DI RECT CONVERSI ON RADI O RECEI VER FOR F. M "SI GNALS Thi s inventi om | g tg.gct\o
a direct conversion radio receiver for frequency shift keyed-signal's on an
RF. carrier. British Patent Specification 1517121 describes such a radio
receiver, in particular the demodulation cirguit, in.which the signa
processing is perfornmed at a | ow frequency and therefore instead of -
adepting a superheterodyal principle, a direct conversion, Patent / l\\
Speci fi cati ons 41679/ 78 and 30578/ 79 (Vance 5 and Vance 8) descri be ;l-*
nodi fications of this arrangement. Hence, in these previous circuits
output of the denodulator is a digital waveformand for some applications
an anal ogue signal is necessary. According to the present invention there
is provided in or for a radio receiver for receiving frequency nodul ated
signals, and in which mxing with a local oscillator is used to produce
quadrat ure baseband channels, a denodulator circuit conprising a first
channel in which the difference frequency will appear, a second channel in
which the difference frequency will appear in quadrature with respect to
the first channel and | agging or |eading in dependence upon the signal
frequency bei ng above or bﬁtmmnﬁmrlqmuvgnsydﬁ RADIO RECTICRRY, f he
respectively; wherein the deviation TNE J NpUL._siLgnalr 1requency from
Iocgl oscilrator frequency is neasurgzg%ghg:sgigﬂéégine intervals either a)
by measuring the time interVais beV@mehomanalatesZtosmodifenthdnﬁér51on

r o e
crossing in the dhfis ?86@1%6%‘8@ f'r gﬁg SR £ 09 Orl%%%af% Q}}f‘e“ g

re resentatlve of t he reciprocal of nt erva
puI R.F. carrier..

British Patent Specification 1517121 describes
such a radio receiver, in particular the demodulation i
‘circuit, in which the signal processing is performed at a
low frequency and therefore instead of adopting a
superheterodyal principle, a direct conversion, Patent
Specifications 41679/78 and 30578/79 (Vance 5 and
Vance 8) describe modifications of this arrangement.
Hence, in these previous circuits the output
of the demodulator is a digital waveform and for some
applications an analogue signal is necessary.
According'to the present invention there is’
provided in ot for a radio receiver for recéiving
frequency modulated signals, and in which mixing with a
local oscillator is used to produce quadrature baseband
channels, a demodulator circuit comprising a first
channel in which the difference frequency will appear, a
second channel in which the difference frequency will
appear in quadrature with respect to the first channel
and'lagging or leading in dependence upon the signal
ffequency being above or below the local oscillator
- frequency, respectively; wherein the deviation of the
input signal frequency from the local oscillator
frequency is measured at discrete time intervals either
a) by measuring the time intervals between each



produced at difference frequency zero cr.ossings; and decodi ng the phase

bet wegn\t he channel s whereby to sinmulate an anal ogue output representative
of %E anornation nodul-ated on the r.f. signal. In order that the *
i nvegy'on can be clearly understood reference will now be nade to the
acconpanying drawing, in which:- Fig. 1I-i% a bl ock schematic di agram of an

FSK recei ver ageol 'i\get%fb S nSMRPAUHEN; Heddifcd MOy |y 2A
shows waveforns appl]cable to the denodul ator of Fig. 1 according to one _r
enbodi ment i rOSRRERE NG S WHPWr AR TRELIRHALIVe /F Fh& ossing and

filtered, Fi grecfpsdeat yoVEiOrtEnaPilteAE 40 1) 38 oid wiiiey Rilsdr the
denodul at or of E&g. % |n#¥h gh the time interval s between successive zero
crossings ar PHERFL LT Jgé Y VITHENTY AFHC i Yt ¢

denodul at or demsding nghe phdsse Sextoreere ol i clearine ¥8 gvhelraedhowo wavef or s
relating to Fi - £ 9S. | | | he network N1
to N in Fi gé%“ulé—ﬁgg%i 7@&‘%0@% cﬁ'ﬁ%‘?aﬁ%%ﬁg%ﬁ%ﬁ%&%x enbodi nment -
of the networinfarnatien freedylgted: orjthe g8 Ehdkgi@dvef orms rel evant to the

circuit of Fig. 6A Fig.1y dsder ek chadimremiicdderndenmhyat or 9

I ncorporating the network N of Fi gw 6@; Fig. 8 shows the selector |ogic
function of PIRPeEAteeq © € bt o AW R AR E AN |2 gIRanYL
enbodi nent f odrddinglenbdubleiaci: © of Fig. 1 with reference to Fig. 2B; Fig.

10 shous a block diagrargpf, ap 7 LeraLdy S Shadclc SHARMIRYe | M 44
receiver according to a general embodiment of the RN
invention; _ ' a b
. Fig. 2A shows waveforms applicable to the

demodulatOr'of.Fig. 1 according to one embodiment in
which pulséS'are prdduced_from'each-I.F. zero crossing
and filtered; '

Fig;_ZB shows waveforms applicable to a second
embodiment for the demodulator of Fig. 1 in which the
time intervals betweén-successiveIZefo'crossings are
measured; '

Fig. 3 is a block circuit diagram of the
demodulator 9 according to the second embodiment;

Fig; 4 shows waveforms relating to Fig. 3;

Figs. 5a, S5b, 5c are simple circuits for the W)
network N; to N, in'Fig. 3; | '

Fig. 6A is a circuit diagram of a more complex
embodiment of the network N, to N4 for Fig. 3;

~ Fig. 6B shows waveforms relevant to the

circuit of Fig. 6A; ' | ' 1

Fig. 7 is a block diagram of another
demodulator 9 incorporating the network N of Fig. 6A;

Fig.'8 shows the selector logic function of
Fig. 7;' ' o

- " Fig. 9 shows a block diagram of an all digital

embodiment for the demodulator 9 of Fig. 1 with reference
to Fig. 2B; ' o | o

Fig. 10 shows a block diagram of an -
alternative digital embodiment for the demodulator 9 of
Fig. 1 with '



Fig..1 with - 3 - reference to Fig., 2B Fig. |la shows an alternative —
form of denodulator 9. Fig. |Ilb shows the waveforns applicable to 5 t N
cifcuit of Fig. Ila; Fig. 12 is a block circuit diagramof a nodificatif
to the enbodi ment of Fig. 1 in which tmo_fgrlher channel s are synthesis
and Fig. 13 shows an input channel conbining 10 net wor k conbi ni ng the
channel input to the denodul ator of Fig. 1. The denpdul ation systems to be
ri bed. bel ow produce an approximation to an anal ogue out put by either
urlng time |nt val s bet essive 15 zero crossings in the |.F.
or by filtering P& :ﬁﬁ?ﬁﬁ%ﬁﬁéﬁﬁi%ﬂ th.|.F. zero crossing. This produces
an out put wavef orm whi ch f @igmylpwsiposesansadtennateveafdrmhioth gives
nore information ly digital circuits. 20 - In the
receiver of Fig. d%q}rh‘h?gtcogﬁy ed radio signals [err], where fc is a carrier
wave frequency and 6 is théﬂ%ﬂ(lﬁhhshmw&ntUevaneﬂormarepbedchbﬁéwmdngh
gai n m xer csrcu%h% ks & of\ﬁl al Psclllator 3 running at the frequency

U

fois fed difectly to rCUI %1 and via a‘phase shift network 4,
whi ch introduces a 90[erﬂ]ﬁbhase-%rn5ta bboekxeireuithdiegrpm of af ni xer

cireuits 1 and 2nyaesiettidn rESPaR | 4B GRARORL Sof 200 Byl onl gHsRgSS

filters 5 and 6, respectively, remove unwanted Phtérference e.g. from
adj acent 30 ch&Wﬁb@#rﬁﬂﬁT[ﬁﬂﬁﬁﬁ?ﬁﬁcﬁ??e§¥m5@3$1%a9éné?dbetmeen t he

signal and fo. The outputs mfg ! hes |swewasgnfihp@ESchannel combining
ﬂ 10 network combining the channel input to the demodulator
C of Fig. 1. |
_Q? | The demodulation systems to be described
' below produce an approximation ‘to an analogus cutput
by either measuring time intervals between successive
15 zerc cressings in the I.7.. or by filtering puises

procduced at each I.F. zero crossing. This produces zn
;. output waveform which for many purposes is adequste,
" and which gives more information thzn the purely
digital circuits.
. 20 In the receiver of Fig. 1 the received radio

s1gnals f 6, where fc is a carrier wave fregquency and
§ is the FSK modulation deviation, are fed to two
high gain mixer circuits 1 and 2. A local oscillator
3 running at the frequency fo is fed dlrec iy to

25 mixer circuit 1 and via a phase shift network 4, which

' introduces a $0° phase shift, to mixer 2. The outputs
of mixer circuits 1 and 2 are fed in respective channels
A and B to low pass filters 5 and 5, respectively,
which remove unwanted interference e.g. from adjacent

30 channels, and pass the difference frequency beiweer the
signal and f . The outputs of the lcw-pass -i"ers
are ampllfled in high gain llmltlng amplﬂflers 7 and 8
so as to give two fully 11m1ted waveforns, which are 'in
quadrature. The quadrature phase shift (4) may also

35 be placed in the incomlng s;anal path rather than in



are anplifiéd i-n high gain limting anplifiers 7 and 8 so as to give two
full'yimted waveforforms which are ir. quadrature. The quadrature phase

shi ;tﬁé) may al so 35 be placed in the incom ng signal path rather than -«
in cﬁL: 4 - the local oscillator resulting in the same outputs from?7 and

8. frequency of the square waves i S €qual to the difference in
frequency between the incoming 5- r.f. signal and the local oscillator.

The difference outputs of the mxer circuits are respectively [err] and "%

[err] when the input is [err], and -6 and [err] when the input is f +6 and™
[err] and [erthewhecalheschpliatos pesultingTha ehéestméOoutphitkhe | ow pass
filters is tofﬁg&r?cénéhg difference frequency 6. The lowpass filter

bandwi dth is equal t0 the’sideband width of the r.f. signal. The difference
or baseband signal s whiThe afeeghencuanpfi thedsqnareagesved asde§uplovi de

full Yet 4 L g ic.leyel. .if the
Govi ut o s S phY rrertibe Enorkbhensy bORVEEh YA, inthuibk 10t e
i nput si ghal Tsf of$k@Ralr¥pdi tRe ndaradl OBeiddaney.-by +6 kHz there will be

delivered fromthe |imTgesdi e FEHAE CoNBYEEs| queﬁéfﬁwé?{ c8pcafys Shown

Slde of the I PEREFHIEH 6 and Fher 02 rhFNLERaLE PRF RSt rom the |
linmiters two & eandived amd qubelr A2 uwiten ashe himputnishe wayef orm di algram
ol 1 Fator ¢ RN RGN 72 el LS LS hEES: BELe R pbBRebnEe
m xer, tie qudridiarkowirass shiilters isvbosextrietethendifBefengce?A,
waveform (a) fRR(\RYEY 5. The low-pass filter bandwidth is equal
to the sideband width of the r.f. signal. The
difference or baseband signals which are then
-amplified in stages 7 and 8 provide fully symmetrically
15" limited outputs at logic level. So, if the.deviation
is 5 kHz then the baseband signal will be 5 kHz.
Thus when the input signal is offset from
its nominal frequency by +§ kHz there will be delivered
from'the limiters two square waves in quadrature, as
20 shown in the waveform diagram, Fig. 2A. When the
ffequency shifts to the other side of the local
oscillator (-8 kHz there will be delivered from the
‘limiters two square waves in quadrature, as shown in N
the waveform diagram, Fig. 2A. When the frequency
25 shifts to the other side of the local oscillator
(-8 kHz) then due to the phase inversion this implies
in the mixer, the gquadrature phase shift is reversed.
Referring to Fig. 2A, waveform (a) represents
‘the original modulation which is depicted first as
30 fc+6 and then changes‘to‘fc-s. As a result, in channel
-A the square wave output from the limiter 7,.represented
by waveform (b) lags the square wave output in channel
B from limiter 8, represented by waveform (c), by 900:
" when the modulation changes to-fc¥6 then channel A
35 leads channel B by 90°. This phase relationship.

o]
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the qriginal nodulation which is depicted first as 30 fc +6 and then
changes to [err]. As'a result, in channel A the square wave output from the
lititer 7, represented by waveform (b) | ags the square wave out put in_xC§%§
channel B fromlinmiter 8, represented by waveform (c), by 90: when the

modul ati on changes to f -6 then channel A-35 | eads channel B by 90[err].
Thi-s phase rel ationship -5- indicates whether the nodulation is above or
belsgw the | ocal oscillator frequency. Referring back to Fig. 1, the
function of the denmpbdulation circuit 9 is to neasure the frequency 5 of
this fully Iimtdadicptes e thertdhe madulatd orelia iabo e a lkalaorthia i on

of the quadraturqo%bgn@§%fﬂlédy%tﬂyéduquya As the signal is fully
ous

limted an estinmate of the I nstantane uency can be made only on-the
occurrence of an edge in eiRef&rrdmenbhack J?CP e lpaddgarfinticdul i on i s

made to work |n em@ @erodu ladion atrds Ql)iortd Zaeas(ulaeccuheemmﬁ: n

¥
bot h channel th ul at.or out uts a se. of fixed |l 'ength and*
anpl i t ude. p8| gﬁf g%qgg ﬂ tegd HaL s Jed e Fei & by

whet her channel Aellagavcer ]Jeeaaﬁ’ﬁ.ma:mﬂhtao(rt hoef mﬁearqaa_,dmituzha S igmalknt i on

is immaterial); the ¢hit & d oh eHR 1R So% lﬁ Oc%le@%al & £\PiHy tiﬂ@g 41| at or

frequency differénce between € receiver
and the recei vedan estimgtsl ofTHése wmam@ushef‘rrefquetrmyecbamm athdee an

output equal to bRy forne%%”%c%rfzfe?fc‘aé"%‘ e%nz)g% e occﬁﬁﬂ%w es the

time, t, between_each edge in either chann

al gernatel y Pn efPRePagkRand Yemad H&ﬂﬂ;ls made to WOPK in one of
two basic methods (1) or (2).

(1) For each edge in both channels A and B the
demodulator outputs a pulse of fixed length
. and amplitude. " The polarity of each pulse
15' is determined by whether channel A lags or
leads channel B (the polarity of this
convention is immaterial); the rate of these
pulses being equal to four times the frequency
_ difference between the receiver local
20 oscillator and the received r.f. signal.
' These pulses are then filtered to produce
an output equal to this frequency difference.
/ (2) The demodulator measures the time, t, between
| ' each edge in either channel (n.b. edges occur
25 ' alternatély.in either channel) and outputs
a voltage V, given by V = k% where k is a
constant. Furthermore, the 1_:ime t may have.
a positive or negative significance depending
whether channel A lags or leads channel B
30 . (again the polarity of this convention is
immaterial). Hence the output V may be of
either polarity.
Fig. 2B shows where the time t is derived
from for the same condition as shown in Fig. 2A.
35 _ The actual measurement of time ¥t and the



a Vol tdge V; given by 'V = [err] ,where k.is a constant. Furthernore, the
time t nmay have a positive or negative significance deperidi ng whet her

tha
t hi

pol a
condition as shown in Fig. 2A. 35
time [err] and the

NA | ags or | eads channel

sui tabl e for use as the denodul at

or

B 30
vention is immterial). Hence the output V may be of either
Y. Fig. 2B shows where the time& s derived fromfor the sane

9 shown i-n Fig.

(again the polarity of

‘The actual neasurement of

L 3

-6- generation of the. output [err] (or an adequate‘;}
approxi mati on of this) can take many forns.

These are described |ater. .

Ref erring nowséReFhdiod bfekBel Dutpe ang & ar?r*aézmjl&@ﬁ %%ﬁoﬁfﬂﬁ?éﬂbﬁfor |

3-the out put
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Each of these is applied to a 10
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trigger €efige evibodinentsed todemoentlartiory salidssd an fahessSlad otld.

R

nonostable M to
tj,ve goi ng .edges. Tne
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Each

Jpassed through a network N1 to N4
to [err]. The switches Sl to.$4 /

then sanple this voltag&naFigr Bhéhei matpuindd mhammple Apse@rsd aret he

output. 2 CaPagIE8rifiebebgnnac

“anal ogue 20 ~ val ue

10

.etmeen_sangles. ) ef'c
in the circui®f ofh&i §npPtf 8ignRd -caféchl of fihes® davizRabied to a

monostable M1 to M4 which is edge triggered, for example

t. tnc ' . : th
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t

S.

on positive going edges. The monostables M1 to Kl

produce
trigger

a short butput pulse following the appropriate .
edge which is used to momentarily clilose switches

20

25

voltage proportional

S1 to Su. Each input signal and its inverse is also
passed thrsu

imo AT ot o
h a netwe to N, whi
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value between samples. _
Fig. 4 shows the waveforms occurring in the
circuit of Fig. 3 for the case of a fixed deviation

on the other side of the local oscillator. It is

clearly not physically possible to make the networks
Nl to N2.exactly produce a voltage
£°1 '
zero. Howeﬁer, fixing an upper limit o
minimum'value of t only implies that the demodulator

roportional to

e
sinte this implies infinite output £ tends to
mit

.Tr

v for scme

as
o
b

output will limit at a particulan pesak deviation. This

characteristic i.e.
8¢ ¢

t >t

min

k = constant

min ;
is an adequate approximation and may indeed be desirable

i s .\
frequency, and for that same deviaztion frequency cccurring -

a
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frequency, and for that sane deviation frequency occurring on the othe
side of the local oscillator. It is 25 clearly not physically pos
to* make the networks N1 to N2 exactly produce a vol tage proporti onal
since this inplies infinite output as t tends to zero. However, fixi
upper limt of V for sone nininumvalue of~t7only inplies that the
demodul ator 30 tQULPHitWhé bpdtitBdndl PRdiss Waidwpedkn dswigid on.  This
cthgcteristic i e. Y Tayiex - t ,tmn v kt 1 t >tin Kk
—constant 35 i%eBAWREREt e approxi mation and nmay indeed be desirable
- 7 - tolimt- the operati ohad. ndi skeowsnshmelt e tofort e weﬁmdmf\ttm NFigf 5
shows some netwogks Nyfor N to N of 1 4 Fig. 3. Fig. 5(a) shows a
network Na which grves a |inear decay of V, Fig. 5(b) shows a sinple
approxi mati on Nb using a CREEEt wofk) whheWs @ veetvworle X rinidhnl giamya of V.
Fig. 5(c) shows afpéderad@iyposk e in which the output is a combination of
a |linear decay and an exponential 6 decay. Each of these networks
appr oxi mates the ideal outpit9to® RheSYRMR SHIPIH ARG EHIEPHdBmde on
grounds of |ineausiygraqlR restwerls ueh Delpd £xeéd Yan |éxpgdreernt igllidecfy lHf.v.3
t he nonost abl es can be replgﬁfd §> c?néfh&weérb&irgé:éjiﬁ Ko u&irl\g:ainshq\t out put
'edge, e.7. a b a cl d

. . . 1
pul se for an appropriate inpu erent i at or or

gc e
di gi tal networ k. theceweput ok $n & reemimaklonfof e hinewnr kdedly tand an
exponential decay.

i Each of these networks approximates the ideal
% output to some extent and the choice can be made on
grounds of linearity required versus complexity.

In the circuit of Fig. 3 the monostables can
be'replaced by any other circuit causing a short output
pulse for an appropriate input edge, e.g. a
differentiator or a clocked digital network.

Another form (not shown) of the networks N1 to
N4 is possible where a non-linear transfer characteristic
is obtained as a piece-wise linear approximation to the
reciprocal law. A voltage dependent element such a a
diode is used in conjuction with a resistive network to
define changes in slope of an output voltage. The
digital equivalent of thié is also possible.

It is possible to devise more complex circuits

for networks N which give more exactly an




’ &
N4 i s possible where a non-linear transfer characteristic is obtained as a
piedeqﬁﬁ e |linear approxinmation‘:to the reciprocal |law. A 'voltage dependent
~ el eneRt’yguch a a diode is used in conjuction with a resistive network to .
defi ne~€hanges in slope of an output voltage. The digital equival ent of
this is also possible.” It is possible th-devise nore conplex circuits for
networ ks N which give nore exactly an -8- output voltage proportional -
t1. Fig. 6A shows a possible circuit. As noted above the approximation of
hol di ng the output voltage constant for. some time tmn such that a startlng
point 5 ueAh r S q;ﬁbd I's used. The input
pul se fron1ch%ﬁﬁ%?£ GO EEEQ 89%b° nal ggﬁg'é&ftch ‘GL places a voltage. Vo on
capacitor- C2. This volfage §ﬁ ﬁh@W@aﬁeD&S&;UIQHQLnﬁwket tA2eeEeEdr TRS
causes a CUrrgnbvé %Hefhﬁiﬁ’rgﬁ&}?ﬁ%&oﬂ)‘&ﬁ% rﬂ%%r{ﬁ] Jb@p@@teoieagevoltage

and drain current are then relate ere: te voltage
Threshol d vol ¢e@@tartt RRTFEpRe Tﬁém@oﬁhggpﬁﬁ¢ﬁIﬁ?%xNﬁuﬁﬁ%ﬁ ¥Eo|%°héFd 15
const ant 3”“|é;thﬁeeﬂﬂu§frébﬁpbﬁkﬁﬂ RureR isThevsad®l Traesd. ”1Wﬁ9r5 TR1

TR2 and TR3, JR4 allow a curren be dr rom the, capacitor . The
vol t age on { FERY gam‘t"%? O © E’ﬁ@ﬁe?‘el“r]“?%%raé’ gnal %%‘E%t%h%t?h a

const ant set ®¥ phecgsi a8 061TREe. @G @mdd%badﬂtd&chzﬂrTmmﬁdvbDuége— [err]

then an on the gate of:a_field—effect transistcr TR5 causes 2

current i to flow between source and drain. The gate

10 voltage and drain:current are then related:- - QJ
ia (Vg - Vp)? -
where:- V, = Gate voltage _ .

Vmﬂ'; ”hresho’a voltage of the FET.
The voltage con the capacitor 02 is he

15 constant un%il the end of the input pulse. ,Thereafter
currsnt mirrors TR1, TRZ and TR3, TR4 al ilow a current
/i to be drawn from the capacitor Csy. |
‘The voltage on the capacitoer C5 is then
Vom t ;Kﬁf- T_.
. 20 min
where: k = constant
T = a constant set by the gain of o
TR5, C, and V, | A
@9 R If T is arranged to be’ tmln’ then an
25 output voltage is obtained that is proportlonal to

t -1 for t > t n°- As the circuit in operation but

a bipolar outp t is required, means are included to
“give an inverted output. Tnis comprises the form
. of a balanced amplifier, BA, as shown in Figure
30 64, making both polarities of output available.
Fig. 7 shows a complete denoaulauor using
the analogue circuit of Fig. 6. From each channel
A and B the pulse tmin is derived as defined in
relation to Fig. 3 and also a short pulse, by use

35 of positive~and-negative-edge triggered monostablies



25 .out put voltage |s obtained that i.s proportional to [err] for t >
tmn. As the circuit 'in operation but a bipolar output IS required, neans—=,
art included to give an inverted output. This conprises the formof a @
bal anced anmplifier, BA, as shown in Figure 30 6A, making both polarit

of output available. Fig. 7 shows a conplete denodul ator using the anal ogue
circuit of Fig. 6. Fromeach channel A and B the pulse tnmin is derived as
defyined in rel atlon to Fig. 3 and also a short pulse, by use 35 of

posi tive-and-neg edge triggered nmonostabl es 9 MA, MB and Ma, M,
respectively. T ﬁ% @g'l?e Myni o5 RESRESEVEE | Tha @nalegue tumitorrect

polarity of the dst pist dsavwafived iin sqgectgadirm/ dHe d&qté‘c1§ @Hﬁlrtc% E}:s .

defined in Fig. nd th al o Switches. _In nore det

sel ectors SL1 an f’ Cuddt q'tpr\"g: &?&ﬁgfé‘f“bflspcﬁ qie 4% Hde RBLC A and B
respectively to lsmlerqtdﬂse (sl aveftiyneaf :Irh&-":,rgJ.l Eae) Qrmﬂtm?d é}yal Mewnd M.

This pulse ig th lied t 3 an ch invert pu se aln
accordi ng 10§ t%g’tlﬁcpe&?lggl ar |It?1y§bfrtf9% ' % ;ﬁm e nmeans
result in one of USH t»@l¢e§h8\nEeSV\2>iS\nB>erJ$\M diél‘aiga emmilm X o;rndaa}:h ed?e
occuring in eith yatg ol fe vol tage from
Tho bl ooks AUL of SADE Coa veny so 1R 3t DdTarity YR he IR ' 30

al ternative denDBE'PQPGPdu;@NnaIaaﬁ-ﬂ&I My giThdls (Pmifsiegmsatﬁhﬂn a@mmi er COis

count per i 043 of o 1 Uél R R M A
count periogds of ,a cl.ock *rom a.clock i.npu
; rdLﬁg 2§° edP&l@é‘F' Fuulthe @?&Iglei@lalﬁ@é’é’lﬁé @fnq B. Tifhese

Ejlhg'r'f glr O\s/= gnal | meansereedlitn ian owel MTBWiit chieist SWL &8l SW3 or swa
'~ being enabled for each edge ocduring in either channel,
at the correct time to sample the voltage from the
blocks AUl or AU2 as appropriate.
15 - Pig. 9 shows an alternative demodulator
using an 2ll-digital configuration. A counter CO is
arranged to be edge triggered on alternate edges of
channels A and B and to count periods of a fast clock
from a clock input Cl during each interval thus providing
20 a digital output signal as a measure of t. This digital
signal is inverted in an arithmetic unit AU and |
converted to an analogue output w1th a digital to analogue
o/ converter D/A. . :
. Fig. 10 shows another embodiment of the
25 demodulator 9 of Fig. 1, with reference to Fig. 2B.
Trigger pulses are generated from each channel A and B
by edge triggered monostable circuits_Ml, M2, and for
each opposite phase of channels A and B by edge triggered
monostables M3 and M4 via inverters 11 and 12. The
30 trigger pulses each initiate a linear ramp function in
feépective ramp generators such as RG,. This ramp is
used to sweep a voltage controlled oscillator_vcol
each cycle of which is counted on a digital counter DC1.
The count is stopped and latched to the output gate
35 0/Pl by the trigger pulse from the opposite channel.



converted to an anal ogue output with a digital to anal ogue converter D/ A

Fig. \shows anot her enbodi nent of the 25 _denodulator 9 of Fig. 1, with
fefe(éggk to Fig. 2B. Trigger pulses are generated from each .channel A and a
B by\€dge triggered nonostable circuitggM, M2, and for each opposite phase

of channels A and B by edge triggered nonostables MB and M4 via inverters

11 and 12. The 30 trigger pulses each initiate a linear ranp function |n

respective ranp generators such as RGL. Thi.s ranp is used to sweep a

vol tage controlled oscillator VCOL each cycle of which is counted on a

di gi tal count dISCAS RN ARE ?%cetﬁma 9fdthat eRBHTEo TeRM IdiNEut Tyat e 35
0/ P1 by the trigigers iy Fes fgern ¢pe1opPosthe thpuselfrequenty ,- akhiih i s done

for each phase_of the Jnputs resulti i.n fou anpl es per cycle of the
i nput frequen%?ezB?QW?? ¥R$ nﬁ%bﬁﬁ?ﬁﬁﬁﬁggdescrlbed Fig. 11 shows a

further al ternatlve eanrﬁgrerﬁl&howé ahEudeneduhateli"n&’cdf\reFlegbclimenu
Referri ng now '\[;O Sd d t%][t_)ag £ pu s of channels A and B, as
depicted ef ?ﬂﬁ spe rv 'y of Fig. Ila, are applied to
points a and b. An exclLEBR&rthgamew160rEmgsve§ltaadcﬁAﬁnéhe1©utnmameforns
and provi des v t % e )
(waveform (c) %is%%aarﬂ%ﬁvi?s eA 0(‘lrﬁtr(;:.ﬁrl"t s | a‘ééchQ?lg? hgl ogﬁsﬁr{flq% d%ﬁ? wll,

in response- tdbdv@@ﬁﬁﬁﬁﬁiﬂ&ﬂ&ﬂﬁﬁw@#SA‘blaB arepappiLiedy toppedmdd a short

pul se which S@l gr¥ y.esels @xémspﬁéom %até516 Ael:eageg RleS@nindine
| engt h regU|red f or “out put r oduced ock 13 mhlch cl oses an

anal oguel mntUﬁVﬁqumst (ﬁFQi#@ﬁFO? ?%gaﬁﬁl§éve gugPKE £f t¥iceis coul d-,
be realised bynhen ealatdior Rfushey  66a 66 06r@andc) irn Fig. lla at o

@%- ‘point ¢ in Fig. 11). Blocks 11 and 14 will, in response

.
(-\ *
et

to every edge in charnel A or B respectivaly, yroduce
a short pulse which sets or resets a flip-flop 12.
15 A longer pulse (of the length reguired for cutput)

[{)

. I
oS A
SWITCh

isfproducea by block 13 which cleses zn anslogu
, 18 for the duration of the pulse.: Blocks.ll, 13, 14
could be realiised by an =xc1usive OR andé 2 resistor and
2 capacitor, for exampie, but the man skilied in the
20 art will realise alternative arrangements dspending
on the application. In general terms blocks 11, 13, 1y
can be described as monostables triggerable by either :
positive or negative-going pulses. - The output of block
13 at ¢ is'represented by waveform f in Fig. 1lla. The
&b . 25 polarity of the pulse is determined by the exclusive OR
' 16 and exclusive OR 15 through flip-flcp 12. This
output ;pulse is applied to jgnction Z between two resistors
' of equal value R; and R, so that the polarity of the
pulse at g (g in Fig. 11la) is either 0O Volts when signal
30 e is zero and ‘the switch 18 is closed or V when signal
e is a "1" and the switch 18 is closed (waveforms c
and 4 in antiphase). Thus waveform e shows whether the
incoming r.f. signal is above or below the local
oscillator frequency, ‘and this is multiplied by the
35 series of'pulses of waveform ¢ since waveform ¢ it will



a capacitor, for exanple, "but the man.skil'led in the 20 art will realise
al ternative arrangenents depending- on the application. |In general termns

bl bcks 11, 13, 14-can be descri bed as nonostabl es triggerable by either e
positive or negative-going pul ses. The_oytput of block 13 at f is § 3[*?
represented by waveformf in Fig. |Ila. The™25 polarity of the pul se |
determ ned by the exclusive OR 16 and exclusive OR 15.through flip-flo
Thisgs out put pul se is applied to junction g between two resistors of equal
value Rl and R2 so that the polarity of the pulse at (gin Fig. Ila) is
either 0 Volts with Rekpdlcztnges 1&szepdazndyt B& swichckdee i(Sadlosed or
Vcc when signal edsi #ivd addthé @tf%m;]caflénbsde,kaa%é,ow@\f%h%% , and d

i n anti phase). Thus veforme shows eige[ the incom ng r.f. signal is
above or bel ow t HE&8hcHI® 3 19848 FRqhBnes, ORARAt RPd Nis st igH i ed by
the 35 series df %ﬁ%fes of waveformc since waveformc it wll -11- be
not ed changes its p rity at each ed bot h positiye a negative) of the
devi ati on fr§quency. Whentﬁ%yeﬁﬁﬁ%gﬂge%éFg'iggFsfﬁgéﬁ? BgiRF FUCESad err]
5 ' Lapprassimatiemdpass dnbklegud7optpducér)an approxi mati on of
an anal ogue out put (h). Thap, V., OUS . € | ~HESGLI ~have a limt on
the speed with which data g?ﬂéﬁ%ﬁﬁgﬁ%“g?gﬁggggﬁgﬁ“geﬁaéﬁggaﬁﬁt§ Ve Fat is
to say the nunberidffphuincs:e Greobtwl tlabveich Gataoorpanajeguki tighalsput
nformation, 1S ldaH bl aele dlitadd 4, bogorees SpBl Lay 2Ad AURLLE o0h 1R s

anal ogue fr uency hi_.gher, event ually oné w : eve one or | eSs"than “one
pul se per biP, oPbtganablde afcthe qitput per bit of| gnpegninformation,

modul ation indexjlsonismittd. 4s the bit becomes smaller and smaller,
@§ or the analcgue .frequency higher, eventually one will
achieve one or less than one pulse per bit, or peé
half cycile. ' '

15 In terrms of a modulation index for z two
channel system this limit would he abeut unity, i.e

’ the deviation would need to be at least 0.5 times the
bit rate. A typical modulaticon index for data is

P
0.707 which has spzcizl spectral propertiss and an

. 20 embodiment for handling this is described with re
to Fig. 12. In Fig. 12 ¢ T

he band-pass filters
are indicated by the reference number 5 and §. In
a
o

(.

Fig. 12 two further channels C and D are cre
L addition to channels A and B, at 415° and 135
eb . 25 respectively, by adding channels A and B to obtain
channel C and substracting channels A and B to cbtain
channel D. The substraction is achieved with an
inverter INV. The resistive adder networks, represented
by pairs of resistors R output to limiter amplifiers
30 27 and 28 (similar to 7 and 8) and the four channels
are applied to demodulator 9'. Demodulator 9' is
the same as demodulator -9 depicted in Fig. 1 except
that it comprises also an input channel combining
network as shown in Fig. 13, in which channels A
35 and B are Zecd tc an czclusive OR gate 35 and channelé

C and D are fed to an exclusive OR gate 36. Outputs



channel systemthis Iimt would be about.unity, .e. the deviation would
osbe at least 0.5 tinmes the.bit rate. A typical hodul ati on i ndex

{s 0.707 which has special spectral properties and an 20 3
enbodi for handling-this is described with reference to Fig. 12. In
Fig. \I2the band-pass filters of Fig._1ljare indicated by the reference
number 5 and 6. In Fig. 12 two further channels C and D are created, in A~
addition to channels A and B, at 45 and 135[err] 25 respectively, by A
addi ng channels A and B to obtain channel C and substracting channels A and
B to obtain channel D, The substracfi-on is achieved with an inverter. |NV.
The resistive ddddld fe®RRKLe r“@p‘f %‘Fl'i‘%at‘bydﬁ?a‘?‘r‘él%?‘”r e2i $RoFRe R out put to
limiter anpli flseamﬁ. Iy &7 &mi:?cam(m rﬂésﬁdrirﬂec? eamle;Bﬁ ’&Iilad"thl@ef@ur

channel s are a(%g d to denmdul ALory 9 ‘__ S ";5 g

denodul ator-9 e BFF e‘§<]cb it afsnalfr‘?l %ﬁmﬂ se é%n h ‘Pnput
channel conbij nwrhgz rﬁz&mmﬁq.as Bregmeney Fig. 13, in which channel s A 35 and.
B are fed 0 an exclusiv e. A ch, e 591111911 to an

excl usi ve CR gate 36. OJ?'&? 9 @% %“ hq@ ]lr‘%‘illrlcde wa}\?é or*rr%sE

denodul at or 9 iof H&-sdre Aha;r%’él%fbw%@ f‘ﬁ@stﬁl%’@l 2xERpe: Qha‘feﬂh@l‘ﬂe are

twice as many FI‘&JI’SG-?\"&G' W(ﬁ\&'rﬁlﬁiéfnodxﬁpi@&rerﬂ'cnﬂ I":f% devi. app,@nq{,t@gy;ency
Fig. 13 shows how the four channel system of - i's reduced to an

equi val ent 2 ctdniel2Réyst @RS d? iFHA "%tol"f%é”%fen%duﬁ B eR Pf IPPFUSICY The

si gngl s at ux amﬁ‘ ¥ idt quadgcatw euhtg tile tdmmaﬁéﬂexfamugn@an%et hose ftt
A and B, us the u.tputsr X an can be 10 wuse Irectly revi oushky;
des cri beé‘ der‘rﬁﬁ&ldo CEFuits §IF HEE s ahﬁ"c'B ibe é‘ demo ufago s/

circuits in place of A and B.

_ In a similar fashion further interleaved .
phases can be created, and mors resoluticn obtained as
- required.



-

In a simlar fashion further interleaved phases can EE‘E?EEIEH“aﬁa nor e
resol uticn obtained as required. -13 CLAI ME: - ,lu“"" '" for
r&di o receiver for receiving frequency nDduIated uﬂ“’”ﬂﬂ

mxing with a local oscillator is used to duce quadrbtdresbaseban

channel s, a denpdul ator circuit conprising a first channel in which the )
dlfference freqoeagyserl | appear, a second channel in which the difference

frequency will gppear in QEggseteaﬁ & Elat8SPeeL:bar! Bex LLsLs ghpgnel and

| aggirng or -l eading in dependence U e signal frequency elng bove or
bel ow t he Iocalfégépﬁnswomoﬂpéqﬁeﬁc919Pé§5ecﬁp@er whhehenhxiRg Webthadi on

of the input SIqaalalf beeyenayol 9 hiedl eeabreaabélaﬁaaraﬁeﬁeeﬁsyebénd
nmeasur ed at dISC inme i tervals eith %ﬁbgpnea suring Ee time
g

i nterval s betme& 83@ Ssulc §§P981?EPB 8F6§§ ﬁpfﬁﬁlﬂgf?e thEk frequency
and generating eshaaunefutinswhiah thpr ddéfieachee frefjhencgcwpibcappedri he

time i nuerval ooy chishhe! b9 BiLags cRLodused-ahod ELrganeyf Leauency

Zero Ccrossi ngs, ase between anne
sinmul ate an anaB@@Géroenpauaﬂﬁptésenwathv@eépthetPntbﬁnﬁ%téh ﬁbdunaled on

the r.f. signal gng lag ing ofhiegaqﬁguﬁﬁtﬁépﬁhﬁéﬂbé ﬁﬁéﬁrghégsienﬁla'nll
wherein two further ferent phases of the difference yency are

provi ded in resﬁé@ﬂpﬁécﬂhPP&nEnGbPHGrPH EﬁéﬁﬁeFQe ﬁﬂaglﬂﬁ thi8FQ8Is are

measur ed or puIfe@q@bacgnoéuepécaﬁveagh wnéeé&ndtaéedévequeaﬁyozetne
crossing in each of the

according to cl &"RE & gfai ﬁs u?lﬁ& FSPmeggﬁ cﬁﬁng ng”??gg tngg:LSUIt

cideui t frequency is measured at discrete time intervals either
a) by measuring the time intervals between each
successive zero crossing in the difference frequency and )
generating an output signal represehtative of the
reciprocal of the time interval or b) by filtering pulses
produced at difference frequency zero crossings; and
decoding the phase between the channels whereby to
simulate an analogue output representative of the
information modulated on the r.f. signal.

2. The demodulator circuit according to clalm 1,
‘wherein two further different phases of the difference
frequency are provided in respective third and fourth
channels, and time intervals are measured or pulses are
produced at each intermediate-frequency zero crossing in
each of the four channels. _

3. The demodulator circuit according to claim 1
or 2, comprising for each channel a first pulsing circuit
which is edge-triggered and produces in response thereto
a short output pulse, a time-reciprocal network for
producing in response to each zero crossing a signal

-1 (where t is time

whose magnitude is representative of t
between the short output pulses), and a switch, wherein
the switches are controlled by the output from the

monostable circuits such as to sequentially sample the

outputs of the networks for filtering.
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which i s edge-triggered and produces in.response thereto a short out put

pul se, _a tinme-reciprocal network for producing in response to each zero

Cr 0S§ a signal whose magnitude is representative of t1 (wheret is tine?
bet w he short output pul ses), and a sw tch, es are
contr ed by the output fromthe rmnostabl e ci r\é\/nmlmmmmuimm“‘
sequential ly sanple the outputs of thel-hetworks for ffltleritgs. * -

4. The denodul ator according to claim3 wherein the tine- reC|procaI
network is arranged to provide a signal whose nagnitude varies to represent
t-1 or tinme intervals in excess of a predeterm ned 5 time interval tmn,
t he magni tude of said sHganHyﬂdEmdﬁﬂIhtmnﬁﬁenmrdﬁmgIt¢fmﬂmrmeﬁval tmn
has el apsed, mhereby t|n (o] t C curve t i's
r eached befor@hféhﬂf}n€ %Wﬁfkéﬁ\égﬁf{hnxgTééﬁﬁﬁggc%pﬁgﬁégq £

The denDduIat@mammnychrg;gnalﬂwncﬁelﬁﬂgnwﬂwﬂemwétwe%a%% %ﬁ%ﬂﬁ%¢na second
pul sing ci r culd-lproui diiig. a MSEA0 1#NHdkds o114 sRERECirkDeach zero
crossing to |n|t|ate the ti'me reciprocal networ The. denpdul at or
accor di ngSt o dliamemimterval diypr, si e seaeetbids o‘@ﬂ c-‘-‘?bﬁl £HRER6I 1 i ng the
swi tches, whi ¢fp33{ce jANA Qaies SN $ Glesh 1 Seswielv @k vali resnv@@se to out put
fromthe first puIS|ng circuit and fromeach zero Qh ng d na § éggnlone
of the first -%Pss&%nd“%rﬂiel% Stryting point on the g FaatPEP sy
according to Ghave % 111§5ﬁﬁaéheQWEefnreesamplhsggmaltmeonethe“klne

reci procal C|rcq;t has a lli near decay. 8. The denodul ator according to

claim3, 4, qyt\ﬁﬁﬂ%ﬁQF i d signal has an exponential _decay. Q;)
10 5. The demodulstor according to claim &

5.

comprising for each channel a second pulsing circult

providing a pulse of length tmnn in respect to each
zero crossing to initiate the time reciprocal network.

6. The demodulator according to claim 5

15 -'comprising selector legic for contrelling the switches,
which are znalogua swi<ches, sequentially in response

to output from the first pulsing 2ircuit and from each

zero crossing direct from one of *he first and second

channels.

ot

20 7. The demodulater according to claim 3,

4, 5 or 5, wherein a said signal from the time reciprocal
" egircuit has a linear decay. &;,
8. The demodulator according to claim 3, 4,
5 or 6, wvherein said signal has an exponential decay.
25 - 9. The demodulator according to clainm 3, Y,
5 or 6, wherein szid signal has the combination of a '
linear and an exponential decay.
10. The demodulator according to claim 3, 4,
5 or 6, wherein said time reciprocal circuit prbvides
30 a'hon-linear transfer eharacteristic as a piecce-wise
.11nea“ apprcx1ma icn to the reciprocal 1"w.
11. The demodu‘a*or according to claim 1 or
2, cem“r531ng a fast clock, means to provide a digital
signal reurcsent:ng the count of the clock periods

35 occurring during the interval between each successive



25 : 9. The denodul ator according to ' ) 6, —=
wherein said signal has the conbination of a |i n4 ﬂ! 'ul(ﬂ ﬁmlﬂt i a@
décay. 10. The denodul ator according to claim 3, . H ein s

time reciprocal circuit provides 30 a nenibinear transfer characteristic
as a piece-w se |linear_ apprcximation. .to.the recipraogal..lagw_.11. .The o
derodul at or. acco?ecﬁ%gcﬁ%o N mieags F° .clcgﬂﬁ:?rrits%ﬁ% ;éclfgd'sttaeiclsd‘gl?, 8885 to
provi de a di gi t aleangyna gaprederthendlitdie adowitgnail ttioe anl @alalpgnieods 35
oc%dfr-i ng duri ngm;&ﬁxg_nt erval between each successive - 15 - zero
crossing, nmeans to1nvert the digital signal and means to convert the
digital signal tl2an anal odfie Samafulagpr accordinge t@efd@dMatlor accor di ng

to claiml, comMydndrikidy &acled ha@anednyy fAANYedrad gt & ¢Faggeel se in
response to the occurance of a zero crossing of the Jnternedi ate frequency,

a ranp gener at oPYHITHT LERWMER &P P RETIEGE PulPs &ST8n SFOESHG: &
vari abl e by the tlenpimgemeailiate drequeany,t @ canp denerapore whikcht ie vari ed

oscillator bet mel%gilr%ggft%nqer%v %egdgil i,%lag]gﬂe%gir%% S]Q’la%ra v%%%%ﬁ%e{g%

pul se fromthe opposSite ch ator accor
any precedi ng cl@ien%#R dengmitaac RrchAanis thisecound fheyicysdes ofr tiver

channel carryi ng,ddited IS0 o ettt ih it 3didh BAChnehpNele ok

The denodul at or according to claim1 or 2, including a pulse producing
circuit for prodiRISRFPHR%E FURIRAUSET AR S50 1EHAM P PPPLSH t8dge of the
internmediate freshidlin the first or second path, the circuit conprising

anc'?(cl usive CR ﬁ.;’it e for M Sid Vdéqn%éu}leat%xg%@csording to any preceding
claim wherein for each channel there is provided a

further channel carrying the inverse of the signals in -
said each channel. _ '
14. The demodulator according to claim 1 or 2,
including a pulse producing circuit for producing a pulse
of the correct polarity for each edge of the intermediate
frequency in the first or second path, the circuit
comprising an exclusive OR gate for receiving the signals
of said first and second channels and in each channel and
in the 6utput path of the OR gate, respective first,
second and third monostable circuits triggerable by
positive or negative going pulses, a clip-flop circuit

s arranged to receive the output 6f the first and second
monostable circuits, a further exclusive-OR gate arranged
to receive the output of the flip-flop and the output of
the first OR gate, an analogue switch controlled by the
third monostable for outputting the second OR gate
output, and a bias network to produce a 3-state analogue
output. -
1s5. In or for a radio receiver for receiving
frequency modulated signals, a demodulator substantially
as hereinbefore described with reference to Fig. 1, Fig.
2B, Fig. 3, Fig. 4, Fig. 5, Fig. 6A, Fig. 6B, Fig. 7,
Fig. 8, Fig.-s, Fig. 10, Fig. 12 and Fig. 13; or to



4

of said first and second channels and in each ch [ out put ¢
path gf..the OR gate, respective first, second aiﬁi‘lﬁwwtﬁﬁﬂﬁl e circuits
trig le by positive or negative going pul sesT V&% v rcuit 4
arrangéd/to receive the output of the first and second nonostable circuits,
a fur r exclusive-OR gate arranged to ri&eive the output of the flip-flop
and the outpug;gf, tltlepft?r.smg?pg?t.euanaaaab@guelw,t@bgeomérghaeﬁiey the _
third nonostabl é far ou puttlng he sgcond CR gate output, and a bias < d
network to prddic@fatiespSFamBRRYLHEe6AVHAES - 15. I'n or for a radi &%
recei ver for receiving frequency nodul ated signals, a denodul at or
substantially as hereinbefore described with reference to Fig. 1, Fig. 2B, .
Fig. 3, Fig. 4, Fig. 5 Fig. 6A Fig 6B, Fig. 7, Fig. 8 Fig. 9, Fig 10,
Fig. 12 and Fig. 13; or to 4 -16- Fig. 1, Fig. 2A, Fig. |la and Fig.

Ilb, Fig. 12 and Fig. 13; of the acconpanying draw ngs.




