2 145 "CLOCK RECOVERY APPARATUS" This invention relates to clock recovery
apparatus for generating a clock signal synchronous with a received data

stream 5, It is now commonpl ace to transnmit digital data over a
radi o -euency channel. In order 'to interpret the received data, it 23 .
necesy L0 nmake a decision as to whether each particular data "cell ‘5'5
"1" o N. Thus, it is necessary to identify when 10 bit cells occur.

jt is necessary to recover or-rkcenstruct the clock signal from
a was originally generated. A variety of ‘arrangenents for

cl ock recovgry are known. Most digital clock. recovery'systens use 15
arrangener

J.R Davey (see pages 260-262)"EL ‘|scussed i n that

publication, the transitions t he dat are' sed;ta de e These
edges are defined as either Tﬁiﬁgﬁn%%?ngno¥e phetq, ¢1P %% gl%ﬁfyto a

| ocal clock at the recel r a up
t he edges of the oRPR2t? ﬁ%l f% g\gf\##ﬁg?ﬁg oggg%é %%&g%n%hgc%f?% ‘g%ndence
i s achi eved, the | I y o] mnth the data. The data rate
I s known and t he Iggé* §|§% ei?°§e§%?%t§§?§ e frequency of the data.
5. It is now commonplace to transmit digital

- data over a radio frequency channel. In order to

interpret the received data, it is necessary to make a

decision as to whether each particular data "cell" is
a "1" or 2 “0“; Thus, it is necessary to identify when
10 bit cells occur. To do this, it is hécessary to recover
or reconstruct thé élock_signal from which the data was
originally geﬂerated; A varieiy of arrangements for
.clocﬁ recovery are known. |
Most -digital clock recovéry.systéms use
15 arrangeﬁénts such as discussed in Data Transmission by
W.R. Bennett and J.R. Davey (seé pages 260-262). In the
(O common system discussed in that publication, the
transitions of the data_afe used to define edges. These
edges are defined as either being “eariy" or “late” with
20 respect to a local clock at the receiver. Corrections
are made accordingly to line.up the edgéé of the data.
transitions with the local clock. When correspondence
is achieved, the local clock is synchronized with the
data. The data rate is known and the local clock

25 generétes the frequency of the data.



-2- Anot her known 'system somewhat nore sophisticated than the one
described i'n the Data Transm ssion publication is described in the 1981 ./
suppl ement to the TTL Data Book .Second Edition published 5 by Texas
InstrunPﬂts Inc. see pages 38-43. 1In the Tl system when a data transi
or ;edge-i s received and recogni zed, there is maintained an indication qf;
t hesanount of error. A long up/down counter keeps a running tally of the
amoun¥’ of error. The counter counts up f-er2 X early edges and down for Iate
edges (or vice versa). The overflow point of the counter is adjustable.

When the counter overflows a correction is nmade. The direction of the
overfl ow determ nes the direction of the correction. The

above di scussed approaches ARPEIYT KKIIEH\RFSESRyr I@Qi%ﬁlﬁt &9 t h many

are not sui tabl e FOPREEELGREHE NN LIS O IR LA, LA SRS encoded |
et (N2 cote wiPenEst Rl SRSt NSliofcly Hed iy éﬁ% AT ecovery

S TANGETENL S o5 0y 00 ond Ol 308 S fBond VP il G O
wi th Nhnchesteg by Texas Instruments Inc. see pages 38-43. 1In the TI

system, when a data transition or edge is received and

recognized, there is maintained an indicétion of the
amount of error; A lpng up/déwn counter keeps a running
tally of the amount of error;_ The counter counts up for

10 early edges and down for late edges (or.x;gg versa) .
The.overflow point of the counter is adjustable. When
_the counter overflows a correction is made. The
direction of thé ovérflcw determines the direction of
the correction. | |

15 The above discussed approaches to clock
recovery work adequately with many digital data codes.

LJ . However, these traditional approaches to clock recovery
are not suitable for use witthanchester encoded data.
Manchester encoded data'is a return to zero (R2Z) coding

20 scheme.:ather,than a nonreturn to zero (NRZ) code which

. is suitably decoded with t:aditional clock recovery
arrangements as discusséd above. In NRZ code systems,
transitions i.e. from "O0" to "1" or from "1" to "O" occur
at the edges of a bit cell. However, with Manchester

25 coded RZ data, transitions occur in the middle of bit



25 coded RZ data, transitions occur in the mddle of bit cefls. The

b\t i on of Manchester coded data is shown in Fig. 2. A logic "1" is

icyeri zed by a transition from"0" to "1".in the mddle of the data

CE Jmlarly, a logic "0" is detided by a transition from"1" to "0":in|,

KOp| mi ddl e of a data cell. Thus, in Manchester encoded dat a, - i

I ons can occur at both the edges and in the mddle of a data bit;};ﬁ

ce This property causes a vari et robl ems to occur at a receiver

t hat—lUses edgdds.n tMhe defdnision, @ wﬁﬁécgééﬁert§°ﬁ68aﬁa§ﬁoéﬁ shoym ef fect,

10 a tradltlonal cl ock re&gvemy ,arrangement woul d be fool ed into thlnklng

that the tra!r?sl Fiigon 2 cc@r O {'hé Suf &I"éc&ier'&zﬁfit D¥cf| thaRSAtieR) |y
defining a qs i,tabl.e.cl ogk,recq gry gera nt for
ise i th v iiRm O g X .siPe&féD Bdds’ or” the’aata”gf regémf?ﬁﬂim.on
is clock r ecoW tu reeQver i k nal a Aukh
frequency, vhi #ﬁ :E g’lg?afq':hseds;i? c%r(g'%n%&%tlgﬁaf?egel \}e'd a'Eg stieam
havi ng %Cha&?&tnﬁdﬁ Grdal dahtial cferquuewseq'ﬁ' ufaaea@s@ei»l @gbgaé&quency, |
I ncl udi ig neans etecting edge trans- 20 ~itions sai ata stream
and produci ngs ), et Sitdodls icag QRicue altheoref ,th@eeagefsoanaemar 8héng a

| ocal second frequency clock signal, said second frequency being tw ce that
of said firsiiddesuahey data clb:\sbew”ld. fr apienproplertly causes a variety .

of probiems to occur at a receiver that uses edges in the

—
~—

feceive stream to lock its ioeal ciock; In effect, _ ﬂ\,

10 a traditional clock recovery arrangement would be fooled
into thinking that the transition occurring in the middle'
of a bit cell was'actually defining a cell edge. Thus, a
more suitable clock recovery arrangement for use Wlth
Manchester data ‘is requlred.

15 The present 1nvention is clock recovery apparatus
for recovering a clock signal at a first frequency, which
clock signal is synchronized to a received data stream
having a characteristic data bit frequency equel to said \'{

first frequepcy,'including means for detecting edge transf s

20 itions of said data stream and producing an edge signai
indicative theréof, means for generating a local second
frequency clock signal, said eecohd frequency being twice
that of said first frequency, said second frequency clock

signal not being phasé synchronized with said received

25 data etream, means for phase locking said second frequency



signal not being phase synchronized with said. received 25 data stream
Reans for -phase | ocking said second.frequency- - 4 - clock signal to sg
edge transitions to produce a phase |ocked second frequency clock, neans
for dividing said phase | ocked second frequency clock by two to producg.

clock signal at said first frequency that4is 5 phase | ocked to said edde;

si gpal 7and therefore phase |ocked to said received data stream and nmeays
fo?thanging the polarity of said phase |ocked first frequency clock

[ Al ' f id [ ' | s, 1 hereby o
produci ng a r ecotSPRl RBRRL shRchr i odke M AR tElors 6 riodus: & o1 ream

[ i NY: ' C r ecover V. arr.angene
Suicabl e for recBiaienz6lkes UESASTE RIS, G R0k, BREHE KoY WIHETRE . <o
provided a. conbisgayi 9aagatﬁoé@&@v%({orgapgfvféd@g&éfcavo%w QJJ gagenent  for-

use with Manchester encoded data t a recovered clock and

restored or inteppodued beezbrRIsighal £t Geded i PO rdha GMedlatl 18 C! ock
recovery arrangenent is shown in Fig. 4. The assunption Tor this exanple is

that the dataSwaphasiegilogkes £6 sabdredge sigddl kerd tHemsmore PHdsehat is
necessary therefore to recover a 10KHz clock. O course, these
locked to said received data stream, and means for

changing the polarity of said phase locked first frequency

clock according to a predetermined function of said edge

(2 signals, thereby producing a recovered clock synchronized
10 to said received data stream.
Embodiments of the present invention provide
clock recovery arrangeﬁént suitable for recovering a
clock from Manchester encoded data. There is also
provided a.combination_data recovery and clock recovery .
.15 arfangement for use with Manchester eﬁcddea data that
" provides a recovered clock.and restored or interpreted
received data. A géneral-block diagram of the clock
J recovery arrangement is shown in Fig. 4. The assumption
for this_exaﬁplg is that tﬁe data was originally
20 generated at 10 K bits/secona and that is necessary
therefore to recover a 10KHz clock. Of course, these
numbers are merely-exemplary, the system can be adapted
to other data rates and clock recovery frequencies. In
a R2 déta stream, valid transitions i.e..from 0 to 1 and

25 1 to 0 can occur at intervals of SqF.sec. In this



-nunbers are nerely exenplary, the systemcan be adapted to othér data rates
and clock recovery frequéncies. In aRZ data stream valid transitions i.e.
frojmO0 to 1 and 25 1 to O can occur ‘at intervals of 50u sec. In this - 5

&vanpl e, that corresponds to 20 KHz. Therefore there is prOV|ded a

41\ phase | ocked | oop operating at 20 KHz which is twice the ' frequency

lock to be recovered. Howeverg _to accurately recover the data;
sary 5 to produce a 10 KHz clock. Therefore, there is provided :
di vide/by two circuit at the output of the local voltage control oscillator
of the phase | ocked |oop. Locking the loop at 20 KHz which is tw ce the
data rate. CézEb:ﬁﬁfé”t thik o6t Pedpdias €6 00z OUlTHIr 2R el ke 10
original cloc fTom which the data was transmtted. Therefore, 'there is
provi ded a ches¥ided PpedigitiDepiased llocked bl \Gptardtiiig\atei20C kil t O
i nvert the 10KHz clock derived fromthe divide by two circuit. The cl ock
flipper circwhichetsrvwies thetfireqgiendy lofH'the clook ttd e kedéuared.cl ock
based on a particular predeterm ned algorithm This algorithmrecognizes
t hat edges ddowéeer ncbei agcdaa’aebrerm\eer ithe ydata cartt disn neneissagfy t he
bits than in others - The clock flipper includes a counter which can be
increment®d BP BrefduaendellfBa Fle ftl?#ﬁ#e axn. dehpre is provided

a divide by two circuit at the output of the local

voltage control oscillator of the phase locked loop.
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1
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Locking Ehe.loop at 20 KHz which is twice the dﬁta rate
can result in a clock that is 180° out of phase with the
10 original clock from which the data was transmitted.
_ Therefore, there is provided a clock flipper at the output
.of the divide by two circuit to ipvert-the'lOKHz clock
derived from'the.divide by two circuit. The clock flipper
circuit defermines whether to "flip" or in§ert the 10 KHz
15 clock based on a'pérticular predetermined algorithm.
fhis algorithm recognizes that edges on the incoming data
are more liKely in certain parts of the bits than in 5
others.  The ciock flipper includes a counter ﬁhich can
be incremented or decremented updn transitions. For edges
20 received during a middle portion of a bit, the counter is
decremented. For edges received during the outer two
corners of a bit, the cqunter.is incremented. The counter
is not decremented past zero. If an overflow occurs

while incrementing, the clock is flipped.

25 This system not only works for Manchester encoded



20 received during a nmddle portion of a bit, the counter is decrenented. -
For edges received during the outer ,two corners of a bit, the counter is
i ncrenented. The counter is not.decrenented past zero. If an overflow

occurs mhile increnmenting, the 'clock is flipped. 25 This s sf'

not only works for Manchester encoded - 6 - RZ data but also for N
.daka wrth a slight nodification algorithmis reversed. The edges are
likély to occur at the edges of a bit cel@ .- Therefore the counter 5 is

i ncrenented for edges received in the mddle of a bit cell. The cl ock
recovery arrangement according to the present invention includes an edge
detector for detectln% transitions in_a receive data stream and 10

3

provi di ng an edg%zs
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The clock recovery arrangement according to
the present invention includes an edge detector for
detecting-transiéions-in a receive data stream and
providing an edge signal indicative thereof. A local.
(unsyﬁchronizea) clock is provided operating at double
the data input rate. Thus;=if the inﬁut data is at 10 K
bité/second, the local ciock §pérates at 20 KHz. The
local clock is locked to the edge signal produced by the
edge detector by a phase locked loop including a phase
detector, a_filtér; ﬁnd a 20 KHz VCO. ?he output from
the VCO is diﬁided by two to produce a 10 KHz clock that
is locked to the edges. This clock islflipped as neceséary
according to the predetermined algorithm to produce a
recovered clock that is synchronized-with the incoming
data stream. °‘To provide recovery of the dgta also, an
output from the Vco.is coupled to an integrate and dump
circuit which pfocésses the incoming data.to prdduce
recovered data.

In other words, émbodimenﬁs of the present



«Jing to the predeternined algorithmto produce a 20 recovered cl ock
I'§ synchronized with the incomng data stream To provide recovery of -
dat\a al so, an output fromthe VCOis coupled to an integrate and dunp

gr. words, enbodinents of the present - - 7 - invention provides=a
¢l d¢gk/recovery arrangenent for recovering a clock synchronized to a . A
recei ved data stream having a first~characteristic data bit frequency. iﬂ%
arrangenent includes neans for detecting edge transitions 5 of the incom ng
data stream and produci ng an edge signal indicative thereof; neans for
generating a Ioca%ﬁsecond treguencxgc ock signal_which is twice that of the

first frequefBYSREARASREGYAAPP 8 EHRTR FBERY F%ﬁ%fr?ﬁgeTﬁﬁ?l $m?sek "
h i zed_w al - 10 §. ' t
Shcond 11 equESehVeraty’ §TELLRR, SFhENEbEERLY, PENCrd0eiiha HHRES s%‘?%aﬁ'f : o °
d h : ; \ . &l ; Lyi di t
Pooked seconioy ted SnesarobHarBeRUEtekic ahpa HREErdghafiy) 01l 1° POSC

heref o & Phae e e o Ehe oy o e g L N g
t he 5 of the incoming data stream and producing an edge signal
indicative thereof: meéhs for gegerating a local second _
frequency clock signal which is twice that of the first T
frequency, the sécond_freqnency clock signal not being
phase synchronized with the received.data stream; means
10 forlphase locking the second frequency clock sigﬁal to
edge transitions of the data stream to produce a phase
locked second fre&uéncy clock; means for dividing the
phase locked second frequency clock to produce a clock
signal at the first freéuency that is phase locked to the
15 edge transitions of.the dafa and therefore phase locked
to the received data stream; and means-for changing the
polarity of the phase locked first frequency clock ' a\)
according to a predetermined function of the edge
transitions, thereby producing a recovered clock
20 synchronized to the received data stream.

To provide data recévery,'there is provided in
additioﬁ to the above combination of elements, a digital
integrate and dump circuit coupled to the'phase locking
means for.recéiving and proceSéing the incoming data to

25 provide restored or reéovefed data.



polarity of the phase |ocked first frequency clock according to a
predeterm ned function of-the edge transi.tions, thereby producing a
recovered clock 20 synchronized to the received data stream To provi :
data recovery, there is provided in addition to the above conbination{o
el ementts, a digital integrate and dunp circuit coupled to the phase | '
means for receiving and processing the inconming data to 25 provide restored
or regovered dat a. Thepresent inventjof is also data and clock recovery
apparatus conprising neans for receiving a data stream having a first
characteristic data bit frequency, neans for detecting edge transitions of
said data stream5 and produci ng an edge signal indicative thereof, neans .
for generating a |local secrisl prespren cinvémcioniizallses datas anddlockquency
being twice that of said first frequency, said second frequency clock

si gnal not. bei ngrebaveryyappacatysdcconprising means \for deeeistingn® datans

10 for phase | ocking said second frequency clock -signal to said edge
transitions to pstuess hapiegea | Hirad charpcterisficndata Rt fneavencyr

di vidi ng said phase | ocked_second freguency clock to produce a cl-ock signal
at sai-d first frugaeicforndetectingdge ckErnsbtiongy Aufaid fata strpam

therefore phage |ogked 108 fad °85h¢ %1 8247 P4FAM1ve thereot, means

.for generating a local second fregquency clock signal,

said second frequency being twice that of said first
frequency, said second frequency clock signal not being
phase synchronizeﬁ with said received data stream, means
10 for phase locking said second frequency clock-signal to
saia edge transitions to produce a phase locked second
; freqﬁency cloék. means for dividing said phase locked
second frequency clock to.produce a clock signal at said_
first frequency that is phase locked to said edge signal
15 and therefore phase locked to said received data stream,
‘and means for changing thé polarify of said phase locked
(_/ first frequency clock accordiné to a predetermined
function of said edge signals, thefeby'pfoducing a
réceived clock synchronized to said received data stream.
20 An exemplary embodiment of the present invention
will be describéd in further detail with reference to the
drawings forming a part of this application. The
exemplary embodiment is tﬁé presently comtemplated
preferred embodiméht andisest mode fqr practising the

25 present invention contemplated by the inventor at the time



changing the polarity of sai.d phase | ocked first frequency
g to a predeterm ned functiaon of said edge signals, thereby

prIOdUl ecei ved clock synchroni zed to said received data stream 20
An exenfi enbodi nent of the present invention will be described in
further il with reference to.the drawings formng a part of this _ .
" apPlication. The exenplary enbodinent is the presently contenplated -~ . /F
preferred enbodi nent and best nobde f-0r@ practi stng the 25 present |nventumf
contenpl ated by the inventor at the ti.nme of the filing of this
~application. Throughout the draw ngs, like reference nunerals refer to |ike-

or correspondi ng parts thrﬁﬁ%hout the drawings. In the drawi ngs:- 5
Fig. 1is a & tahdifaanRldcatdongr afhsepehpntnghehe context of

the present ventlon 2 j.s a graphical d|a ram expl ai ning the
definition of&?éﬁc’fﬁ%'t ]%n ed‘ﬁg%n%egalg re &rgf-apﬁﬂ-ls&l ofi agr am
showi ng a 10 artlcul _exa ta.s am W th conparatjve. NRZ and.
Manchest er cdd aRaP %ﬁ% bﬁrqf FaWRBgse piBvERE an
appreC|at|on {%%#wﬂ atlonshlp of an incom ng data stream and | ocal ly
gener at ed cIo al's;

Fig. 1 is a very general functional block

diagram expleining the context of the present invention:;

Fig. 2 is a graphical diagram explalning the N

(. w~—l

definition of Manchester encoded data;
Fig. 3 is a graphical diagram showing a
10 particular example of a data stream_with.coyparative.
NRZ an¢ Manchester codeﬁ data along with 10 and 20 KHz
_clocks to prov1de an appreciation of the relationshlp
of an incoming data stream and locally generated clock
signals;

15 FPig. 4 is a block diacram'of the present

invention:

3

Fig. 5 is a more detailed block diagram of the &NJ

present -invention; and
Fig. 6 is a detailed shcematic diagram of edge

20 detector 42 and phase detector 44 shown as general Elocks

in Fig. 5. -
Referring now to Fig. 1 there is shown a

general block diagram explaining the context of the

present invention. The present invention provides a

25 clock recovery arrangement 10 to be implemented at a



15 ' Fig: 4 is a block diagramof the present invention; Fig. 5is

a nore detailed block diagramof the present invention;, and Fig. 6:is a h
detail ed shcematic diagram of edge 20 detector 42 and phase detector 444
shown as~general blocks in Fig. 5. Referring nowto Fig. 1 there is shf
gener ak bl ock di agram expl ai ni ng the context of the present invention.}
prasent invention provides a 25 clock recovery arrangenent 10 to be

i npl nted at a -10- receiver. The ppjective is to produce a stable

cl ock synchroni zed with incom ng Manchester encoded data. The definition of
Manchester encoded data is shown in Fig. 2. A.logic "1" is defined by a

transition.5 from"low' to "high" in the mddle of a bit cell. A logic
"0" is defined byegeivensi tThe obiectivehls tto |pxpduce avstablieheloickdl e of
a bit.cell. Thus, transitions fromlowto high or hightolowi.e. 0to 1

or 1 to. 0 |ogic PEREREORARSACKLEN cinpeming Manchasher: encaded datal0 a bit
Fﬁlcl u d:?ﬁ;erlgi Blgt ng\é\/l fg (Ij.lr g"ls‘la% i é{z]f{gi{:fog hggm M&r]cheexsz%__r;a! %n%codziedd%aataStirseam
| : shown in Fig. 2. A legie "1" is defined by a trensition
5 from "low" to "high" in the middle of a bit cell. a
logic "0" is defined by a transitien from "high" to logic
T “"low" in the middle of a bit cell. Thus, transitions
from low te high or high to low i.e. 0 to 1 or 1 to 0
logic levels can occur either at the middle or ends of
10 a bit cell. |
Referring now to Fig. 3 there is shown an’
example of_a data stream including 10 bit cells of serial
information along with coded data in both the tfaditional.
NRZ format and the Manchester encoded RZ format.' As can
15 be seen in this drawing, with NRZ ehceded data, transitions
occur only at bit cell demarcation lines. However, with
Q_/ RZ encoded data, transitions occur in the middle of bit
| cells as well ‘as at the cell demarcation lines. For
: reference, there is also drawn 10 and 20 KHz clocks. It
. 20 is assumed that the bit cells'are defined by a 10 KHz
. clock at a transmitter. It is appropriate when recovering
a clock from-NRz data to use a locally generated clock of
the'same'freqﬁency as that of the ihcoﬁihg infermation
such as a 10 KHz clock. This 10 KHz clock is phese locked

25 to the edges or transitions of the NRZ data. This works



i nf grmagy on along with coded data in both the traditional NRZ format and

¢- Mafghest er encoded RZ format.. As .can 15 be seen in this drawing, w.th
bd data, transitions occur only at bit cell denmarcation lines.
ith RZ encoded data, transitions occur in the mddle of bit cells
as at the cell demarcation.lines. For reference, there is al so-

0 JO and 20 KHz clocks. It 20 is,assuned that the bit cells are LA
defined by a 10 KHz clock at a transitTer. It is appropriate when ‘
recovering a clock fromNRZ data to use a locally generated cl ock of the
sane frequency as that of the incoming information such as a 10 KHz cl ock.

This 10 KHz h I t f the NRZ
i s gueek wa1Rhasen! ARkcdat r @?‘%‘E&’%Q% g&éé@é\%&e rﬂ{‘ ne, L he

data. This works - 11 - quite we as di scussed
in the backgbactkgraaati sectiohhbs BRLSNpatéht JOBE dis WY ¢< ,{) hestef
. encoded RZ data because transitions occur in the mddle o It ce " The
phase | ockedManchesterdehcoliedoRE daﬂafhﬁéaﬁséWtiéK&&EEbﬁéf&ﬁcd¥‘ﬂﬂt cel |
dermarcation |ines and then | ocking onto the transitions in the mddle of a
cel . EithethghmdddleckfweubitnoeldccuThatphdsde dlodckedElodpalodl@® W ongs
point or it may junp back and forth between two | ock positions depending
upon the éarPPGGW&r"EQﬂgP5§d f byhdogking sfirstnon bit cell demarcation :

lines and then locking onto the transitions in the middle

of a cell., Either phase lock would not occur at all or it

'

may lock the wrong point or it may jump back and forth
between two lock positions depending upon the particular
10 bits of the data-stream. |
The 20 KHz clock, shown in the lower portion of
?ig. 3 represénts the locaily generated clock frequency
iq_the clock recovéry arrangement according to the presen£
invention. As shown in the drawing, on the'zo KHz clock,'
15 transitions occur in ﬁhe middle of a bit cell as well as
at the ends thereof. |
Referring now to Fig.-4 there is shown a general \
block diagram of the clock recovery and data recovery
arrangement according to the present invention. Incoming
20 data is assumed to be at a rate of 10 K bits/secénd based
upon a 10 KHz clock at a transmitter (unshown). Incomiﬁg
data is coupled to an edge detectqr 42 which provides an
edge signal at an output thereof iﬁdicative of the
- transitions of the incoming data stream; These transitions

25 ‘may be in the middle of a bit cell or at an end of a bit



The 20 KHz cl oek, *shown in the |ower portion of Fig. 3 represents the
lLocal |y generated clock frequency in the.clock recovery arrangenment .
according to the present inventjon. As shown in the drawing, on the 2
cl ock, 45 transitions occur.in the nmiddle of a bit cell as well as at
ends thekeof. Referring nowto Fig. 4 there is showm a general block
diagran1of the cl ock recovery and data recovery arrangenent according to
t he™present invention. Incom ng 20 datai®s-assuned to be at a rate of 10 K
bi t s/ second based upon a 10 KHz clock at a transmitter (unshown). Incom ng
data is coupled to an edge detector 42 which provides an edge signal .at an
out put thereof indicative of the transitions of the incom ng data stream
These transiti orelds nﬂy localn signadi 48| geperatedtbxep| 20,KBz YO HR of a

bi t - -12- cell. A local signal is generated b KHz VCO 52 which is

phase | ocked t o WiHehedde Blagealocked @895 ﬂeFQSFoglﬁ‘Za f5°’ﬂh3 22| ocked
| oop i ncluding VCO 52, a phase dﬁﬁ§$to

[ g a filt r 46. i‘ S roduces
at the 5 out put defeckas nE S&i &H&Fe?h POPs 1Bf gginc * the
{);ags_'d} Uider ogot%%c%r%ﬁ%&gtﬁ S A1 108 VER. OURYE béoﬁhzéégegt byndWo

5 output of VCO 52 a 20 KHz signal that is phase locked to

S e 4
.

the transitions of the incoming data stream. The VCO
P output-is divided by two by a divider 50 which provides
| a phase locked 10 KHz signal which may not be of the
correct polarifylwith respect to the clock signal used
10 to generate the data at the transmitter (unshown). A
clock flipper 48 is provided to control the polarity of
the io KHz signal from divider "50. Tﬁe clock flipper
will either invert or not invert the signal from divider
50 based on a predetermined algorithm. This predetermined
15 élgorithm is executed by a clock flipper control.ss. For
Manchester encoded data, more edges will occur during the
\_/ ‘middle of bit cells than at the edges. Tﬁe clock flipper
control includes a counter for determining how often
transitions occur in the central portion of a bit cell
20 with respect to the outer portions thereof. Specifically,
for Manchester encoded data the algorithm is as follows.
For edges receibed during the middle half of a bit the
counter is decremented. For edges received during the
‘outer two quarters of a bit, the counter is incremented.

25 The counter is not decremented past zero. If an overflow



to the clock signal used 10 . to generate the data at the

her (unshown). A clock flipper 48 is provided to control the

of the 10 KHz signal fromdivider 50. The clock flipper wll

pavert or not invert the signal fromdivider 50 based on a o /
ined algorithm This predetermned 15 algorithmis executed ?&gﬁ
i pper control 56. For Manehd8ter encoded data, nore edges will w.
occur during the mddle of bit cells than at the edges. The clock flipper
control includes a counter for determ ning how often transitions occur in
the central portion_of a bit. cell 20 wth respecgt ,to the outer portions

thereof. SpRIFYKWNLLG drauementdng: thecIoF*dAL4PPRE 4Bgdfithmis as '
foll ows. For, edges receiv during_the n.ddl e half o bit .the_counter is
decr enent ed. 138 e‘i’%?&ij\i’etﬁh’&%ﬁ"ﬁ'ﬁrﬂﬁg 8& '3r-°§ﬁﬁ{‘q%5f’¥‘eiiivb’fieﬁ bit, the
count er isig&wenented. 25 The counter is not decrenented past zero. If an
overfl ow =" %13 - occurs while increnenting-the clock flipper 48 is

instructed to flip th?g"cﬁ?'bﬁiﬂ tdét%f. aHe %‘i‘&offﬁ.%ﬂndii\éi gﬁfnﬁgr ggf:i NRZ dat a,

the algorithmis simlar but 5 reverse e edges are nore kely to
occur at 4 héreversed. The edges are more likely to occur at the

'1!-'Locked 10 KHz signal which may not be of the correct polarity with

demarcation between bit cells so the cbunter is

incremented for eﬁges received in the middle of a bit N ]

cell rather than at its demgrcation_iines. Once the

local clock is established, the VCO 52 provides a control
10 signal to an integrate and dump circuit 54 for processing

incoming data to provide recovered data.

Referring -now to Fig. 5 there is shown a more
detailed block dragfam of the élock reéovery and data
recovery arrangement according to the*present invention.

15 It is to be understood that this bloék diagram arrangemeﬁt
is but one convenieqt implementation_of_the principles of
the present invention. It is presently éonsidered the N\
preferred such'impleméntation but i£ is‘récognized that
other implementations are possible. This exampie continues

20 to assume a 10 K bit/second data input in Manchester

| encoded form.” Reference numerals used in this figure
dgnoie corresponding parts to those shown in Fig. 4. The

objective is to take limited, noisy data that is Manchester

encoded, and phase lock the local clock to it to produée a

25 recovered clock and make a determination of the bit i.e.



demarcati on betweén bit cells so the counter is increnented for edges,
received in the mddle of a bit cell rather than at its denmarcation |
Once the local clock is established, the VCO 52 provides a control 10 -
signal o an integrate and dunp circuit 54 for processing incomng d t
provi de recovered data. Referring nowto Fig. 5 there is shown a nor g
detai l ed bl ock di agram of the clock recovery and data recovery arrangenent
accoxding to the present invention. 15 14t_is to be understood that this
bl ock di agram_arrangenent is but one convenient inplenmentation of the
principles of the present invention. It is presently considered the
preferred such inplenmentation but it is recognized that other

i mpl ement at i ons whetheas dithlis. aTMily efaaple"cpepresestéd by othes noksy dPfeK
bit/second data input in Manchester encoded form °Reference nunerals used
in this figure dena ®idoraeddpondi kdtpgeld ds definedhrsnaisedment Jof Ttime
objective is to take limted, noisy data that is Manchester encoded, and
phase | ock the Ithenllagadcicimsuit ﬁﬁiﬁﬁdﬁbétaﬂbitrb%%ei@d cFore k1B zrake

a determnation of the hit i %1 - 14 - whether it is a "1" of a "O"
represent ed by t%%l%?’&dt‘%ﬁ i 1§ B L00kF| WidR-pi f0CBRFOFEURESIned as a
segment of tige heolocal. § e o WK -A0A) BeBh!shbBE L-efgr 40 K

Recovered clock cycles are thought of as beginning or .

T / ' ending on negative trénsitidns. Thus a clock is lined up
or locked with a bit cell if the edges of the bit cell
correspond to_negative'transitiqns of ;he élock. (as

10 shown by the 10 KHz clock signal drawn in Fig. 3.) -
It is assuméd that incéming noisy data is at
-a rate of 10 K bits/second. As discussed above, a "iv is
reéresented by a "0" to "1" transition in-the middle of a
bit cell. A "0" is representéd by a "1" to "O"

- 15 .transition in the middle of a bit cell. By altering the
algorithm slightly with regard to control of clock flipper

(_/ 48, it is also possible to recover NRZ data and by

altering the system clock it is'possibléfto'vﬁry the baud

rate. Incoming data is coupled to an input edge of edge
20 detector 42. The edge detector puts out a single narrow

pulse whenever there is a transition of the inputted data.

VCO 52 comprises a 640 KHz crystél oscillator 70 providing

a signal to a pulse oscillator 72. Pulse oscillator 72

is in essence a counter circuit for dividing the 640-KHz

25 signal down to 20 KHz. VCO 52 forms a digital phaée



al r.ead gen shown in Fig. 2. Recoveted cl ock cycles are thought of as
begifnniNdg Jor endi ng on negative transitions, .Thus a clock is lined up or
| ockedNMYh a bit cell if the edges of the bit 'cell correspond to negative
transi i ohs of the clock. (As 10 shown by the 10 KHz clock signal drawn i
Fig It is assumed that incom ng noisy data is at -a rate of 10 K 7
cond. As discussed. above, & 15"~is represented by a "0" to "1"
transition in the mddle of a bit cell. A"0" is represented by a "1" to
"0" 15 transition in the mddle of a bit cell. By altering the algorithm -

slightly with regard to control  of c¢lock fligger 48, it is also possible to

recover NRZ d@ckeshdosp i SPmhdbatdob, Wikth Phask detectonset to vary
the baud rate,, ] ta i led t i t _ed f 20
dotector 42 EHAERIAS-dett A5FSBGRs SIF EREPRCMECRSHPBAPAI SElRENever
th I t It { ' ' | 640 KHz
cr%;:a a: Sogci Irﬁ a i?r‘.'l %]%];toevi &ur&li%g;tig"?gﬁaabtég g%?ééczggf*‘?g?%’? 72. Pul se
illat 72 4184l : | absicf Ok o di ¥ di 6 Hz 25
o gnal donn (5 S SRR K3 ML G bk ko ke Y Rlof 8k
conbi nati gn Wtbdilas H Adcied}s tidsiitions 48 the eageneRg &B€aphase

detector and filter ;
will line up with negative transitions on the 20 KHz

recovered clock (as shown on the lower line in Fig. 3).

-

Phase detector 44 looké at the edges from edge
detector 42 and the 20 KHz recovered signal from counter
10 72. It decides whether the'recovered 20 KHz -is early or
late and by how much. Based on this determination, it
generates two signals called "up/down" and "count enable"
to the filter which.is iﬁ essence a counter. The up/down
signal is "0" if the local clock is late and "1" if the
15 1local clock is early. The count enable signal is a pulse
which occurs only when theré is a pﬁlse from the edge

detector and has a width proportional to the amount that

e

.the recovered clock is early or late.
The filter 46 is in essence an up/down counter
20 which runs much faster than the b;ud rate. In'the
preferred embodiment, this counter operates at 640 KHz.
The counter is.enabled by the count enable from the phase
detector 44. It counts up if the phase detector determines
that the local clock is late and it counts down if the |

25 1local clock is early. Thus the. counter accumulates



“add or delete couhts in the VOO counter 72 thereby causing the 20 KHz
signal to *lock" to the inconming data 5 .stream \Wen | ocked, transitjio
in the incomng data will line up.with negative transitions on the 20f
recovered cl'ock (as shown on the lower line in Fig. 3). Phase detectof: 4
| ooks at-‘the edges from edge detector 42 and the 20 KHz recovered signal
frogm cdunter 10 72. It deci des whether, the recovered 20 KHz is early
| at e "and by how nmuch. Based on this défé# ination, it generates two signhals
cal l ed "up/down" and "count enable" to the filter which is in essence a
counter. The up/down signal is "0" if -the local clock is late and "1" if

the 15 local cl Qgﬁgﬁnééé-"' Yor I n Gt Sl " CNHHeR Hhe Founted PUeTEIBSCh

occurs only when there 1s"a pulse fromthe edge detector and has a wi dth
proportional to e EDESEsédAkoUNEeF CEDYAIRE T AIK ViCO &2 b @rilakd @ The
filter 46 is in essence an up/down counter 20 whi ch runs nuch faster than
the baud rate. | eouhit.prwhen reite eftbeerasverflows Qown,citopataiess coun®ed
KHz. The counter is enabled by the count enable fromthe phase detector 44.
It counts up if Retphakipdeteoumt. deThisi iw andlxgduse Hoodeleting ars | at e

and it counts down if the 25 local clock is early.” Thus the counter
accumul ates 5 -adding input pulses to the VCO counter. The length of

the filter couhter can be varied. If the filter counter

-

is long, more "earliness" or "lateness" must be accumulated

o/ before a correction is made;- If the counter is short,
only a small amount of earliness or lateness must be
10 accumulated before a correction is made. This is analogous
to a narrow and a wide bandwidth in an analog phase locked
ioop.
As briefly mentioned above, VCO 52 is in éssence
a counter'72 for'dividiné a local crystal generated
15 osciilator signal down to 20 KHz. Under control of filter
46, the VCO can.occasionally stick at a count which is iﬁ
J essence the same function as the pulses input to
the counter, or skip a count or.sfate which is the éame
as adding pulses input to the counter. |
20 VCO 52 produces a 20 KHz square wave locked to
the incoming déta stream. A divide by two circuit 50
produces a 10 KHz signal locked to the input data. However,
this 10 KHz signal may be 180° out of phase with .the
incoming data. In other words, this 10 KHz signal may be

25 inverted. Therefore there is proVided a clock flipper 48



s" or "lateness". \Wen the counter overflows up, it tauses
counte—=sl\fcuit 72 in VCO 52 to stick a count. When the filter ovetfl ows
uses counter 72 to skip a count..This is anal ogous to deleting

g g input pulses to the VCO counter. 'The length of the filter
counfer be varied. |If the filter counter is Iong, nmore "earliness" or |
1 at ane must be accunul ated beforgya correction is nade. If the cou%ym;
' | only a small anourt of earTiness or |ateness nust be 10 s
accunul ated before a correction is nmade. This is anal ogous to a narrow and
a w de bandwi dth in an anal og phase | ocked | oop. As bri-efly nentioned
above, . VCO griflipphgetihe 1O CKED Signal fay rbicdslidry ad Godrddpystal
generated 15 oscillator signal down to 20 KHz. Under control of filter

46, the VCO fes phassi onthé yckdek kf bipperouniderhiapdprcepriatessence the sane
function as the pulses input to the counter, or skip a count or state which
is the sane algedithgigueentrobpudeternires dihe arormct phase and VCO 52
produces a 20 KHz square wave | ocked to the inconi data stream A divide
by two circuflip® bhedll@elsﬂa sborak if pegessamid t’lg'iq trel dopi i e,
However, this 10 KHz signal may be [err] out of phase wth the incom ng
data. In Bt hetraBf¥sbeeR; disgursed 5|gnal may be 25 inverted. Therefore

there is provided a C|8ﬁ£ Ekgggai integrate and dump circuit 54

divides the bit cells into 64 parts. It includes a

PN
—

counter which is cleared at the beginning of a bit cell. e
This counter is incremented each time the incoming data

10 locks like a 0. The counter is disabled at times when
the data is likely to be going through a transition. If
the l?mited data is "0" in more than half of the couﬂted
segments in a bit cell, then the circuit adjudges the
data bit to be a "0" at the recovered data output.

15 Reférriﬁg now to Fig. 6 there is shown a
" detailed schemetic diégram of edge detector 42 and phase
detector 44. Because the diagfam is so complete, little \
descriptiog will be provided here. Incoming data is
coupied through a Schmidt trigger 80 and flip-flops 82

20 and 84 to a gate 86 producing an edge signal each time
there is a fransition in the incoming deta. Functionally;
a toggle flip-flop 90 provides the count enable signal to
filter 46 and an up/down flip-flop 92 provides the up/down
signal to filter 46.

25 " Returning to Fig. 5, fiiter'46 makes a



-17; for flippi‘ng the 10 KHz signal as necessary to correct its phase. he

clock flipper, under appropriate algorithmc control, determnes the /[ .
correct phase and fl.ips the 10 KHz signal if necessary. The al gorithmlhasf: ‘]
al ready—~been di scussed. The digital integrate and dunp circuit 54 divideszg
the biti_cells into 64 parts. It .includes a counter which is cleared at\the ',
begrrping of a bit cell. This counter is increnented each tine the incomMmg
data 10 looks like a 0. The counter isjgdisabled at tines when the data is
| i kely to be going through a transition. If the limted data is "0" in nore’
than half of the counted segnents in a bit cell, .then the circuit adjudges:
the data bit to be-a "0" at the recovered data output. 15

Ref erring now t o detgruinaitdon as tbowhethdet ebl addsebegBliote dhagapsa of edge
detector 42 and phase detector 44. Because the diagramis so conplete,
little descriptidm whel VG couniteérd7Bebaseinonnthg dat by ateUphEesihdE tutgh
a Schmidt trigger 80 and flip-flops 82 20 and 84 to a gate 86 producing an
edge signal each Beqrdvede £xroms pPhaseadeteicsari A4t he i nconi ng dat a. .
Functionally, a toggle flip-flop 90 provides the count enable signal to
filter 46 and an up/down flip-flop 92 provides the up/down signal to filter
46. 25 Returning to Fig. 5, filter 46 makes a

~



- 18 - deternination as to whether to add or delete a pulse’in-the VCO _
coNnt er 72 based on the early/late infor ' hase "det ect or

. .19 - CLAIMS: 1. Cl ock recovery apparatus for recovering a clock
hgnkl at a first frequency, which glgock S|H|mu“ﬂlnunmlmmzed to a
egefved data stream having a character- 5 Wi¥sl f r equency equal,
td'spid first frequency, including nmeans for*déiedtiﬁg edge transitions;g#f
i g data stream and produci ng an edge signal indicative thereof, neans for
gerier atii ng* a | ocal sedlIMS:equency cl ock signal, -said second frequency
being twice that of said first 10 frequency, said second frequency clock
signal not bei ng phasel synd¥ask r&eafieny apparasesi fen neeaverie@n® neans
for phase | ocking said second frequency clock signal-to said edge.

transiti ons $EPHF 2L 3hA ’F'o%ké‘d' y o V@gﬁgneg%}‘oék&n ah8 for
dividing said ase locked 15 _ second frequency clock by t to produce a
cl ock signalsnéfi)c= A-3%9 < °f§e§ﬁﬁ§%ﬂ?éﬁ%ﬁ?% $ 5ﬁ§?e PX&Rgéatgﬁgﬁ?agﬁﬁﬁe

5 istic data bit frequency equal to said first frequency,
including means for detecting edge transitions of said data
stream and producing an edge signal indicative thereof,

means for generating a local second frequency clock signal,

-~
RN}

said second frequency being twice that of said first

¢

10 frequéncy, said second frequency clock signal not being
phase synchronized with said received data stream, means
for phase locking said second frequency clock signal to
said edge transitions to produce a phase locked second
frequency clock, means fqé dividing.said phase locked

15 second frequency clock by two to prbduce a clock signal at
said first frequency that is phase-locked to said edge
signal and therefore phase locked to said received data
stream, and means for changing the polarity of said phase
locked first frgquency clock according ;q a predetermined -

20 function of said edge éignals,_thereby'producing a recovered
clock synchronized to said'peceived data stream.

2. Cloék recovery apparatus as claimed in

claim 1, wherein said phase locking means comprises é
digital phase locked loop.

25 - 3. Clock recovéry apparatus as claihéd in

claim 1, wherein said second frequency clock generating



éhénal and therefore phase |ocked to said recei ved data-stream and
for changi'ng the polarity of said.phase  ocked first frequency clo

according to a predeterm ned 20 - function of ' nmnumm S

produci ng a recovered cl ock synchronized to sHm‘m _ st rleam
Clock recovery apparatus as clained ia goaim 1* whertei it sdi d phase\J o
nearfs €onprises a digital phase |ocked |oop. 25 3. c oc
recovery apparatus as clained in claim1, wherein said second frequency -
cl ock generating - 20 - means conprises an oscillator operating at a

mul tiple of saidmﬁﬁﬁbﬁmmtﬁéqeén§9,°SQﬁalatqrvﬁﬂe¥§tinﬁuﬂ¥xﬁtﬂ?kﬁ% e
oscillator for dividing down said oscillator frequency to said second
frequency. 5  ©f said sgcondcfzerueBElycrPdappRi iRy aCUYRESRFI ®addi m

3, wh [ id ph " ' ' I h t f

Jetect i ng o phadPeiased, so% AtNaaAnganevE setd; SRETTLANPE A Faisiom,

frequency clock‘éagggﬁ é?@%oBEQQQQIHQnEQ response thereto control signals,
er,

and 10 an up/ down coun resportstve‘fo said control signals for counting

e IR . B s e T

count thereof  claim 3, wherein said phase locking means comprises a

phase detector for detecting a phase difference between

P said edge signal and said second frequency clock signal
and pfoducing in fesponse'thereto control signals.'and

10 an up/down counter, responsive to said control signals
for counting pulses of said oscillator and in response
thereto generating signals coupled to said divider for

~controlling addition and deletion of a pulse coun£ thereof -
so as to synchronize its output with said edge signal.

15 5. Clock'recovéry apparatué as claimed in
claim Y4, wherein said phase detector comprises means for
generating said control signals including one such signal

Qv/ having a pulse width proportional io the phase difference

. between said edge signal and said second - frequency clock.
20 . 6.  Clock recovery apparatus as claimed in any
preceding claim, wherein said data stream is in a return-
to-zero format.
7. Clock redovefy apparatus as claimed in
claim 6, wherein said data stream comprises ManchéSter

25 coded data.



- »

so as tg~synchronize its output with said edge a.gﬁal. 15 . 'S. .
Cl ock rfecovary apparatus as clainmed in cIa|n1 erein said phase detector
conpri ¢ ans for generating said control E'ﬂlﬂﬂl“ ,HHMHIEne such

si gnal g a pul se width proport+anl=-to th e between

sai d-e[l S|onal and sai d second-frequency cl ock. 20 * 6. C ock ;
recovelhy @pparatus as clainmed.in any preceding. cIa|n1 wherein said data.*”
stream \s 'n areturn- to-zera format. 7. d ock recovery apparatus as
claimed in claim6, whebein Ghoek jreowen® ARRMIANUS SubFERORESLAY 25 coded
dat a. 8. (O ock recovery apparatus substantially as hereinbefore

descri bed mﬁtﬁsrBFEFéﬂEGf?%e §§ﬂ°%§b%ﬂuﬂ&FhrfeQQﬁfnﬁébGHpaﬁPFn@sdFﬁﬂﬁﬁgs

in, the accompanying drawings.
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