the output signal of which Do~, is connected to a | aser
di ode (not shown) The circuit is designed for use at 25 very high
frequencies, ¢ a frequencies in the GHz range, causing the bit period of

the data signal to be very short. At 2.% GHz the bit period is only 400 ps
Due to process and tem perature variations) the tenporal position of the
dat a si gnar nadyche dncthtes kargdignahow jittar riausipg e tenarIctat 08504 toBY 1vgdly, and
this may e t he case o t he actual | aser driver circuit as well as on the
precedi ng E?Pldﬁf§*5Wﬂ refore, is difficult to ensure that the data
signal 30 is actually retined, i a sanpled in the centre of the bit

peri od, o m.t h ntreé f th a mas it
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byI an sn tet B@Tdedtgeﬁuem\@hﬁ@thél Qeknrg] gaadl bEiore it 1ppaviddado camtronﬁd oscil- |
vol tage-contro 0osc e Cc e _externa
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m greater detail, bel ow, a se fre nc it is
conpar ed PR then s AT & gf’%%\ﬁg@ é"?‘?‘é’“tsgﬂ(% C\()\Aﬁl cﬂgﬁt(;h%ﬂ gh PC?”Ié(ed down
in a divicowgr thahehe fredugncpogkéd m?ppeusey thufsf enency dretnaeiedat thdetdrmnal ctdcck
signals wll cau an er ut put_.of the phase frequency
detoct & "onalgE iRe Pt bRes e Hin. B rplalt Bl S Sob PR SreghE e s

| ow pass Heditedrfreueocyt hek todhé ea@mamrmtckelghau oscillator 9 The clock signal
Ck, ~, produced by the oscillator 9 is then used mthe flip-flop 3 for
sanpling the data signal D, ~ which ~s thus retinmed msuch a way that it is
synchr oni aethdidatdd rhh.mmnl1(2cthescingnmlm@k¢ompnsé(Dnél'ehissfopaimtjmgfdowmhe:frecqudntyi S
prior art ntr| nsuring th pal Ck,
and t hus ?ﬁqqea?one datste}na'el P<BgngE"mqgeF?gwﬁ%ngmpggc%eégPea g% external
cIockt&ighm¢ﬂﬁkgmepmhhmemmﬁpcwmnuuns not ensure that the sanpling of the
data signal D~ in the flip flop 3 is perforned at the correct point ~n
time with respect to the data signal As a conse quence of the mentioned
process abRtidiengevrathereteral tlack sigsal witeer ibisrgeyebaied by neses di 4 freduehey ence

bet ween t i , t he very
short bi t “Bsrt oap 3p P fEaBEf} ek iRt BebelRa e BHoalk Ry e T o

f or whi chtheaalaef mlnteanatéhoyk §I§ﬂ|al Divicdin@ devn ftieg éﬁé@ahﬁyd‘r%mﬁltﬂﬂqvﬁ thise dat a
Si gnajg nog,gpﬁ AheHaBPLEL tr@q&ét%yqﬁgﬁerr%m thtaEQt Bhich P#erﬂre%ew;b& blerhtion

stabl e. e invention rectifres this lemmt phase detector 11,

t he oper aFiRSHoBRedHieh R PP”W@"%‘@QQ‘ |05@d°rrﬁ0é'ﬂ)e%ftt6‘?sedé‘t'§i3fl‘5 pap é\WWSdB?rpar es
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signal at its output, said signal being a neasure of 'the phase dlfference
between tf# two signals, and thus between the optinumsanpling time and the
actual sanpling time. This offset signal is filtered in the | owpass filter
12  and is_then 25 added, mthe sunm ng paqint to the error_ signal from
the phase?% BYeRiEVHiBE descbed mgrestes defrl t@r'%w@.fafﬁaqm? 40 BesiawiBes o t he

| ow pass §hicher 8 in the original loop. This results in a phase change of
the voltage-controlled oscillator 9, and thus of the sanpling tinme. If the
time constants of the two filters 8 and 12 are selected so that the

| ow- pass Figl 1 ehowla ichcuiltieloiriera filkeembb@mepopmesnenliérer 8, the | oop
consi sting of the phase detector 11, the 30 filters 12 and 8 and the

vol tage-controlled oscillator 9 will adjust the internal clock signa
30  Fig. 2 shows an example of the structure of a phase detector for use in the circutt of
Fig 1, and

Fig 3 shows a circuit according to a second embodiment of the invention



Ck"" so that the optimumsanpling tinme is obtained If, a g, the frequenc%/

of the internal clock signal Ck,~, ~s 2.5 G correspondl ng to a bi t2 ¢ BR 2003
for the data signal of 2 5 Goitls and the external clock si gnal has the

sane frequency, 35 it may be chosen also to have the conparison in the

phase frequency detector 7 take 2 2 ~f~ ~ z003 7 place at this frequency
In that case the dividing circuits 6 andsl0 may be omtted, the en tire
cl ock si gnal circuit consequently running at 2 5 Gz However, it will often

be expedi d&88§§q/8rchﬂ§h§%”99<£#a§8% Vé{?g%b'ﬂfg%@?%%d b S%g@%’r g%r%?t or 7 take

p| ace at a SECO reque as systemfrequency
el sewher e integréted cranisni g siprrrbthsysgwimd High-speedcersetion Oéthg rpse3DErgyist em
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of 77 76 as I nternal si gnal frequéency Tirst
order SDH smsams( Thfapx&rfer&mrmcefssasmﬂ WutrtBlpbier nfat%ssrsaﬂzénlaa@ltélzmvbﬁsf s In
that case the d C I 0 uency
down b;alssa %per g* gne { ciuléns¥ 't]anggdtabg e ex g?oﬁgf 8H? ﬁpht} EEins"rs'fr%gquency

Ck,er will prrmmsitad (btlnfeﬂ ptm:e?g hae vdaiue$ of abhQutvilsi Gz rﬁétae’envetlheomnwerdnatf;g

6 he d d I
?Irtraaﬂe;cy %O ﬁ’g 1s‘fear? gl“’Etct'\@(gsTfoecﬁalfgl%fl'tg%w%aegtv f%ftqraﬁg'%g)rseﬁlatd%gr t han

t he frequecapsbit of\M&Ir(gl”Bpiplhed pheasee éps;emummsyofdeé et venpar, es ldalefot wecugs ock
signals If _the ext nternal clock signals have the sane frequency,

Sho vt e R Ry B B e G T yoad o i vi te: doan by CheCeams

factor1o but there may dust as well be two different fre 15 quenci es

di fferent an factor bei n sed Fi

structure gg i OhasEed, fgb“t%‘?'%ﬂoﬁf' ¢ “O(r)'nﬁEF %:3@%0 pﬁﬁ%r d”d% et or
11 conpar esuttthedivnticea iesler dlode ko @i gptadal Cansmission tifie witatean ssgmalled}eﬁmmgcbf
provi des i gna i t n p. i I L9 t he
Phase i PRt oi e SRRL e B B ot D h R 28 SREET
sanpling tnsed @rmcfbhestawumthsaddpitalmyct eeiﬁretnmesa s«snrdﬂl?ﬁnwtieedccmesphedlmmt er nal

| ock f
{1 1o Ehpoatt e 351 D8 rfieiila' il B3PRQIM (R 4 SnclrlSPertinay Whcall P
flip-flop i@ge@artsafae@ﬂgmean pphicghifiiteansmissigrosyistdny elhes Qpélkalsﬁlghahsreuégew t he
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signal to be very short. At 2.5 GHz the bit penod 1s only 400 ps Due to process and tem-

perature variations, the temporal position of the data signal and the clock signal with re-

spect to each other may vary, and this may be the case on the actual laser driver circutt

as well as on the preceding circuits. Therefore, 1t is difficult to ensure that the data signal

30 s actually retimed, 1 e sampled, in the centre of the bit period, or in the centre of the eye

diagram as 1t 1s also termed

The data signal is retimed by the data signal D,, being sampled in the flip-flop 3 by an n-
ternally generated clock signal Ck,y provided by a voltage-controlled osciliator which is

35 frequency focked to the external clock signal Ck.« The clock signal Ck. is fed via a clock



8 this is not the case, the inverter 24 may be replaced by a delay circuit
with a delay cerre sponding to half a clock si gnal period Thus, &ty tAfR ?[}[33
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35 it may be chosen also to have the comparison in the phase frequency detector 7 take



engi neers to access and experinental fine-tuning of its value to gtzi }\@2&03
parti.cul ar application For a circuit 1 adapted to operate in the '
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charging current of tri-state circuit 31 is preferably selected to provide
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35  takes place, the positive and negative half-pertods being taken to be of equal length If



J ~=~""2a~003 m5 CLAIM5 1. A nethod of retinmng a digital da1?7syg } ,
by a retimng circuit) the digital data signal conprising a nunmber oft " 2003
successive bits) the nethod conprising the steps 10 of: providing an
external clock signal to the retimng circuit, providing the digital data
signal to the retimng circuit, 15 deriyng an internal clock signal from
the external clock signal, detecting a p ase di fference between the digital

data signal and the internal clock signal a a control signal
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f r equency spoekgftotaifttho®i@anpéndd ock signal by means of a frequency
| ocked | oop, wherein a controlled oscillator (9) provides the 25 internal
clock signal controlled by a steering signal which is provided as a neasure
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node (13) Sﬁg the hase | Oﬁ%ﬁ% or fr uenc
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accordi ng pfl Ce\%’g ?rﬁee'? ndW'at SPar ge Stqﬁ%%c?lﬁu Ysecond
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bet ween 19 the samplmg values SA and SB are identical, and being, logically, "0" if they are

different

15

Subsequently, two NOR circuits 29 and 30 produce two signals, UP and DOWN If SAC is

logically "1", corresponding to the sampling values SA and SC being identical, both sig-

nals UP and DOWN wiil logically be "0" irrespective of the value of SAB, the sampling

value SB being insignificant, since 1t is impossible, in this situation, to extract information

20  about the position of the sampling time

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 togically be "1 if SAB is "1", corresponding to the
N ) 25  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
In that case the clock signal is too early as compared to the optimum sampling time. i.e
the clock signal frequency (i.e. the frequency of the clock signal Ck,y) is too high, and the
signal DOWN signals that the clock signal frequency should be reduced If, on the other
30  hand, SABis "0", the signal UP will logically be "1", corresponding to the samphng values
SA and SB being different as a result of the shift from the preceding to the present bit pe-
riod having taken place prior to the negative edge of the clock signal. In that case the
clock signal 1s too late as compared to the optimum samplng time, i e the clock signal
frequency (1 e the frequency of the clock signal Ck,) 1s too low, and the signal UP signals

35  that the clock signal frequency should be increased



15 20 times larger than the second bandwi dth. 7. A nethod accord?@gArQ 4Q3
claim2, wherein the first bandwi dth is between 40 kHz and 2 M.
met hod accordlng to claim?2, wherein the external clock signal is prOV|ded
with a frequency being an integer ratio, K, less than the frequency of the
digital data signal and a feed-back path signal of the phase |ocked | oop or
the frequency | ocked loop is divided by the integer ratio, K, to nmultiply
the internal clock signal with K. 25 9.S9A retimng circuit for retimng a
digital data signal, the digital data signal conprising a nunber of
successive bits, the retimng circuit conprising: phase conparison nmeans
adapted t t i
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frequency | ocked op conprises a first |ow pass lter with irst
bandwi dt Wil bs aﬁmsteﬁl N MIRGIR AL thak é@ma!i"w@,B M' fe!wamﬁb)e Plaemprecselgt a

second | apys paasiudd th eranwstampangecmeaaém}y.ﬁlmb @aﬁkeeﬂ&rét@pbetredfétltﬁ@r the

control signal prior to being applied to a node { Z of the phase or
frequer’ncysam?ctl@?iaﬁ 8’51&) is still freqUiency locked to the external cloc signal Ckyr. The shown

capacitor 12a of the low-pass filter 12 can either be an internal capacitor integrated on a
silicon die together with the circuit, but is preferably provided externally to allow design
engineers to access and experimental fine-tuning of its value to suit any particular
apphcation For a circuit 1 adapted to operate in the 2.5 GHz range, the combined value

20  of capacitor 12a and the negative/positive charging current of tri-state circuit 31 is
preferably selected to provide a time-constant for the low-pass filter 12 of about 100 uS,
corresponding to a cut-off frequency of filter 12 of about 10 kHz, such as between 1 KHz
and 50 kHz Practical values of capacitor 12a has been found to be within the range of
about 1 nF to 50 nF, and practical negative/positive charging current values may be

25  selected within the range of 20 pA to 500 pA.

N

As explained above, the time constant of low-pass filter 8 is preferably selected to
significantly smaller, 1 e low-pass filter 8 has a substantially higher cut-off frequency than
the cut-off frequency of low-pass filter 12. Preferably, the cut-off frequency of low-pass

30  filter 8 is selected as being about 10 - 20 times higher than the cut-off frequency of low-
pass filter 12, Accordingly, for operation in the 2.5 GHz range, a cut-off frequency of filter
8 of about 100 kHz, such as between 40 kHz and 2 MHz 1s selected For higher or lower
system operating frequencies e g. 10 GHz or 622 MHz, these cut-off frequencies of low-
pass filters 8 and 12 are preferably scaled substantially proportionally

35



"' 2. Aretimng circuit according to claim1l, wherein the first lga%d‘(vﬁ'rﬁtt)ﬂg\a)
is larger 30 than the second bandw dt h. Ex~j'li L~~3 14 13. A retimng
circuit according to claim12, wherein the first bandwidth is between 10

and 20 times |arger than the second bandwi dth. 14. A retimng circuit
according to claim9, further conprising a first divider circuit 5 arranged
within a feed-back path of the phase cked | oop or the frequency | ocked

| oop, the first divider circuit being adapted to divide a feed-back path
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embodiment it is necessary either that the external clock SIgnal Ck,er has the same fre-
quency as the internal Ck,y, i e. the same frequency as the data signal, or that at least it
) 25  has not got a frequency lower than said frequencies. A higher frequency which is a
/ multiple of the frequency of the data signal may be conipensated by inserting a dividing

circuit after the buffer 5, but this will seldom be relevant.
Even though preferred embodiments of the present invention have been described and

30  shown, the invention is not hmited thereto, but may also be implemented according to

other embodiments within the scope of the following claims
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deriving an internal clock signal from the external clock signal,

detecting a phase difference between the digital data signal and the internal clock
signal,

20
generating a control signal indicating the phase difference,

wherein the internal clock signal is frequency locked to the external clock signal by
means of a frequency locked loop, wherein a controlled oscillator (9) provides the

25 internal clock signal controlled by a steering signal which is provided as a measure
of a frequency variation between the internal and external clock signals, said
control signal being combined with said steering signal prior to the latter being
applied to the oscillator,

30 so that the digital data signal is sampled approximately in the centre of each bit of
the number of successive bits.
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the phase locked or frequency locked loop.
10
5. A method according to claim 4, wherein the first bandwidth is larger than the

second bandwidth.

6. A method according to claim 5, wherein the first bandwidth is between 10 and

15 20 times larger than the second bandwidth.

7. A method according to claim 2, wherein the first bandwidth is between 40 kHz
and 2 MHz.

20 8. A method according to claim 2, wherein the external clock signal is provided
with a frequency being an integer ratio, K, less than the frequency of the digital
data signal and a feed-back path signal of the phase locked loop or the frequency
locked loop is divided by the integer ratio, K, to multiply the internal clock signal
with K.

25
9. A retiming circuit for retiming a digital data signal, the digital data signal
comprising a number of successive bits, the retiming circuit comprising:

phase comparison means adapted to generate a control signal indicating a phase
30 difference between the digital data signal and an internal clock signal,
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phase comparison means adapted to provide a steering signal as a
measure of a frequency variation between the internal clock signal and the

10 external clock signals, and

the phase or frequency locked loop comprising a controlled oscillator, the
steering signal being adapted to be combined with the control signal and
provided to the controlled oscillator,
15
data sampling means adapted to receive the digital data signal and to sample the
digital data signal by the internal clock signal,

so that the digital data signal is sampled approximately in the centre of each bit of
20 the number of successive bits.

10. A retiming circuit according to claim 9, wherein the phase locked loop or the
frequency locked loop comprises a first low-pass filter with a first bandwidth.

25 11. A retiming circuit according to claim 9, comprising a second low-pass filter with
a second bandwidth and adapted to filter the control signal prior to being applied

to a node (13) of the phase or frequency locked loop.

12. A retiming circuit according to claim 11, wherein the first bandwidth is larger
30 than the second bandwidth.



10! SY10%4& ()-s10%| & ()-y "10%| & ()- 10%1| & ()- 10%4| & () -

I'sL! 10%WAW&' () - v7vvvvvFWdEnbC 10! 3" 109%| & () - &10%4| & () -1 10%4|2&2 (ARR 2003

S 10%4| & () - F10%1| & () - 10%4| & () - FuxwwBXxxdEnbC 10! . MB10%}| & () -

s*10%}| & ()- ,) !110%| & () -

& 10%| & () - $Z"10%} & ()-9! 10%}] & () -x>ytyyyyyyyxnb@ 10! | "0@&10% Bf B& () -3
104| 104| 104| 964

' 0 ) - 0 ' } ] 0 ") =
Love & Qs PATAS )R o A0 S A s AR botweon
& () -{{. {0 ahdRDiEne8 | YEfar thelddl@pd HandwigBs () -1 1098& () -

109B& ()-y!'109B& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"

- B Do TAIR réimie At ORI TR0 urther compyising 5 first divider sipauit
| INQWT-5/MrtangePivjthima fesdibaékyontH OMHE[PHase lobkettfarlp oridherframresioyiveke | } ~6

Ti New R i al [ W' h Root EntryWordDocunent
!!. ggos/& ()GQSJ_ - égqigp@l%lgﬁ?uit eing a a?pte to divide a feed-back path loop signal

<:>?@BCW%IM§§M@3§TU\MXYZ[ \]~_"abcdef ghi j kl mopqgr st uvwxyz{| } ~

whereby the frequency of the internal clock signal which samples the digital data
10 signal is multiplied by K with respect to the external clock.

15. A retiming circuit according to claim 9, wherein the data sampling means
comprise one or several D-FFs being adapted to receive the internal clock signal
to sample the digital data signal.
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