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| NVENTI ON The present invention relates to a phase detector and utilf PP@W
of the phase detector for synchronisation of a digital data signal with a
clock signal, e.g. in clock and data recovery 5 circuits. BACKGROUND COF
THE INVENTI ON Upon transm ssion of digital data at a high data rate, e.g.
via an opt MY ¥ansmission line, it is typically reqt¥REPHHSynchroni se
the transmitted data bits with a clock signal. Typically the clock signal
is generated fromthe received data signal in a clock and data recovery 10
circuit. Noise tolerance is an essential feature of clock and data recovery
circuits. ThHePHABSE PERBST@Recified jitter paraneters that are determined in
the frequency domain. Jitter tolerance of receiving equipnment is defined
as the sinusoidal peak-to-peak phase nodul ation which causes a 1 dB
optical pendlEyP OEJHESRMENTIEN when characterising a clock and data recovery
conponent, white noise is 15 added to the input signal. By varying the
signal -to-najse rati.o, an input sensitivity curve of the clock and data
recovery co rPé‘?'FFmi"%‘}sBWdF'ﬂ‘gﬁl?" srfiaRe detpdorang Hilisation ohtie shasegletegtor or set  to
e.g. a bit esyndwonisatien cffa digtaiatal dimal v ciGdkg A, ¢.g e tlodkSant Bstaeasagy by 2 dB
(el ectricag)gcgRd the peak-to-peak jitter anplitude that recovers the 10'9

bit error rate I's determned. In known clock and data recovery circuits,
the determ ned values will depend on the 20 processed data pattern and its

transition deuHdrouNberTHEURVET@Rsfer function is defined as the ratio of
jitter at the output relative to jitter applied to the input versus

frequency. The tim ng characteristics of a received data signal and a cl ock
si gnal depentthoanraasrissior of digRATASE N4 high 5ta ¢4t6.d ¢ ViaGh oplidal dabmisbiSNRRA! at ur e,

etc. Therefofe,,.| g el f high spee ta co nicatjon, it is
not a strai 3[1'? P ‘c(); rg"vkgrgﬁ'"rf g{saoks%%m&] es ?}bentragjﬁmgtfgé?siﬁ gﬁﬁ wthq ‘Hgﬁ]ﬁﬂg"arbwca'ivng

appr opri at e 8% pletkrsignadia ensratesidftomeibe rechived date signallindediark sndydaid rermaina 23 AUG
2004 10 circuit. Noise {olerance is an essential feature of clock and data recovery circuits.

The ITU-T has specified jitter parameters that are determined in the frequency domain.
Jitter tolerance of receiving equipment is defined as the sinusoidal peak-to-peak phase
modulation which causes a 1 dB optical penalty.

For example, when characterising a clock and data recovery component, white noise is
15 added to the input signal. By varying the signal-to-noise ratio, an input sensitivity curve of
the clock and data recovery component is obtained. Then, the signal-to-noise ratio is set
to e.g. a bit error rate of 10°, the input signal level is increased by 2 dB {electrical), and
the peak-to-peak jitter amplitude that recovers the 10 bit error rate is determined. In
known clock and data recovery circuits, the determined values will depend on the
20 processed data pattern and its transition density.

The jitter transfer function is defined as the ratio of jitter at the output relative to jitter
applied to the input versus frequency.

The timing characteristics of a received data signal and a clock signal depend on circuit
component characteristics, circuit temperature, etc. Therefore, in the field of high speed

25 data communication, it is not a straight forward task to design an electronic circuit
providing appropriate synchronisation between the received data signal and a



WD 01/ 69786 PCT/ DKO / 00175 2 correspondi ng clock signal so that the
above-mentioned sanpling of the data signal takes place at the centd & AYp 2004
the bit period. Adjustable circuits are known requiring adjustment of each
individual circuit during manufacturing to obtain proper synchronisation

of data bits and a clock signal. Such a 5 procedure requires a priori

know edge P %AE%bit frequency and | eads to an- expensi MERFH01EDNDI ex
product. More recently, electronic cigcuits have been devel oped t hat
automatically synchronise a digital data signal with a clock signal. In

the known cndoerusﬁoad;ag abmndl%wwe BOVENAREndd@mpitaas &% dala slidﬂgt tQ@sa si gnal
and the cl oc q gq?r]ﬁ;atoéirs] an error output signal that

proporti Onalpﬁcga?ﬁgc% X PE}%¥nhce between the two si gnal s. The error
output signal is connected to a controlled oscillator that generates a

clock si gnalAcﬂ.‘e} bl H&Is%ré Ql%wﬁ%qﬂﬁibg a%%‘bgpeyac ndglayai%trcqungriggnal Ln

response to the error ut si
synchr oni sednafackising FWF@‘%W@FM F¥"°hf°eisatlph ef lt?éﬁ kitssing a glock signsh &seh 4 ocked to

the cl ock 5 sirgdealire r@nr&@@bn&nhﬂov@i@dg@ o$ine BikreduensodialiGds AP & Fé:@%%hry at the
centre of each Eelt vgﬁgt he 15 cl ock signal. SUVWARY OF-THE INVENTION it is

an object of CofpE™ i nvention to provide a bang bang phase detector
for use in a circuit for synchronising a digital data signal with a clock

signal . SUChgs Gl o8O d, RRALE! Yo oLl SucRfiea PRaliBN9 | T oved

characteristics Inc |'erance

known bang bigig damsignafjw l@@glqu@gnplt Injtie iﬁ\owur:ttqmaginﬂse@tetedbr compaes tsent

i nventi on tOpriaﬁasvaf@e dttabs%_:i}@l .-hamﬂa d:l&tﬂsenaiaﬁcﬁgéreratéyénmrmﬁaﬁmsabﬁan tratiscs that
are substqgtl alolg%/o vg a sec&fp he transt 'E th he phase

detect or i nPtIPPLTogRLP Ie Ahase differsnsy RelresiPe Osbq“a h epﬁ"é’é%‘ﬁ‘? PR i on to
provi de a basegnérdatjo plrastelietbossitiztorthatigaterat@bha geckarignbmidadjusts theuctual gnal

that, when usRdeds oatheeramgénaﬁh%a&nsbﬁbﬂeana%%tpg{s.éﬁa?%&‘rgwtﬂe%ﬁed | oop,
keeps the gain f the co p. subst nt| al 'y invari ant

transition FPV’CBTD”FFFL ;3'?1%%‘?5" aQF@dPo idﬁﬁlﬁlg'@ igffgpe locked 4o theydogin o4

s:gnal so that the data signal is sampled approximately at the centre of each bit by the
15 clock signal.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a bang bang phase detector for use in a

circuit for synchronising a digital data signal with a clock signal, such as clock and data

recovery circuits, etc, and having improved characteristics including jitter tolerance and
20 jitter transfer over known bang bang phase detectors.

It is a further object of the present invention to provide a bang bang phase detector with
characteristics that are substantially invariant to the transition density of the phase
detector input signals.

It is another object of the present invention to provide a bang bang phase detector that

25 generates an output signal that, when used as a control signal in a phase or frequency
locked loop, keeps the gain of the control loop substantially invariant to the transition
density of the phase detector input signals.



WO 01/ 69786 PCT/ DKO1/ 00175 3 According to a first aspect of the invggm
t he above and other objects are fulfilled by provision of a phase bl
for detection of a phase difference between a first signal and a second
signal that conprises a first logic circuit for detection of a data
transition of the first signal, and a second logic circuit that generates
a | ogi c outoP¥PYynal of a first logic 5 val ue upon de?@REKBAPF a data
transition of the first signal if a tsansition of the second signal occurs
before the transition of the first signal and of a second logic value if
]E he transi lt}i.oedsrd'm? td ﬁlﬁz’sE&@@cﬂhdf tai?] mma{tigﬂm@ubsveaa;naafhﬁi Sffedd RO RIIEPRY 01;]_ t ge
irst signal_ . Prefer , e detector further conprises a thir
| ogi ¢ ci rcuiptht%HOé]to? a%ﬁg%{ehdeert%%g@ﬁg%e%?n °§a W%d#?rg% ?ﬁtﬁgﬁaﬁ# HENF PR
si gnal , mai rasecerd signal thatgiomptaes puitst ibgig siaduitddr datectionsf adétavrahsition bthequal t o
the val ue gepRERh&%rta geb&&sﬁyeieu§th%ge+(eea%g¥aoﬁagmféi dall of irdt §gicS! 9nal .

out put - & gnzfl.

The | ogi c out Put S|$1nal, maty be a sirobe ogic o B e strobe
si gnal may® b@veyenisiesdian pPraiate st iee Wstsisan! if airansitionefithe secend second
signal is a sinacdccars gefate this@shshion oftebti sitBialind bh@sddordlogis hAldd the The phase
det ect or may . e . d.in ircuit far chrgni sation of a
digital 15 c}g%\%{'%nl ﬁﬁéeﬁﬁsﬁd@%ﬁ%ﬁ gﬁeﬁ@eérag?)'ﬁ?"rcgIﬂ]ej%&(ﬁ@ﬁ% | ator for

generation of a clock signal (G,), and a sanpling circuit for sanpling

the data si ghakrply, e ?g%ecﬂfetekﬁffuﬁﬁé?%%@isgﬁg'Ihirg l%%i(clirﬁﬁt t%%éﬁ ih%rb%¥e|4c‘9 gKed | oop

i ncluding the control oscillator T ase I Internal — cl ock
signal (Ck) 3%4 fiansiige gf the fataignebmaintains thegagic pyteutisignal @t a pepstaatiyaiusd

appr oxi mat el gquaitto theealue garidrtedit tiRVREVouRidiata trhRStichQM tHeditdt egnapsci | | at or

adj usts the frequency of the clock signal (CO 20 in response to the output
val ues of the phase detector. According to a second aspect of the

i nventi on, afhghegicoutiut signal oay bre e ktsebel dogjsrontpiutisighaf. he stchbb sighalorey®e a phase

di fference hQhuaeR tanfths Sdcond 3. and a second signal, conprising the
steps of detection of absence or presence of a data transition of the first

signal, and upon detection of a data transition of the first signal,

generati on Ofrefardblyging secthpsigna isg@dck Qigna ubdd Bt sadfplingddite fralsidgall T a
transition of the second signal occurs before the transition of the first

signal or, generation of a second logic value it the transition of the
second si gnalhegiess detertdr eray firexarbplabesuser dna ofcuit feesyinchetisaibg bid digimhd, i n the
absence 0fs5 ayfladighal (AN Sdhdridfg 3'co tnﬁ%ctasEaﬁst%ﬁbr@aaﬁémonfmg'atoé»t gémgdkpsnd ogi ¢
out put signal at the val ue generated at the previous data transition of

a samphn_g circuit for sampling the data signal by means of the clock signal (C,), a

frequency locked loop including the controlled oscillator for phase locking the intemal

clock signal {Cy) to the data signal (D) so that the latter is sampled approximately at the

centre of every bit. The controlled oscillator adjusts the frequency of the clock signal (Cy)

20 in response to the output values of the phase detector.

According to a second aspect of the invention, a phase detection method is provided for
detection of a phase difference between a first signal and a second signal, comprising the
steps of detection of absence or presence of a data transition of the first signal, and upon
detection of a data transition of the first signal, generation of a logic output signal of a first
25 logic value if a transition of the second signal occurs before the transition of the first signal
or, generation of a second logic value it the transition of the second signal occurs after the
transition of the first signal, and, in the absence of a data transition of the first signal,

maintaining the logic output signal at the vaiue generated at the previous data transition of
the first signal.
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further conprise the step of strobing the logic output signal. The st 004
signal may be generated fromthe second signal. The nethod may al so
conprise the step of sanpling the first signal with the second signal. 5
BRI EF DESCRI PT1 ON OF THE DRAW NGS The invention will be described in
greater detal?VB&fow with reference to the drawi ngs i nPCHRKEMOUE g, | shows
an electronic circuit diagramof a bamg bang phase detector, Fig. 2 shows a
plot of jitter tolerance of a clock and data recovery circuit with the 10
phase det ect Bire métowhmbaynfulther.cotprideitige sté cflRowsEngthp logic oafpuf dignbeThd stapsf er of a
cl ock and dag; | I ] phase detector shown in Fig. 1,
Fig. 4 shovvsag:'@lr?‘rl @Pgté?é%nﬁ?déé&cﬂ"it&:é’ls*g%f‘ggg%% of a bang bang phase detector
according to the present invention, 15 Fig. 5 shows an alternative

enbodi ment  Ofhd Aghed REERo LRSS th8Riep ok mbing RO WRL ﬂgrpﬂllq!%h tﬂ% sbdohd €'

tol erance of a clock and data recovery circuit wth the phase detector
shown in Figs9®! Fig. 7 shows a plot of jitter transfer of a clock and data
recovery circuit with the phase detector shown in Fig. .5 and 20 Fig. 8

shows an exa recovery circuit with a phase detector
accordi ng OEEJFE [g‘:,rse ﬁ'gﬁ%ﬂ? g%}\ﬁ’f\l%AUG 2004 WD 01/ 69786 PCT/ DK01/ 00175
5 DETAI LED DESCRI PTION OF THE DRAWNGS The circuits disclosed bel ow are
preferably i fiEglalGHwi Be QesthBid if gRhtePadtiMbel W GBI B fce to the drawings in

which:
Fig. 1 shows an electronic circuit diagram of a bang bang phase detector,
Fig. 2 shows a plot of jitter tolerance of a clock and data recovery circuit with the
10 phase detector shown in Fig. 1,
Fig. 3 shows a plot of jitter transfer of a clock and data recovery circuit with the
phase detector shown in Fig. 1,
Fig. 4 shows an electronic circuit diagram of a bang bang phase detector according
to the present invention,
15 Fig. 5 shows an alternative embodiment of the present invention,
Fig. 6 shows a plot of jitter tolerance of a clock and data recovery circuit with the
phase detector shown in Fig. 5,
Fig. 7 shows a plot of jitter transfer of a clock and data recovery circuit with the
phase detector shown in Fig. 5, and
20 Fig. 8 shows an example of a clock and data recovery circuit with a phase detector

according to the present invention.



circuits. To support the required high-speed operation of the circuits

| ogic gates and <circuit blocks are preferably inplenmented as CM. Iczgz»i AUG 2004
usi ng bi polar transistors. The 5 preferred process is a 0.4 pm Bi pol ar
process suitable for digital circuits operating within a frequency range
f rom about ‘ﬁizm p to 10 GHz. The NPN transistors provided by this process
have fT val'ue¥%f%about 25 GHz. Alternatively, comrercFaPPYAILF| able 0. 13
- 0.25 mCMOS processes with sufficiéntly fast transistors nay be capable
of being applied in sone enbodi nents of the present invention, e.g. in
circuits operating at a | ow system 10 frequency. The basic operation of a
bang bang thEEA'Hg?@&SGRIP\ATA’@’N O WEHRRAY bed with reference to Fig. 1
that shows an exanple of a bang bang phase detector 11. The phase detector
11 conpares cl.ock signa with a data signal Din and provides a binary
out put  si gnal?hel ‘ﬂm“'E’éjzsﬁ%ﬁéebeﬁgg" {Ren ”‘89’1“1&81081?65'95@( ddrintegratefwo si gnal s.
The bi nary otitcpitet Te sgppatt tHeFequiveld high-epseet! lopératidnet thatchcuits, gaad gaesantio be

del ayed in r | ' il L 1he . ' | sanples the
dat o oi gnal | Fisat piate'are brrsblyRiiecbiBies ot obp iy By ¥R TR N

i ndi cat es ©herefefRe ppessis 394 nal Bipplal pragsesseutledpedigitahciicetsaperetingwithine  dat a
signal, if theueh§GhngeSo dHouttBMIB0 4HBHE AR f\ﬁﬂhgt%gistbgcbr&ﬂ{eh}ﬁy{h% the bit
period. As shown in #? 1, the internal clock signal Ck_sarTB es the data
signal Din i AOEHPERVET ﬂgesi’éat?qub%%(sﬁi‘,A"%"??t“"?':!' commiaitialy 2yilebie PdAr 088i nts i n
time. The fl jup-CM@ppro2dssedidith sBicieMiyithet trambistorPMay bé vpaBlo oftkingl Applledege,

flip-flops 2 . tain t esent and precedi ng sanpl ed, val ue of
the dat a5 greafe il Gk reningRER, 7 80 ol e st S e C (S0,
and the pPekegtieney. val ue is denoted sanple A (SA). The inverter 24 inverts
the clock signal so that flip-flop 23 sanples the data signal on the 25
negative goi nr(i; edge of the clock signal Ck thereby sampling the data signal
appr oxi mat el YIHRASIRRG aH N@LANEBARGIPEsE dalegtos witprw bedespribed withigierenses denot ed
jﬁrrpl e 5 §SB)0_.Fi§.'hlJIMt ssawnd n@xB‘n)?ISB’ba bahg Sanphptace aéte RPN ORiePhbs) détdc{I W ti me g

en a data raa:ﬂ:?t . c . e presen Lt perio
occurs provi ye t azra%s t Ie%?ﬁ%l?"%%é gﬁlg}s?glg‘"ggé/g%ﬂ%%at@?ac %&pﬁf'g?ﬁf"s I S not
the case, thEesPefiseqibe rbase difiprepes beswrendhatwe pignalel diha pinaiyodightsige!

conpensat i18ginfiRstes haOHE biath Slghal REY fo®d FelRfedlimRItbPO R hS bigtkalgnalZf Be Mg 2004 WO

01/69786 Pcr/sig[;)Km %érgpgés?tﬁe data signal too late in the bit period, and the binary output signal

indicates that the clock signal has to be delayed in relation to the data signal, if the clock
signal samples the data signal too early in the bit period.

As shown in Fig. 1, the internal clock signal C samples the data signal Dy, in three flip-

20 flops 21, 22, 23 at three different points in time. The flip-flops 21, 22, 23 sample on a
positive going clock edge, flip-flops 21 and 22 contain the present and preceding sampled
value of the data signal, respectively. The present value is denoted sample C (SC), and
the preceding value is denoted sample A (SA).

The inverter 24 inverts the clock signal so that flip-flop 23 samples the data signal on the
25 negative going edge of the clock signal C, thereby sampling the data signal approximately
halfway between sample A and sample C. This sample is denoted sample B (SB). Thus
sample B (SB) is sampled at approximately the time when a data signal transition from the
preceding to the present bit period occurs provided that the clock signal has a 50% duty
cycle. If this is not the case, the inverter 24 may he replaced by a delay circuit
30 compensating for unequal half-periods of the clock signal.



é Thus, three successively sanpl ed values are present at the output erf%é&ﬁ
three flip-flops, 1i.e. SA which was sanpl ed approximately at the c A b
the preceding bit period, SB which was sanpl ed about the tinme of
transition fromthe preceding to the present bit period, and SC which was
sanpl ed ap I mately at the centre of the present bit period. 5 A signal
SAC is geng{(ﬁllﬁg%gy means of an XOR gate 25 fol | owed bﬁgHHKPWHPter 26,

said signal being logic, "1" if the sanpled values SA and SC are

i dentical, and being logic "0" if they are different indicating that there
has been a tTassthteeancdesgnaytdagmpled esiesh g piedert bicine ﬂﬂﬁﬁ@éﬁth@lh?eepﬁiﬂo‘ag
Simlarly, anoth

f ol | owed bya}aeflblﬁlwlecrh ?@r@ é‘ép'g&%f n?aQelg%t tﬁ%l&ﬁg FItB? greeea I{J?pfﬂ‘g’aggnpl i ng

val ues SA anwhisiBrasigamples aberd thei tisael of trammbéfpmghd mrgteding €3 the prestrapitar e
different. %@@%Q@U%lcﬁv\fﬂ s%e@@ﬁﬁéur%iel@ﬁﬂhg’gelﬂ@Bﬁhggﬁesémlt?br%'aal s, Up

and DOMWN. Lf | 0 corres I N ng val ues SA
and SC be.h AP@BﬂPﬁG&?ggﬁEﬂiﬁF %.f@eanﬁaﬁ@%% %bﬂw%hwanurwgrt%faﬁl $pidhe " 0"

i rrespecti ves@fal birgy lugit, Ut itthe Shipled Vakies 8ARhd eg ardiddritiCal SFAd Being Bgic "0 if

i nsignifican | ' I t.his. Lan tract
i nformation ﬁwiy‘__)ﬁ'e'?i%réng ﬂhléatfngﬂlgﬁ%g hgsp(%] atransn |§n ftéon? ﬁ,grécﬁ%to is |ogic
"0" indicat i Prgsantbit paiiog. r%ﬁﬂ&ﬁﬂw Wﬂﬁh%ﬂ)@ﬁamﬂd bsr weasisbamtter XORme 27 t he

present bit pRdwedly ah hﬁeﬁér&ﬂadaﬁi naﬁﬁiﬁg 1'aifﬁe g&ﬁﬁi’h&\/ﬂﬁ‘& Warldd¥p Si gnal
SAB. The 1; %n%% E‘?—J lg " ?f AB is "1" 1. e. when sanpl ed

val ues SA Q‘iﬂz ang g Pggi0 H?ﬁyééﬁ‘? e hat the transition fromthe
preceding to the present bit period occurs 20 after the negative going edge
of the clock 0 00 early
n relation L‘?ﬂsgﬂ% 1l hﬂbh&hga@%& anc{:iber%%raféKW ﬁ%a?sdg?ﬁgﬁgxﬁf (H;#ﬂé 8 is too
late in rel aepigalyt't. @qﬁ@smné@atoghgmnphnMeng@mu SOOeMaddegtical, bothisige t he dat a

si gnal phasendigiup &Rd aovmmtl Q,grcsl@ bel"@qufesﬁé&it}@bnﬁ@mue%f BRE! R LGRing Wen SAB
"o" "1 val ues SA and SB are

S , the SI

i1 ferent | 200 SH beltq Rty e s Geoisie T BB RHT (S ERA PSRl g t o
the preserb #hquti]beposmnpmt@rsampilnghwenegat|ve goi ng edge of the clock
signal. In this case, the clock signal edges occur too late in relation to
an opti mum sanpl time, i.e. the data signal phase is too early in
relation to Yhen §f‘g¢q€°@? (¥ indicating ¢hat p gresitiopybas pegkmedsframhibe preedintatodhesi gnal

phase in rel piesennbit Perioll NRe ShRMEUBAHTBOWRRRdeRthel BE HBRRZRA-SAB. The
signal DOWN is logic "1" when SAB is "1"i. e. when sampled values SA and SB are
identical indicating that the transition from the preceding to the present bit period occurs
20 after the negative going edge of the clock signal. In this case, the clock signal edges
occur too early in refation to an optimum sampling time, i.e. the data signal phase is too
late in relation to the clock signal. The signal DOWN signals that the data signal phase in
relation to the clock signal should be reduced.

When SAB is "0", the signal UP is logical "1", i.e. sampled values SA and SB are different

25 indicating occurrence of a transition from the preceding to the present bit period prior to
the negative going edge of the clock signal. In this case, the clock signai edges occur too
late in relation to an optimum sampling time, i.e. the data signal phase is too early in
relation to the clock signal. The signal UP signals that the data signal phase in relation to
the clock signal should be increased,

30 As shown in Fig. 1, the two signals UP and DOWN may be combined into a single signal
in a tri-state circuit or a charge pump 31. When both signals are "0", the output of the



30 As shown in Fig. 1, the tw signals UP and DOMNN nmay be conbi ned Ihﬁ 3U€2[][]
single signal in atri-state circuit or a charge punp 31. Wen bot !
signals are "0", the output of the 2 3 AUG 2006 WO 01/ 69786 7

PCT/ DKOL1/ 00175 circuit 31 is in a high inpedance state (tri-state). Wen
the signal UPis logic "1", the output of circuit 31 is logic "1" and when
t he signal WR@WMR¥s | ogic "1", the output of circuit JFCTIDKOMVEgISC "0".
Consequently with the phase detector shown in Fig. 1, the phase between

the data signal and the clock signal Ck is automatically adjusted at each

cl ock cycle e | the {r Ltion.tinoe, and
consequent | fﬁg‘géﬁﬁgﬁéh@q@é&aﬁ%‘gf agfgﬂﬁ:{g{?geq'c‘@éﬁnrtge %'#naﬁqg' l??'c ﬂe‘ruiq%d. Fig. 2
shows a pl ofouipkt Ghsiaul Bd & Ipgit téand whesrtameienabPOWNGS lsak "Hnle datpet of ciewiter y

tCI Ircwt lD@ﬁﬂE%i?“O&.'T?n@e@BﬁWiﬁQﬁz{a@é daéctérf&ﬁo\&déﬁﬁgshclwpﬂaee E%tateenl]; JI Hef
ol erance i .ed for. various data signals. Curve is. a plot of jitter
t ol erance f ?ED%???)?%H%Q*%HB%SH"?I ﬁﬂ'@?{ﬂ%c’%h a\ﬂﬁ“’f‘ﬁdﬁte@f"&??‘é‘t‘w@%°t ransition
density of5 Ohef sarfple Bds Sampiedat thertmesiponidiengndrdooseqliantly aarifld G i¥sampledait t
sequence (tANSld | equal to 1.0). Curve 3 is a correspondi ng pl ot
for a 1100flOOl{{%gf.}hgagﬁr{og'equence (transition density equal to 0.5).

Curve 4 is a corresponding plot for a 1111000011110000... bit sequence

(transition mlenshéws £E0Edf meBsurél j@e) tolefanbY §F axidcR afd G4 FeBSRANHAP Pl ot for a
11111111000Q0000. .. bit se uence "gﬁ ransfsql tion 15 densi tg equal to 0.125).
Curve 7 is A"CEB)PF%E%%H?ﬁSﬁ&g'ﬁFtBWF tYRe UB/NdS- - Yigyielgraneispiediadifn  density
equal to 0. O8jousidata signalaciiges 1 isiatpiot nhjittectoleladcd foas pseudairandord it s&quende
obt ai ned. | 179 ki ; ' and G 958
are al so H?-B?tthgcﬁ dgﬂﬁ%é! %F'gw%ggﬁ%fpg’t b;el-rgéc%_l%f%w%gﬂﬁgg}g&agecﬁggﬂ'f he
r ecommended HtisAa4escq frapsition siensity agiabivs! G Cyrveed is cetresponding mletfprse Fig. 3
shows a pl Qt110¢110f&ﬂ80.[.€bd sbdldeh@i(trbtﬁsﬁlbﬁﬁ@rﬁslitﬁéidag@ mmn@mlél and dazI af Cned |
recovery cir t ) a -6, ainthe Limt efined in
Che T T Teitbtnotita i Sore T 4800 £ S0@OG Y et Wabelioh Sfeet B Soen tna
some of the & \(@eve iz esetesphrdingnia forarid &t 11 1G00CH00. T vt sequanee (ransitionpor t ant
char act er i tdefsity@buds td 6. 855).ldARST 18 5 corfdiBondidgl fidt (B @IHB TV Uatd digrafiraf@Rki NY)
density equal to 0.05) with no noise, with noise the trace, curve 6, is not obtained. The
limits defined in the ITU-T recommendations G.825 and G.958 are also plotted and it is

seen that each of the curves exceeds the recommended limits in certain regions of the

plot.

20 Likewise Fig. 3 shows a plot of measured jitter transfer of the same clock and data
recovery circuit for the same data signals 1-8. Again the limits defined in the ITU-T
recommendations $.825 and G.958 are plotted and it is seen that some of the curves
exceed the recommended limits,

There are two important characteristics of jitter transfer: The jitter gain {or jitter peaking)
25 thatis defined as the largest ratio above 0 dB, and the jitter transfer bandwidth.

The measurements are performed at a signal to noise ratio 1 dB above the sensitivity
threshold (10 e®) according to the ITU recommendations.

Phase detectors according to the present invention are shown schematically in Figs. 4
and 5. In Figs. 1, 4 and 5 corresponding circuit components are designated with identical
30 reference numbers.



25 that is defined as the |largest ratio above 0 dB, and the jitter E;rSaR@aﬁﬁb
bandwi dt h. The neasurenents are perfornmed at a signal to noise rati

above the sensitivity threshold (10 e-') according to the I TU
recommendat i ons. Phase detectors according to the present invention are
shown schematically in Figs. 4 and 5. In Figs. 1, 4 and 5 correspondi ng
circuit coM9d&HPs are designated with identical 30 rPé:fTé‘?I@HE‘B"hunbers 2 3
AUG 2004 WO 01/69786 PCT/ DKO1/00175 8 The operation of the phase detector
of Fig. 4 will now be explained. The operation of circuit conmponents 21-27
have al r eadyrhbeperatinopif tierpbdsardetdetar ef Fig.enaendvobdé:@lainkd. 1Bebperafiond? s a data

pelect o O Lyt ey DMl oBI BB v oA SRR L
the output df aéataéseleawf@nwe@bw @epé@uttqﬁpwwtqzﬁet <lhen 8 dite it GanstBnand

provided t 0 Hab@eérmﬁtﬁctéaf thE lbLiPutldf 8RR oAdhte 35 i !s RRicdftapd }EHetoutptuf SeRict hap 2pas been
det ect ed, " Q" put_ of flip-

flop 44 |s @QM{B@}Q} ?ﬁ%s‘gﬁ?‘g%é‘?‘iﬁ?ﬂa Af?ﬂ'ﬁri@“b?fdllﬂ‘f@@d“t%“%’ﬁ Ha pihput  of

flip-flop 44ran§‘hm~sha5|bﬁen detetdadathbiotitptir e e g-ot gmmaﬁagbeﬁ!’mndﬁteemt;ﬂdoﬂﬂtpe out put
of ex-or gatfﬁpu(s(fg@{h th%'cﬂﬂlaée ecfo§42 Q{d%%\ﬁi%gtogtkernga ?Hifr?lgno 1 Eygta bi t

flip-flop 44 a next positive

transition rﬁagatq)@gfpr@@@réhqsé@en f’ﬁéﬁt?ﬁ 'é% P'éiB%t of @g?r@atﬁeﬁm@f@ﬁw&%am i down

signal as Sdr@fdéd at ﬂhe'foh@uffdflﬂé fﬁd—ﬂl@ 4%t ihs ngﬁlpﬂilt@b@ﬁﬁg QISGIH?%e Chtﬁhﬁlﬁb of t Ihe
cl ock signa

flip-flop,d the t h en sec

with hal f % hdeatq‘?' &8’?\%@“381?‘]9?’?1%‘36%‘??@8? p[ﬁ"%(‘f%%g'f:éﬁﬁ?gﬁ RSl @ock si gnal
i's provided %Btalnsmeﬂm&on%pumamtainﬁﬁl@sg'&toe@um,thefE;GﬂquGreby t he out puts of
the output line drivers 52, 54 are forced to logic "0" when the 15 second
clock signal_is logic "0" and attains the value of the flip-flop 44 output

and i nvert ed b B‘th“P‘ﬂ%éBéEWi‘}%ﬁ 3 seopprbroakisiana b half e Fequeaeyrshe i s | ogic
"1". During ipsit ueda—..geuat Mhasbcomd aodalstgnﬁtrﬁrsmdéd%a strl%é iepLk MNI§ b&tepdg, of

flip-flop 4 cons t he et ect ed
data bit t rgsr?ls %ﬁtthe‘ﬁ'nutp Ui Oqtme oué’s f"ﬁe "Ylgsng \égaree%%rge fqdegicy ﬁi‘gﬁeé’éﬁ? rol | oop
i ncor por aft§ rﬁ?c@ﬂﬁ’@l%h aigeal e#émz: t%and attamhette vahve otithe ﬂlmﬂep feeyon ead Reertpdt s

subst anti al | giidun depeaReptwiah tidRedradivek bib@nisdgyout y of the phase detector
i nput signals. Typically, the outputs of line drivers 52, 54 will have
significant rise and fall tinmes |eading

During periods with no data bit transitions the output signal of flip-flop 44 is kept constant

at the logic value of the latest detected data bit transition. This improves the dynamic
response of a control loop incorporating the phase detector in that the dynamic response
20 gets substantially independent of the transition density of the phase detector input signals.

Typically, the outputs of line drivers 52, 54 will have significant rise and fall times leading
to generation of a varying output current over time if the outputs are kept constant for
several clock cycles. The strobing of the output line drivers 52, 54 with the output of flip-
flop 46 suppresses this effect.

25 Fig. 5 shows an altemative embodiment of a phase detector according to the present
invention. The operation of circuit components 21-27, 40, 46-50 have aiready been
explained with reference to Figs. 1 and 4. {t is noted that the cutput of XOR gate 27 is
high when a transition has occurred between sample A (SA) and sample B (SB). If the Q
output of flip-flop 44 is zero, the selector 42 provides the output of XOR gate 27 as an

30 input to the flip-flop 44. Thus, the zero output is maintained until a transition occurs
between sample A (SA) and sample B (SB). Then the Q output of the flip-flop 44 changes



to generation of a varying output current over time if the outputs are kept
constant for several clock cycles. The strobing of the output IineZCBrAl\l{eﬁ]&L
52, 54 with the output of flip- flop 46 suppresses this effect. 25 Fig. 5
shows an alternative enbodi nent of a phase detector according to the
present invention. The operation of circuit conponents 21-27, 40, 46-50
have al real WEYE® explained with reference to Figs. IPEARKHYYY s noted
that the output of XOR gate 27 is high when a transition has occurred
bet ween sanple A (SA) and sanple B (SB). If the Q output of flip-flop 44
is Zﬁl’ o],c | t he? 86d @Cthe hexd Pogitive \Yollg sddel# teltlapkl indthe XEIRGAR Prodifegthe @ltpHO0 1 Nput
to the i p- ef. uf.p t ai ne a transition
occurs bet m%gg&s%%ng?%gigf g&?&g%ﬁ@gﬁ,ﬁ)‘f“é“% rk%lg)q.%t%}}?eoﬁﬂ{uﬂ%ﬁ%"%?ﬁ? of the
flip-flop 445chmaigeRignudil Atiesitionacoud Biweso 336rIPBTERIDY sa00lE S (8Cl.o one on
the next poSidoh%acrPirdt@ities 3R Qhbuthtensdes to ARFor thens& bRV boiflgedjeQyi des the
out put  of >E(%(NCR ate 5% asﬁ?gn LnFEut to flip-flop 44. It is noted that the
output of E ‘Nﬁ'??'ﬁ’g e sEEciopfmagiln ‘i"’éq‘fsﬂﬁtq”fp”h"fﬁ‘gh%qt??%‘?‘F%Eﬂﬁ‘?fb‘ét ween
sanpl e B ( SBlpaadrtes,mslfer the $r36) detedtip@hFig Lt theaoutpubsignatsi of fip-fibl €4 iQkeptt put
changes to Lt J o . t he
Z&hQart e B ?ogg&?éhe RPhE Edta‘é?d&%&?é&%%dcgg{ag&@ Jéxgﬁgd%lrfaﬁé(wl

sel ector 42 agaln provides the output I'nput to flip-
flop 44. Thulpla liltrangitionshe phase detector of Fig. 4, the output signals of
flip-flop 44 is kept <constant at the |logic value of the |atest detected

data bit trapsifion_duri periods wth no data bit transitions. Figs. 6
and 7 show ATt & 269 7 AR ElMe BT PrA0Es Miss e ahreana e o dReeeivel dasiack | vel v,
of a cl ochO 4rd datadeatser ciredtincerpyrating aptiase detedorpbthatypeghewph&ges.didsect or  of
the type shoymd Medrebpond to FibdS an330edive)! It € SLMHartd :g)ngénfr% 284 tlff _
respectively. It I's seen that tHe curves of Figs. 6 an 717 Wel'T wi t hin

the ranges reteotitifiedne pngesaeqommendgddp HiedErd Je5omend#tiSAharing Fig. 2 and 3
with Figs. 6 and 7, respectively, it is noted that jitter tolerance and

transfer depgndency_on,the speciflc bit pattern .of the dat i gnal has been
Sl onit i cant [GIEPY ERCR 3 FPHabe, b pad redpRth e 6 reta B B

det ect or acciandiendspeodenieopihe spavific bit pattert of dhe. data sigral kelsdeemsigrefitattiyat jitter
gai n has hgeRqiRdaRé cirdult Sheiuling B BYR 7aRg PRRBREBCIB acBordihg fthd pMdip @ phase

detector accordi.ng to the present
invention. It is also notgd that?itter gain has been reduced.

Fig. 8 shows an example of a circuit with a phase detector according to the present
invention. A data signal D, is fed through a data buffer 2 to a flip-flop 3 for synchronisation
of the data signal D;, with a clock signal {Cy). The synchronised data signal is then fed to a

20 laser driver 4, the output signal of which D, is connected to a laser diode {not shown).
The clock signal Cy is generated by a voltage controlled osciliator VCO 42. The frequency
of Cy is controlled by the output signal from the phase detector 11, e.g. the phase detector
shown in Fig. 4. In the VCO 42, a positive voltage from the detector 11 will reduce the
frequency of Cy whereas a negative voltage from the detector 11 will increase the

25 frequency of Ci. Continuous adjustment of the clock signal Cy is therefore obtained so that
sampling in the flip-flop 3 is performed at the centre of the bit period.



invention. A data signal Dinis fed through a data buffer 2 to a flé&flo&
3 for synchronisation of the data signal Din with a cl ock signal 04
synchroni sed data signal is then fed to a 20 |aser driver 4, the out put
signal of which Dort is connected to a |aser diode (not shown). The clock
signal Ck is generated by a voltage dontrolled oscillator VCO 42. The
frequency of Ck is controlled by the output signal fromthe phase detector
11, e.g. the phase detector shown in Fig. 4. In the VCO 42, a positive

vol t age fWintistchrametbisector 11 will reduce the frequency of Ck whereas a
negative voltage fromthe detector 11 will increase the 25 frequency of Ck.
Conti nuous adjustnent of the clock signal Ck is therefore obtained so that
sanplinglin tf?eméﬂlbtbcdnimbing is perforned at the centre of the bit period.
23 AUG 2004 1Q _\hat atg,mg{] aq.lrsm 4 A nmethod conprising: detecting a
transition of & T11dt o eratlng a logic output signal of a first
| ogi ¢ val ue |fgemeratmgraslogn¢ mnptmfslgaalsecond signal occurs before the
transition of theflr val u

transition of the soggo'ﬁ%?oé grhar a{(;agéaﬁl?'go'é?faesrccqnﬁé'gg?lroﬁ‘fjilﬁ tfe?%ﬁth& the first
si gnal ; mansitie ofitmegfirstsdgnhiogdc out put signal at the generated val ue until
detecting another transitjion. o f|r S and strobi the logic
out put signal wth Ofasf'fcomﬁ)l(’gl”élﬁ%f eira ?1' ?feﬁ%%&d’“g&ﬁﬁﬂcﬁcﬁ'ﬁs %egé “aim 1,
further acarm‘nmsmfn@@emt,l ng t he strobe signal fromthe second signal. 3.
The met hod accor.

.ding to er conpri n he first
St gnar v the . cninaBs e 168 pifpirsigndlal R here Rl vabe SRRl a 11 1 ot
| ogi ¢ ci rteambition 6f thkefigCdignal, 1‘aiicB.nS| tion of a first signal; a second |ogic

circuit coupled o the first irc t to generate a | ogi c output
signal of a f¥f Tgpﬁg?gdc?}ﬁ?‘ﬁé‘gg%&r\tﬁﬂéfr "a transition of the first

signal if a transition of the second

2. The method according to claim 1, further comprising generating the strobe signal

from the second signal.

3. The method according to claim 1, further comprising sampling the first signal with

the second signal.

4, A phase detector comprising:

a first logic circuit to detect a transition of a first signal,

a second logic circuit coupled to the first logic circuit to generate a logic output signal
of a first logic value upon detecting a transition of the first signal if a transition of the second
signal occurs before the transition of the first signal and of a second logic value if the
transition of the second signal occurs after the transition of the first signal, and

a third logic circuit coupled to the second logic circuit to maintain the logic output

signal at the generated value unti! detecting another transition of the first signal.

5. The phase detector according to claim 4 further comprising a strobe signal to strobe

the logic output signal.

6. The phase detector according to claim 5, wherein the second signal generates the

strobe signal to strobe the logic output signal.

7. The phase detector according to claim 4, wherein the second signal is a clock signal



signal occurs before the transition of the first signal and of a sezojnﬂu[5 2004
|l ogic value if the transition of the second signal occurs after th
transition of the first signal, and a‘third logic circuit coupled to the
second logic circuit to maintain the |ogic output signal at the generated
value until| detecting another transiltlion of the first signal. 5. The phase
detector according to claim4 further conprising a strobe signal to strobe
the logic output signal. 6. The phase detector according to claimb5,

wher ei n t‘%@%@dbﬁﬁr%ﬁi‘@ﬁbl generates the strobe signal to strobe the |ogic
out put signal. 7. The phase detector according to claim4, wherein the
second signal is a clock signal 2 3 AUG 2004 Il to sanple the first signal.
8. Aciréuit AotsaitsePmRising: controlled oscillator to generate a cl ock
signal ; a samglbiiebicd b&iator «PMRLER alchek Bendi! 0Ck signal of the controlled
oscillator to sanple a signal wth the ¢l ock signal; and a phase |ocked

| oop i ncl udi ng semplingsireyibgouplgd i9stbe ¢lpekisignak of thetranieolled efciliates tesample i gnal  to
the si gng|emaiang tBe AbaSGmdLhRCt Or wherein a strobed output of the phase
detector adjusts the controlled oscillator to alter the frequency of the
cl ock signal . agphasghecked loepiincluding thegontr@ledhssillaian ta phasqlhelstbe dea@(tsf@a/ further
COMPY | S€3 the Bighdl i ol M GofelibiOMicheif R sHBEEGliot of iR Bidst bBHaghulE uil gl and
a second logiC circuit coupled to the first lTogic circuit to generate a

| ogi ¢ outcpufrollsd ggrallator ¢ altgr thee frequeneygefdhecdpakesianplon det ecting a transition of
the signal if a transition of the clock signal occurs before the
transition of the signal and of a second |logic value if the transition of
the clodk si gihalcirauicaficlrim fiwhereinithe plasgdatacton further ¢omprisdsgnal , and a third
[ogic cireult SAURbELCIQiRer BRtlidAYk fieSlghfitin L0 mai ntaln the |ogic

out put signal at the generated value unti etecting another transition of
the signal. 10 sedind legiq drgirit coupled taithn first togisicircyit 1 genwinate @logictontputsignek si gnal

gener at es,r3 5k [ QREvahle PN ddtingh @R Fioh Bk OFhA AUt RYMiors bt UM PIock signal
occurs before the transition of the signal and of a second logic value if the transition of the
clock signal occurs after the transition of the signal, and
a third logic circuit coupled to the second logic circuit to maintain the logic output

signal at the generated value until detecting another transition of the signal.

10. The circuit according to claim 9, wherein the clock signal generates a strobe signal to

strobe the logic output signal.



