1 CLOCK EXTRACTION DEVICE WTH DI A TAL PHASE LOCK,

REQUI RI NG NO EXTERNAL CONTROL The invention relates to

a clock--extraction device, and nore particularly a

device for clock extraction and for extraction of

digital data froma baseband serial. signal, known as

the received signal., that is Hepresentatlve of

digital data and coded with a cl ock signal exhibiting

a cl ockrnbck ExeRNEDLYNTBEVICEIRSPRNOICGUTAL PRASE LOCK,

substantially to a nonminal frequency fn. In numerous

appl i cati ons, andRERUPBENFCNPEXTRRAAe ¢PBTROBf very

hi gh frequencies (nom nal frequencies fn higher than

500 MHz, capabl e of being higher than 10 Qi z,
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eégrggggg/;rgg}tggNET 0C-768 and SDH STM-256 standards and
capable of very largely exceeding these values in future)
on a transmission channel (the implementation technology of
which may be of any type: electrical, optical,
radiofrequency etc.) of a baseband serial link a signal is
transmitted incorporating digital data mixed with a clock
signal in such a manner as to avoid having to transmit
these two types of information on two different channels.
This makes it possible to avoid any tricky pairing of the
path-lengths of the signals. With such signals, at the
receiver level it is necessary to extract from the received
signal, which is of analogue nature, on the one hand the
values of the digital data and, on the other hand, the
clock signal corresponding to these data. In order to

obtain the values of the data, the received signal is



data. The nost common solution in order to inplenent
such a device for clock extraction and for extraction
of data consists in using circuits including at | east
one phase- | ocked | oop, known as PLL, which
principally includes, at the gutput of a circuit
generating pul ses corresponding to the rising and
failing edges of the received. i received signal, a

preavel asb igamattdre supptlyinigre lsatrgipians Isi gidiraered from the
volidpge- controlled oscillator, known as 00, via a

| oop filter. The VCO provides an internal clock signa

to a decision flip-flop constituting a sanpling
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coRsl deahlhe kRowWRQWnANGirRfiency reference; they require
a synchronisation on start-up by a data preamble
necessarily having to be present in the received signal,
which is not admissible in certain applications; they
exhibit great complexity for optimisation of operation and
of implementation, numerous interdependent and
contradictory parameters having to be taken into account,
particularly so far as the phase/frequency comparator
circuit is concerned; they have a very significant energy
consumption; their analogue implementation is highly
dependent on the technology for manufacture of the
semiconductor components that is put into effect etc.
Consequently, the implementation of a PLL circuit in order
to implement a clock-extraction functionality requires the
intervention of specialists in analogue circuits having

considerable experience and considerable know-how, and, on



3 the other hand, requires significant periods of
devel opnent, to be repeated regularly with each
evol ution of technol ogy, sonething which is not
adm ssible fromthe point of view of the current
constraints of utilisation on yan industrial scale.
Anot her known. solution in order to inplenent the
clock extraction. is based on the use of a
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digital components is not easily compatible with extremely

high transmission speeds.

FR 2 838 265 has proposed a solution consisting in using an
injection oscillator - that is to say, an oscillator that
is injection-locked onto the frequency of edges of the
received signal in an open-loop circuit. In order to do
this, the injection oscillator is an oscillator with
negative resistances using a coupled pair of MOS
transistors, and receives a synchronisation-pulse signal
that is clocked at the clock-bit frequency fsr of the
received signal, this pulse signal being emitted by a
generator of synchronisation pulses. This injection-locked
oscillator exhibiting a frequency of free oscillations fos

has the property of being locked onto the signal of pulses



4 if the frequency of said signal is withinits
operating range, known as the |ock-in range. it then
provides a clock signal, the frequency of which
corresponds exactly to the clock-bit frequency O,
Neverthel ess, the problemwhich is then posed is to
ensure also the phase synchroni sation of the clock
signal provided by the oscillator in relation to the
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ife RBECaaltisy, 16f et e TGt AIHOWs) tiidt srHecision (which

constitutes the principal initial technical problem
requiring the presence of a clock-extraction circuit in the
receiver). In addition, it would in any case require an
adjustment of the circuit for each application. If such an
adjustment is admissible within the context of a laboratory
prototype, it is not acceptable in the majority of

industrial applications of such a circuit.

FR 2 838 265 has proposed solving this problem of phase
shift by providing a decision logic in order to select one
value from various values provided by a plurality of
sampling flip-flops shifted in accordance with distinct
shift durations in relation to the pulses of the reception
clock signal. It turns out that, in practice, this

solution is not really effective in all situations.



J Likewi se, US 6,924,705 describes a PILL circuit
including a digital phase detector, a charge punp and
a loop filter controlling a voltage--controlled
oscillator, this latter receiving the input data
signal via a frequency doublerg Apart fromthe
practical inplenentation of the digital phase

detector not being indicated, this circuit. exhibits
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circuit . including a resonant circuit that is
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lines, in particular that enabling the data to be extracted
and that enabling the clock to be extracted. Consequently,
the circuit described in this document cannot be the object
of utilisation on an industrial scale in applications where
the period of development has to be minimised and/or in
those where it is necessary to be able to migrate
frequently from one semiconductor technology to another
and/or in those where the frequency of the received signal

may vary within a wide range of values.

US 5,671,259 describes a clock-recovery circuit including a
resonant circuit that is implemented with discrete
components mounted on a printed circuit and a digital
phase-locked loop including a counting circuit making it

possible to format a control signal for adjustment of the



phase-1 ocked | oop including a counting circuit making

it possible to format a control signal for adjustnent

the 6 frequency of the resonant circuit. The

operation of such a resonant circuit is not

conpatible with an inplenentation in integrated

circuit (a) (the quality factor of the conponents in

this technol ogy being very inadequate; and only

diabsluess @perfattintg Tassgquerici @isr bl tobt dirfedraiatt igme of such a

oqgso\fﬂrytmg)&: Q'; téﬂﬁl@f tmpgtl%l%.ltq{ atrp%rrgdlce%‘érpcgatlon

I ncom ng i'on, wth such a resonant
cliry cuitedna ttdee cabgende( 0f @Eha ansiltiiton fiavttdre dattde

Séog[ﬁ) netnh:es %Scéﬂjlftﬂeo&}ndélsaggfp%aerl cqif\}eq'_ry e.'Ln aeevéf[uate and

so t'h
c:armaterbibele/ﬂ tdpedattal rsj g‘i’tadcglel’EDGI’HSblﬂq Age foéwaomen:b that are
nS|t|ons ve r.tain er| ur her |
aﬁ s ‘docu r?t(%1 heﬁcphaeseoro ﬁhoe |anu Sflt gna LS Cl Cq(ln)? of

mrerorrrmrge dartd)ess I quititterorgf V\aLtb'l tsu—cH haatresgarta:nt circuit
bsolute vari.ation . of a. Wi .t hout

th
SRl R Ry Aol i et g
phasia 1 sshicrt si:leetpmrsﬂ aftaﬂd D& a:t‘ye:lniﬂ det edtead.this
S Shhopitna 5 M ebhemtd st B s
feﬁmltthe:ﬁ@tfreai oof ridlezrafrfgilﬂﬁaﬁis Wexxuldertamh driods.

extr high filteri di fference of_ 4
SRR st LH B AadUaSy b i input signal

rayngialg alveut n@“readjmsﬁdmta) dmttadraldfy d nafif ectdher is to
in practlce Above all, contrary tao what thllﬁggcune
iS¢ ae SLFAL e & ATdtE tehbIoF i Bayt Rdriner "ot t

ROSSIbI1® craeciidept ale fpltase;, shid ttihatth&lheara@:cﬁro&ﬁﬁfﬁl ighase
the input signal to be resolved In this wa despite
S e esEnlcl PEE T B MUariS - ont1t e tion,

HHRC ke @RCH i GBIt G t5 dmted Qg r tdomidde die.f the 8
persists to be able propose a sinple soI ution that is

derpatsiisne Micem tuttiliss 9 igw iuPahrige WHesmsers ot 4f the
iRdustaialc1scalie i n duhe B Aidserfid M gh filtering (a

difference of 4096 successive phase shifts being necessary
before bringing about an adjustment) is totally ineffective
in practice. Above all, contrary to what this document
indicates, it does not enable in any manner the possible
accidental phase shifts that are present in the input

signal to be resolved.

In this way, despite intensive research that has been
carried out on these clock-extraction circuits for a long
time, the need persists to be able to propose a simple
solution that is compatible with utilisation in large
numbers on an industrial scale in the majority of the
current practical applications of these circuits, including
those with connections having very high output - in

particular higher than 500 Mbits/s - and/or having very



current practical applications of these circuits,

i ncluding those with connections having very nigh
output --. in particular higher than 500 Mitsi s -
and/ or having very high frequency -- in particular
hi gher than 500 MAz -- the engrgy consunption of
which is acceptable, and which requires neither

external adjustments nor specific design, each
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not requiring any external manual regulation) while
exhibiting a wide locking range and a very low bit-error
rate while being compatible with a very great variety of

input data signals.

The invention also aims to propose such a device that is
quite insensitive to variation in quality of the received
signals, and in particular that is compatible with signals
that are capable of exhibiting a variable density of

transitions, and noise.

The invention also aims to propose such a device that can
be implemented almost entirely in the form of digital
components, and in particular having a phase-locked loop

that is integrally implemented in the form of digital



that integrally inplemented in the forma of d:igi.tal.
a conponents. |Indeed, the inventors have ascertai ned
that this results, on the one hand, in a w der range
of adm ssible frequencies for the received signal,
and, on the other hand, in a ginplicity of

i npl emrentation of the device, and in particular a
possibility of migration from one sem conductor
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terms “input’ and “output’ of a conponent designate a
connecting termnal or a set of connecting termnals
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data and

the circuit within which it is integrated. Furthermore,
throughout the text the terms ‘input’ and ‘output’ of a
component designate a connecting terminal or a set of
connecting terminals receiving or, respectively, supplying
a unique signal. The signal applied to an input or
supplied by an output may therefore be, apart from
complementary precision, just as easily a serial signal as
a parallel signal and may be constituted by a single

channel or by several channels (particularly in the case of

an architecture of differential type).

The invention therefore relates to a device for clock
extraction from a baseband serial signal, known as the

received signal, that is representative of digital data and



n coded wth a clock signal exhibiting a clock-bit
frequency far, including: - a circuit receiving a
signal resulting fromthe received. signal and.

cl ocked at the clock-bit frequency fsr, and

supplying, to at |east one clogk output, a clock
signal, known as the reception clock signal, at |east
substantlally synchroni sed and in phase with the
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ofyreciphasiesedhirfd etniesre tvneth gdeptdlorclctloick fsignancy fsr

%nrkd tthr%e Irecceell vead ganarlal and of the direction of this

uppl ying a signal, known as the
cor rp:ﬂases-Ilgnaded vﬂhnoqh an:lamhne;:t ed- to an input,

known as f the ircuit su

a receﬁt % Cé)ﬁléﬁp &apctciod: aﬂtﬁhﬁap #al &
afi rtche tf rsem;elmylg Qaf rtdt@gteﬂﬂptdlmc}clscmjhﬁ,gnal

depends on t he, val ue of .the t nal recelv :
oo @ edae R Thi i dhd Pcoan ettt ing
aqount iturge Qjercfzsujvted @ﬁhjrhjltl ng an. input connected to
said outp the di g| taI hase etector, _sai

count g et PR iy Saaped Y I e 2L 2
|c&aﬁctQﬂe d‘ddrteefﬂeiw tb>y tdiaglﬂﬂstcm Isﬂﬁicﬁ@ﬁrﬁ:ﬁiﬂ'ﬁ Ejesl
|nr ect of the variations of the Iatlve va}_ﬁﬁes of

1d1gt a1° ﬁtg A5khi ¥ %@ﬂfpﬁ i 1| L2k e it Hglown as
Q'B@S@)ha‘&—%ﬂaﬂ;re Anghdln ender it sypRlderL0ntd AIf a phase

%ft Sélween the reception clock signal and the received
signal, and of the direction of this shift,

- an output supplying a signal, known as the control
signal, which is connected to an input, known as the
command input, of the circuit supplying a reception clock
signal which is adapted so that the value of the frequency
of the reception clock signal depends on the value of the
control signal received at this control input,

- a circuit, known as the counting circuit, exhibiting
an input connected to said output of the digital phase
detector, said counting circuit being adapted to implement
at least one filtering by digital counting/down-counting in
respect of the variations of the relative values of the
digital signal which are supplied in time by the phase
detector, and in order to supply a control signal in
digital form, the value of which is a function of the

result of this/these filtering(s), this wvalue of the



digital form the value of which is a function of the
result of this/these filtering(s), this value of the
10 control signal being adapted to set a val ue of the
frequency of the reception clock signal equal to a
value, filtered in this way, tdhe clock-bit frequency
fsr of the reception clock. signal, characterised in
that - the circuit supplying a reception clock signa
AEOTIRC O} n§ B8R 3 brird bk et agesd | e ofewi @ hvall ¢ t@f the

%@pﬁ@nc& not ut‘.jtil@gre@eﬁjti.ﬂgﬁ ?él&@]@téi)énéfpél‘&ué(‘fi &Ih 4 Svalue,

apted to be able to receive the control “signa
stibli ¢ eed bin tthel phaze- | oekdte ¢ bopkinidi Gieaieter sr of the

{ hat vV, f the natural frequency foe;
S Pk

at or” dépends on the val ue of the
réveifactecond oln silgpial at this control input, - the

phase- | oc o) ' e ' ' Ipi L] t.

Poaale oha thu S Ed RGO PR R g o
(s)jaftidiheld&dadd dag detteot ori tandi suppl yéaogttol atincluding
| east .ane output . a digital. signal, kno as .t he

{1 [ TSHad phadtrstacs Qg -1 HAVing & 17 rat:a0te o

redatiwe thed usorafielr gispept | orpwfial predeterphamed-1ocked

unmber. N. . greater_.than of . successi Vv i dentic i.nput
ST S eSO Ty 18N SRR VA g4t A1° (7] sty natural
thequeaetwetbsighathd ars sl cdht dheddaddd agh detectarue of the
has detected .a phase shi [ i rection, -

ft in the sagq%ﬂ
Havi g’ & setd el 5ti%e alUE- ArtE - T ecedtion of N
suages Jns d-dentliianl 1ddputnvialdes, a col responstinigioildy at
%%%fessive data bits of the receiveq%fiqgal for w@ich ¢
S Y S 14 Het SEHYTC TRt el & phEs & ¥hi FHER - () ©
the: dtdwer/lag ddeedi®dn, andaigigl @idditsl L€l eddste one output
value in the other cases, so that. the relative val ue

Gf THE 1R 1B PHERE stat'd® sl ghafr§§ phase-state signal:
represen at ivierof tdespresencenofaaphasecshi fdn ds a

rper%rdeesteei‘]rtmaitri evc? noljmkg ehre I\P,r egsreenactee ro ftl?at] r? Sle, poh fa Sse u cS ch els]c St ive
identical input values, corresponding to N successive data
bits of the received signal for which the lead/lag detector
has detected a phase shift in the same direction,

~ having a second relative value after reception of N
successive identical input values, corresponding to N
successive data bits of the received signal for which the
lead/lag detector has detected a phase shift in the other
direction,

- having a third relative value in the other cases,

so that the relative value of the filtered phase-state
signal is representative of the presence of a phase shift
in the same direction and of the direction of this phase
shift, for N successive data bits of the received signal,

between the edges of the reception clock signal and the

corresponding data bits of the received signal.



in the sane direction and of the direction of this

phase shift, for M successive data received signal,

bits , the between the edges of the reception clock

signal and the corresponding data bits of the

received signal. 11 The invention also extends to a

device for clock extraction and for extraction of

digital data including a clock- extraction device
érélieorwvr?dlttld’rt I?elsi%\ﬁé%teirtﬁfﬁ %0 deiste Forf o |P@aek extraction

extd acd aanddiin ext ractien ofard didaludatp a clock—

according to the invention includes, in addition,

SHEAQE L o a1 T o i, S EgAIn i th ddie.ce for
@%Hﬂ%'é%frééﬂ%%&fﬂﬂﬂu¥ortéﬁﬁ%éﬁ%ﬂgﬂ'Hf‘aléﬂﬂél|H§HJ@

a first input, known as the signal input,” connected
toe kel et éyst itde impsutt 1 aand ree 1sstsond Jarnmﬁdlu@rmm ggirculit

NG SO Pe cfoeierd %%n%llo%i‘]qyttﬁfg Rcddia

i nj ect cked oscillator, S sa ng CIrCUIt

lseiarge sdayptedd. ufu%@@m;yllrm glltraﬂUidfatfa':\WJrTWlﬁnﬁltrai bs)nput,
t t

PR SR R B R spa
plm,smnfd mgsemcmhumm ,cmnwm@@pttétb tlodntirgduce

2 sonstant phase.dif erence bet usen the sl gnaly o api

I nput of 1 anpling circu
tocstcalllparta:sce dJHsterseimﬁlb@t \mma:ulrte:ne:mm ddgmitesl to supply

dgL ljl{ttal n%atfaroc r}%(%nhlt%h%s% Sry t' neg:ecllvrec Istjtqtzn%{lngco a1t least
a to guara a phdse gnnent of e signa
atnet hiaatsi gn:a:lpumplchanc‘s @jhartalmeteangami irhectdtock includes

i nput . Advant ageous d accordln e |nve ti.on
e east B M e RS S I SR oo
dmuttma;tdua:edlagldoalstamtgrmiastehahﬁ&ﬂeemee&mﬁmen/e:rm‘ dimal
presence of _.a p | ea en the receptlon | o
B Sl e PR Rt SRR B TR O e
aut-put paladslegldﬁfe&l@ﬂﬁ Heltateerfs tHeefy eﬁeﬂtlatpwces afeddieing
esence of betmeen the reception. cl ock

%&Gﬁh@agﬁd §€1 ﬁul being adapted to guarantee

a phase allgnment of the SLgnal at the signal input and of

the signal at the clock input.

Advantageously and according to the invention, the lead/lag
detector is adapted to supply to a first output a digital
signal that i1s representative of the presence of a phase
lead between the reception clock signal and the received
signal, and to a second output a digital signal that is
representative of the presence of a phase lag between the

reception clock signal and the received signal.

Advantageously and according to the invention, the lead/lag
detector is adapted to sample the received signal at the
rising and falling edges of the reception clock signal.
More particularly, advantageously and according to the

invention the lead/lag detector is adapted to implement a



Advant ageously and according to the invention, the

| ead/lag detector is adapted to sanple the received
signal at the rising and falling edges of the
reception clock signal. Mre particularly,

advant ageously and according 4@ the invention the

| ead/ 1 ag detector is adapted to inplenment a 12
doubl e sanpling, one .in. phase with the edges of the

BT GTRTEN N i iral LN EHE Tt HErCh f efuseaurad vl
theedags Ofodihes F&eept iR dack signalaqddt SUChi@&h the

mannér as to determne the internediate state of the
restE s et silgnatecerurthetlfotle, s iathvadnt dgecusily ampnner as to
ARAALALNE: Lihd N JMRILIAN. adlad Cfr AGROLADG J 1nal .
invention is characterised in that said circuit

supplying the filtered phase-state signal is a

- [ V. enhodi -
Ty J e R R I el yention
choken,cacocordidignd d-d e desimeahtievelis ofhdiddteriimpd in
[ ed,_.such leci_sj Qn- ' c t s _t .

e gcc?sao OPic’rr}Lp eu?rlgcntsl%ﬁgﬂa};%‘gr ;Jat%et %}L\ge%efreeﬁ I ei’learslenz;gecate signal

sitsarat ideg ifsrigm-meld kaitriov eeorataugserof t he phase shifts

detected by the digital phase detector. This first

filtering makes it possible to |Iiken accidental phase

sl fctrse teonimalisesnt simdeheoninpemtsiernd,eN of N | dent icdaler value
hift will have an effect,on t

states of .th hase h
it B T oo G Tk CaMVE 1t LRy gl tevel
tdfi Siflitrestirfg | t emricdigdyakesh ta Jqeesisdiblre-rtakiawpidbnverter has
t.aki n ccount .of the phenone of, non- pe nt .
126 Aot BHras T REE SUeh aa e e GHera G2 1no
|stttrering If fead tdeCltarve ialskouldd hevanaitedsd hati ithe detected
eries of data hits exhibiting a _phase shift in the
S (BT BT S HunbarGT st erihy makes
capallse iefl gaing ds i alcAsierNal pirasel G0 Mo ddidiyse,
the value of the filtered phase-state signal-,
| (dive,? afaiftsagdods iy Stid Focoi'di g 1 tHee phase
IV et lwqukl gRivk COURAMEGCidCWHe idilgides At Heastc ioien-
clrcuit, nown
making converter. Typically, this first filtering makes it
possible to avoid taking account of the phenomena of non-
permanent accidental phase drifts such as the phenomena of
jitter. In particular, it should be noted that the series
of data bits exhibiting a phase shift in the same direction
including a number of data bits capable of going as far as
N-1 do not modify the value of the filtered phase-state

signal.

Furthermore, advantageously and according to the invention
said counting circuit includes at least one circuit, known
as the accumulator circuit, including at least one input

receiving a digital signal resulting from each phase-state
signal supplied by the lead/lag detector, this accumulator

circuit being adapted to supply a digital signal, known as



as the accunul ator circuit, including at |east one
input receiving a digital signal resulting from each
phase-state signal supplied by the lead./ |ag
detector, this accurmulator circuit. being adapted to
supply a digital signal, know=sas 13 the

counting/ down-counting signal, the relative value of
which is representatlve of the reception of a

P &FGHRE B9/ Gt G R Uest Exhl bi kel 2R 12 Hers ripkue of
(@iof £hispaccumiatar of no tre Advaniageouslyi@nd ity of

accor di ng to 1 nventl on, said courti ng circuit

i Tl addiess S‘LR:]d%%%lQP@WOJat%cartslfd”rﬁ -frkithee o oniv et et
and-an eyl atqrscircuit that is adapted to
aggregate the relative values of the filtered
phase-state signal supplied by the decision-naking
GME B0l | Vv
conbli nat |eoon gva'l?héjrﬁ%/hag&%l rs%fype 0 %rhﬁdrp esrglcprbc}d&lng
ddseriigedinclabtame, swrcdgs ive pard atﬂClsaJrrmﬁTe&thryme:cu"fverter
f can, i t al
r{l% ﬁarﬂsré\%ay, gaec geousltﬁdﬁﬂ[%t Slgécgaocf I Ng ?E%)ca{grg%gtate the
irpdexitiivon \taﬂelea&:mﬁnﬂm orildiamad tplexde i ttast e s ijparaal |ipplied

%S}EEE} rssﬁcﬁ‘ 40 Supply, to this parallel

coun |ng/domn counting

si gnal , and the i nJ ectl on-1 ocked oscillator incl udes
r igita tr nput 0. r|S|n 2,y
gltno% t%{sevriocme/er &t%mllrﬁwa OC evepngcr argior} el i o] Hfba Hiton with

auntep Ui raft tﬂweaaxﬁjrﬁﬂlaimng:ldecsﬂxtj,bmla}bcazqa,ordn am oaf

t he .hi hWGI its t rall el |taI t put

VR B e Bk O g A iR s T et e by
tstaaqoafoaidtelngj|cg1ﬁcailtcontﬂmlthnmpu¢a3gf adyntageously and
|n ect .on-l.ocked oscillator, so that sai.d control

SCGRET D ddiby T ity A5 T 4 formftd f AR ibics
%alpdirap_dfetjj autgfuthisght Ve @hiapb:ldds tof Sy to this parallel

PR oo S greie i FiCG AR G Rt e MBmdah L
Wh@nthheJ@Eﬂmﬂﬂﬂdﬂ4ﬂbdhddﬂbébﬂkxhtor includes a parallel
digital control input comprising a number of bits lower
than that of the parallel digital output of the accumulator
circuit, only a portion of the high-weight bits of the
parallel digital output of the accumulator circuit being
linked to the bits of the parallel digital control input of
the injection-locked oscillator, so that said control
signal supplied by the counting circuit is formed from said
portion of high-weight bits of said counting/down-counting

signal.

In this way, the value of the control signal is modified
only from the moment when the accumulator circuit has
counted/down-counted a predetermined threshold number M of

data bits having a phase shift in the same direction



count ed/ down- counted a predeterm ned threshold nunber
M of data bits having a phase shift in the sane
direction 14 between the edges of the reception clock
signal and the corresponding data bits of the
recei ved signal. In one enbodijment according to the
invention, the parallel digital output of the
accurmul ator circuit conprises, for exanple, 8 or 9
bk?etté”,eea{hotkiehee?%er%lqi%lt}b‘? JieAP G hfgutclstch netgnal and the
| Y e dihd aeketh Qs G dd At gIMFd &8sy &y bitghaonly the
5 high-weight bits of the parallel digital output of
the accurmulator circuit being linked to the 5 bits of
the orRArald s i it TRl c oI Pleo 1oL Bfedti®n, the parallel
i njecton-locked oscillator. In this way, the contro
stighdlali LUt ield thenlacFurbmatie monentl e Heses, for

| at I reyl st ha nhal a if
P e et a1 o bhase PR TR ERER Aagt® of tne
dindesttiion) - lac hashsts dgulal t aro danpisigrary bived uednlih the 5
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comrentiertdn ajoudud it Herieforld fed Hee ddse I Haltt Mof= the

iaja]ral§aejld cﬁcgciuc(';%ﬂ AN S G C Ak hed Ml emmnted By req
ne or nore ~adders and/or by one or mor € counters. it
shoulld diemot ear thhat Wy vithaueoft tdle igumatli nigg andlified
- ti fyncti.on t M its of . rJ es
g?ﬂghﬁg%%}ﬁggbﬂﬁﬁﬁﬁﬁP%hrlEﬁgéé%gﬁﬁéﬁ%F%ﬁiiﬁ%éiﬁ@%ﬁs
medicidteat iaon wiballeecontfi alheoutqiust]l afeeprestentative of phase
sar.ily.all_ successive. For exanpl.e, they .may .be,, .
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phdse) shi fithd sedettecteedra lexsen thya tdatta da desi vexehidy ttihrg
a _phase _shift. in the oppasite direction, subsequently
SR EsatBd LBy GYREP Sibsdudf TRER (9 STRIE Lo tor
secdmd; typereaftef iiltt erdulgl ttherreffarre det etis @ genara

?{nggﬁf the phase over at |least. N data bits. The
act ‘retaining only a port ion of the bits (of high

Said accumulator circuit can be implemented by one or more
adders and/or by one or more counters. It should be noted
that by virtue of the counting and down-counting function,
the M data bits of a series of data bits of identical phase
shifts triggering a modification of the control output are
not necessarily all successive. For example, they may be,
on the contrary, separated by data bits for which no phase
shift is detected, even by data bits exhibiting a phase
shift in the opposite direction, subsequently compensated
by other subsequent data bits. This second type of
filtering therefore detects a general drift of the phase

over at least M data bits.

The fact of retaining only a portion of the bits (of high
weight) of the parallel digital output of the accumulator



wei ght) of the parallel digital output of the

accumul ator 15 circuit in order to act as contro
signal of the injection-- |ocked oscillator makes it
possible to inplement in this way a second typo of
filtering having rather diffenent characteristics
fromthe first type of filtering. Be that as it may,
the filtering inplenented on the variations of the

pHes@ ishi ¥ LT Tadeptadk 137 &X0rdince Wah The-yndmaction-
respanse desirad f ofaitde e aclk 1000 diMpidient in this
enbodi nent variants of the device according to the

iRt i BIEATH hieth thef e tiypsedasfing | tadri sy Hirle used:
sueLessiel % 4 s comi natd on,rdihe fiact, of e beidg apl e 4o that
inplement this filtering in two successive stages, one

ofs Whingty /i stheonsitlitaitiew bytlteeideddioh-tkiwwglations of
QY Hille ANikcdhe %hgft&vi I agcuml ator einelidynani c
makes 1t possible, in particular, to reduce the

werskdang of raepuiersy fofr tthe fasclmdlatiorop faci litating

its use at high frequency. in addition, the first

type of filtering makes it possible to mnimse the
rirskhef enbhatinaritorvafiats hifgh-He etpieiney acomdiogly to the

?r@é@‘!tl\'g}}eQﬁ %i tatheé(mvpol gzxgb%saco d@%@rﬁ%ﬁ%ﬁr% used
rift (jrtter), ereas sal ccumul at'or cCir cui as a
rayers sofveslyc cies siore idatta doi ,t Shef fgrteviousiiyng able to
down- count q}.id ti.cal. phase .shifts close to.th

, . i f
CHEGSHOI 0 vl e wH CH 'Lt 1 gudrs (e Varfatton o (He °
contatolissicqgmadtitduteat der thee alsniics itdii-sngghienpnenoredfer, and
vari ati.ons.at hi.gh frequen it. is .also possible to
5] Qi Ehe UM REDr Ol Vo i W TEHE i 6f°° 21
severaalt iadderrs, and/rerdiseverral weotkitrey sftagueaascade the
wi th a _device for, relading . of an internediate val ue,
P BT T AT o e i s 1 T b e e TP
hagi ihdem exceeded;stsa dwtoft e lacotimy atateCiitcwidssible to
resunes the counting/ down. --counti ng frorpl.ti‘ﬁs
AU RNEERRNCES risk of a variation of the high-frequency
control signal when the data exhibit an accidental phase
drift (jitter), whereas said accumulator circuit has
previously down-counted a number of successive data bits of
identical phase shifts close to the threshold value which
triggers the variation of the control signal. In order to
avoid this phenomenon of variations at high frequency, it
is also possible to implement the accumulator circuit with
the aid of several adders and/or several counters in
cascade with a device for reloading of an intermediate
value, for example a median value, when said threshold
value has been exceeded, so that the accumulator circuit
resumes the counting/down-counting from this intermediate

value.

This/these digital filtering(s) resulting from the

structure of the decision-making converter and/or from the



value. This/these digital filtering(s) resulting from
the structure of the decision-making converter and/ or
fromthe 16 [|ink between the accunul ator circuit and
the digital control input of the injection-|ocked
oscillator make(s) it possiblig to dispense with any
specific filtering conponent in the phase--Iocked
Ioop i n an advant ageous enbodi nent and according to

K inRteiraronhe medigiia o onti ol i i dte thgdital
'&Wdlorlnﬂﬂ?@fj ORCH Al a4 cennected 10 A &l heid (s) it
including a cflurallty of swtches, each swtch being
dorffeidtled tion disardrese tvol tdt areaﬁpetﬂqlefumt@glﬂ%ﬂ@dlg component
QHPQQQ§$%dé%t G cyid,. of the oscillator in such a
way as nDdl y Its hatural . frequency.

Advant ageously and according to the invention, each
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receive n d adapt d for operatjaon of th . .
|ﬁﬁ%ﬁ:|on-- gg 6F1H ﬁﬁ? con enser:u1%he clrcuilt
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iedicec tdian-dfoaked disgiddlatamt riie ieyputents pulrsesi to one of

pplie t hi s synchroni sation-pul se generator are
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OSC|IIator in such a way as to ensure its operation -
t hat to say,, the locking of the oscillator onto

b GBI FPEAIEREP LY Bt PREATREd iy tyfpe prent ion

ithjee ctlioon—legekedass |diatari tmayn e daised ddbinr itdig a
scope ,of the invention. it may be a question, in

SArCidl arP oS £ SR R TR Cer TorLSg @lenerator,

generating a current-pulse signal at the frequency of edges
of the received signal and adapted for operation of the
injection-locked oscillator, this synchronisation-pulse
generator being adapted to supply the current-pulse signal
to a single output connected solely to a current input of
the injection-locked oscillator. The current pulses
supplied by this synchronisation-pulse generator are
adapted at the input of the injection-locked oscillator in
such a way as to ensure its operation - that is to say, the

locking of the oscillator onto the clock-bit frequency fsr.

Furthermore, any type of injection-locked oscillator may be
used within the scope of the invention. It may be a
question, in particular, of a relaxation oscillator of RC
type or with current-source, of an unstable oscillator with

logic gates or coupled transmitters, of a ring oscillator,



type or with current-source, of an unstable oscillator
wth logic gates or coupled transmtters, of a ring
oscillator, i7 of a quasi-sinusoidal _ oscillator
with Wen bridge, phase displacenent or LC, a

Col pitts, Hartley, Capp, Piernce oscillator o: wth
negative resistance with LC resonant «circuit, wth
transm ssion |ines or quartz-type resonator,

a
rls chators Wi HHsir e wivielsha bt i it dgren eur WENMB dgrhase
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diiffeerient i udiopol agyeilitatmay dehidbitquesin grdfia@niar, the
osgi | l.at or descr.i bed in FR 2 838 .265.. in this_ way,.
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according to the invention the phase-Ilocked |oop can

he devel oped with a honpogeneous, entirely di gcittal .
ﬁ%hé_saﬁ’(fyf'aé%hedéﬁvﬁtlﬁrﬂé‘\ﬁk@é aktcd}QﬁSfﬂdO]t% hring about
idevanRtiven ady S GoNnp etrtRl esign of clock-extraction

devices, and more particularly of devices for clock
extraction and extraction of digital data, enabling
development on an industrial scale of a circuit, the
operation of which is based on an injection-locked

oscillator.

In particular, a device according to the invention is free
from charging pump and from loop filter, and more generally
from analogue component in the phase-locked loop.
Consequently, in a device according to the invention the
phase-locked loop can be developed with a homogeneous,

entirely digital, simple and fast design.

A device according to the invention is also completely

autonomous - that is to say, it requires no manual or other



autononous - that is to say, it requires no manual or

ot her 18 external adjustnent, nor any calibration. in
this way, advantageously a device according to the
invention is tree fromany neans for external manua
adj ustment. Moreover, this aytponony is obtained with
great sinplicity of is at ion F, device according to
the invention does not require the e presence
@Xtelrnalt "aqipugiieike priesenceofimteaarer naln this way,

PLL P a(ﬁ%fy%PQ%ﬁaéé1 chﬂgl '%§»E%éréﬂvéﬂ@ﬂﬂlls free

i'on, a few data ts are sufficient
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accordi ng 0% he i nvention 'enabl®es its |np ntation

vintthl eanaverat ismal | nunmber of el enmentary conponents

havi ng | ow energy consunption (therefore a reduced

total surface area and a | ower total consunption). A

d%vknéx&camaﬁnujng)uduihanmnuénnidnndqﬂsundnanhgnxpuuthe
. CX di_gi tal hnol o art|cul rl
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B EEER, Ea e syt il 1o R S e
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circuits based on PLL or DLL. in addition, it .is

SEBIE ACTHPEMEN RS dVictd 148 67 ig §% shglesigned

Vet idanyited. e b1 R enductiaia tischnolegy {LMXS phase-
bi polar, Site, .)Unlike a circuit based on OL, a
kel é@&@?dﬁn§QH§QQQ?d without requiring the

intervention of a designer possessing considerable know-how
(unlike the prior devices based on PLL, in which, in
particular, it is very difficult to implement a
phase/frequency comparator operating at high frequency).
With a device according to the invention of simple design
it is also possible to attain transmission speeds close to
the limits offered by semiconductor technology. In a
particular case it is possible to attain transmission
speeds that are substantially higher than with prior
circuits based on PLL or DLL. In addition, it is possible
to implement a device according to the invention with any

semiconductor technology (CMOS, bipolar, SiGe, ..).

Unlike a circuit based on DLL, a device according to the
invention is quite insensitive to noises in the received

signal, and the coding of the data exhibits a rate of



invention is quite insensitive to noises in the
received signal, and the coding of the data exhibits
a rate of expansion simlar to that of atraditional.
PLL -- that is to say, nuch |ower than that required
for a CLL. Furthernore, in viegw of the sinplicity and
ef fectiveness of the phase-control |oop, in a device
according to the invention the natural freﬂzency fos

AXRHES ti Hiat T &0 ieiAt etfuad e dHel @kl t— that is to

fE8AUENEL -Rwe it 1ReePtd ani A PCkSi oy,
consequently the phase deviation between the clock

signal supplied by the oscillator and the received

%mefﬁbﬁé Xed; Now é%rﬁ?etgﬁnegﬂ@lﬁe} rE{ ctOlN8less of
el enent s constltutlng the device are ap
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dreteweetm tngrceirucele s&qﬁae]sesupaﬂmm tet wesen - dmvand the
WS, of ‘?ﬁl Sannl 'r”@kec reyid, without, requiring ”gcd?”c}’f the
erna adjust men hat' t'He “'devi ce accor
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i t.h a mnd c n_ran I.n add
S s e ivrneon H i S sty Wt g the
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ted in. this respect tha i s/these

SRR T g B (S o Sph okt T phase lag
suppleenenthdse tthe ipessidler pime;asdpjfﬂngwg:lmdmw 1

neti nes ecess rily ovi ded at the input of
R s T oh s SR Ao B e 16T more)
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rtain ar hitectures of this type o circuit. Such a
FIASETSRY BT ChY WA G hededdst A e 1 Feuit
eRehahiton ofu ia iphase C amanator adiicitnidntf,eeds it the
functionally different fromthe phase-shifting
8GWEﬁFT@§Fordlng to the invention can operate autonomously
and stably with a wide lock-in range. In addition, in a

device according to the invention the sampling circuit may

be simply constituted by a simple flip-flop D.

It should be noted in this respect that this/these phase-
shifting circuit(s) is/are provided in supplement to the
possible phase-shifting circuit sometimes necessarily
provided at the input of a circuit such as a phase
comparator, in order to compensate the phase displacements
introduced by certain architectures of this type of
circuit. Such a phase-shifting circuit which is necessary
for the operation of a phase comparator which it feeds is
functionally different from the phase-shifting circuit(s)

of a device according to the invention, the function of



of a device according to the invention, the function
of 10 which is to introduce a suppl enentary phase

di spl acenment in. order to conpensate the total phase
di spl acenent between the two inputs of the sanpling
circuit. Advantageously a devige according to the
invention is inplenented in the formof at |east one
|nt rated circuit incorporating at |east the

i ‘oh-1OckEd W8T 1t BIRP RN A ot Hiors ¢ bekelacement in

%ﬁd&ctﬂ@%&ﬂ%ﬁﬁt@mﬁé‘c@dm Prigidals: fdati@nt between
according to the invention is adapted to be able to

opET atve wintite Hociibitamirlelgierfely Frt -hi gher than 500
MHz. in this way, the invention nmakes it possible,
for the first tine, to obtain a clock-extraction
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el e TEne et et de ce ot ot
utilisation on an industrial scale in numerous

applications.

The invention also relates to a clock-extraction device,
and more particularly a device for clock extraction and for
extraction of digital data, characterised in combination by
all or some of the characteristics mentioned above or

below.

Other aims, characteristics and advantages of the invention
will become apparent from the following description which
is given by way of non-limiting example and which refers to

the appended Figures, in which:

- Figure 1 is a general functional block diagram
illustrating a device for clock extraction and for
extraction of digital data according to a first embodiment

of the invention,



of the lead/lag detector of the device shown in Figure

1-. - Figure 3 is a functional block diagram of an
enbodi mrent of the deci sion-maki ng converter of the
device shown in Figure 1, -- Figure 4 is a diagram

illustrating an enbodi nent of san injection--Iocked
oscillator that is capable of being used in a device
according to the invention, - Figure. 5 is a diagram
illustrating an exenplary enbodinent of an . 8-bit

addery Jﬂ@tZ 1155 %ﬁ%&l@ﬂﬂe'ﬁ%&@%adﬁﬂ her da‘?}”éfﬁ)ocilment

shomn in ure 1, - gure 6 is a ditagram

99 uste dtqmvgﬂm éi@émﬂta;w oferididearitcofshepw hin Figure 1,

accumul ator that is capable of being used in order to

i npl enent the adder shown in Figure 5 - Figure 7 is a

di agroams 13 ust ratfivig e renb ddiamntdisiyran bifock gfmbodiment

t

oscﬁéa%efc S 100&“1!1%}51‘441%9&3%0& {eCPF d{]ufclgl SQJleleg:ee dlsa{lgﬂwélmm

ifilawster dt/i ng a second enbodi ment of a counting circuit

of a device according to the invention, - Figure 9 is

a diagramillustrating a third enbodi rent of a

comfh'lg'ux@ i n'csuiat ddiaw:aﬁevijlde&ux@dﬁdigw@rt @nthh@liment of an
vent.i.on, ure Qs I,a ran1| str

LRt s et B sty o St Shdlfal noed

aﬁcarwaw;daJdMEanMﬂgrmmijﬁzln&aﬂaMGmafor cl ock

extraction and for extraction of digital data

according to the invention which is represented in

F gurere ﬁedeiweﬁﬂﬂgﬁamnﬂﬂuﬂqﬂﬁaﬂﬂmgnan derovzas, t he

re t|on |n t Qwn as th recei ved
STEREHTE R ah o e GhT Sl S GPAR Khatt (E1ng used

n@pm&&e@baﬁbéesmbwdhgmtRﬂgdhﬁéiJ) and that is coded

with a clock signal exhibiting a clock-bit frequency

M. In general, this received signal is a coded

si gnatref c ype aNRZ agierr Hatlust rat nzele) J:eegiled; on a
%o nm ssi on chag % of a baﬁgband

diment of a it accumulator that is capable of being

used in order to implement the adder shown in Figure 5,

- Figure 7 is a diagram illustrating an embodiment of a
block of capacitors at the digital control input of the

oscillator shown in Figure 4,

- Figure 8 is a diagram illustrating a second embodiment of

a counting circuit of a device according to the invention,

- Figure 9 is a diagram illustrating a third embodiment of

a counting circuit of a device according to the invention,

- Figure 10 is a diagram illustrating a fourth embodiment
of a counting circuit of a device according to the

invention.



serial link. This transm ssion channel may be

constituted by a single electrically conductive wre

or by a single optical fibre or by a single-channel

radi ofrequency link (non-differential signal). The
invention is neverthel ess alse applicable in the case

of a received signal of the transmtted

differentially, the transm ssion channel type then

i I Ry ﬁ%_q]i%e‘% Qf?tafrﬁ:ﬁﬁltc_tﬂ rPgl_dc vﬁ?rccﬁ?ﬁd?f’é?_rﬁlsoﬂ pf digital
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ot her types of” coding of the received signal, for
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to ic%h t\/\l/o brangjhes are connectoeéﬁi n parall{%, .gna
naviglly i o ibesteledrot kseexitalactiigor lbridvech 1192 rmooorsimgative of
t : [ t it t ¢l 0 t..
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H,_ t.hi-s .sanpl i circuit 15 heing,adapted to., supply,.

37 Hara ot pdt o, dEEAS GAt &1 EY Ao o@Dy 1T tuted
fac ei \sechodiegrdlectihe sl 1oc kecexdurcaditveo v idiar gt tbyl2 single

i ncl.udes an i njection- l|l.ocked oscillator,.19 which is ..
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t (mosy - titferr eexdiiddl tdinghadn 1 nute 2hvecannectied tardditheless
node 11 aof, the reception input.  10. The .
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NRZI (non-return to zero inverted).

The reception input 10 is connected to a branching node 11
to which two branches are connected in parallel, namely a
first clock-extraction branch 12 according to the
invention, generating at a clock output 13 a clock signal,
known as the reception clock signal H, synchronised and in
phase with the clock-bit frequency fsr of the received
signal, and another, second branch 14 including a circuit
15 for sampling the received signal with the reception
clock signal H, this sampling circuit 15 being adapted to
supply, at a data output 16, digital data transmitted by

the received signal.

The clock-extraction circuit 12 includes an injection-

locked oscillator 19 which is fed by a synchronisation-



| ocked oscillator 19 and is clocked at the frequency
of edges of the data t) of the received signal.. The
whol e can be inplenented, for exanple, as described
by FR 2 838 265. In particular, the injection-I|ocked
oscillator 19 is then of thejdype constituted by a
symmetrical LC resonant <circuit defining the

freqguency of free oscillations fos of oscillatjon and
etforvie PRI tWo Tos'SEeF blraaﬁmsexwl%m&wfa
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signal that is synchronised and in phase with the

clock-bit frequency of the received signal.

The sampling circuit 15 includes a first input, known as
the signal input 17, connected by the second branch 14 to
the reception input 10, and a second input, known as the
clock input 18, connected to the clock ocutput of the clock-
extraction circuit 12 - that is to say, to the clock output
29 of the oscillator 19. This sampling circuit 15 may be
constituted by a simple flip-flop D.

The injection-locked oscillator 19 includes, furthermore,
an input, known as the control input, which is adapted so
that the value of the natural frequency fos of the

oscillator depends on the value of the digital control



| ogic gates or coupled transmtters, of a ring

oscillator, of a quasi-sinusoidal oscillator with

Wen bridge, phase displacenent or LC, of a Colpitts,
Hartl ey, C app, Pierce oscillator or with negative
resistance with LC resonant cigcuit, with

transm ssion lines or quartz-type resonator, a

resonator with surface waves, with MEP% or integrated

ot ertel 66859 67l erferithl eteon el ogeiut at fhel oG rqlorinput
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and represented schemati Figure 4. I's then of
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circuit defining the frequency of free oscillations

fos and endowed wth two crossed branches 40a, 40b,

ddtsh qerm'lucﬁtrfgf al&inea‘m-beefdceratrorcarecti%rtcm aﬁtﬂ;atype of
respectiV egativ es _
trannglséttors ﬁ#pce \'ﬁ‘hg [)beaﬂlnq)ae CF‘:H{ ed coup EL ¥hibit a
abeortdanceniitdl a rdiftf @rserﬁaajrﬁh@nblkrﬂg];ow TheItpanary dn‘e a

st.or b is ar ed b mretrl C
O‘[rcw tn’de rﬁaartjt%ulaﬁ_ 0s. %%Il%an ‘f c]fl O Of ==
Stygoret |orrg wflrtchmcamrm‘rﬂr—exmﬁcqml arﬁ sat imrsteclﬂteagﬁ;dilﬂator with
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The paral |l el. capacitors of the LC resonant circuA are

&}ﬁ%f)letlﬁtcg&lﬁy BiGck £3f capacitors, each

assom ated respectively with a switch 45a, 45b, 45c,

T % oggiil%%%q 19 is, for example, implemented as described
by FR 2 838 265 and represented schematically Figure 4. It
is then of the type constituted by a symmetrical LC
resonant circuit defining the frequency of free
oscillations fos and endowed with two crossed branches 40a,
40b, each including a field-effect transistor 41la,
respectively 41b, with negative resistance, the two
transistors 41la, 41b being in this way coupled in
accordance with a differential topology. The pair of
transistors 4la, 41b is charged by a symmetrical LC circuit
defining the oscillation frequency starting from a
reference polarisation voltage V2 applied between two
inductors 42a, respectively 42b, and from a current-source
47, the output of which is at the lowest potential and
which may be simply constituted by a series resistor
connected to a junction node of the two sources of the

transistors 4la, 41b.



switch receiving one of the bits 24a, 24b, 24c, 24d,
24e of the parallel digital control input of the
oscillator 19. The parallel capacitors are associ ated
in such a way that the variation of an increment (a
unit) of the digital signal regceived at input brings
about a variation of an identical value of of the
oscillation frequency fos of the oscillator 19. In

t he enbodi mrent shown in Figure 8 each swtch 45a,
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dorrstliltadt igrpasditd wadaci tddb whi ch  associated with the
switch. Each switch 45a, 45b, 45c, 454, 45e is
constituted by a field--effect transistor, and the
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, )..of t.he

REFR T H Y o BB o o GrTtd g A7 bt blciated
siegipac tipe-lyi adthata tshel tatibgi4tSad, 14yt (4 R4a, 45214b 454 C each
4d, Cben t erm ne ci.ta Y,
ér‘i%t %e IJceacpealé’l élevﬁfﬁd& P gfc%%‘dn?%s’e 4434 8214de 2de of
447" ,padfékilel44ﬁg1t1h40 coAda'ol 44ghut 44’ uhe44fsq1l4¥b&'br 19.
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areern ik 10 v3 1efe wﬂ s‘smalraa alaie lakQlorexalendf fics of the
of t.g‘:1 order of 30: for an oscillatiaon frequenc

P52 ke 1o derlnoithfo SHRE LIRS SN dde Egure 8, each

escitkhatisen afskt, hel5@$0|4|5|d6}t arsel9 o § nteadsRld et tddh two
the aid of two diodes 46 a, respectively 46b nount ed
GEfREaR SEhe YdrPairn “80a, 906 'andthe dried 5Pad, sRFRSCtively,

@aeh , caubespanding qur@ansisgtor, 4ka,; @He by 1MRANS Of @ anged
symmetrically in series in relation to this switch, these
two condensers constituting said capacitor which is
associated with the switch. Each switch 45a, 45b, 45c,
45d, 45e is constituted by a field-effect transistor, and
the values of the capacitances are equal to 2" x 2C, n
being the rank (0, 1, 2, 3, 4) of the bit b3, b4, b5, be,
b7 being considered of the digital control signal applied
at the digital input 24a, 24b, 24c, 24d, 24e, C being a
predetermined capacitance value, and the capacitance value
of each condenser 44a', 44a", 44b', 44b"™, 44c¢c', 44c", 44d,
44d", 44e', 44e" being respectively equal to C, C, 2C, 2C,
4C, 4C, 8C, 8C, 1leC, 16C, as represented in Figure 7.

The value of the variation step Af is chosen to be

sufficiently low, preferably lower than 1 % of the mean



filtering capacitor 52a, 52b. The cl ock--extraction
circuit :1.2 of the device according to the invention
i ncl udes a phase-control loop 25 entirely constituted
by digital conponents. This phase-control |oop 25
includes a | ead/lag detector 26 exhibiting two inputs
27, 28. The first input 2.7 of the |ead/lag detector
26 _connected to the output 29 of the oscillator :1 9

ivhiusyth Ehe magmierlalsian Freasisct h@&ec@pmmww of
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. The second i nput I's connected no t hlng
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%gy yed signal is supplied to the

secon nput fgﬁqgkthe | ead/ | ag detector An

enbodi nent. of the |ead/lag detector 26 is represented

[ Fjgur.e This 1eadll et ector, .26 e i-bj err
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suppldcelsl el vsﬂtgnaihe ko £ asva el plas el &t atree gigralve ly
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@% lthe dat a %)of :gvelved signal and the
recepeﬁ 3I¥ GBS grnaﬁ i ded by the oscillator

In partlcular t he S|gnals E and L supplied ~ of

SR AT, S ptale Se .
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out pyt, . 33a t d/Ia det ect or is. a dlglta
SR A ot L TR Ee hf b e o rol Loop
mﬁieldlembsb@t \mu/tmﬂ; ctem_tzadttmutzsfo Zihid8itidy tthe inputs

e de ri this signal - is equal to 1 whe ,
P Aee | T e et G TS iyl d o i deter it 26 is
tdwlrierctrtlétcﬁ 2/ .t 128 At Ut Phase. .t hthe second ooutPutn Iheh a
of the lead/lag detector 26 supplies a digital S|gna

IRLY S H S Fents 1ihes TaTeHIredeice Of = Pridsd! Isqprated
bet ween dde 1w dpW 126 A8 pdth 2de exa&ond input 28

is connected to the branching node 11 and therefore to the

reception input 10. In this way, the received signal is
supplied to the second input 28 of the lead/lag detector
26.

An embodiment of the lead/lag detector 26 is represented in
Figure 2. This lead/lag detector 26 exhibits two parallel
digital outputs 33a, 33b, to each of which it supplies a
signal, known as the phase-state signal E, respectively L,
that is representative of the existence and of the
direction of a phase shift between its two inputs 27, 28 -
that is to say, between the data D of the received signal
and the reception clock signal H provided by the oscillator
19. 1In particular, the signals E and L supplied
respectively to the parallel digital outputs 33a, 33b of



described, this signal L is equal to 1 when a phase
lag detected, and is equal to O when the two inputs
27, 28 are in phase. Any type OT. digital lead/lag
detector 26 may be used in a device according to the
I nventi on. it my beyy question, in
particul ar, of an Al exander cell (of, J.D. H Al exander
"Cl ock recovery fromrandom bi nary signal s"

Bttt Yol 529 19 10 B Ot isbere a0 phiafpl the s igalpyat its

iy d hirpuway .21 n o4 he-enbodiymnt | represented din fOwWH or
2 the l'ead/lag detector 26 is constituted by an. _

AlTex arftbet/ loed | deddb or? @ 1 doulst i isamipl S ipadf B e 1 bit
rgeeivedi Signales difd rstodddm id phase it h
reception c%g%kess?tgnéalp&tﬁgéé{%ec%nc?otl me é|N|n G'J}jq&ua rJ_CaV%euerr'le the

wivtch itrius ssigghal 28 | n drhitanegrganihlicss desafilegyl, détiectorgnal E
Q. | d fi t of, t fd i psdfd ORs; '

%Ssceefzﬁ‘llanlig?t%t ﬁe "&r}faeé;eiE{S/é%gagslegnlaﬁa\Mzztnld'J tcﬁeetfér ecept[%ng% ¢ g%kual o

g1 givain Hhea tgradmpuirse 2%5h 48 are igathadss: beifige second

i ogﬁg t e 0 e Seco fljp-flaop D :

o@ﬁ% i rs?Ofstga%e le;%)&}i]tasg tc{ee:%rﬁcﬁcﬁ% :%ceéld | nlgl & Og%ltal
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first flip-flpp 61 of the first stage provides a

Segrated Pard B et 'l ieal B PR e 27, 28 are
iimr plhease: sanpling of a 28 bit n of the received

signal. The output of the first flip-flop 63 of the

second stage connected downstream of the first

finyp-t ydeo B iefi ddie fdadstl st age qutod des rasikghalseddlin a
%g;l) that is representative of the in-phas sawMiég{.

VST AP it Sl preCadiitg saild BitY P i plieeton
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Q2,.of the first stage provides a signal D)(n qé? ,
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betrween e cdatadbdd 176 and .nilll. NBhe 2out putrofeHihe way, in
second flip--flop 64 of the second stage

the embodiment represented in Figure the lead/lag
detector 26 i1s constituted by an Alexander cell based on a
double sampling of the received signal, a first time in
phase with the reception clock signal H, a second time in
quadrature with this signal. In this way, this lead/lag
detector 26 includes a first stage of two flip-flops D 61,
62 receiving the received signal and the reception clock
signal H, a quadrature-shift gate 65 being interposed at
the input of the second flip-flop D 62 of the first stage
at its terminal receiving the clock signal. The detector
26 includes a second stage of two flip-flops D 63, 64 and
two exclusive OR gates 66, 67 in order to form the signals
that are representative of the phase shift. The output of
the first flip-flop 61 of the first stage provides a signal

DI(n) that is representative of the in-phase sampling of a



provi des a signal DQ(n-1!'2) that is representative of
the in-quadrature sanpling between the data bits n
and ri-I. Two flip--flops D 68, 69 are furthernore
provided, in order to forman output register making
It possible to synchronise thg signals wth the
reception clock. The followng Table 1 is a truth

tabl e of an exanple of a particular |ead/lag detector
Jgit paiE he _received _signal. . The .Qutput .of _the first

'fIlp frdp “63 df't%ﬁ;sécond'§f§qé'ddﬁﬁéctéd -downstFeam of
ani g -------------
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verter circui 6? 49the conotrol Ioo 2%y order
exerrp ary rﬂ?odl men %I Ven Fitgure
to form an output register maklng it possible to

synchronise the signals with the reception clock.

The following Table 1 is a truth table of an example of a
particular lead/lag detector 26:

TABLE 1:

DI (n-1) DO (n-%s) DI (n) Meaning

in phase

lead

impossible

lag

lag

impossible

n
0
0
0
0
1
1
L

Rl o o R o~ o o B
ol B o R o R o

R R o o P P o ™
o B | B R o o H

lead

1 1 1

(@)
(@)

in phase

It should be noted that the digital phase detector
constituted by the lead/lag detector 26 makes it possible
to detect solely the existence of a phase shift and its

direction, but not the amplitude of this phase shift.




Thi s deci si on-maki Dg converter circuit 30 nmakes it
possible to supply to a parallel digital output with

two termnals 3la, 31b a digital signal, known as the
filtered phase- state signal, having three states
according to the values takendy the phase-state

signal - that is to say, the lead signals .-. and |ag
signals t: supplied for each data. bit of the

recei ved signal by the lead/lag 26 converter. The

decd siyan-dmkh g converial 30 smdifdes/ the yaldeof ddeire

filtered phase-state signal supplied to its paralle
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v ot o T i TS S et gi v data
murdero M, trgs Q:&icﬁlxidwrsﬂgna(lf Scoasisdy e atiaedi tisaPfdetector

t he
2% has detected a phase shift in the same direction.

The filtered phase-state signal is, for example, a signed
binary signal coded on two bits a0 and al, each bit
corresponding to one of the two output terminals 31la, 31lb.
When the phase shifts of the successive data bits detected
are in a first direction, for example when the reception
clock signal H is leading, the filtered phase-state signal
is equal to 1, coded by the values a0 = 1 and al = 0. When
the phase shifts of the successive data bits detected are
in the other direction, for example when the reception
clock signal H is lagging, the filtered phase-state signal
is equal to -1, coded by the values a0 = al = 1. When the
data bits are in phase, the filtered phase-state signal is

zero, coded by the values a0 = al = 0.



recei ved signal, The function of the decision--naking
converter 30 is also to convert the phase-state
signals }1 and L into filtered phase--sta-te signals
a0 and al. This decision-nmaking converter 30 includes,
firstly, a stage of two flip-fto;s D nmaking it
possible to store the states E (n--1) , Qn-1) of
each of the s .cna.ls E and, respectively, received
its inputs 32a, 32h for a bit n-1in relation to the

st Eds1 | (Mhofrithese,signalsn Jé&l&?ﬂ)ﬂ%@lrﬁ%%%verter

successive bit n. The deci si on- meki ng converter

i Hel RSy AP kReRh on, F e st ext ofhaND gattesonsy ot e
andh an s@ﬁﬂﬁtc?et@cﬂ@iﬂﬂgg ik Ressibl & Jd 4 rheomc? take

represented, to detect the states of each of
s#rgﬁfalasc@urah@nlrsestﬁe%tph@q/ sty friee dihvadd ae |Jtesprlq7<b4qed in a

Iﬁgﬁz £ ide
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by t he emés?jl‘ of}éjfraaeslsoﬁlg conve Ittkﬁal’vg;ﬂ%f%b sn’lﬁocoegg f1s &

#3yd 76 iarte fﬂurltmarbrpélqﬂeowum dirgrorlderal tand arlm an

out put register nmaking it possible to synchronise the
signals a0, al supplied to the output termnals 3la,
Ehdaﬁdddﬂsﬂhnﬂmﬂkﬂngnﬂdnuynnﬂnuaaeﬂndﬂhdﬁdt1fiﬂ&tly, a
rece ti ¢l oc foll Table 2 1s

S atﬁ'qoexé;l s S D o i st £ the
fsdra twts Eh(m—l— 2.1 (3]1—1 ©t eaREh aif~ uma -31gnals E and,

n-1 in relatlon to the state E(n), L(n) of these signals
for an immediately successive bit n. The decision-making
converter 30 includes, in addition, two stages of AND gates
72, 73 and an OR gate 74 making it possible, in the example
represented, to detect the states of each of the signals E
and, respectively, L received at its inputs 32a, 32b
remaining identical on two successive data bits. It is
sufficient to multiply the input flip-flops D and the AND
gates in order to increase the number of successive data

bits taken into account by the decision-making converter.

Two flip-flops D 75, 76 are furthermore provided, in order
to form an output register making it possible to
synchronise the signals a0, al supplied to the output
terminals 3la, 31b of the decision-making converter 30 with

the reception clock.

The following Table 2 is a truth table of an example of a

decision-making converter 30 for which n = 2:



00O0+0 }.......:. J. ..." 0 hof he E- say-.
> e cl wheret =l i 000 1 +1 3L successive cycle
nhere E=l 0 O n 0 +0 1'" cycle where E passes | i' f
roughnOnO0O0O0 _...._...... i .00i i st 00Gi 1
cycle where L ilia (S ~ succ.31 111-17 3. «cycle
where 0 1 : 1 successive s yc >h. r-E11
LABLE 2 . o oo
---------------------------- 00O0O0+0 1" cycle
whece L passes tl rough O ------------ --“----------
i C | The. {wo output= term ngls 314, Raldutife the
deci sijon. Snaking , canverter 430 |arg conmettedf g t woRemarks
I nput te? nal's '34a, 34b | of an adder| @Budfinghe
phase-lcontrol |oop| This pdder (35 is down-
counting
signal
0 0 0 0 0 0 +0
1 0 0 0 0 0 +0 1°* cycle where
E=1
1 1 0 0 0 1 +1 2" successive
cycle where E=1
1 1 0 0 0 1 +1 3™ successive
cycle where E=1
0 1 0 0 0 0 +0 1°% cycle where
E passes
through 0
0 0 0 0 0 0 +0
0 0 1 0 0 0 +0 1°% cycle where
L=1
0 0 1 1 1 1 -1 2" successive
cycle where L=1
0 0 1 1 1 1 -1 3* successive
cycle where L=1
0 0 0 1 0 0 +0 1°% cycle where
L passes
through 0
0 0 0 0 0 0 +0

The two output terminals 31la,
converter 30 are connected to two input terminals 34a,
of an adder 35 of the phase-control loop. This adder 35 is
adapted to aggregate the relative wvalues +1,

filtered phase-state signal.

0,

31b of the decision-making

34b

-1 of the

In the example described,

adder 35 exhibits a parallel output 36 on 8 bits to which

the result of the aggregate is applied.

invention,

to control the oscillator 19.

In fact,

According to the
not all the bits of output 36 are used in order

only the high-

weight bits 36a of the signal supplied to the parallel

output 36 are used in order to constitute the parallel

digital control signal supplied by adder 35 to the

oscillator 19.

The low-weight bits 36b,

which

in reality

are representative solely of the relative phase noise




adapted to aggregate the relative values -FI, 0, -1 of
the filtered phase-state signal. En the exanple
descri bed, adder 35 exhibits a parallel output 36 on
8 bits to which the result of the aggregate is
applied. According to the invention, not all the bits
of out put 36 are used in order to control the

oscij || ator In fact, only the high- weight bits 36a
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the digital phase detector. 26, 30, Figure 5
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SAICT L PR 1 & Y S LA A
mﬁgmﬂterregl ster constituted by three flip-flops D 88,

89, 90, by the output flip-flops 105, 106 the first 2-

In adder 35 the four 2-bit accumulators 81, 82, 83, 84 are
assembled in accordance with a pipeline architecture
including three synchronisation flip-flops D 85, 86, 87 and
an output register constituted by three flip-flops D 88,
89, 90, by the output flip-flops 105, 106 of the first 2-
bit accumulator 81, by the output flip-flop 105 of the
second 2-bit accumulator 82, and by the output flip-flops
105, 106 of the last 2-bit accumulator 84. The 8-bit adder
makes it possible to supply at the output a signal
aggregated on 8 bits b0, bl, b2, b3, b4, b5, b6, b7. 1In
the example described, only the high-weight bits b3, b4,
b5, b6, b7 are supplied to the injection-locked oscillator
19. It goes without saying that any other known structure
of an 8-bit adder exhibiting the same functions may be used

within the scope of the invention.



bit accunul ator 81, by the output flip-flop 105 of the
second 2-bit accunulator. 82, and by the out put
flip-flops 105, 106 of the last 2--bit accumrul ator.
84. The g--bit adder nekes it possible to supply at
the output a signal. aggregat¥Ed on 8 bits hQ bl, b2,
b3; b4, b5, b6, W in the exanple described, only the

i gh-weight bits b b4, b5, b6, are suopl.ed to th
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possible to ensure that the reception clock signal H

provided by the oscillator 19 is always in phase with the

received signal.

Under these conditions, in a device according to the
invention the phase shifts due to the propagation delays in
the various branches of the circuit are all known and
constant and may therefore be compensated by a phase-
shifting circuit (or several such circuits) 37 placed
between the branching node 11 and each of the inputs 17, 18
of the sampling circuit 15. It is, in fact, important that
the sampling circuit 15 implements a sampling of the
received signal in the central zone of the period of each
data bit of the received signal where the value of the
corresponding voltage is most stable and where the noise

margin is the greatest, in order to avoid implementing the



constant and may therefore be conpensated by a phase-
shift=ng circuit (Jr several such circuits) 37 placed
between the }::ranching node 11 and each of the inputs
17. 18 of the sampling circuit 15. It is, in fact,
inportant that the sanpling cigcuit 15 inplenents a
sanpling of the received signal in the central zone
of t he, ﬁerlod of each data bit of the_received sig
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by the phase-shifting circuit(s) 37.

A single phase-shifting circuit 37 may be provided in the
device according to the invention at any appropriate place.
In a variant, the phase displacement between the two
branches 12, 14 can be obtained by means of a plurality of
phase-shifting circuits 37 distributed at several places in
each branch. In this last case the aggregate of the phase
displacements introduced by each phase-shifting circuit 37
is equal to the total phase displacement that has to be

implemented between the two branches 12, 14.

In Figure 1 possible locations at which a phase-shifting
circuit 37 may be provided are represented by different

dotted lines. 1In this way, a phase-shifting circuit 37a



phase-shifting circuits 37 distributed at severa
places . in eaah. branch. In this |last case the
aggregate of the phase displacenents introduced by
each phase-shitting circuit 37 is equal to the total
phase di spl acenent that has t®ge inplenmented between
the two branches 12, 1.4. In Figure | possible

| ocations at, which a phase-shifting circuit v7 may
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clocking of the received signal makes it possible to mask

the perturbations of external origin.

Figure 8 represents a second embodiment of a counting
circuit that is capable of being used in a device according
to the invention. This second embodiment differs from the
previous one in that the decision-making converter 30 and
the adder circuit 35 are replaced by a single
counting/down-counting circuit component 55 which exhibits
an output 57 on 8 bits and receives directly at its input
the phase-state signal supplied by the phase detector 26,
namely the phase-lead signal E at its counting input 56a
(UP) connected to the first output 33a of the lead/lag
detector 26, and the phase-lag signal L at its down-



previous one in that the decision-making converter 30
and the adder circuit 35 are replaced by a single

counti ng/ down-counting circuit conmponent 55 which
exhibits an output. 57 on 8 bits and receives

directly at its input the phasgsstate signal supplied

by the phase detector 26, nanely the phase-|ead

signal, at its unfing input 56a (UP) connected to
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Ut s g 568 and 56/, are,d nactive. A single |evel of
filtering is obtained by virtue of the fact that, as

in the previous first enbodinment, only a portion (b3,
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bits bo, bl, b2, "h3 in the exanple represented, of

t he counting/down-counting signal, and a second,
Hitgh-thevsl cadhdberinsirag e <32 epreotiadi g guate 1% slidifiguue from the

i.gh-.- . bits, nanely 5 high-weight bits, ,bl,
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low-weight bits, namely 4 low-weight bits b0, bl, b2, b3 in
the example represented, of the counting/down-counting
signal, and a second, high-level adder stage 92 providing
at its output high-weight bits, namely 5 high-weight bits
b4, b5, b6, b7, b8 in the example represented, of the

counting/down-counting signal.

The first adder stage 91 includes an adder circuit 93
including two parallel digital 4-bit inputs providing the
sum of the two inputs at a digital 4-bit output. The first
input of this adder circuit 93 is fed from the phase-state
signal E, L by the outputs 33a, 33b of the lead/lag
detector 26 via the decision-making converter 30. The
output 31lb of the decision-making converter 30 supplying
the filtered phase-state signal al is connected to three

inputs of adder 93. If E = 1, the decision-making



sumof the two inputs at a digital 4-hit:. outputs The
_.irst input of this adder circaiL 93 is fed fromthe
phase-Mate signal E, L by the outputs 33a, 33b of the
| ead/ | ag detector 96 via the decision-making converter
30. The output 31h of the deci;s_on-nmak. g converter
30 supplying the filtered phase-state signal al is
connected to three  inputs of adder 93. If E =1, the
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AR GPra PhoprBaer T Blond Zadar oSl 2 T2 e
icocltudesdan nadder stierc@i7t) .94 on 5 bits which is fed
by a carry-over calculation circuit 100
The output of the multiplexer 98 is an output on 4 parallel
bits supplied to a register 95 clocked by the reception
clock signal H. This register 95 provides the low-weight
output bits b0, bl, b2, b3 which are supplied to the second

input of adder circuit 93 by means of a loop-back.

The second adder stage 92 includes an adder circuit 94 on 5
bits which is fed by a carry-over calculation circuit 100
detecting the extreme values (lower than zero and greater)
of the low-weight output b0, bl, b2, b3. This carry-over
calculation circuit 100 makes it possible to feed a 5-bit
input of adder circuit 94 with a parallel digital signal
constituting 5 high-weight bits in relation to the low-
weight output b0, bl, b2, b3 of the first adder stage 91.



detecting the extrenme values (lower than zero and
greater) of the lowweight cutout: bO .:I1-, b2, Q
This carry-over calculation circuit 100 nmakes i _t.
possible to feed a 5-bit input of adder circuit 94
with a. parallel digital signag constituting 5

hi gh-wei ght bits in relat:ion. to the | ow- weight

tput bO hl, b', . t.3 of the firs. adder stage 91.
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circuit 94, Consequently, ently, in this situation the

RN i, 58 o5y P, UYL B it Mo o
tlaeer l0at iive equal to 1, and, if gate 110 allows, the same
applies to the high-weight bits c2, ¢3, c4, c5 of the input
of adder circuit 94, as well as one of the inputs of gate
112. Therefore the output of gate 112 is equal to 1, and
the same applies to the low-weight bit cl of the input of
adder circuit 94. Consequently, in this situation the
input cl, c2, c3, c4, c5 of adder circuit 94 of the second
stage is equal to 11111, corresponding to the relative

value -1 controlling a decrementation of a unit of register
96.

Likewise, when bits b0, bl, b2, b3 are all equal to 1 the
output of gate 106 is equal to 1, and, if gate 113 allows,
the same applies to the low-weight bit cl of the input of



value -1 controlling a decrenentation of a unit of
register 96. Likew se, when bits hQ, bl, b2, b3 are
all equal to 1 the output of gate 106- is equal to 1,
and, if gate 113 allows, the sane applies to the

| ow-wei ght bit c_ of the inputdcof 39 adder circuit
94. Sinultaneously, the output of gate 105 is equal

to and the s plies to the high-weight bits M
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9 ¢ arddBn& 0wt 9Dl Hihe FECHS! istdiuals e to
tdato1,s d re@pon e dde Howeaight;outnufe of1 theitrolling

first adder stage 91 has a value that does not
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of the two gates 105, 106 are both equal to zero, so
that the input cl1, c2, c?, c 5 of adder circuit

c4,
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because gates 105 or 106 permt the rel ative value -t1
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register 97. In this way, it is guaranteed that is
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output signal b0, bl, b2, b3 is attained, on the one hand
the content of register 96 is incremented or decremented,
because gates 105 or 106 permit the relative value +1 or -1
upstream of the input cl, c2, c3, c4, c5 of adder 94 to be
propagated, and, on the other hand, the low-weight bit cl
of the input of adder circuit 94 being equal to 1, this
value +1 or-1 activates the control signal of the

multiplexer 98 which forces the reloading of register 95

with the value contained in register 97.

In this way, it is guaranteed that it is necessary for a
phase shift of 7 or 8 states to occur in the same direction
starting from the median value recorded in register 97 so
that the control signal supplied to output 36a is

effectively modified.



starting fromthe nedian value _ recorded in register
97 so that the control signal supplied to output 36a
is effectively nodified. 40 Adder circuit 94
exhibits an output on 5 bits h4, b5, h6, b7, b8
stored in a register 96 clockedh with the reception
clock signal H the output of this register

onstituting  t oyt put, 36aa feeding t contro
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require it, to avoid the untinely variations of the
$ LaiP% N+ hi gh- wei ght out put ~ 36a when the val ue

of this signal attains an extrene value. in order to

do this, the carry- over_ calculation circuit 100
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36a, and the carry-over calculation circuit 100 is
AAEPt T Sor GHIDI 42 X GYReT eireftiBitA torProfC ar Siri t1 Athemnl so
the s Q@g)ossqri)l@,t Si # hndRuydhi o MQHS Laual, 1 quire

11111, and the decrenentation of a unit when the
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is equa so that the output of ate 113 i s
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A58, B B O BG4 AR o
t1A8 1dut putd dhe decrementation of a unit when the signal on
bits b4, b5, b6, b7, b8 is equal to 00000. This function
is obtained by the gates 110, 113, which receive at their
input the outputs of gates 107, 108, respectively. When
bits b4, b5, b6, b7, b8 take the maximum value 11111, the
output of gate 108 is equal to 0, so that the output of
gate 113 is forced to zero; the output of 105 being
furthermore equal to 0, the input cl, c2, c3, c4, c5 of
adder circuit 94 remains equal to 0, prohibiting the
incrementation of a unit of register 96. Likewise, when
bits b4, b5, b6, b7, b8 take the minimum value 00000 the
output of gate 107 is equal to 0, so that the output of
gate 110 is forced to 0, as are the high-weight bits c2,
c3, c4, c5 of the input of adder circuit 94, the input cl

of the adder circuit being furthermore equal to 0,

prohibiting the decrementation of a unit of register 96.



gate 110 is forced to 0, as are the high-weight bits
c2, ¢3, W cS of the input of adder circuit 94, the
input ¢ of the adder circuit being furthernore equa
to O, prohibiting the decrenentat _ion.. of a unit of
register. 96. S1 Figure 10 represents a fourth
enbodi nrent which is functionally simlar to that
shown in Figure 9 .. which is inplenented by

repl aci ng the adders 93, 94 wth.

COUAL &S SY oW e S lfourth embodlment which is
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counter 116 is re-initialised to the nedian value
contained in register 97 as soon. the | ow weight
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Qecond counter/down-counter 117. Moreover, a gate 115
detects an active state of these two, upper and lower,
carry-over outputs 113a and 113b and imposes a reloading of
the input IN of the first counter 116 when one of these
upper and lower carry-over outputs 113a and 113b is active.
In this way, the first counter 116 is re-initialised to the
median value contained in register 97 as soon as the low-
weight output b0, bl, b2, b3 has exceeded one of its
extreme values. Here too, it is therefore ensured that it
is necessary to ascertain a phase shift for at least 8 or 9
(or another number, according to the value contained in
register 97) successive states starting from one of the
extreme values of the low-weight output b0, bl, b2, b3 in
order to modify the value of the high-weight output 36a.



(or anot her nunber, according to the val ue contai ned
in register 97) successive stares starting from one
of the extreme values of the | ow weight output bo, b
I, b2, h3 in order to nodify the value of the

hi gh-wei ght out put 36a. 42 The second

count er/ down-counter 17.7 exhibits an output on 5
parallel bits constituting the high-weight output 36a
feeding the control input of the oscillator 19. As in
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receiving the values of the high-weight bits b4, b5,
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end _on..t he m.cs r
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STGRAT makcds e Pessiticd initetrertt (i dpqigilator circuit,
iafer emenichcane trerefore Riavides sted alfge @fpend on the
adj ust.ment of the natural frequency fos the
dJnamlcs required for the phase-locked loop 25. For
example, for an natural frequency of the injection-locked
oscillator 19 of the order of 10 GHz, with a step Af
smaller than 1 %, and in particular of the order of 0.3 %,
each increment of a unit of the digital control signal
brings about a variation of this natural frequency of the
order of 30 MHz. Furthermore, in the same example, if the
control signal of the oscillator 19 comprises, as in the
examples described, 5 bits, this signal makes it possible
to implement thirty-two increments and therefore provides a
range of adjustment of the natural frequency fos of the
injection-locked oscillator 19 of the order of 10 % - that

is to say, of the order of 1 GHz.

EXAMPLE



i njection-|locked oscillator 19 of the order of 10 1 -

that is to say, of the order of 1 GHz. EXAMPLE 43 A

prototype of a device according to the first

enbodi mnent of the invention was produced in the form

of an. :'1S-CC «circuit using& 13 pm CMOS t echnol ogy

from STM croel ectronics, This prototype, encapsul ated

in a housing, was transferred to a gl ass-Tefl on

printed circuit, which nmade it possible to validate
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other circuit structures known as such and providing the
same functions. For example, circuits 100, 107, 108 may be
the object of implementations (with other types of logic
gates or other combinations of logic gates) other than

those given by way of example and having the same technical

functions.



signal, known as the reception cloak signal, at |east
substantially synchronised and. in phase with the
clock-bit frequency fsr of the received signal, - a
phase-control loop (25) including: - a first input
(27) connected to a clock output (29) of the circuit
(19) supplying a reception clock signal, -- a second
i nput (28) which is fed by a signal resulting fromthe
recei ved signal, - a digitallpH&se detector (26)
including a load/lag detector connected to the first
and second i nputs (27, 20) and adapted to supply to

at- | &5t Bhe GutPrcK 336 L 330)ematt rJeas oo adigitaial
sigpall, khown: 2 dihe Rhaserst atigmiignalha+ tthat is
representative of a phase s=hift between the reception
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t 3a,..33h) .of the digital. phase detect.r. (26),
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counLing/domn-countiQ%7'n respe%t of the_variation

of the rélative Values gf ThE Gt 4 i gl wich T (7%
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detector connected to the first and second inputs (27, 28)
and adapted to supply to at least one output (33a, 33b) at
least one digital signal, known as the phase-state signal,
that is representative of a phase shift between the
reception clock signal and the received signal, and of the
direction of this shift,

- an output (36a) supplying a signal, known as the
control signal, connected to an input, known as the command
input, of the circuit (19) supplying a reception clock
signal, which is adapted so that the value of the frequency
of the reception clock signal depends on the value of the
control signal received at this control input,

- a circuit, known as the counting circuit (30, 35, 55,
91, 92, 116, 117), exhibiting an input connected to said
output (33a, 33b) of the digital phase detector (26), said

counting circuit being adapted to implement at least one



clock signal equal to a value, filtered in this way,

of the clock-bit frequency far of the reception clock
signal, wherein: - the circuit (19) supplying a
reception clock signal is an necti.on-|ocked

oscillator (19) wth digital control, including a

digital control input which is adapted to be able to
receive the control. sirn.al supplied by the phase-

coht rofinodpy (FsyiGsmt d?‘@j%@%}n96$%n‘éfﬁjl%tolft%a¥n tespect of

valdie, of i o then hat prale freauensy fos.0f dhepsciddator signal
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the Egiqla‘dllag detector (26) has detected a phase shift

i'n the ‘same direction, -- having a second relative

valtee afitreruirtec@®t)i cruafl )N nes uc cessiptel drdemntdcdalsignal is an

g YAIPc o ospond g, Lo N successlt oy,
lieed/dcagrdet _eﬁlgir’qa(lZ@jorftasﬂda’Irqgitedﬂakﬂhaisse ahipft.ted o be

g, A e o8 g RS DT PN pnace-
aforithe If illdeer e@ phase-csitqttenIsifgnal, drsl represantiaid wealue of
N R A VRN TR R—_—
frole NaSuecessitre datra i1t siefndlhedrceiaeditsitghiad ,control
kil

- the phase-control loop (25) includes a circuit (30)
exhibiting at least one input (32a, 32b) connected
respectively to the output(s) of the lead/lag detector (26)
and supplying to at least one output (31la, 31b) a digital
signal, known as the filtered phase-state signal:

- having a first relative value after reception of a
predetermined number N greater than 1 of successive
identical values at the input, corresponding to N
successive data bits of the received signal for which the
lead/lag detector (26) has detected a phase shift in the
same direction,

- having a second relative value after reception of N
successive identical values at the input, corresponding to
N successive data bits of the received signal for which the

lead/lag detector (26) has detected a phase shift in the

other direction,



the edges of the reception clock signal and the
correspondi ng data hits of the received signal. 2.
Device as claimed in Caim1l, wherein the |ead/lag
detector (26) is adapted to supply to a first output
(33a) a digital signal (E) tha representative of the
presence of a. phase | ead between the reception clock
signal and the received signal, and to a second
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the reception clock signal and the received signa
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signal, the other in quadrature with the edges of the
reception clock signal, in such a manner as to
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5 Sy a90i°ditt al signal, known as the
counting/ down-counting signal, the relative value of

[ [ n -V f ther i on of
gh C evlﬂfge\l\%% cﬁ%?mte - in o%eoo C ai?ncse%t oq: 2o w%erein the
lead/lag detector (26) is adapted to sample the received
signal at the rising and falling edges of the reception

clock signal.

4. Device as claimed in one of Claims 1 to 3, wherein the
lead/lag detector (26) 1is adapted to implement a double
sampling, one in phase with the edges of the reception
clock signal, the other in quadrature with the edges of the
reception clock signal, in such a manner as to determine

the intermediate state of the received signal.

5. Device as claimed in one of Claims 1 to 4, wherein said
circuit (30) supplying the filtered phase-state signal is a

decision-making converter (30).



relative values exhibited at the iniu .. (a) (32a,
32b) of this accunmulator circuit. 7. Device as
claimed in Caim6, wherein. said counting circuit

i ncl udes successively a deci sion-naki ng converter
(30) and an accunul ator circuigy (35, 91, 92) which is
adapted to aggregate the rel ative val ues of the

filtered phase--st ate signal supéal ied by the
deci sPOR:Chekd righe Eeif et a0 305 de® ay crhirr said
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Device as clained in Claim8, wherein the parall el

digital input of the injection-Iocked oscillator (19)
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iphjeeet-onrtd ackedh loseiddlateat by ¥He connected-taking

mrcwt |nc ing a plurality swtches (45a, 45b,
F5CVASE, d538)) each switch being

8. Device as claimed in Claim 7, wherein the accumulator
circuit exhibits a parallel output (36) and is adapted to
supply to this parallel output (36) a parallel digital
counting/down-counting signal, and wherein the injection-
locked oscillator (19) includes a parallel digital control
input including a number of bits lower than that of the
parallel digital output (36) of the accumulator circuit,
only a portion (36a) of the high-weight bits (36) of the
parallel digital output of the accumulator circuit being
linked to the bits of the parallel digital control input of
the injection-locked oscillator (19), so that said control
signal supplied by the counting circuit is formed from said
portion (36a) of the high-weight bits of said

counting/down-counting signal.



connected i.n. series to at |east one condenser
integrated into the circuit of the oscillator (19) in
such. a manner as to nodify its natural frequency. H.
Device as clainmed in ainms 7 and 10, wherein each bit
of the digital control input is |inked to one of the
swtches. 12. Device as clained in one of Cains 1 to

11, wherein the clock-extraction circuit includes, in
a%i-di t[?%‘ﬁ;cea a%iq]@mrﬁte’d KAbwnt &idn t§e wherein the parallel
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switches.

12. Device as claimed in one of Claims 1 to 11, wherein
the clock-extraction circuit includes, in addition, a
circuit, known as the synchronisation-pulse generator (20),
generating a signal of current pulses at the frequency of
edges of the received signal and adapted for the operation
of the injection-locked oscillator (19), this
synchronisation-pulse generator (20) being adapted to
supply the current-pulse signal to a single output (22)
connected solely to a current input (23) of the injection-

locked oscillator (19).

13. Device as claimed in one of Claims 1 to 12, for clock
extraction and for extraction of digital data, including,
in addition, a circuit (15) for sampling of the received

signal with the reception clock signal, this sampling



(15), the total phase difference between these two

inputs (17, 18) resulting fromeach phase--shifting
circuit being adapted to guarantee a phase alignnent

of the signal at the signal input (17) and of the

signal at the clock input. (143 . 14. Device as

claimed in daim13, wherein the sanpling circuit

(15) is constituted by a sinple flip-flop D. 15.

Devi €l tas( It ailmeti i drfel it e teom asaitdie dehvireel
being Treg fromame deans e eeg@émotrg%lrg&mer%nd a&econd

Device as clainmed in one of Cains _ sai
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YRR EUA 0 lERl 1B oy spoeived
.Sicaiated in one of Cains 17, said device being

0. b le.to function wth.a clcck--bit . .
%%§%%§%§§‘fhﬁjﬁﬁéﬁﬁf“{ﬁ%hq%ﬁﬁ? qe phasé éﬁlftlng circult
(37a, 37b, 37c, 37d, 37e, 37f) which is adapted to

introduce a constant phase difference between the signal

input (17) and the clock input (18) of the sampling circuit
(15), the total phase difference between these two inputs
(17, 18) resulting from each phase-shifting circuit being
adapted to guarantee a phase alignment of the signal at the
signal input (17) and of the signal at the clock input
(18) .

14. Device as claimed in Claim 13, wherein the sampling

circuit (15) is constituted by a simple flip-flop D.

15. Device as claimed in one of Claims 1 to 14, said

device being free from any means of external adjustment.

16. Device as claimed in one of Claims 1 to 15, said
device being implemented in accordance with a differential

architecture.

17. Device as claimed in one of Claims 1 to 16, said
device being implemented in the form of at least one
integrated circuit incorporating at least the injection-

locked oscillator (19).
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18. Device as claimed in one of Claims 1 to 17, said
device being adapted to be able to function with a clock-

bit frequency fsr higher than 500 MHz.



