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2059725 ZERO- CROSSI NG COMPARATORS W TH THRESHOLD VALI DATI O\ig\‘/:al?a%g’lb
~<onparators and other circuits for slicing anal ogue signals are well known
In the art and enpl oyed 5 in many sityations. |n sone applications
where the need exists to distinguish a valid signal fromlow | evel noise,
vol tage threshold nay be applied to the reference input of the conparator

in order that only signals exceeding that threshold voltage will cause the

10 conparator to S\@EROCROSSING UDOMBARATORS WIrH rERBSHOND used, the
transition of the conpar MALIDARION wi || be delayed with reference to the
zero-crossing of the input in one direction and advanced i n the other
direction by an Veobtagedegawdinatammndeobhpti cadeuditst for rsld cilig
signal. 1In sone applications |like carrier recovery and tinm ng recovery
systens in anghoguef signmeds dEnen weoklernsnovn| netbenardl angd mrployed
accurately the zero-crossing instant of the jnput while providing a
t hr estiol d” t b7 pRBDENE NG [dSRFar atlht TP oRBPhECASIONgnHhe sy thesneedn 20
a predeterm ned anplityde., It is an aimof the_present invention to
achi eve thi%xb?5§gg9a995ﬁlqﬁﬁiﬁQﬂ?mf%%ﬂ?h%lﬁﬁéénﬁFeﬁ 2% 8% dr ovi ded a

circuit arrangenent .for .use i carrigg and tininaérecovery circuits of a

digital dat3°tPanshi L& shpld Mgy oPe, RRRGEFEN DTy adapted to

t [ | ' ' s (P
dondi 11 on CrerePRhed diRur, S eRd oy AE0E ThORRael SBAtISIIY e crence.
therhOHj5%9@§£1§+¥§Le@5&b@géﬂgi_threshold voltage will cause the

10 comparator to switch. Unfortunately when this method is

used, the transition of the comparator output will be
delayed with reference to the zero-crossing of the input
in one direction and,advénced in the other direction by_
an amount depending upon the amplitude of the input

15 signal. In some applications like carrier recovery and

| timing recovery systems in ﬁigh performance data modems

it is essential to preserve accurately the zero-crossing
instant of the input while providing a threshold to
prevent the comparator responding to signals of less than

20 . a predetermined amplitude. It is an aim of the present
invention to achieve this preservation.

Accérding to the_invention there is provided a
circuit arrangement for use in carrief and timing
recovery circuits of a digital data transmission system,

25 the arrangement being adapted to generate an ouﬁput
signal (OPS) when an input signal (IPS) €rosses zero on
condition that the excursion of the input signal has

exceeded a reference threshold signal (+VE) during the



-2- previaus half cycle, including first (C) and second (C2) differenti al
anplifiers both of which are connected to receive the input signal (IPS)
and further including a toggle (D) characterised in that the first
differential 5 anplifier (A) is arrangéd to produce an output signal
wheén the input signal passes through zero in a first direction, the second
di fferenti al anplifier (C2) being arranged to produce an output signal when

the input si ggale s dan g heyepbd Lheshadhbeeiirat RUOWahd Gecond (c2)

predet er m ned thre e out put signal of the first differentia

anplifier (O )jieedRchdOal h@mﬁ?ﬁﬂi@ré%&:tﬁn@ft WA iewl Ri¥e ddiidcida tés
second differential anplifier (C2) being fed to a second toggle (D2), the

first (D) angex@Gad H&)iAPge! £5gARE i TbsNCandeFiethdt includied &
manner that the first toggle (D) produces a short pulse in response to the
zero transiti apgyfid hepl npethasagoerisbanihhehianpuhesifinait Rkt fereetbal t he
reference threshold in the previous half cycle. In order that the invention
may be mgre realifidy (ClUNdis sappangelietenproducendm tomtmet foidgmal ng

figures. Figure 1 illustrates the operation of a sinple conparator (prior
art). Figure hdr udte aimput heigpelapaesesf throwgharzeny gt £irsteshol d
vol tage (prior art). 25 Figure 3 illustrates the principle of

anpl i tude .direction, the second differential amplifier (C2) being

arranged to produce an output signal when the input
signal falls in the said first directién below a
10 predetermihed threshqld value, the output signal of the
first differential amplifier (Cl) is fed to the toggle
(D1l) and the ouﬁput signal of the second differential
amplifier (cz) being fed to a sécond toggle (D2), the
first (Dl1) and second (D2) toggles are interconnected in
15 - such a manner that the flrst toggle (Dl) produces a short
pulse in response to the zero transition of the input
.signal when the input signal has exceeded the reference
threshold in the prefious half cycle.
‘In order that the invention may be more readily
- 20 understood reférence is made to the following figures.
Figure 1 illustrates the operation of a simple
comparétor (priOr art).
Figure 2 illustrates the operatioh of a comparator
with a threshold vgltage-(prior art). |
25 Figure 3 illustrates the principle of amplitude
validation of zero;crossing transitions. |
Figure 4'illuétrates an embodiment of the present

invention comprising two comparators and bistable

¢



validation of zero-crossing transitions. Figure 4 illustrates an enbodi nent
of the present invention conprising two conparators and bistable ° -3-
storage el ements which produces a narrowspulse in response to the negative

ero-crossing.transition of the input signal provided that the input signal
15 s exceeded the positive reference threshold applied to the second 5 erS
onparator. In Fig.-1 (prior art) the input signal IPSis applied to the

posi tive i ngybrageaediemeartentirilciptodudss COMRAFRLY! pCPMB WRI ch is biased
on its negative input by a zero volt OV condition. The waveforns shown at

the 10 strdspohseheccCithelineqdt ivd). zdroret68¢ engherbRBY L iShIAF thd t age

| PSV and the output signal voltage OPSV as a function of time t. Each tine
the input sigpat sigssédspreviddd ttmpatid oinpuddsigaadnhast plceeddd the
signal returns to zero again. 15 In Fig. 2 (prior art) the sane
conpar at or YaRPrpsipivei dedexienren tharestid:d t sppiheddtbethe ¥&cwhisch
provides a pedestal above zero for the conparator. The waveforms rel evant

to thedcirce®PPPRFaEPE- 2 are shown at the side of the circuit and it will

be seen that the_20 threshold voltage causes displacenent of Al and A2
to be experiencelPf Fafrt he (PEROIC A fhe kiRt ssgnalafgszes?. .

applied to the positive input of a differential amplifier
comparator COMP which is biased on its negative input by
a zero volt OV condition. The waveforms shown at the

10 side of the circuit of Fig. 1 indicate the input signal
voltage IPSV and the output sigﬁal voltage OPSV as a
_func;ion of time t. Each time the input signal crosses
zero the comparator produces an output until the signal
returns to zero again.

15 In Fig. 2 (prior art) the same comparator COMP is
providea with a variable threshold level VT which-
provides a pedestal above zero for the comparator. The
waveforms relevant to the circuit of Fig. 2 are shown at
the side of the circuit and it will be.seen that the

20 threshold voltage causes displacement of Al and A2 to be
experienced from the zero crossing instants 2CIl1 and
2CI2.

Fig. 3 illustrates the principle of operation of the_
invention in that the zero transition of the input signal

25 IPSV is amplitude validated.

Considering now Fig. 4 an embodiment of the

invention is shown in that two differential amplifier

comparators Cl and C2 are provided driving a pair of



Fig. 3 illustrates the principle of operation of the invention in that the {Q
zero transition of the input signal 25 | PSV is anplitude validated.
Considering now Fig. 4 an enbodi ment of-the iwmvention is shown in that t wo
differential anplifier conparators O and C2 are provided driving a pair of
4 Lgrr] type toggles DI and D2 which are interconnected so as to generate a
narrow pul se on the output |ead OPS when the input |ead IPS passes through
zero after ‘havipty typeecrmghlde Pbsandvb2t Whéshokdeprimtiernprinectrd t$0 ed%iol d
5 | evel + VT. The output signals fromthe conparators d and C2 are
connected respectjersnate ahmactoekpihpat Snottheheutput: piead QRF cthemil e
the data inputs-to the "D' type toggles are held at the logic "1" state
level . The Qthet pgnput ckeadgiPe mssgswbawshc@ﬁtrpmaft%r dasing o

input to toggle DI while the Q output fromtaogg I S use to contro the
clear input t@xangfed Ohe |PoshEigei GHrﬂ,ﬁﬁﬁ’lfah§r}9cY§15ﬁ4/é’Yna CW%SIB‘?
I nput S|%nal falls bel ow the threshold | evel ¥T e D2 is set by c
out put fPom cA@Nedy Ttofhar aTR? @YEPYK signals fzof: eoﬁ"@?affa‘f%r%e i)rl ned

RS 1 eaches. 2ot G, coaReckERcFRPBECKA BTL R ot T | BRYEY REDr
to the "I statg. 1 "%@éfegsgiegnwmlgltg%uw & Qg2 e eheared

which in turn t ches
* type toggles are held at the logic "1" state level. The

Q output from toggle D2 is used to control the clear
10 ‘input to toggle Dl while the O output from toggle D1 is
used to control the clear input to toggle D2. 1In
operation when the positive half cycle of the input
signal falls below the threshold level +VT toggle D2 is
set by the output from causing comparator C2. This |
15 causes toégle D1 to be primed eh its clear input by the
"1* state signal on Q2. When the input waveform IPS
reaches zero comparator Cl generates an output condition
to switch D1 to the "1" state, The "O" transition on Ql
causes toggle. D2 to be cleared which in turn switches Q2
S 20  to the "O" state thereby clearing Dl. The output signal
OPS, therefore,_ekists for the time it takes to clear
toggles D2 and Dl.
| The above description has concentrated on circuit
arrangements operating on positive signals, whereas it
25 will be obvious to those skilled in the art how the
circuits could be amended to operate on negative half

.cycles.



20 .to the "O' state thereby clearing D. The output signal OPS,

refore, exists for the tinme it takes to clear toggles D2 and D1. - The
abpve description has concentrated on rcurt arrangenments operating on
oisitive signals, whereas it 25 mnll be” ob illed in the
art how the circuits could be anended to opermmﬂ llmugm‘mmalf cycl esv\
CLAI Ms: - 1. A circuit arrangenent for -use i@ carruem asd timng reco
circuits o&Lglgggltal data transm.ssion system the arrangenent being
adapt ed t o—geretate an output 5 signal (OPS) when an input signal (IPS)
- Crosses Fol? , onacentiol e kg dhir S e Ol Bk RRH! 2Rh0R3k

exceeded reference thre ol d- S|g uring the previous hglf cycle,

i ncl udi ng fééé@efglheeqﬁacwa(%%) fuézf ea&eﬁlefaagﬁkgaasﬁssw&npf whi ch,
are connected to receive the i'nput signal (I and- - f uft her

i ncl udi ng gné 088k angBknéh PedHerddutstdd &dﬂaéeﬁé‘?af;érﬁh guthatenti al
anplifier (A) is arranged to produce an output signal. when the input
signa passpgnalr popk)zehen @na iipud gl | orps ) hersssendzdirbf enent i al
anplifier (C2-) being 15 arranged to produce an out put signal- when the
I nput si gnedbndhtioni nhihe thel exaurdich refttion bepotwv aighadeheasnm ned i
t hreshol d val ue, --the output signal of the first differential anplifier

- (d) is fedxceedeﬂeatpggbeence threshold-signal (+VE) during the.

previous half cycle, including first (Cl) and second (C2)
differential amplifiers both of whiéh are connected to
10 receive the input signal (IPS) and further including a
toggle (Dl) characterised in that the first-differential
amplifier (Cl) is arranged to’prodhce an output signal
when the input signal passes through zero in a first
direction, the second differential amplifier (C2) being
15 arranged to produce an 6utput'signal when the input
signal falls in thersaid first direction below a
predetermined £hreshold'va;ue,jthe output signal of the
first differential amplifier (Cl) is fed to the toggle
(Dl) andlthe output signal of the second differential
20 amplifier (C2) being fed to a second toggle_(DZ), the - '
first (bl) and second” (D2) toggles are interconnected in
such a manner that the first togéle (D1) éroduces a-short
pulse in response to the zeré transition- of the input
signal when the input'sigﬁal has exceeded the reference
25 threshold in the previous half cycle.
2. A circuit arrangement according to claim 1, in which
the first (Dl) and second (D2) togglés_are D type toggles

and the outputs-of the ‘differential amplifiefs



(D) and the output signal-of the second differenatiat™ Lifier (C2)

being fed to a second toggle. (D2), the first (Dl ni toggle
are interconnected in such a manner that the fir “@ duces
a--short pulse in response to the zero tranS|t|o e |hp si gnal when
therlnput si gnal has exceeded t he reference 25 threshold in the previous
hal T cycle. ) - 2. Acircuit arrangenent according to
claim1, in whieh 4he €byshréDebnaedteacartgddivagyles e ELbyre toggl es
and the outputs of the differential anplifiers -6 - (A and C) are
connect ed respogph¥el gLKP blfethkoagolps (O KWndfDIhe toggles (D and D2).
3. A circuit arrangenent substantially as herein described with reference
to Fig. 4 of t3e acrooproyingabrrangeémaentngubsienitiadlwfad hireseeni fication
has been reproduced by phot.ocopying the applicants original typescript.

It may cont ai deséeibedenibbnre fetreniceart® difd. claf tthe eagcompanyinghe
original typescript ccntaining these anendnents may be inspected, on the
preni ses Sof trérava-‘ews O fice

The text of the specification has beem z-eprodnne& by photocopying the applicants original

i typescript. It may contain a few amemdments which are difficult to read. The original
& typescript containing these amendments may be inspected on the premises of the Patent Office
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