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5 This invention relates generally to integrate |l“|||“|“|
circuits. In particular, the invention relates

nmonol ithic clock and data recovery circuit for high*59159*
frequency operations. Background 10 In

t el ecomuni cati on applications where cl ock and data
signals are respectively transmtted or received

t hrough separate cabl es, a phase difference between

the clock ACLOCK ANDDATARECOMERECIRCEIT

prom nent during propagation over |ong distances.

This is undesirable for many tel ecomruni cation

a&&hh%§iﬁa§ﬁwhhat use synchronized digital systens,

require the clock and data signals to be in- 15

pTageinkertiopr ePeds giperafly itonstegritedi ohglhiits. cabbmealaf ytha éhvention
only one data sjgnal is therefore used in placed
t Felatge ol asgwaialaf%é?d ctogk) ard data yesRyeHh éle‘P‘b cler a]ﬁ‘&h d%@calency
?&gh ofls® avoi d devel opnent of the phase difference
ween the clock and data signals. A data signal is
transmtted 20 and received in a non-return to zero
forgat in which a clock signal is recovered

1 A CLOCK AND DATA RECOVERY CIRCUI T Field of | nmm@mmm“

f BiP¥8at a signal. The data signal transmitted and
' @k Qél%!&ﬁnmﬁmbiﬂo% aﬂﬁ@ﬁ‘t‘?&ns' Whe TIRR! dhdk PR R8]sdte '}’%ectwely
data signal. A clock and data recovery ( circuit

| :t.ranmmﬁtsfhlqr geeived drrovglc saperatngablee a phase| ffkreniqhetiween the
| R ) PR SRR B mE ot e ine A bap PR e tone

oms@eﬁicsﬁt TR & (HRkArdbleA Ry GRAMLIefocomhlifidatbhn Gb 1%alubns that use
typically consists of a clock recovery bl ock

r sxrheaniizeg digital wistsans, shighareqpire ihe h]@CNRdejaltaaﬂgn@ﬁé@ be in-
ar&;{as% f{nepxlob@i]cﬂ)%remoﬁg.k for re-timng the NRZ

A single cable carrying only one data signal is therefore used in placed of the dual
separated cables carrying the clock and data signal to avoid development of the
phase difference between the clock and data signals. A data signal is transmitted
and received in a non-return to zero (NRZ) format in which a clock signal is
recovered from the data signal. The data signal transmitted and received in this

manner is commonly known as an NRZ data signal.

A clock and data recovery (CDR) circuit is commonly used for recovering the
clock signal from the NRZ data signal and is an important component in many
telecommunication systems, such as high-speed optoelectronic data transceivers.
The CDR circuit typically consists of a clock recovery block for recovering the
clock signal from the NRZ data signal and a re-timing block for re-timing the NRZ

data signal.
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data signal. 30 2 Most CDR circuits work in
conjunction wth phase-1locked | oops to provide the in-
phase cl ock and data signals required by the
synchroni zed digital systenms. These CDR circuits have
phase detectors, such as Al exander and Hogge phase
detectors that are used for conparing phases of

' | : .
ot &'t‘%g%? tcg Oga\!vﬁrkqg/%&&gﬂﬁ:ogl Whh &lgc%tefl%keﬁ lénl()}%r}@ﬁo&lge the in-
d @hmt@mdc arsi cjma kigaalstrequited riyt the hgnolmwﬂzadgd@ﬂﬂqsyeﬂam These

he CDR
sruk Be ek sy RER oAy Hpegcriipe detectors,
S'tlﬁft‘ alré us&d TSP APAriRY bB/ase@éP'ffi:‘?;geﬂc r QU bhE pisAdRE @ntrol

frequency detector in addition to the phase detector
Thignals etpuotiey MSecf dhe @Rt hiscyphasHoweverctsueh phase detectors

e e R R L
10%iOaaeEion 1@ (HY DTk FRIuBAY raapPoPafputl §%ﬂhl§ﬁid SR hntially
in "A S Bipolar Phase and Frequency tec | C for

daﬁ@lrde@hr@@&h th@nusg |@f taofrﬁﬂu@mlysdetew lnmsisittmcuoethe @hasg| detector.

pp. Efieﬂlﬁrig%ld& Ce}}%tesﬁa%sgf{eg CE)H%ctR/ely %’greg’se ihe working

Ttmqqmglrrincg@rdfexh;ﬁﬁ@irgnblascetﬂme@m{eirmﬁmt 100 requires
quadrature signals generated froman off-chip
voltage controlled oscillator (VCO 102 to be fed to

d et SR ‘ijr‘%‘gcltogrb&ggknlﬁ)g{u%%oﬂgﬁﬂ{r%ﬂﬁﬁgﬂ 5 o?a in “A Si

f'or proper operation.
plﬂlpolahetha;e\Aﬁﬂ)Erecgmaby Wietcotoa I€| foc Kldakelfxteartign aipdto B UBE”, by

e icken 8- Jrioseelcy Sy Jaf LT, VoSS o eI 751,

t r@é&&hbé@@%%ﬁ%ﬁo@h iR PUL STHIqABH el fbr bARd PR @ftcuit 100
d QP detector

requlres quadrature signals generated from an off-chip voltage-controlled oscillator
(VCO) 102 to be fed to a phase detector (PD) 104 and quadrature phase (QP)

detector 106 for proper operation.

The VCO 102 provides a VCO signal with a clock frequency and a VCO delayed
signal, wherein both signals are sampled by the NRZ data signal at every transition.
This creates transition pulses at outputs Q1 and Q2 of the PD 104 and QP detector
106 respectively whenever the current operating frequency of the VCO 102 and the
data bit rate of the NRZ data signal is different. Figs. 2a and 2b illustrate
respectively output waveforms generated by Q1 of the PD 102 and Q2 of the QP
detector 106 when the clock frequency (fyco) is greater than frequency of the data

bit rate (fy) and when fyco is less than fi, respectively.

The PD 104 generates an output signal which is fed to a frequency detector (FD)
108 for sampling an output signal received by the FD 108 from the QP detector
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106 respectively whenever the current operating
frequency of the VCO 102 and the data bit rate of the
NRZ data signal is different. Figs. 2a and 2b
illustrate 25 respectively output waveforns generated
by QL of the PD 102 and 2 of the QP detector 106
when the clock frequency (fvco) is greater than

f 1 861ueRE PDOfO4L O dladcfor 1|*%tana Fe1dd f‘%}maaﬂ(i)n\l\é'}ﬁ;? cb¥ifhen®110 of

|l ess than fb respectively. The PD 104 generates an
othepquadsicgrmelatontbased iGDR enirctid H0f r &y feequencytediffetence signal is

(ED) .30 108 for n%y; out put signal received by
tﬁ%‘zeﬁ%e B e GEoe: BB DB or 3 106, “The PD 104, QP
detector 106 and FD 108 form an on-chi p conponent 110

of the quadricorrelator based COR circuit 100. A

f Fegydenny Sbishew tiopiog didgray of entpyerretormg feom 64, @3tandtQ3 of
t [ ; i g ng.

T8, 5P A0S 5 e ST R0 A0 g o

t hed RBed B¢ho i60Resd elicrich, @¢spdifveBnd AFRAINAE] beippest QY ahd Q3 when
when fvco is greater than fb, and when fvco is |ess . )
t keoo isgreatepiban ify and whan dyenrisglest thgnthe gre rgspegtiyelypdepicted in

.S 1@, fvca i .
(B0, PLYGR b2 821 EG DR P U AR B v o
| tisingedgeibPtiic ongpme favatotmdroni ) 1, thel cutput iveyafarmeofQRAvél be in
during.a 10 rising edge of .the output waveformfrom
Qf negftiy e (HE IR MG e T I is l_rv?ﬁhe_ Begalya sfalpeduring a
Stalifey edde dfftfe Q&thwaoe@afﬁi‘ REMAT, AP (RpdiSvdvRfdrSirom Q3 will be
negat%ve state during a falling edge of the output
wa efositive rstate. QLI thteutput paveinem dfam QX isoim 8 pakitive Isate, the

in a positive state. lf the outpu vef orm f.rom ds

| ReBRE SRR S il o @ it Bt JEREH BF TGRS came
Wiok | thé® %dt]?utawéﬁé@rrﬁtﬁéxﬁ aur i Mhetchérel aHehNtheafifn I 1S tHY output
edge 15 of the output waveformfrom QI|. Therefore,

wivanefonas &iom @l andeQbis fedtto theaVEePolisvin adapriltan thaBCO 102

IS . . t VGO 102 via a loop filter, the VCO 102
wwl[l%%éﬁ?#cggﬁi (s)tc eéd state. In the quadricorrel ator

based CDR circuit 100, an off-chip delay line 112 is

coupled 20 to the off-chip VCO 102 for the purpose of
g ém Eheatuadricatebaipbased CHRgpiggut 100, an off-chip delay line 112 is coupled

to the off-chip VCO 102 for the purpose of generating quadrature signals.
However, the externally generated quadrature signals render the quadricorrelator

based CDR circuit 100 unsuitable for monolithic implementation.

One method of generating on-chip quadrature signals for monolithic
implementation is to use an on-chip VCO that is capable of oscillating at twice the
frequency of the desired clock frequency. An on-chip frequency divider, such as a
master-slave D-flip flop is then coupled to the on-chip VCO to facilitate on-chip
quadrature signal generation. However, this method requires high power
consumption. Furthermore, any asymmetry in the duty cycle at the input of the

master-slave D-flip flop, or any mismatch in the input circuitry of the master-slave
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However, the externally generated quadrature signals
render the quadricorrelator based CDR circuit 100

unsui tabl e for nonolithic inplenentation. One nethod

of generating on-chip quadrature signals for

monolithic 25 inplementation is to use an on-chip VCO
that is capable of oscillating at twice the frequency
0 t Y
AT NP ElT A AR oo P R e AP Sipale GREY Solving
c thept prdbtemst Wil furthetningressedhe cirdudtoiompledity and-pohiepconsumption.
guadr ature signal generation. However, this nethod
requires high power consunption. Furthernore, any
aGTRE Mmiethéd towe%eﬂéﬁaﬁn@)ﬂ@é Snahip Geadritpié sighalt He t8Qouple two
mast er-sl ave D-f , or any msmatch in the input
ciideatipal op-chip Nﬁ@mgetbw-lglsa%a wapas £q fpreq g respactive outputs of
dagr t s e g d

%%ngl%‘sb @Oﬁ)éa@ﬁ gfelasgr o @Eve@m}hﬁ$ ﬁ}eﬂ{rét%h%ﬁ{lﬁgésc?onmderably
t ﬂw &l chipi tareaorqoloentatry tBé1 w0 WRIChipo NP tandN alsénBigh&r power
met hod of generating the on-chip quadrature signals is
témﬁﬁﬂﬁﬁ@ntmo 5 identical on-chip VCOs together in
such a way as to force the respective outputs of the
VCOs to be 90 out of phase. However, this nethod

r sqm anethee mhaﬂeoﬁ@émratingrtge on<hippquadesautecigmly Bito dshe ring

ﬁn chi ﬁgd al so, P her olr;sL consunpti on,
GS% py- el‘(&’bt R8Ot EPaTRING he Ve PO - s Performance
qyYRG hRLHESBT0PE BRRktEbIE ?oxt}ﬁgl&lﬁ@rf&n{ah&gapﬁi%%ddsat or.
However, the ring oscillators generally have poor
n0|se perfornance and are therefore unSU|tabIe for
h- per ref

By e EpPRbior S0RGTowT BT A4 abatFiePaPlafr oPpronch
am@mﬁ:%fbn- bRadbhtufelsi @ CAre Berttvaed ﬁﬁtﬁﬂ&w%ﬂo%ﬁh&sﬁh@tlon and
generated with | ow power consunption and "small di
aseall digres eqpivemeSunmary  Enbodi nents of the
i nvention disclosed herein possess inproved
performance 20 relating to higher tolerance to
f Samifaky on process and anbi ent tenperature

Embodiments of the invention disclosed herein possess improved performance
relating to higher tolerance to fabrication process and ambient temperature
variations while achieving performance on less on-chip area. Additionally, the

embodiments of the invention have lower power consumption.

In accordance to a first aspect of the invention, a clock and data recovery circuit
according to an embodiment of the invention for recovering a clock signal from a
non-return to zero data signal and re-timing the data signal is disclosed. The clock
and data recovery circuit comprises a phase detector for receiving the non-return to
zero data signal and detecting phase difference between the non-return to zero data
signal and a first reference phase signal for providing a phase detector output

signal; a quadrature phase detector for receiving the non-return to zero data signal
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vari ations while achieving performance on | ess on-chip
area. Additionally, the enbodinents of the invention
have | ower power consunption. In accordance to a first
aspect of the invention, a clock and data recovery
circuit 25 according to an sgnbodi nent of the

i nvention for recovering a clock signal froma

NNt elebtin) bRast &liffedRtabshvaakneanch-fearhi 181 28 WhG 98 and a
signal is disclosed. The clock and data recovery

cecond trefeoanpe inhese sigphlafe mrevidingoa qhadratuee phasendetedier output

n-r.et t dat ' I d ti h
Gl b ety (BB R RAUeH PR AL b Gy A SRR G phse
agetedtof for etebOALTENCACP ATt BORlceh He fHaQVAAEAEG utput signal
phase detector output 30 signal; a quadrature phase

derdthegtuagimture pbasedstesterratpits signet for previdingreofreruency detector
ﬁb%ﬁl §ign£,n sgx%r?e?tcéﬂ}?leﬁ) gk SHakd g&%&%? a@f%l%ﬁﬁgqu%ﬁgr detector
on-retdrn to zero data sighal ahd a Ssecon rererence

plfi@sainshimgathe fpbasep deredtdi batpat gigaslr aiduthe fidipsacyddétectbobutput
out put. signal; a frequency detector cupled to the .
phigael fapproriding asemmseowngl A apliras-qomtieled exstliaterdpr regpiving a

deieGt dtnf SHEAHEREY r?g(}\fiéﬁgedq?e%ﬁp&w\% k! ﬁgréa@;zﬁgg)éyphase filter

detector output sig nd the quadratu
debdbwdedrespadtpiely s gireakloltape-contolldi ngrilkatdr éqrumneiying the clock

detector _output signal; a sumer. . couypled to the_ phase,
il Beregap the pﬁ%sgof@&ew (R PEVIHRE teoirss aﬁ%ﬁeﬁafef%e signal

PRRS&0 dBeCqiAFat Yl ke HeRBRY 8N Hrdvieing HRAWEREY reference phase
detector output signal for providing a sumer output;

a sigoilt thgeeta; omd reofe-@nienforirbdedning tconon-retwinip regreadata signal and
di rect current . signal.,.and provi.di recovered, cl ock
Seoiine ' e RobiFERE P oy etvin it e SEGHTET bty gnal for
t Pawwhg age-timeidt do@d bigfhl OWRérkinath@tlokRand @6@ir¥ddi@nt diftuit is on-
clock signal therefrom the phase detector for

pebipi agidribe polgphase iltepprnyerts drecalegkodgnal gralthe finserederence phase
t he guadr.at ur h detect or providing the second

r 8¥8f e ngetﬁ‘% eggré@reg?rg%cael P h?%eeﬁé?ag'; and a re-tiner for
receiving the non-return to zero data signal and

coupling to the polyphase filter for receiving the

f i écob®@ings €8 Seddndepart BNtk iivintidh, Peitiodi fogredovering a clock
re-timed data signal, wherein the clock and data . ]
r 6B ffpNL jar BRR-FCIRIE ton zerendata signal jad gsrtypmgshier datg signal is

g%gkég)rsgcﬁ Uk Gldaeda %B&Bﬁéin.é Nho swﬁg Jf rd%fec{iﬁé & ph4sE difference
between the non-return to zero data signal and a first reference phase signal by a
phase detector for generating a phase detector output signal; detecting phase
difference between the non-return to zero data signal and a second phase reference
signal by a quadrature phase detector for generating a quadrature phase detector
output signal; detecting frequency difference between the frequency detector output
signal and the quadrature phase detector output signal by a frequency detector for
providing a frequency detector output signal; summing the phase detector output
signal and the frequency detector output. signal by a summer for providing a

summing output signal; filtering the summer output signal by an external filter for
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signal and the second reference phase signal. In
accordance to a second aspect of the invention, a
nmet hod for recovering a clock 20 signal froma
non-return to zero data signal and re-timng the data
signal is disclosed. The netgrod conprising the steps
of . detecting a phase difference between the
%Ehe"rﬁidérzﬂd&&t 6ot Al hNMin? M direbi dutent SERAIYYCEvoltage-
ase signal by a phasé detector for generating
pha@mll@ét estildaton foputrowidipgak ; redeveared i ddgekpisigel; converting the
erence between .the non-return t ro data, si.gna
ariro R e ane BIEE fralrePRReeri Sebflahdif ot fidpiieahase
PhRES sieh %ﬁty@hasfeoﬁlt@eﬁﬁﬂﬁhg Rt frsél WoBifeAtd pRasBRASAI to the phase
det'ector out put si gnal ; detecting frequency
ddﬁiﬁ@péﬁl@é hee-limen and eapplydeg dhe yeadad erefesence Lphase signal to the
n he ct o u n
T R L e A LS
dﬂhﬁ:ﬁhﬂd reédtiining ths ingAatturrs tonaerd dath REgnphfas @r@b@dxﬁ@h@é timed data
out put signal and the frequency detector output
sSighdll by a summer for providing a 30 sunming out put
signal; filtering the sumer output signal by an
external filter for 6 generating a direct current
Si Y j t ct current signal by a
vg}gbglg]})ee?&g@Xﬁob:fﬁgl& ]%g(‘:‘ﬁ##sgt or for providing a
r Enthodirmehte lofctkie Singéailon arendescribedghérbmaftere odthereference to the
si,gnal into t Ee first reference phase signal and the
sSEYIBSS 8t Whisice phase signal by a pol yphase filter
applying the first reference phase signal to the phase
5 detector and a re-tinmer and applying the second
r #igerldne blqhaimran gfialpriboart headrigoaelatatr based R eircuit;
detector; applying the non-return to zero data signa
to the re- tiner and re-tinmng the non-return to zero
dag@ 84 GRdbob B&ro&mw%fwm@ rélfred kdBR iRk art amrrelal& based
Brief Description O The Draw ngs Enbodi ments of the
i ERhciront effldgdbyscri bed hereinafter with reference to
the drawings, in which: Fig. 1 is a block diagram of
a prior art quadricorrelator based CDR circuit;

Figs. 3a and 3b are timing diagrams related to the output waveforms of Figs 2a and

2b respectively;

Fig. 4 is block diagram of a clock and data recovery circuit according to an

embodiment of the invention;

Fig. 5 is a detailed block diagram of the clock and data recovery circuit of Fig. 4

according to an embodiment of the invention, and

Fig. 6 is a circuit diagram of a two-stage polyphase filter;



10

15

20

25

30

15 Figs. 2a and 2b are output waveforns related to the
prior art quadricorrelator based CDR circuit of Fig.
1; Figs. 3a and 3b are timng diagrans related to the
out put wavefornms of Figs 2a and 20 2b respectively;
Fig. 4 is block diagramof & clock and data recovery
circuit according to an enbodi nent of the invention;
2pid 1Pis éciréui?dgl?{'eﬁ‘ﬂl logd ml%gg-cgﬁtﬂgfe@rﬁseﬁlaw?ecoﬁglggI‘to aRd two-
data recovery circuit of Fig. 4 according to an
entagelpolgpltasefiltehef Fipvent i on, and Fig. 6 is a circuit

di agram of a two-stage pol yphase filter; 7 Fig. 7 is a
circuit diagramof a voltage-controlled oscillator
couplger 4 BlokkQlidgMin oftAHEqRALY BF BRMAe detdctlr AfthElctbek @ind data
Fig. 8 is a block diagramof a frequency or phase
deacererycirohit pheigel okl Ind data 5 recovery circuit of
Figs. 4 and 5; Fig. 9 is a circuit diagramof a
D-latch of Fig. 8 Fig. 10 is a circuit diagramof a
meld. opk exeeuidiagiam ¢ADateRbEEEs; of Fig. 8, and 10
Fig. 11 is a circuit diagramof a nultiplexer of the
frequency detector of Fig. 8. Detail ed Description

¢ E15 10 R el i MRS oS HREE 1AL R gy 8:and
i nvention for recovering a clock signal froma
ngn-return tQ _zero (NRZ) data sjgnal and re-tim

t Keg- dadsd gli‘r@waqhagrgmoqf@d%lélewel\/ofrtﬁ%ﬁ%quep@.\s ﬁﬂ?ﬁ%@fq ng- 8.
provi di ng on-chi p quadrature signals have been
previously proposed. However, these techniques either
r Eptiled Besosiptinhi al on-chi p area or have high power

ORI & the Hrbwings o Blotid ata i 1200 veR ANk ReSfiieto an
embodiment of the invention for recovering a clock signal from a non-return to
zero (NRZ) data signal and re-timing the data signal is disclosed. Various
techniques of providing on-chip quadrature signals have been previously proposed.
However, these techniques either require substantial on-chip area or have high
power consumption and are susceptible to fabrication process or ambient
temperature variations. These techniques therefore are unsuitable for
telecommunication applications that require less on-chip area, high tolerance to
fabrication process or ambient temperature variations and operate on low power

supplies.

For purposes of brevity and clarity, the description of the invention is limited
hereinafter to bipolar transistors. This however does not preclude the application of
embodiments of the invention to other circuit variations such as using field effect
transistors or the like transistors to achieve similar operating performance. The
functional principles fundamental to the embodiments of the invention remain the

same throughout the variations.
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20 tenperature variations. These techniques therefore

are unsuitable for tel ecomrunication applications

that require less on-chip area, high tolerance to
fabrication process or anbient tenperature variations

and operate on | ow power supplies. 25 For purposes of
brevity and clarity, the description of the invention

| Thbidddkeshd g elebaVehekirb@t BIRRIAT intgrénsll pérfirfrandd kdating to
however does not preclude the application of o '
ehighet trderanceofo fabeicatipneprocess and ambient teinpewature variations while
var,.at.ions such as using field effect £ansj stors. or

¢ ARG R RHEE oot e B o dRpL ARl ad?’ of the
Pembodifneef tHhRivehtibhds IaRgpopket Stisihmptod.undament al to

t he enbodi nents of the invention remain the 30 sane

t hroughout the variations. 8 The clock and data

rec [ - 0 ed. p C q o
&) e St dpnBh EE S LIBRRCR RRRAICRE Brester, getal in
aaebfoaatdmice Withtfég@ﬁ drtatl troé thﬁ&frh@tﬂg@ hSreiddaftgle wherdim Hk¢ elgments are
per f or man o] ess.on-chip area. A di tj onal

aawggeg %be[éﬁémﬂbw‘efot&}%ﬁlﬁgn@geﬁﬁeqa %ﬁ?@ﬁh&r—i}ﬁ is

| ower power consunption. 5 A preferred enbodi ment of

the invention is described in greater detail in
adcclodiamné daiat fecdieggs cirduit 400 dccotdingnd¢o dn @wemplary embodiment of

herei nafter, wherein like. elenments are assigned and
| SHSEERARCHhIER RETprtch mdla FACHOR 8 16 GadioBte prgraged CDR
1Qirtnich 06 br &4 19RtRoWA QQ\Ff@g.m. CTHE biokk 489 dﬁf&%gﬁ}eﬂg cirQuit 400

an exenpl ary enbodi nent o the invention whi

peothprises asphaserilé¢teqtor 4(Rcfior meeining the Nij/adnta signalelOdtand detecting

based [ ' 0 Fi g. j inFig. 4. .
TR G ensi P PR g Bepd do] B0 MhalsRphergs efge stenal
Paas endefor Gr&idih@2a bRAse! RERIOf] diﬁpﬁthﬁ%ﬂ‘dmog.at Thes cRRland data
401 and detecti ng phase di fference between the NRZ

dagcverlygrieguita8)0 hasda guadrpigire phdserdsirstor fdstor gpepiing te NRZ
A R
qyéddhdtrofegerRb ahasedsiprd t407 4adfot Peovidiagiaviqurdriting piaze detector
output signal 409. A frequency detector 406 is coupled to the phase detector 402
and the quadrature phase detector 404 for detecting frequency difference between
the phase detector output signal 405 and the quadrature phase detector output signal

409 and for providing a frequency detector output signal 411.

A summer 408 is coupled to the phase detector 402 and the frequency detector 406
for summing the phase detector output signal 405 and the frequency detector output
signal 411 and for providing a summer output signal 413. The summer output
signal 413 is fed to an external low pass filter (LPF) 410 through an external
connection from the summer 408 for removing the high frequency components of
the summer output signal 413 and for providing a direct current signal 415. The

direct current signal 415 is fed to a voltage-controlled oscillator (VCO) 412
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data signal and detecting phase difference between the
NRZ data signal 401 and a second reference phase

signal 407 and for providing a quadrature phase

detector output signal 409. A frequency detector 406

I's coupled to the phase det%ptor 402 20 and the

quadrat ure phase detector 404 for detecting frequency

di e e I

A GEERRRAEE, el Ry e SRkl b ks T1RRRNO. The
40T Ad?2 frecei pasothe diiregt aurfmq;@abv}lﬁahéqirmndmn pedovered clock
signal 411. A su r 408 is c to the phase

dé%@%f% tﬁéﬁeﬁﬁﬂl V%&@éﬁ%@ygéﬁgctor 406 25 for

summ ng the phase detector out put signal 405 and the

frequency detector output signal 411 and for providing
aAspotpghrase il pu(PI9i 4italls coagled Téspecsivalyeto tbeat\L® 418ifgnedceiving

¢ Bt et Q0uEem “Tiofn ehir g b 6 whiidie degirst phase

f QdfercRED g8l 1OE iﬂdgthefg SR RRY pIRERRARIr S40H fort PRviding the
sunmer output signal and for &Jow di ng a direct

c 6¢c0ad refgliegmphaaq SignatH@®73e\ wrtiraen (RAUML 8 rﬁ@r repginiag thpWRZ data

oSSR b 185 T 88 s
| phaseagigndl i 403eindd 16} provkling/@Qedimed datai 3i@sal t419 @ tRCéxternal

current signal 415 and provides a recovered cl ock
sCEeHiry wier Aehiian 420« arhechlon ndeta JeRPVEYaCipsts 400 iggfabricated

. (gi%tnﬁﬁ %@?ﬁgt{*é Oécﬁ?pel{agé: h1té L 6 %g@éljébgtlg@‘?ecro@éﬁ? %Ic{g}(%ig\ﬁal 417

cel Vvl ng vered cC
simgodie Aitinefdriree phassighal 403 ard 40 2edoad refereucdphage sigeal 407.
first phase reference signal 403, and the quadrature
phase detector 404 for providing the second reference

p%@ﬁ&ﬁb&@%orﬁ@%on@oﬁ&ﬂ bBE c(d%@a.n& H8taf r@éov%l%ﬁﬁfc‘(ﬁtnﬂ)o operate
t Rz data sign I's coupled to the pol yphase

f iin didferenti6l mode expepi the sgmmier408, mdiichrissimgbnesled0 phase
signal 403 and for providing a re-tined data signa
419 to the external «circuitry via a buffer 420. The

clppakianif bRk 'cam{g%ﬁvcﬁ'rtﬁe %ldcﬁlﬂnﬂ H0rdcsvdraRirfkcGia4ed of Fig. 4 is
nmonolithically and the gphase filter 416 converts

{ Hhowedm g6t & GaR befignaDBNI02 hiving anHapyti past for receiving the

LE\L@ %gt%eséa?aﬁggﬁ %Gf%ht égé bgllﬁg c%ﬁt?ec‘?‘e%cr%&%c{l%l? & li}&)%t ports of

the phase detector 402, the quadrature phase detector 404 and the re-timer 418 for
providing the NRZ data signal to the three abovementioned components of the
clock and data recovery circuit 400. Each of the phase detector 402 and the
frequency detector 406 has an output port that is respectively connected to an input
port of differential-to-single-ended converters 504 and 506. The differential-to-
single-ended converters 504 and 506 each having an output port that is connected
to an input port of the summer 408. The differential-to-single-ended converters
504 and 506 convert the respective differential output signals of the phase detector
402 and the frequency detector 406 into single-ended output signals required by the

single-ended summer 408.
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15 Al abovenenti oned conponents of the clock and data
recovery circuit 400 operate in differential node

except the sumer 408, which is single-ended. A

detail ed bl ock diagram of the clock and data recovery
circuit 400 of Fig. 4 is shegwn in Fig. 5. A data

buffer (DB) 502 having an input port for receiving the

2 [

¢ QRO EL R08 AT i R B phl i BSincDl 3] IEATERARA of an
A@@plifiere SQ&athhursempgia%dcibt éﬂ”teoampli)ﬂeraﬁ% tiheonnected to the

re-ti 41 r r.ovi di.n dat I
* FrieiiElsat e s 0 bbb dErobey andufiuf iR al Tag Geond
r @ﬁﬁ&ﬁﬁién? bf th@'lﬁvﬁﬂ@n Faereatiall ugrrang a8lligier e B8 Pin place
and f requency detector 406 has an output port

t hétheutwo depenidlyesinglpomded cenvertorsadi4iang 106.28e ponmend08 and
dlfferelﬂl gh t o- si ngl e-ended converters 504 and 506.

THS AR QU8 a1 -t 0- singl e- ended converters 504 and

506 each having an output port that is connected to

an i nput port of the sumrer 408

dithe eY Rt 442 - is oprsfasghli- %hmcw@ﬁmqt@r SLCyoycitlatprsig the LC
AR DRSS 3PE KBSl SR A D My 008, e ok
i ahddsth Bighel sacledniantigt Tis Y6 4l 2riagan bagbubyort Het 1s?dbnnected

si ngl e- ended 408._10 The 408 h
ofR @mnpelbmt AER DiFieR S8 W@r 588 s %%%‘HP“&MQ%&F%‘# to an
gnﬂmu? : er %l‘géép&%asé"ﬁltm a3 @voeﬁggegcon-ﬂéﬁratlon The buffer

I's connected to t ext I'ow pass
f iSD8 & fudther c(cnmt:ctsdh o wmeomghf(mlprmahpgthet ecovaned clotknsignal.

cond t of, . th nt a. differ
haSaRge terrarden, Begfih FeRate Bhtie g e phase
d'dfetfe%? 2b2 ahd ke ﬁLtﬂﬁéﬁt e d KPRy 810 and RO%cAFrcdibnce phase
he sumrer 408 and the anplifier 508. The VCO 412 is

pﬁ@l@lr\abwvu’éfnrﬂi’ductor capacitor (LC) oscillator as
the LC oscillator provides a better noise and jitter
performance and allows greater clock 10 and data

SITHEFholsphASH Fidei 26 | PEfcrabhie cofihdid Awdasag@Noo tiv@ uhsca@erd four-
that is connected to an input port _of a buffer

TipbassutetwerkseetiongH 02 mngd GOpas S,b@ml ig §igh Sct Ehe p@yah\ase filter 416
may be single-stage or multiple-stage. Each stage or four-phase network section

has four input and output terminal pairs for providing four output signals of
different phases. A resistor R is connected in between each input and output
terminal of the four input and output terminal pairs. The input terminal of each
phase is connected to the output of an adjacent leading phase via a capacitor C. For
the poly-phase filter 416 operating in a 10Gbps system, the first stage is preferably
operable at approximately 9 GHz and the second stage is preferably operable at
approximately 11 GHz. The values of resistor R and capacitor C in each stage of

the poly-phase filter 416 are related according to the following relationship:

f=1/(2nRC)
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i nput port of the polyphase filter 416 having a
two-stage configuration. The buffer 508 is further
connected to the buffer 414 for providing the
recovered clock signal. The polyphase filter 416
provides the first referencqjiphase signal to the phase
15 detector 402 and the re-tiner 418 via a buffer 510

a%elte _Iﬁlsstﬁg Qﬁbgra'hﬁé qe‘aﬁ&fcypﬂlﬁsﬁ an&'(g Bl th\é'v%ltés Rtk QEtor R and
he pol yphase filter 416 preferably conprises

t mpasttetg@ rospectinely.addatideref thervalyshelseapaeitanct ks seowh omse the
élu t4 ga ds%n‘ n F| 6. The pol yphase filter
58" It QrS $i% I@“ﬁ‘a Veﬁsﬁl tipl e-stage. Each

stage or four-phase netmork section has four input
and output terntnal pairs for providing four output
sitgpreogd gind fgurth dppyt tepningb §06 And i8sargrcomneaied respectively to

C t [ e nput d au

CORRRS' i AR IRCRAE RobF ULy 0B beck BRIIR i o
t €iksm aidl thddd &@ah terﬁhﬂeﬂ%t()s asd 2 coe tohvertiog s met qoidrature
an adj acent _| eadi ng phase via a capacitor, C_ For

t ﬁ’é“?}él yihsHirseand thl@rlnmtaartsip@rtatﬁ tﬁgminﬁl aalqe&tlwspolyphase filter
SY$b erEtlQetho %Etg_érhgﬁgg tpﬁ sf%rﬁfﬂ%negpé b 186€ G} rgyigﬁngothflz first

appr natel e second stage is
opfefemhd:eepl&ise sgp@irtothphaeb detedtoGH2 aMevattlm 4d>8 via the buffer

o103 seE<r and ik e G PuPOLIeBLGY ARG €5 Befgphase filer
fah § Quhddfke 1RO th GG hz%@r(ljé &Hés@ 2iffebncelofMge efo? ptéViding the

the oOperating frequency an and C are the val ues of
r esriond aefeRnan ghascapgrel to theG uadspere tihass) Qetecrmeﬂ@‘f wiache buffer

¢ a3 8¢ SeBibiGHREy TR dteodie BB miEnde SMEcichElaiptte marein
angh thoblobk and@ath rdcd¥ &y RELUIPA60 RIGOnAPS fAEatieHBEdsS dr ambient

respectively to ground. The differential signals from
t kenpeciuglErgtiencard wdpensdinngdiiy areadox gengratingrasr-chip quadrature
Hf ngl I nput term nal 610 and 612 for conversion into
& quadr ature signals. The first and third input and
output term nal pair of the polyphase filter 416
generate t wo SI gnal s haV|qg phase diff renc g
&ig. ﬂrmwg,ansg ern@nq dipgram of the VCO 412 and the po yp ase Iter 416 for

generating the quadrature signals. A differential pair of cross-coupled transistors
Q; and Q, forms the core of the VCO 412. The emitters of the cross-coupled
transistors Q; and Q, are connected to the collector of transistor Qs. The emitter of
transistor Qs is connected to ground while the base of transistor Qs is connected
respectively to the base of transistor Qg and the emitter of transistor Q;. The
emitter of transistor Qg is connected to ground while the collector of transistor Qg is
connected to the base of transistor Q7 and further connected to a biasing terminal
(Bias) 706. Transistor Qs, Qg and Q7 collectively form a current source 702 for
biasing the cross-coupled transistors Q; and Q. The collector of transistor Q is
connected to inductor L;, the anode of varactor diode D; while the collector of

transistor Q2 is connected to inductor L2 and the anode of varactor diode D,. The
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10 reference phase signal to the phase detector 402

and the re-tinmer 418 via the buffer 510. The second

and fourth input and output term nal pair of the

pol yphase filter 416 generate two other signals

havi ng phase difference of 3j80 for providing the

second reference phase signal to the quadrature phase
det8eloP ﬁioﬁ?ff DY laftd (DY ehaR b fieEr, om%fn}d. c ﬂﬁd@é’ibﬁf’ﬁ‘@%ﬁnﬁérl dofihected
416 1s contigured to provide surficient tol erance

mé gicontfdd vbbaget Vg ¢ib aaksistodR d ainductersdy eng Lg iarecmirtualdp Goupled

t ontai.n fabrication process pr. anbient te rature,
VY 361 Bl el dagetreelrsty diriag ansrelignrie BORNG @ pair of
0RifEe Rl UARBAS Wik the| GRdks. of IthinsidtoPN QS aRd SGNEMBhd Gair of
di agram of the VCO 412 and the polyphase filter 416

f difleroroiay exvéuas iinded e the sdtemal raircyitgnand theapolyphase filter as

CHEEPRI T PO RS 05 B8l B v
CbasHpCetifbadR, hh@msiipectvdd. and cle@ds® sfarameizteesd Qzand Q,
the collector of transistor Q. The emtter of

t Ak dhes per taminply ohinducion Lo tgle @il comerieditae bigsiag gpltage
tg)ansi stor @@ is connected respectively to the base

of ®r ansi st or @ and the emtter of transistor Q7. The

25 emtter of transistor Q6 is connected to ground

whil e the col | ector of transistar (6 i cqQnnected to

t Hée FEegaenay ?tlr'zlﬁs‘ﬁ?%‘tko?lg@ 15 HaPedrlnan BEHRYspRG 9loamexternal

biasi o . . _
e
t o€ therded Ggnadl Bk ¢xteansli rssistos sefd a amuler@2hrolgte thediihsing tsrminal

2 78h&On Fhirthe dsnthescl s CInek eleRel EATES et invselygit the
U aRSASTFRF o%BmbR, GOBRES &F é@ré)ﬁﬁﬁﬁfél)o 0.5m2A 3(5}§icﬁl‘g)§ gro[\)/:ildes an

anode of varactor diode D2. "The 12 varactor " di ol
awngcilbatingaveequencyr ebnileti@y cdilkodegirianhtofaapproximately 1.0mA

connected .to a copir.ol .voltage «hpvia a resistor
ROPl oS o Eiliny NSRBI i otpl ed (M to
i nductors L, and L2 respectively during operation to
produce a pair of differential outputs via

t he
erfig teshovesta blpekndiagtast of the phase and. frepnenqgyadeteciars §02 and 404 of
d'Ff(ijés.eﬁ%Ei'Sﬁl B A4he Iptle?sefa?lg ffe‘&uérﬁ? LR Ghd 864 hidtwo D-
and”t he pol yphase T1lter as
latches 802 and 804 coupled respectively to a multiplexer 806. The phase and
frequency detectors 402 and 404 are structurally similar except for the multiplexer
806. A circuit diagram representing the respective D-latches 802 and 804 of the

phase and frequency detectors 402 and 404 is shown in Fig. 9.

The D-latch of Fig. 9 comprises a differential input transistor pair 902 of transistors
Q: and Q,. The collectors of transistors Q; and Q; are coupled to a switching stage
906 that comprises two differential input transistor pairs 906 and 908 of transistors
Qs, Q4 and transistors Qs, Qg respectively. The emitters of transistors Q; and Q2

are interconnected and further connected to ground via a current source 910. Each
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described earlier. The emtters of transistors B and
4 are connected to ground via biasing resistors R2
and R3 respectively. The collectors of transistors @B
and 4 and the other termnals of inductors L1 to L4
are connected to a biasing vagtage VDD 10 The
frequency of the clock signal is dependable on the

r ‘éél'lf]%h@rlﬁecré?msﬁﬂs %%‘ig;@ %s Jo%ﬁé&é@fes?%tvegng}’m% ﬁglitters of the

coupl a tot or coarse tunin
f ddffpuemey inpit ttansisolr qokrs é)Ogn?aid 90Bhef thet ewitdling etwigst9d4. The

set current thraugh the asi ng,term nal 06 for
o T ot Ay Soieed e PRttt foufhe s e Fansistor Qs and
| e %lléétdr nd‘tefréﬁlévfoﬂ"’d@ il tHed c St "Bf trhi¥istGX @Rk Condected
current of prOX| mately O.5mA typically provides an

osespedtivelyntg the eollasiaryofdfangistor Warandwhe basepfdransistor Qaf The D-

F PRIEELER GiotyhssBing Subply Rl D1 Via Wit R RgRY one
t E&n@x{hﬁi%ﬂf baRthel eSS RY isdhesd &l ® O 2oldfordiFarakisto? @, while

Figs. 4 and 5. Each of the phase and frequency
depe ¢rariral g biasieg mwtha%z isvgonpeqted Ehthe famlzctah@f gmsistor Q.

c I | r a,
STHE B RS Y KR TR R, e
Sicmlﬂeafed&& G]@ﬁup‘p@r voltuge I’KiHDtvla) béxsrig red86r RA The NRZ data signal

di.agram representing the respectjive DI atches 802 and
smresﬁlvmhrob%ﬂ@ ies P BERREY GeAndcRopS theopvi 5%%@%4@%6 906

g%xg]?l?%pdtrhlé; a¥is grov%ﬁed N8 th béstecéhdoéolfégﬁ(r) fo? SRl TBS The

ferenti ut transistor pair
t revoserst ologk s@,nahls dnpR to thhbaseslof trensistersd}; anddpsi st or s
Q and @ are coupled to a switching stage 906 that
conprises two differential input transistor pairs 906

a%cl?%lﬁﬂlek&aﬂﬁ L Qhase 48 fibYueABd defcfded Sft)@ra‘hd@(m @shown

respectlvey The emtters of ‘transistors Ql
arespestivelyc onFist 6 aadd! I uBote mudtiplexsss of the pgm frﬂwency

3 tht%Fatr&es?@% SR ARK L St FPDeG R Rl RRLILRE D

e
A phase detector multiplexer 1000 is shown in Fig. 10 and comprises two
differential input transistor pairs 1002 and 1004 of transistors Qs, Q4 and transistors
Qs, Qg respectively. The collectors of transistors Q3 and Qs are interconnected and
further connected to one terminal of biasing resistor R; while the collectors of
transistors Q4 and Q6 are interconnected and further connected to one terminal of
biasing resistor R,. Output signal is provided via the collectors of transistor Q3 and
Q¢. The other terminals of biasing resistors R; and R, are interconnected for
connection to the supply voltage VDD via biasing resistor R3. The bases of
transistors Q; and Q, of a differential input transistor pair 1006 are used for
receiving the recovered clock signal while the bases of the differential input
transistor pairs 1002 and 1004 are used for receiving output signals from the D-

latches of Fig. 9. The collectors of transistors Q) and Q; are connected respectively
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differential input transistor pairs 906 and 908 of the
switching stage 904. The collector of transistor B

is connected respectively to the base of transistor QS
and the collector of transistor Q while the

coll ector of transistor 4 ijg connected 5 respectively

to the collector of transistor QS and the base of

t E@ﬂﬁ'e‘ﬁh%rs@ theTﬁ‘i?feQ'ntlblalhﬁﬁ‘t tPdnsfstod paids U@O?éﬁ%ﬁﬁﬂ)@yﬂﬁ emitter
supply voltage VDD via biasing resistors R R3." One

t of transiftowsf Qpamb Qugre addrstrmestedRbng Surtton menmmbdt © grivend via a
col Ierﬁtor ofl (§ ansistor B while one term nal of

S éo?rg‘% g r R2 is connected to the coll ector of
transistor Q The other term nals of biasing

resistors RlL and R2 are interconnected and further 10
c onhieaucaey dueqtpremyliiphixgr ¥ HIG iagbowin Figal birad hagpe similar circuit

r r 1 recei

T
shag@ple;&ﬁ 1100 icobmpasdspub diffgrartial ipup trandidedpaiisa 10D@nd 1104 of
base ,and col | ector of transistor 6. The recovered

cFrae%estgwsg%Qm and; transistory QsHes iraBavely- tharrolls¢tarssofdransistors

208 8 5 R B kDS ISP SRR,

1 Gespedivily. aridofoln pm,mdllnjloatqmt Signél. tﬁbe pdsim&)rﬁbﬂ transistors Q4 and
fre uenc t ect 02 and 404 sjlar circuit
o tiier 5 s Bhip Beiubah voltass GO0 ThE pites 6t bnsisors Q

dﬁﬁ&QEfo arﬂifﬁ:feﬁhﬁﬁﬁf)ut%ol 108 ROV fob r&deBrind theBEbvered clock
conpri ses ferential input transistor pairs

1@&2alawuﬂqa@4bases of ﬁnsdlﬁmnsalci_@putqnarambrtpaanslu1§2 @ng 1104 are

t [ f
Shipdr SERRE bt bnS aRom w bhn o ERnL B Syfeiors of
OR@ndibR QAhnPh, k&k@@érﬁﬁct@&i@&&fve@to@b leghi#é18 of the differential
collectors of transistors are

i Hnait densisilor @diradd0? wnd ndO4c oﬁhﬁeeméter tocf tepmgistass Qirand Qy are

C iRt sl oo bt} Bidnd KB Bt S TR ©

term nals of biasing resistors RL and R2 are
i nterconnected for  connection to the supply vol t age
vobthongh pplysanggmbogimens of the inyrrtignpiseliscigsed; it haeqmgsgpparent

Qo 3Rd s lg?]]g@fm bk i Ve o ﬁlthlls Qlﬁ)slé}osﬁlreatﬂﬁti rﬁéroﬁ?'cﬁernjggso @nd/or
are use receiving t recover ed ock signa
winiddéfidatien haselse afade heithioutf dapeningafromnthiet scope aumdli gt of the
s?rgvrﬁgpérg) ? Brra#)gaﬁé)? ltﬁoughuﬁslgl gi}%larr t?gn%%s\t/c;rrs-] %reollljsteﬁ lilrtl the forgoing
embodiments of the invention, the transistors may perform similar operation if

substituted by enhancement or depletion type MOS transistors or the likes.
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30 latches of Fig. 9. The collectors of transistors QL

and 2 are connected respectively 14 to the emtters

of the differential input transistor pairs 1002 and

1004. The emitter of transistors Q and @ are

i nterconnected and further connected to ground via a

current source 1008. 5 A frﬁ%yency det ect or

Thildsp! exer 1100 is shown in~Fig. 11 and has a simlar
circuit topology as the phase detector multiplexer

1000 & clptlgandi Gata Tévevenyaingen dyr Wesvecingr cloakl €igrpil évoer a non-return

10 G510 HaE P 61 To-Pariag St PR bl siERRT sk Pl GPeEry ciroui
Smpf¥ing-espectively. The collectors of transistors (B

and Q6 are connected to the suppl y vol tage VDD vi a
bi asi AgPhass dsteetor Ko m@lvm the noesrp@lm itw @ktsp datel siamal and detecting

R O bR Bl rchR 6 ek R oo AT EHeRidhce phase

rectt

gghﬁl&ngMDmlng@phdsaﬁe@ct@f ompamgr&lors Q and QQ of a
differenti al |2)ﬁ)1 alr 1106 are used for receivi ng )

the reécgersy t%qt@rn@r TeRsiviee theenanasBynde Zetpedata signal and

‘abtfef:dtﬁ{ge nf)ljla@é diftBhcel B?G/%%r?tt@er n 'rcrt rnlt]oog?{@rk%_t%%%giﬁlgéﬁ a second

recel vi ng S|gna rom-t
odfefehee plthse §"1g3alcfoi Ibreeidmgsa pladidurt phasei detests o@puasignl
are conpected resp ectlvel%{ to tg% emtters of

di f f ePelEquency dRisHor taoREH Sp othe liass deteeisr and tﬁ[‘i (padrature phase
-ﬁgl%ct%mértd;‘cfecﬁflg U aehSt @ffereke BAHe&R R Phase detector output signal and

i nterconnected and further connected to ground via a

cher femiratasuphase Ke@8tor Autihus ggnab vty pronilirgrbdtéquenty détector output
the invention is disclosed, it becones apparent 20 to
S82skilled in the art in view of this disclosure that

nuner QUsnfha@nNeapleansltigs II)H%Q dbfe6tof hDtHeaRedBndiBEl®ector for summing
wi t hout departing fromthe scope and spirit of the

ithe/phfse detectPp put@)@hﬁgnep} and|t]nqqf;g@1¢nmpqiptg¢tpbplgput signal for providing a
ransi st.or used in the forgoing enbodinents of

fﬂrgn}eﬁe‘éﬁw}ssd%na?’t he transistors nmay performsimlar
oper ataiv@ltagd-corftalisdl iobdill@or Ry réeRamce dRedt cafredteplal iproviding a

tr%/c%%erlzz/c[lxélotclr(aspg?lgﬁt ors or the likes. Clains: 15

a polyphase filter coupled respectively to the voltage-controlled oscillator for
receiving the clock signal therefrom, the phase detector for providing the first phase
reference signal thereto, and the quadrature phase detector signal for providing the
second reference phase signal thereto; and

a re-timer for receiving the non-return to zero data signal and being coupled to the
polyphase filter for receiving the first reference phase signal for providing a re-timed data
signal,

wherein the clock and data recovery circuit is on-chip and the polyphase filter

converts the clock signal into the first reference phase signal and the second reference

phase signal.
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1. A clock and data recovery circuit for recovering a

clock signal froma non-return to zero data signa

and re-timng the data signal, the clock and data

recovery circuit conprising: 5 a phase detector for
receiving the non-return to zero data signal and

detecting phase difference pbetween the non-return to

zero data signal and a firstl&eference phase si gnal

for providing a phase detector output signal; a

guadr dhardogkhasd ddtt ecowary faprcuit efeclaiimd, tWiergiorear extermal filter is

to zero data signal and detectin hase difference

YL FespRts By e ey 06 Frceyall, T Shaimer APY! and the voltage-
2emiIkd o811kt BsrPReRdPBAKEdifdcOB@tent Signdlr ovi ding a

quadr ature phase detector output signal; a frequency

detector coupled to the phase detector and the

o S R S Ll LT BRSSP ot rtrenc

phske hite ti 3ebontl Ukeferpivas phaletcdation ob Wl pait ¢f gipadls faking a phase
prqvi ding_a frequency detector output signal; 15 a

&if e@%d%@éﬁgrﬁ%ﬁ-the phase detector and the frequency
detector for summ ng the phase detector output signa

and the frequency detector output signal for providing

d. suifirerclanlt gndt dega gerakeryacineoit tofgaimont whkdrki@deach signal of the first
oscillator for receiving a direct current sjgnal and

BFIERFReR PRESaang beseandde reaewlgqsaﬁﬂ%% a diffgreat Bh#s grelee

filter coupled respectively to the voltage-controlled
oscillator for receiving the clock signal therefrom

the pHaselenkt st datafrecoveryoviraiingf clain fli, vdtergihdbe voltage-controlled

ref.erence si.gnal .thereto dth adrature phase
8 é?‘@%tf) o 8 P%lﬁgﬁo s rpob'lpb'ﬁ‘ﬁe&ﬁﬁﬁ v ebu%s.éé'c ond reference
phase signal thereto; and a re-tiner for receiving the

non-return to zero data signal and being coupled to
the Jdheshickpingdslataftetqusry eisquitrafoddin hgvhenein the stmmer is coupled to

r.ef eren hase. si for providing a re-tinmed data
§li%ge§% rp&\%‘ﬂ%ggfanaqz}?gpQﬁeé.ck and data recovery circuit is
on-chi p and the pol yphase filter

7. The clock and data recovery circuit of claim 1, wherein a data buffer provides the

non-return to zero data signal.

8. The clock and data recovery circuit of claim 1, wherein the summer is coupled to

the phase detector output via a differential-to-single-ended converter.

9. The clock and data recovery circuit of claim 1, wherein the summer is coupled to

the frequency detector output via a differential-to-single-ended converter.

10.  The clock and data recovery circuit of claim 1, wherein the polyphase filter has at

least one four-phase network section.
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converts the clock signal into the first reference

phase signal and the second reference phase signal.

30 16 2. The clock and data recovery circuit of claim

1, wherein an external filter is coupled respectively

to the summer for receiving the summer output and the

vol tage- controlled oscillat for providing the

direct current signal. 5 3.]%Le cl ock and data

recovery circuit of claim1, wherein each of the first

1 &f er dhe elogkhansledaim decoverys@rsuitdofr déier énwbersirathe polyphase filter is

consi st of ir of signals having a phase
GrinettosberBrt debee Pt 3 The ol ook and data
recovery circuit of claim1, wherein each signal of

the first reference phase and the second reference _
BRas e Thaslogkdards date mecopprasercaiigiieclaim 1Tnderwinéle pelgphase filter is
dat I I.I Cui Is erein the

SBh el EBE b el Bre b BurtlEired to-the

pol yphase filter via a buffer. 15 6. The clock and

data recovery circuit of claiml1l, wherein the sumer
ild. code elpakoand: faia gsqovpmasirquit efeslaim 4. avhergimthe pupmer is one of

éggﬁh&mg&g dﬂﬂgﬁggia recovery circuit of claiml,
u

rern a data er provides the 20 non-return to
zero data signal. 8. The clock and data recovery

. . ¢ . . .
ﬁ:ﬁigcgh g%qug %{c{‘n S%t'a dg@%rgr?yl &rc‘gi]t:ofs g]g{rrne r1, stheg':e?rllJ QL&? (\j/o{tgge-controlled
il bR hd R o PiliRr BQMRHocOnverter. 25 9. The

clock and data recovery circuit of claim1l1, wherein

the sunmer is coupled to the frequency detector

t put. vi di,fferential -t o-si.ngl e-ended. converter.
38" P ofbsF e oSSy e Btshiny SR Jo e B R ey of the clock
whakeisndédeadane pharerchistah€d ohas @lternhleAsist®@N®uple to the voltage-

f our - phase network section.
controlled oscillator.

16. The clock and data recovery circuit of claim 1, wherein the phase detector, the
quadrature phase detector, the frequency detector, the voltage-controlled oscillator and

the re-timer are differential.

17.  The clock and data recovery circuit of claim 2, wherein the external filter is a low-

pass filter.

18. A method for recovering a clock signal from a non-return to zero data signal and
re-timing the data signal, the method comprising the steps of:
detecting phase difference between the non-return to zero data signal and a first

reference phase signal by a phase detector for generating a phase detector output signal;
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15

20

25

30 17 11. The clock and data recovery circuit of claim
1, wherein the polyphase filter is coupled to the
phase detector via a buffer. 5 12. The clock and data
recovery circuit of claim1, wherein the pol yphase
filter is coupled to the quadrature phase detector
via a buffer. 13. The cl ock @Pd data recovery circuit
of claim1, wherein the su is one of single-ended
and differential. 10 14. The clock and data recovery
circuit of claim1, wherein the voltage-controlled

osci | ldaeoting s phavei diffaehes beweas ith®mopseiutd 8 ekro d&a signal and a
The cl ock and data recovery circuit of claiml,

weRond iphasenigfareneg sigiel by dudrawropliase dstegtop fer geperating a quadrature
?ﬁggqgﬁgkﬁoggmiggnagsistance of an external resistor
VO

ouple to t tage- controlled oscillator. 16. The
clock and data recove% circuit of claiml1, wherein
t he pHasetingetiqguency differenegibetvacuths piaas detgetorentpnt signal and the

T -

Tbeectol outpuiesighaliat a recovery circuit of claim 2,
wherein the external filter is a low pass filter. 25

18. A hod..for _recoverin clock .sigpal froma .
non-r éq'n@rnﬁg the phase cgeg?c Orsqu%gﬁlgg?o\lcﬁndﬁfégﬁmﬂeﬁ@' aqﬁgctaraqtgput signal
szgrsahundr Hier previang Lommhingiongput Signdlf eps of 1 detecting

phase difference between the non-return to zero data
signal..and a first reference phas i | by a.phase

det ectWFR T e, BHBMST P O AR iR 13 op gedsutisis & direct current
sigaml ; 18 detecting phase difference between the

non-return to zero data signal and a second phase

5:;:: ggﬁ? G t?liljgg ngé\dg%?cg r gijr?ecrjl{ astigr{a? g)llﬁ aéc’ evo t%tggg(t.)r?t;ol{egr oscillator for

providing a recovered clock signal;

converting the recovered clock signal into the first reference phase signal and the

second reference phase signal by a polyphase filter;

applying the first reference phase to the phase detector and a re-timer and

applying the second reference phase to the quadrature phase detector;

applying the non-return to zero data signal to the re-timer and re-timing the non-

return to zero data signal for providing a re-timed data signal.

19.  The method of claim 18, further comprising the step of differentiating the phase
detector output signal and the frequency detector output signal prior to the step of
summing the phase detector output signal and the frequency detector output signal by the

summer for providing the summing output signal.



phase detector output signal; 5 detecting frequency

di fference between the phase detector output signa
and the quadrature phase detector output signal by a
frequency detector for providing a frequency detector
out put signal; summ ng the phase detector out put
signal and the frequency detector output signal by a
sumer for providing a sunm out put signal; 10
filtering the summer output by an external filter for
generating a direct current signal; converting the

d0r ectThe widtedd oftlgimal 9 b&lrtﬁel\/éﬂlﬁ;ﬁﬁﬁrgCtQBtsfe@de:dntrolhng the frequency
oscillator faor rOV|d|ng a recovered clock sign

@S Heaeeqvsied dlack daen) gredded Bethe solpga-cantroded ﬁéCIH@tPfsby an external
refgsence phase signal and the 15 second reference
p ase signal by a polyphase filter; applying the first
ref erence phase to the phase detector and a re-timer
and applying the second reference phase to the
quadr ature phase detector; applying the non-return to
zero data signal to the re-tiner and re-timng the
non- return to zero data signal for providing a
re-tinmed data signal. 20 19. The nethod of claim18,
further conprising the step of differentiating the
phase detector output signal and the frequency
detector output signal prior to the step of sunm ng
t he phase detector output signal and the frequency
detector output signal by the summer for providing
the summ ng out put signal. 25 19 20. The net hod of
claim19, further conprising the step of controlling
the frequency of the recovered clock signal provided
by the voltage-controlled oscillator by an externa
resi stor.



