Cl ock Recovery Circuit Field of the Invention
5 This invention relates to a clock recovery circuit, and nore
particularly for such a circuit for use in an asynchronous flxed rate

data communi cati on system
| nvention 10 I n an asynchronous, flxe at..n.o
system data is transmtted at a predelterm ned flxed cl ock uency

and is received at a receiver which nust have the sane

predeterm ned clock in order to rdtlo¢kr RetevérvaQsrouited data. 15 fﬂfhﬁeé c@ﬁgk
at the receiver nust thus be synchronised with the clock at the
transmtter. Usually, due to the limted size of the

communi cati on channel , or barkielditdf théelnvensioonf or mati on and t he
transmtter clock informati on are conbined and transmtted together.
The 20 receiver nust then recover_ the clock information in order to
synchroni sedwi t h t hel Bisaiygntion relates to a clogknyesavesKarcirguit; rand aaere/er

i ncl udes a cl oGlartieaRity onr sucl‘P'ar Citduit ffair WARE $n darl exs%&ﬁfoﬂdlﬁckﬁﬂeal ng a

frequency which is ,by.an integral multiple N than t

transnitter cl d@ke dag 2"5“3 OHeFX%tP - to detect edges of a si gnal
transmtted by the transmtter. A state sequencer having N states is
reset by each detected ed t st at e sequencer
provi des a recovered cl oc%%@%ghﬂ\ah%gh%sﬂvgb% chronised with the
transmttelOcl ock. 30 Al t hough such a recovered clock signal is

bl esed
R §Wﬁ%§§e§:{& Fo i, St aon FRUR

edge det ector. ni% masn%tﬁ% atag p ned efﬂ%‘lzsd&ﬁ& frequeagy and
detector can prigvietReivéd azusxpréce@vérhwm@nrfrﬁm Maw thoesgheck pul se 35

later. If the eox'%ﬁefj Fhiined’ cfocd4h 'o%d('ernct%r reESver Qﬁe lai?ltsx(ilrlttedl Idatbae

'15  The clock at the receiver must thus be synchronised with the
clock at the transmitter.

Usually, due to the limited size of the communication
channpel, or bandwidth, the data information and the transmitter
clock information are combined and transmitted together. The

20 receiver must then recover the clock information in order to
synchronise with the transmitter.

Conventionally, the receiver includes a clock recovery
circuit that uses a receiver clock having a frequency which is
higher by an integral multiple N than the transmitter clock, and

25 an edge detector to detect edges of a signal transmitted by the
‘transmitter. A state sequencer having N states is reset by each
detected edge and the output of the state sequencer provides a
recovered clock signal which must be synchronised with the
transmitter clock.

30 Although such a recovered clock signal is reasonably
accurate, a problem occurs when an edge of the receiver clock
and an edge of the incoming signal arrive simultaneously at the
edge detector. when this occurs, an instability arises and the edge
detector can provide its output either correctly or one clock pulse

35 later. If the edge detector output is incorrect, the counter will be



- 2- incorrectly reset and the recovered clock signal will also be
I ncorrect, causing potential problens with data recovery.

Brief Summary of the Invention 5 The present invention
therefore seeks to provide a clock recovery circuit which overcones,
or at |east reduces the above- menti oned problens of the prior art.
Accordingly, in one aspect, the invention-goevides a clock 10 recovery
circuit conprising: a clock information edge detector conprising: a

digital signal n eqde n S

sequencer corrprﬂng B#ectlg gesaerci &gl gtrtlgl E?%opvﬁég 81 ck m@&?lre‘&tﬁ qlg?ef’gl gnal

out put; a stat amcesmct,smmiaing rpetentiahdproblems weithvdatad recovdryi. nf or mat i on
signal output; and a state corrector 15 conprising: an edge detect signal

i nput coupled to the edge det ect signal %t put of .the clock
i nformation edge detector; a Brief SWRELY softthesiyentionput coupl ed to the
current stage signal out put of the state sequencer and a state reset

si gnal out put t.he state_res [ the ate
sequencer. 20 cfﬁl‘?rpr&%?ﬁépvﬁg 8Bt ﬂ%%ﬁfﬂee? %{s tﬂv ﬁ?Y Br Gm‘é‘e
met hod f orrecovemerdirgnitt whictk aveyoamesprqr iati legst redatepsthef above-

receiving a meﬁggﬁgdsm@ bnf sﬁatﬁl‘% g@ég{. aj gnal which includes clock

i nformati on tgnal has an integral multiple N

hi gher frequeno@scemnglyatnbfonehgsmst e Evemsion prepidesgat eloskgh a
25 DVEdelﬁrmﬂé%véﬁﬂLtﬁf&ﬁt %o Fisil Sa' m&&%ﬂ&%&&%&%@%&é@&ﬁ
signal ; providing a.urrent st@é I ndi ¢ tlng arret st a
detecting a cl PHf gt | GigiadgHEn t‘ﬂﬁuﬁl @P SQ‘%‘? etech HER t he

nunber of st at asutputica btate deiggehten comprisingasd o@backslgnal mpuﬁt@rﬂnlat i on f
cige et n ARG LIR et Gl B Bl Aol S B L1 o
with N res et t inegoverxdhicdock qinfarmation signal aoutpat] iand st statet kanrecher
CurEr o Phe iphBRRUR SRl g RIS skl
when t he nunber %Pc%tsbg@ QBEW{teB @3351°qke§§fql'ﬁ?eﬂ41% eslge detestari g a
recovered cl ockcurpémy %wtbomg&iagnﬁiput coupledaes OfhiéAaerett ftatd digaal part of
the current stg etput nfathe state sequencer; and a state reset signal output
coupled to the state reset signal input of the state sequencer.
20 In another aspect the present invention provides a method
for recovering a clock signal comprising the steps of: receiving a
clock signal and a digital signal which includes clock information
edges, wherein the clock signal has an integral multiple N higher
frequency than that of the digital signal; stepping through a
25 predetermined sequence of N states in accordance with the clock
'signal; providing a current state signal indicating a current state;
detecting a clock information edge in the digital signal; counting
the number of states since the detection of the last clock
information edge; determining whether the current state is one
30 of a plurality of predetermined allowable states; comparing the
number of states counted with N; resetting a state sequencer to
an earlier state than the current state when the number of states
" counted is greater than N; resetting the state sequencer to a later
state than the current state when the number of states counted is
35 1less than N; and generating a recovered clock information signal
in accordance with at least part of the current state signal.



-I3- Brief Description of the Draw ngs

One enbodi nent of the invention will now be nore fully 5 described, by way
of exanple, with reference to the draw ngs, of . whi ch: FI G
1 shows a bl ock diagramof a clock recovery circuit in accordance with
t he present invention; FIG 2 shows timng waveforns of the
clock recovery circuit 10 of FIG1;and -3 - FIG 3 shows a state

di agram of the clock recovery circuit of FIG 1.

Det ai | ed Description of the Drawi ngs 15 Wth reference to FIGS. 1
and 2 a clock recovery circuit 5 I ncl udes an edge detector 10, a 2

bi nary-digit (bit) Gey code Brief Beseriptienuefn¢the DEawings a state corrector
20. The edge detector 10 has an input coupled to receive a digital
signal 101, which i ncl udes cl ock i nformation pul ses 102-104, froma

transmitter 20 (notOBRoNRPodunent ofothe, inventen il aew he meje fellyct

si gnal 511deerbRdndsy oxlag OFtexaimple] swithl dteddnbe E9Ctheoldriwengsot
detect pul ses 115: 17 1s produced when a rising edge 102A- 102A or a
falling edge 10%BYG%4B of the clock information pul ses 102-104 is

detected in the di giFEG. ilnghowsigbidbck Wiagadm of a clocKheecdvbiy ciroryt ¢ande
st ate sequencer | ' . 1.5:.cqupled to receive a clock
signal 121, anaacéo%r@%r%tﬁ?wmp;{?}e@g&nt %%Yuéﬂﬁggﬁto provide a recovered
clock signal 131. THEG.r @qshews timingowaveformseif theyelock xecoveryowircuities

the frequepgy off Et@ q+ aml i nformati on pul ses 102-104 in the digital
signal 101, and t

the al ook i nf orRi AnShRIVEch SIS GisBHiR. OF g Glocki rEAYREY oot W
2-bit G e)FIRJE state sequencer 15 has four states represented by the
seauence 0001 1010 and | ingeuarbablbRhohl A0 BidbabiESs OV
15 With reference to FIGS. 1 and 2 a clock recovery circuit 5
includes an edge detector 10, a 2 binary-digit (bit) Grey code
state sequencer 15, and a state corrector 20. The edge detector
10 has an input coupled to receive a digital signal 101, which
includes clock information pulses 102-104, from a transmitter
20 (not shown), and an output that provides an edge detect signal
111 which has edge detect pulses 112-117. Each of the edge
detect pulses 112-117 is produced when a rising edge 102A-
104A or a falling edge 102B-104B of the clock information pulses
102-104 is detected in the digital input signal 101.
25 The 2-bit Grey code state sequencer 15 has an input which
'is coupled to receive a clock signal 121, and an output which is
coupled to provide a recovered clock signal 131. The frequency
of the clock signal 121 is four times the frequency of the clock
information pulses 102-104 in the digital signal 101, and the
30 recovered clock signal 131 indicates the timing of the clock
information pulses 102-104 in the digital signal 101. The 2-bit
Grey code state sequencer 15 has four states represented by the
sequence 00,01,10,11, and it sequentially steps through these
four states when a clock pulse of the clock signal 121 is received.
35 The state of the 2-bit Grey code state sequencer 15 is indicated
by a reference designator 141. -



35 The state of the 2-bit G ey code state sequencer 15 is indicated

by a reference designator 141:

-4- Anot her input of the 2-bit Grey code state sequencer 15 is
coupled to receive a reset signal indicating a reset state which is

one of the four states, and another output of the 2-bit Gey code

state sequencer 15 is coupl ed to provide adcurrent state signal 5

i ndicating the current state. Now with additional reference to
FIG 3, the arrows t f OYry .St 0 L. ngé cat e
t he sequence of APPQ%S ngﬁsbgé? golﬁl? @%& cgogi Sééa]t%h e#%eié gir‘ti%Gr ey
code state canpled nicereqaive e reset signals indicating cugieseRstate whiek isi ons
310 10 and 3lade dfepid fohi!stated) A ahdthelBHtpithsr thE2bit 'GRly Yodle®

of the 2-bit Gey code state equencer, s 00 t he current
state of the 2-8idte cegyenesde 13t 2% & n‘@erPf?Elqes %Gumttﬁ@te signgleset
signal indigat Gi%d‘idﬁtﬂ:ni Stie SuatentO@tatehen when the next cl ock pul se of

t he cl ock signal occu code t uencer 15
transitions 310 fro#qf)ﬁ'evﬁghs?(gcfgopai fﬁgff"ég in;a f %ﬁse d%foqw

Al ternatively, hétereenh¢he uﬁuua.rnstmmt()ﬂ o1, ]t]hean?L Hid imdivate dhie sequemeatoef
sequencer 15 i : S e d l¢3,l D t eset
state 11, thenstrv\#ﬁutgﬁg %g?(’t SQZ'CJC ufdsequs tﬁgéi tFé glﬁﬁ Gfesy codle %Eﬁté
occurs, the 2-fequenser cbﬁesmtmnélaigqtﬁnp%r through. Resgis |ttansratsoaqz3wom t he

00 state tpgt heygsFL2 Stbaiéseilstates 00 and 18 @c‘éﬁrcﬁﬁénsﬁﬁl%ﬂfﬁdtsst%@d to
reduce the need decodi nggm r gl tr rovrqc]ie t he

0
recovered cl ock"tr the Zbi, 31’0 ‘Fh$t§tq sequ fcCWEEBhg
bit of the statso ofi fhe 2ebiteGeey | cld tsmtéow tﬂambssli ds p@@van:ﬂe thbe

eos o Br ondel 1AM, Baibtes, e sk sbdhe b%%ﬁ%ﬁ?ﬂ REMSR BgeR, |
st atﬁ Sﬁquenlce milse hef zhe)ialock sxgrmleﬂZdodecqubnc%rblttEGfesr sedecstatb t o
match the ti Sﬂ&];r 15 Mﬁﬁ?hg%i@eﬂ’d@“%}eobot Rflltlhﬁ'ﬁ}%'tdl |taI

greater than t he requency the cloc ul ses e
i nput  si gnal 00. !emF‘BNEB’ W%eph @r@&'@%ﬁcfﬁtﬂfﬁ clklts Ogex ca
eight times  stafehequeneezndy & th8eoo! %kela’i{d)rtﬂatt&et iEAES iA8ikatést a
3-bit the reset state 11, then when the next clock pulse of the clock
signal 121 occurs, the 2-bit Grey code state sequencer 15
20 transitions 312 from the 00 state to the reset state 11.
| A Grey code sequence is used to reduce the need for
additional decoding circuitry to provide the recovered clock
signal 131. This is accomplished by using the second bit of the
two bits representing the four states to provide the recovered
25 clock signal 131. In addition, the Grey code sequence is less
‘prone to race conditions.
The number of states of the state sequence of the 2-bit
Grey code sequencer 15 is selected to match the multiple by
which the frequency of the clock signal 35 is greater than the
30 frequency of the clock pulses 102-104 in the digital input signal
101. Hence, if the frequency of the clock signal 121 is eight times
the frequency of the clock information pulses 102-104, a 3-bit
Grey code sequencer is required.
The state corrector 20 has an input coupled to receive the
35 edge detect signal 111 from the edge detector 10, an output that
provides the reset signal to the 2-bit Grey code state sequencer




G ey code sequencer is required. The state corrector 20 has an
| nput coupled to receive the 35 edge detect signal 111 fromthe edge

detector 10, an output that provi des the reset signal to the 2-bit
G ey code state sequencer - 5-
15 and anot her input that receives the current state signal from t he
2-bit Grey code state sequencer 15. The st&t e corrector 20 has a
menory that stores two states 11 and 10. These two states are

271t ey cond Lk At dBut AR Reoe VIS (he' TR Vate sl Sl "

signal is eithdheoR2-bibeGeey vendet atate, sequencent B5. The cstatcecmn:ccm 2o

|nh|b|tedfrom st C 43t @n n
Instability i n % ic.itL dlt(j] %% wf&%ﬁocgggeesstlﬁe ?eg‘tﬁ pu se
112-117 to be pmd@@@drqm&ab enstages bk s(shown s aded theogummeng

agcurs gr eﬁl” 's?itebbfoﬂfé Q—Bﬁk(ﬁé Elé‘odé stae ste uexfde@CKSSilﬂﬂééte@ley the

nce, by selectin he non-re s 0, ones occur on or
just before th&WTHE SRl oY afiéfe%‘ttﬁ?hl e eff’Z“Y?? ‘f‘gesocg{?r $tathe present
i nventi on advardorgestos| 30 risdintibited from r resettinsg ythee 2ebiti Gyey heode itateGr ey
code state seq%%gtﬁgbcép 15. I nhibiting erroneous resetting allows the

2-bit Gey cod sequencer 15 to continue steppin through t he
sequential states. Instability inl thavedgee detestorr Yl canocruse ggl e SQ to

remin in pg q&& W@é'm—m htdfts‘e;heahcé&f BR! bAE 8P !&fpe :é W4 in
t he digit st ant | cte ednstapr]lity in
the edge det ectAG 4 028-194 AGEULS Arcal] Yo?n?c?iapgowlﬁa égl
counter (not shidvek signal tl@ﬁlt counts the nurrber of st at es bet ween the

gccurrence of 25" sUSigkent 1598cU0hES e Tt RBRIE S, e >

the 2-bit G ey cstie enaor Juetqllmrﬁomr thé timendhe oedgofdeteet puises 112—117
Irgsretegl;: \e/ed aﬁ%&%eacﬁﬁhkr%\}g 3@6?@0é2§92?ﬂﬁ$g§h$%rw&§% and theléﬁrrléZt
state is the oerEeraqusly heesetting sthe 2-Bifr (Greyocodg state’ sequencer 1S.
Inhibiting erroneous resetting allows the 2-bit Grey code state
sequencer 15 to continue stepping through the sequential states.
This allows the recovered clock signal 131 to remain in
20 synchronisation with the clock information pulses 102-104 in the
digital signal 101, substantially unaffected by the instability in
the edge detector 10.
The state corrector 20 also includes a counter (not shown)
that counts the number of states between the occurrence of |
25 subsequent edge detect pulses, e.g. between 112 and 113, 114
and 115 and between 116 and 117. When the current state of
the 2-bit Grey code state sequencer 15 is not one of the non-
resetable states 11 and 10; and one of the edge detect pulses
112-117 is received; and the counter value is greater than four;
30 and the current state is the 00 state, then the state corrector 20
produces the reset signal indicating the reset state 00. This
causes the 2-bit Grey code state sequencer 15 to tramsition 310
to the reset state 00 on the occurrence of the next clock pulse of
the clock signal 121. When the current state of the 2-bit Grey
35 code state sequencer 15 is not one of the non-resetable states 11
and 10; and one of the edge detect pulses 112-117 is received;



produces the reset signal indicating the reset state 00. This causes

the 2-bit Grey code state sequencer 15 to transition 310 to the reset
state 00 on the occurrence of the next clock pul se of t he cl ock signal
121. When the current state of the 2-bit Gey 35 code state sequencer 15 is
not one of the non-resetable states 11 and 10; and one of the edge
detect pulses 112-117 is received, -6 -

- 6- and the counter value is less than four; and the current state is

| ndi cat 1 ng. ¢ he Pk dhe SoabE Falb 55" R thall FOUE"Rnl "R SRR M08 1g, .
sequencer 15 t dher 80sstaten thar the state 1dorvectoe 20 pm;luch thec resete signalf

the next clock g thé Cresbp Sfate! 9 a'Tﬂ@lcauses e 2-bit! Gr8 9e£6‘&é°n when
iid e% Patase 11 % 2

the rising edge a I nput occurs”during the
clock pul se 128tatef S@B’éemc 5stqyriggnsition 3@1 a Hbeehbesm&élﬁdhelo detects

bf edet of 1 nad_ Ry UL TR Ponte A cg?ﬁ??e‘hee&%k D o ot the
Eurrent state %u Pﬁfﬁﬁ ion, &’hr? tﬁ%s‘@f% & gFa?Q Xah’an%'(? aéif’uéﬂi’}l? t he

2-bit G ewignale lﬁllabecquanngrﬂ%clﬁcmqmlseasletlﬁbwﬁ e sdatle signakect or
20. Instead, w t r 1 bi t
Grey code stat eltisléqﬁgnce QS&%Z% |on ‘lrt? ﬁ*eoﬂrﬁ@% %% ]tl(geA %If%te
11(141A) to t hgredrcest thee eﬁ@pldﬁ;;ctu pulsee Kl@hawingon predetermingd As the

sequent | al T5t Sustienr! Tﬂélé‘:ﬁ%ﬂ@“ﬁéweé"b”e‘&ﬁ“m R el S2R
edge 131A is pr]olrﬂéigs is a non—res%qé}pt ezl 8B4 pomsequentlys ﬁ}ﬁ’d i};i occugrJ
tlg(elilgl)ttGrey Gfb wdét e stite! seqiren 41Cue1n0165d 1§ﬁnétr ]?B%tt b nme{ fs?ﬁtet b?rmtlzedret
o e.s an ro a o

the state QPI ij g?ﬂég Q ¢ c4 et:qe F?E(]P% @S‘F,sz}g%t é‘ﬁ?g%f. As
t he second)lblﬁrcyacr@dns statemséquencerod St teansitiens dnom dhe t rrehbck

ul se 121 th Si 3 r educe v | ock
gl gnal 13515 %tﬁﬂe mlf\fﬁz Ifh Jtﬁee%e’& Vi i]I()<:urs d ih i %E@S l?éck f|¢C)ul se

uring
121D and tfé%@@seA%fth%é‘@%&)‘fqrpﬂyoﬂ’ﬁp‘tthélgmée abt@ctd@termnedh byethe

detect  pulseohd3bits of Rl ¥e§udtitidlNStatéflt 8nd Othec 8686nd it TéHunges
instability from 1 to O, the falling edge 131A is produced.
When the clock pulses 121B and 121C occur the 2-bit Grey
20 code state sequencer 15 transitions from the state 10(141B) to
the state 00(141C), and then from the state 01(141C) to the state
11(141D), because an edge detect pulse is not detected. As the
second bit changes from O to 1 on the occurrence of the clock
pulse 121C, the rising edge 131B is produced in the recovered
25 clock signal 131.
. A falling edge 102B occurs during the clock pulse 121D and
because of instability of the edge detector 10, the edge detect
pulse 113 is received by the state corrector 20. The instability
causes the edge detect pulse 113 to occur earlier i.e. during the
30 clock pulse 121D instead of occurring as a later edge detect pulse
118 during the clock pulse 121E. However, the state corrector 20
determines that the counter value is four and that the current
state 11(141E) is one of the non-resetable states, and
consequently, the state corrector 20 does not provided either of
35 the reset states to the 2-bit Grey code state sequencer 15. This
allows the 2-bit Grey code state sequencer 15 to transition from




causes the edge detect pulse 113 to occur earlier i.e. during the 30

cl ock pulse 121D instead of occurring as a | ater edge detect pul se 118
during the clock pulse 121E. However, the state corrector 20

determ nes that the counter value is four and that the current state
11(141E) is one of the non-resetable states, and consequently, the
state corrector 20 does not provided eithe7 ef 35 the reset states to the
2-bit Grey code state sequencer 15. This allows the 2-bit Gey code

tat f .

o O e dph st HERIEDCH, B8 hoxt state L4 SIALRFR e MBS at o
sequence, unaf fseqiuencb,y untaffecsed ybycther earlye ogtutiencedgt thet edge detecpul se
113. Co t t |
131 i's Bfﬁﬁﬂﬁgo‘*‘?ﬁo R adﬂsgq%‘ﬁ‘q‘gﬁej‘?écfﬂﬁn‘é g "R, dhe, us%ﬁ%‘fgh?f‘ﬁg
the cl ock i nford}@e osigpalslé 169 predpees do| 9omc1 rwﬁbvﬂmaéafhng edge  As

expl ai ned 350V9102B‘Sttﬁﬁs| 'eh)iuhﬁgtﬁfé I68Ek di%?t’éﬁhﬁﬁoﬁ5?ﬁl3s!é 102 1§5pb%§eﬂ
edge detector pul se 11 to occuf at an earlier time 1t s

Such edge det ed€9NeI&d-118 can erroneously set the 2- 10 bit Grey code
state sequencer 15 tAsaﬁxplhﬁie(Stabee; riasmﬂhty in the cemlgtal detevgot A 3 hrannext

Thhi bi ts the oqiiShoie eqRbihBRoror pulle’ 138, so, fdn BEAL ARBE NARLOHRRYS
sequencer 15, elkc&imuldhe?fHCh edgehdetect prulses sk xap- expnequslye saf gheal-
signal 10ljgre lﬁ@tG}éy SO Regg! §é‘(ﬁhéﬂ¢§?si5‘e«ﬂ%‘éﬂ%ﬂ thtefmtsf@acf gover ed

cl ock signal

e |pt|on detalls
corrective act |‘Eﬂ¥“’rm’1¥1§et° the E?’HCQW%CHK/ ¢ Queace thséatﬁﬁﬁhﬁ $tate
synchroni sat i orbdi@émenzohadvanta @b@@l Rbhitits kle- 8@dei detedeordil® tfbnsi gnal

101 dth d 1 wh h l,eck I 102- 104
I n tﬁg d|t g?t ;Fcove{tlensg éﬁgl g‘b‘? éféy n%? ys%@ réﬁ&gtﬁﬁg‘?ﬁcgﬁc u ﬁg'rhgpl on of

t he r ecoveahedchdoke lpuiseynd 02404 in the digital Eigna 402 MMndl tions
when the c n r it ogyf when
the time bbPue Wﬂ%@f%%%*ea*d%\tthedgéﬁ%ﬁ? A T Bl
expect ed, 3L, greater than four clock pulses of the clock S|gnal 121.
Thi s The description that follows details corrective action in the

clock recovery circuit 5 to maintain synchronisation between the
clock pulses 102-104 in the digital signal 101 and the recovered
20 clock signal 131 when the clock pulses 102-104 in the digital
signal 101 are not synchronised with the generation of the
recovered clock signal 131.
There are two conditions when the corrective action is
required. A first condition occurs when the time between
25 subsequent edge detect pulses 112-117 is longer than expected,
ie. greater than four clock pulses of the clock signal 121. This
occurs when the timing of the recovered clock signal is ahead of
that of the clock pulses 102-104 in the digital signal 101. A
second condition occurs when the time between subsequent edge
30 detect pulses 112-117 is less than expected i.e. less than four
clock pulses of the clock signal 121. This occurs when the timing
of the recovered clock signal is behind that of the clock pulses
102-104 in the digital signal 101.
With further reference to FIGS. 1-3, the rising edge 103A
35 occurs during the clock pulse 121J, and the edge detector 10
produces the edge detect pulse 114. The counter in the state



occurs when the timng of the recovered clock signal is ahead of t hat

of the clock pulses 102-104 in the digital signal 101. A second
condition occurs when the tinme between subsequent edge 30 detect pul ses
112-117 is less than expected i.e. less than four cl ock pul ses of the
clock signal 121. This occurs when the timng of the recovered cl ock
signal is behind that of the clock pulses-8 - 102-104 in the digita

signal 101. Wth further reference to FIGS. 1-3, the rising edge

103A 35 occurs dur| n | ock uI s 121 the e et r 1
produces the edf¥ g%é pﬁf’é@ ‘i‘l j't gqrclh gt BPg 515 a
- 8- corretheoﬂ—m €irayt sod@wuquegcérolﬁ Jtrﬁmhbhe frbm:ktlneulsmelzm and

the 2-bit G eyolzﬁljﬁgfo%ﬁriﬁﬁrstﬁée td(ﬁtrii'lid Or@h Jhoggahggs St.thﬁt ?eqovgeic}o( 141J)

to the state O causes to remain

at the |ogic | cignal 181 tcbvemalmsatdlhcclogmmlg&s or50” 1@1&1 IASVIC&Wk Ipudsasur

the 2-bit Gyey I@H@ SM N dRur the %Lﬁ@s@%ﬁ % debejsequence of
states i.e. the state 01 41L sta} 5‘1: the state
10(141N), and tiFensitigns tyoug o}he sequence 6 \Mé'ﬁ he- rihel stge OLd 4ldaR

occgrs gu[) I nghtthedetawk%mlﬂeM), the 1tafe 10(e4¢MOe ad?ethé mltéeoa(tllﬁlo)d
produced by the edgeyAetect or espanse {o.receivi e, edge
detect pul se 115, egﬂ]ﬁn ?% fa 1n%oera?g§ tl@}iizg%gg{serd %ﬁ IggEnPglrs Cval ue
and whet her the1210 theredge dstecte pulset HdSZi:blprodneqdcbyietlmengocéeteﬂ:&)ris] a
non- gsetap! ¢ s r t he
counter va? ue |1§p5Tn fe%i)?gse tI0 r{&‘?wﬁg&ﬁsﬂdéfc&%ctzguﬁg\}e@ g@atrs?%
since the | ast Gofgector 20d§9&¥@@9$s@¢1@“@@@ﬁ1r‘f”éﬂe and whethenmthe been 5
state tr ansirkdtNStdte O6F the 31t ‘Gﬂeé}'éo&éléb quencefdi3 iigng Ay current

state 1410 is 00 ns the 2-bit ey code sequencer 15 can be
reset. The st at'&S %@’rﬁ@c'ggﬁ‘ €30 then conpares the counter 20 value 5 with
t he nunber fourTharstates colectar 20 deteriniaes sthat ethiee counter vahme oS ag Ie
State oo £ cl6dPRE OIS R MBI N R accuplel Wl G 1 L5
state 00 aledeci palse olzi:%rwﬂmd;f andhetheire chayei| beenl 51 Gtatehe 2-bit G ey
transitions from the state 141K-1410. In addition, the current
state 1410 is 00 which means the 2-bit Grey code sequencer 15
can be reset. The state corrector 20 then compares the counter
20 value 5 with the number four, and as the counter value is greater
than four, the state corrector 20 produces the reset signal
indicating the reset state 00.
The 2-bit Grey code sequencer 15 receives the reset state
00 and on the occurrence of the clock pulse 1210, the 2-bit Grey
25 code sequencer 15 transitions 310 from the state 00(1410) to the
‘reset state 00(141P). And on the occurrence of the next clock
pulse 121P, the 2-bit Grey code sequencer 15 tranmsitions 311 to
the state 01(141Q). As can be seen in FIG. 3 the transition 310
from the state 00 to the reset state 00 shifts the state sequence
30 of the 2-bit Grey code sequencer 15, slowing it down. As the
recovered clock signal 131 was ahead of the clock pulses 102-
104 in the digital signal 101, the slowing down of the state
sequence of the 2-bit Grey code sequencer 15 improves the
synchronisation between the recovered clock signal 131 and the
35 clock pulses 102-104 in the digital signal 101.




25 code sequencer 15 transitions 310 fromthe state 00(1410) to the

reset state 00(141P). And on the occurrence of the next clock pul se
121P, the 2-bit G ey code sequencer 15 transitions 311 to the state
01(141Q . As can be seen in FIG 3 the transition 310 fromthe state
00 to the reset state 00 shifts the state sequence 30 of the 2-bit Gey
code sequencer 15, slowing it down. As the” - recovered cl ock signal 131
was ahead of the clock pulses 102- 104 in the digital signal 101, the
sl owi ng down of the ngs Wigs h Phd o) @ggmencer 15
| nproves the rom sat | o tV\Eien t%eqr%coverﬁe% gl glnal 131
and the 35 cOWsp u@@g > clock i prlseel 2L ead QFQgr?cﬂgel gtector
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stgrts coudti nmef 2ebit1Grey tdde sequéngerl 16 i1, thenetatd Ol(ﬂdm)blAsG ey .
code sequencer 1 1 \%
occur, ? he 2- bﬁl’%&r @91&&25%@;%@‘2 g %éﬁlw théo?'bltsGtr&) c%qeﬁ ‘%%epg? gte
11(141V) and ttrensitions Ih(qmlwthe state 11(14Wénamﬂ\etbea|stawg gélYé B

occurs during the ciogdn RH Q59 t thau 1
produced by th ctor 118 ed%e“iomeo diﬁliﬁg thgl \%Fﬁ:k ElééeZd

ge  det res on
detect pul se 1?2’flﬁ Hbesedge detect dﬁﬁ?%ci ’E%f Fh h¥s e detsety Iue
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non- reset abl e, st The e corre ings that the
count er val ue ?%Irg‘:t%t ?g) d&‘%’é’&‘ é@é ‘(1 IUG{/ X%‘ i}gﬁ%@?ﬂ d since
the | ast edge currentistatet oﬁuihseZﬂns Gmwrc(nhb sequendesr £Shisva besn 3 state

transitions frgé(?e&ﬁm Stﬁtaf‘e 141V to 141X. In addition, the current

state 141X i ch nmeans the 2-bit Gey code sequencer 15 can be
reset. The staﬁecmc‘f@ﬁ'%ﬁ%rﬁ%@bﬁ% thafe the GRwHED valug aisyd 3swi t h

the nU”be'lzﬁg)OUélogknﬁuP&ﬁt PR109VNaed Wihiﬁel %cblﬁ‘-iéd since tthenldstuédgd he state
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transitions from the state 141V to 141X. In addition, the current
state 141X is 00 which means the 2-bit Grey code sequencer 15
can be reset. The state corrector 20 then compares the counter

20 value 3 with the number four, and as the counter value is less
than four, the state corrector 20 produces the reset signal
indicating the reset state 11.

The 2-bit Grey code sequencer 15 receives the reset state

11 and on the occurrence of the clock pulse 121X, the 2-bit Grey

25 code sequencer 15 transitions 312 from the state 00(141X) to the
state 11(141Y). And on the occurrence of the next clock pulse
121Y, the 2-bit Grey code sequencer 15 transitions 313 to the
state 10(141Z). As can be seen in FIG. 3 the transition 312 from
the state 00 to the reset state 11 shifts the state sequence of the

30 2-bit Grey code sequencer 15, speeding it up. As the recovered
clock signal 131 was behind the clock pulses 102-104 in the
digital signal 101, the speeding up of the state sequence of the 2-
bit Grey code sequencer 15 improves the synchronisation
between the recovered clock signal 131 and the clock pulses:

35 102-104 in the digital signal 101.



11 and on the occurrence of the clock pulse 121X, the 2-bit Gey 25 code
sequencer 15 transitions 312 fromthe state 00(141X) to the state
11(141Y). And on the occurrence of the next clock pul se 121Y, the
2-bit Grey code sequencer 15 transitions 313 to the state 10(1417). As
can be seen in FIG 3 the transition 312 from the state 00 to the
reset state 11 shifts the state sequence b0 the 30 2-bit Grey code
sequencer 15, speeding it up. As the recovered cl ock signal 131 was

behi nd the cl ock p 109-1 [ et o di gl ' | - e
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recovered cl od® §he¢igital pignal 101 n@ﬂc&,e reeovsred eplocknsighal.on t herefore
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embodiment of t_he invention has been described in detail,
15 various modifications and improvements can be made by a
person skilled in the art without departing from the scope of the

present invention.



Cl ai s 1. A clock recovery circuit conpri sing: a

clock information edge detector conprising: 5 a digital
signal input; and an edge detect signal output;

a state sequencer conpri sing: ' a clock signal input;
a current state signal output; 10 a state reset signal

i nput ; and a recovetdd cl ock i n1 m“m{)“m“ﬂrﬂiﬁ"
out put; and a state corrector conprisiﬂu i

an edge detect signal input coupled to tiggafdge det'ect skgn'hl %utput
of the clock information edge detector; 15 a current
state signal input coupled to the current state signal output of the

state sequencer}. andA clock recovery circuit comipridifige reset signal output
coupled to the state r lanal i nput, of .the state seguencer. 20

2. A clock recovery ci r%ﬁqﬁgknf‘g%@aagﬁcgdﬁt fletector ComPrIsings o o -

the clock ififormation edge detedigitat sigmals ésput; camt k i nformati on edge

detect or nmeans for receiving | i t.ali.sl gnad, kch includes clock
i nformati on and for providi ngaae%{j e ectdegégg gié“&‘%a?“‘w cative of detection

of clock information edgeks StAte H@quenceyijepmprisingjnal ; the state
sequencer conprises a state swwrsigﬁnfn W receiving a cl ock
signal having a frequency that_is grea that of the digital

( r. than ;
i nput signal by a factor N, fdt S¥H ﬁgachP’cﬁP@#n Q@tPuty predet er ni ned
sequence ofON states in accor darstatewrésett $ignal inpat;oakdsi gnal , for

providing a current state signal_.Lpgdicati . ent ate. for
receiving a state reset si gnalrhairﬁg?g% m&ﬂgd?elgg?rmgﬁéﬁs%}@gj %lht@“}’orand
provi ding a recovered cl dckstatef mton O pHsIng: accordance wth at
|l east part of the current statg %Hg@ahéte%f'dsiéﬁal in%ut cothedSttat ﬁlec%rd§|%0t°r
conprises a staje corrector neans t%r r8cei ving the*detect sign& and
the current st&letedti gignal pafput of the clock information edge detector;

15 a current state signal input coupled to the

current state signal output of the state sequencer; and
q
a state reset signal output coupled to the state

reset signal input of the state sequencer.

20 2. A clock recovery circuit in accordance with claim 1
wherein: '
the clock information edge detector comprises a clock
information edge detector means for receiving a digital signal
which includes clock information and for providing a detect
25 signal indicative of detection of clock information edges in the
‘digital signal;
the state sequencer comprises a state sequemcer means for
receiving a clock signal having a frequency that is greater than
that of the digital input signal by a factor N, for stepping through
30 a predetermined sequence of N states in accordance with the
clock signal, for providing a current state signal indicating a
current state, for receiving a state reset signal indicating a reset
state, and for providing a recovered clock information signal in
accordance with at least part of the current state signal; and
35 the state corrector comprises a state corrector means for
receiving the detect signal and the current state signal, for



- 12 - determ ni ng whether the current state is one of a plurality of
predeterm ned resettable states, for providing the &t&%e—Feset——_signal,

wherein the state corrector neans includes a state c neans for
counting the nunber of states between subsequent Bﬂ l L
edges, and when at | east qne clock | S

detected and the current state is one of- dRe- plurality of

predeterm ned resettable states, the state corrector neans being
adapted to pro . t t LRQ: :

an earlier st %‘ég?ﬁﬁﬁﬁ}.ieﬁ%ﬁrhﬁgﬁﬁestaﬁ%% étQEB ﬁg bﬁ‘& 0%?‘1 atpém(':ablhtXt grf nmeans
val ue is great predeterminedyrigsettable states, for prov1dmg the estate aresethan t he

current state A1t Reherein @ealsEate Ométdfemn‘éahﬂ@uﬂés | @%&aﬁé‘%dﬁter 15
3. A clock re ver circuif c et ector neans

o)
having an | npuReRds TOEAQNTHRS, e muREn AT sragRs| bRTGAR AIEPEARSIG] ock
I nformati og edghﬁ;kariﬂf(mnauon edggnjt for providing a detect signal

Sgnat; o O eereel e a?%dt‘gﬁeén%t 643 o ind (IGRRG BBl e ' o'
receiving a  detectast kansi ghalcurawmgtaa;efmqmenoﬁ thhaplumll@ye@ﬁ er than that
of the di giddilte s ﬁé\éFﬁR‘f)?eCtélﬁt& sth d}QeétBE Hﬁ%“% being

pr edet er m ned sequence Q tes In accor ance Wi t

signal, the stadapted tosﬁm}@ﬂée enS5HE Fesatnsignal mdicali@But for provi ding
a current 10 state signal igafli eallierdseuts Utha@theét lifend st@RORehém e for

out put £ pr oWERS EPUPtPE CHOTRL AN OF BRRUPhabRB RS, GO in

accordance wth at Ieast par t aolatehestater than ﬁieak:armngnsﬁate ambe®Othe a
state correcto ng phed to the out put of

t he edge det ec%tgggmean é{a\i/l?énglk?%gge %é (hj\gt ect signal, a second
i nput coupled to the first out put of the state sequencer neans to
receive thg current state signal, the state corrector neans for

det er m ni ng whgt her th cltgjrrent state i.s one 35 of a plurality of
predet er mi ned Peset falf] gc {YECRYEIY, fArCHit comprising: ¢ put coupled to the
second input of theastedge sdstoetoremeansnbaving an input for receiving a

digital signal which includes clock information edges and an
output for providing a detect signal indicative of detection of the
20 clock information edges in the digital signal;

a state sequencer means having a first input for receiving a
clock signal having a frequency that is greater than that of the
digital signal by a factor N, for stepping through a predetermined
sequence of N states in accordance with the clock signal, the state

25 sequencer means having a first output for providing a current
state signal indicating a current state, a second input for
receiving a state reset signal indicating a reset state, and a
second output for providing a recovered clock information signal
in accordance with at least part of the current state signal; and

30 a state corrector means having a first input coupled to the
output of the edge detector means for receiving the edge detect
signal, a second input coupled to the first output of the state
sequencer means to receive the current state signal, the state
corrector means for determining whether the current state is one

35 of a plurality of predetermined resettable states, and a second
output coupled to the second input of the state sequencer means



- 13 - to provide the state reset signal, wherein the state corrector
nmeans i ncludes a state counter neans for counting the_nunber 434‘_ st ates
bet ween subsequent clock information edges

| east one clock information edge is 5 detected and th ml Iﬂ“l l ﬂms
one of the plurality of predeterm ned resettable

corrector nmeans being adapted to prevlide the state T eset SI gna

i ndi cati ng: an earlier state than the current state

\thegtte:]estate thah??ﬁgécﬁlﬁ eﬁ?%nk?%l Sl g%ﬁa h hanéﬂgoﬁﬂ]?rgég%ans

val ue i s | ess trheans\.includes 4. stateA cmumer rmemrfy)rccoummng atheo mainnigert @f

claim 3, wherei a rovide the state
reset signal g@aﬁéﬁdﬁ)gg‘?'?%%\l ren statlg?\/\ﬂﬂ {)ﬁ a ‘e counter neans
val ue is greater thaRdywh en at least omecplogk mtwlblﬁdgﬁi 1S according

to clai m 3,5 whelegédtetinand the eufrcan! statelis d)ﬁe of 'tli‘@sﬁluﬁﬂﬁyoﬁ)ft he N states.

20 reco uit accor I n cl/ai m wherein the
reset st at eis pgfﬁpéggqms %ge%{zﬂ)ge Ns?tt‘aﬁ’e§ o"Srat ?Orrecmrmree&ns cRSiRE v
circuit accor diadgptel dioaipmﬁ;de/\hhe estatd heseb sigedr lindicatingte is at | east

I
S wherein the - ater stat® o SAE R U ity FGPE ChRln ST

A clock recovesiatei ceunterameandi nglueois | greates, thameMNj mandhe plurality
of predetergi ned resettable staatlgércgﬁgélﬁgﬁ 5 é’nt sta}t M‘%ﬁs\kﬁ the N
st at es. 10. A clock recover cwciét accordl ng to claim erein
the 35 pl uralsﬁtﬁ BPURLCE JICRF YHHe  1ss dessabhan Nat es conpri ses sel ected

4, A clock recovery circuit according to claim 3, wherein state
corrector means is adapted to provide the state reset signal

15 indicating the current state when the state counter means value
is greater than N.

5. A clock recovery circuit according to claim 3, wherein the
current state is at least one of the N states.

20
6. A clock recovery circuit according to claim 3, wherein the
reset state is at least one of the N states.

7. A clock recovery circuit according to claim 3, wherein the
25  earlier state is at least one of the N states.

8. A clock recovery circuit according to claim 3, wherein the
later state is at least one of the N states.

30 9. A clock recovery circuit according to claim 3, wherein the
plurality of predetermined resettable states comprises selected
states of the N states.

10. A clock recovery circuit according to claim 3, wherein the
35 plurality of predetermined resettable states comprises selected
combinations of states of the N states.



conbi nations of states of the N states.

- 14 - 11. A clock recovery circuit according to claim 3,
wherein the nunber Nis 4 and the state sequencer neans has 4 states.
5 12. A clock recovery circuit according to claim3, wherein the

state sequencer neans conprises a Gey code state SeCIHmm"“"“lu)wum A
cl ock recovery circuit according to claimid, -wherein n w ReoTReCitor
means conprises a nenory nmeans for storing the 10 pl urafity of

predeterm ned resettabl e states. 1 4 A nethod for recovering a clock
signal conpri si ng the steps of ; . . a receiving a clock
signal and a dl §itafr slQpkarespyery eucuitharcersing | tocklaint &, nmtheseine dhes,

wherei n the cloeibst dNalis Ramd the stateiseglidhceF hidapkehds N HWistes§  equency
than that of the digital si gnal ; b) steppi ng through a

predet er mi ned sequence of N states in accordance with the cl ock
signal; 205 12. A) clogk aecovery aircuitr actorling etloS cial f3,n€l¢i11é@éiinn@l(1j@
current ) ; . [ a clock information edge in
the digital gtg{"giSg?ﬁé\‘F’?‘“"”f meat3 °°r§§h§g%o£gﬁ% ‘E‘%fte RSe SCURCRESE: o5
since the detection of 25 the last clock information edge; f)
det erm ni ng whesg her At BRy QU rEENerst S P lUr ghi b v 0

predet erm ned al | owabl e st (gt es;e@, eirkuit ae&g‘)d?‘f‘g gtgng}aarl}lﬁggﬂtﬁ)ye%ﬁ%fgle of
states count ecCUHFEFOK; means comprises a meiuery | mgans sfart stoamdagetheer to an

earlier sl@te pluealiB oft peedetermiicdt Adsettld® khgequnber of states counted

IS greater than N, 1) resetting the state sequencer to a
| ater state than the current state when the nunber of states counted
is less than N4 A method for recovering a clock signal comprising the steps

of: '

a) receiving a clock signal and a digital signal which
15 includes clock information edges, wherein the clock signal has an
integral multiple N higher frequency than that of the digital
signal;
b)  stepping through a predetermined sequence of N
states in accordance with the clock signal;

20 c)  providing a current state signal indicating a current
state;
d)  detecting a clock information edge in the digital
signal;

e) counting the number of states since the detection of
25 the last clock information edge;

f) determining whether the current state is one of a
plurality of predetermined allowable states:
g)  comparing the number of states counted with N;

h) resetting a state sequencer to an earlier state than
30 the current state when the number of states counted is greater
than N;

i) resetting the state sequencer to a later state than the
current state when the number of states counted is less than N;
and
35 i) generating a recovered clock information signal in
accordance with at least part of the current state signal.



and 35 1) generating a recovered clock information signal in
accordance with at |east part of the current state-signal.

- 15 - 15. A method according to claim 14, wherein Step-(h)-. .
conprises the step of resetting the state sequencer”’m nt

state when the nunber of states counted is greater m"ﬂ[ﬂ lH" 6 A
met hod according to claim 14, wherein stgfping thrcugh t h reset
state conprises the step of stepping through at |east one of the N
states. 10 17. A nmethod according to claim14, wherein stepping

t hr ough t he earlier state conprises the step of stepping through
at least one 15. oA hiuthdlsi®iordingl 3o claiml34, Avhetehedstagci)di ng to claim

14, wherein stepping thsou t he,. I t [o40) iges the step
of 'stepping ¢ HOABHYE WEasteraf gottting e Nl TpRAEnGE"RE" 8] a7
accordi ng to otatenwidemitheenumbeepof ctatesnpounted is greatee thamp Nf st eppi ng

fromthe c?rrent state to the next sequential ~ state of the N states
when the ai | east one of the clock i nformati on edges is detected by
the edge detect6r. A method according to claim 14, wherein stepping through
the
reset state comprises the step of stepping through at least one of
the N states.
10
17. A method according to claim 14, wherein stepping through
the _
earlier state comprises the step of stepping through at least one
of the N states.
15
18. A method according to claim 14, wherein stepping through
the
later state comprises the step of stepping through at least one of
the N states.
20

19. A method according to claim 14 wherein step (¢) comprises
the step of stepping from the current state to the next sequential
state of the N states when the at least one of the clock
information edges is detected by the edge detector.



