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Description

~ - The invention relates to an FM-receiver com-

prising a frequency-locked ioop which includes, in
succession, a voltage-controlled oscillator, a
mixer circuit connected to an aerial input, an
IF-portion comprising an IF-fiiter, an FM-detactor,
a loop filter arrangement and a loop amplifier for
adjusting the transfer characteristic of the
frequency-locked loop, which loop amplifier is
connected to a control input of the voltage-con-
trolled oscillator for feedback of the modulation
signal of the received FM-signal, the filter
arrangerment comprising a first low-pass filter.

Such an FM-receiver is known from the Nether-
lands Patent Application No. 7806602 which has
been laid open to public inspection.

In the known FM-receiver, when baing correctly
tuned to a wanted transmitter signal, the FM-
aerial signal having an average frequency RF is
amplified and mixed down in the mixer circuitto a
low, average intermediate frequency TF by means
of the oscillator signal which has an average
frequency OF. Simultaneously, by said feedback
of the modulation in the frequency-locked ioop,
the frequency deviation of the received FM-aerial
signal is compressed, for example by a factor of 5
from 75 KMz to 15 KHz. This reduces considerably
the foldover distortion of the FM-signal in the
iF-portion, which is the resuit of the compara-
tively low average intermediate frequency'ﬂ-’.

The low intermediate frequency IF in combina-
tion with said compression of the frequency
deviation makes it possibie to realize the known
FM-receiver in integrated circuit form. However,
for an adequate signal processing a number of
requirements must be satisfied. For 2 selectivity
which is effective, also in the most critical circum-
stances, on the one hand and an adequately wide
FM-IF-passband on the other hand the [F-filter
must be of a higher order, for example of the 4"
order. in addition, in practice the stability of the
frequency-locked loop is guaranteed only when,
within the passband of the ciosed loop—that is to
say the frequency range in which the loop gain is
equal to one—the phase shift of the modulation
signal in the loop is less than 180°. This phase
shift is predominantly effected in the if-filter, the
FM-detector and the first low-pass filter and limits
significantly the number of choices as regards the
order, the bandwidth and the class of the filters. A
further restraint thereon is the requirement that
for an effective compression of the frequency
deviation the bandwidth of the open loop, that is
to say the bandwidth of the first low-pass filter
must inctude at least a considerable portion of the
modulation signal.

in practice said requirements can only be
satisfied by a certain choice of filter parameters,
when the bandwidth of the moduiation signal is
of the arder of magnitude of that of an FM-mono
signal.

With modulation signals having a bandwidth of
the order of the sterec muitiplex signal {53 KHz}
the requirements as regards compression of the
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frequency swing deviation. selectivity and
stability result in conflicting filter parameters.
Thus, for an effective compression of the fre-
quency deviation of FM-stereo signals, the
bandwidth of the first low-pass filter should
amount to 40 to 45 KHz and the open loop gain
within this bandwidth must be approximately 12
dB. This results in a passband of the closed loop
of 160 to 180 KHz when the first low-pass filter has
a first order roli-off of 6 dB/octave. Owing to the
first low-pass filter the phase shift within the
pass-band of the closed loop is at its maximum at
the 160 to 180 KHz limit frequency of this pass-
band. With the given order and loop gain this
maximum phase shift amounts to approximately
90°. In order to satisfy the stability requirement
the phase shift produced by the iF-filter and the
FM-detector within this 160 to 180 KHz passband
must be less than approximately 90°. For a 4™ or
higher order iF-filter this is only realizable at very
large bandwidths. Such very large bandwidths
are impermissible for an effective |F-selectivity.
Consequently, the prior art FM-receiver is not
suitable for receiving and processing FM-stereo
signals.

It is an object of the invention to provide an
FM-receiver, which is on the one hand realizable
as an integrated circuit and on the other hand
suitable for processing both FM-mono and FM-
stereo signals and which is at least comparable to
conventional, non-integratable high grade
receivers as regards selectivity, sensitivity and
harmenic distortion.

An FM-receiver of the type described in the
opening paragraph according to the inveftion, is
characterized in that the first low-pass filter
selects the audio-frequency stereo sum signal
from a stereophonic FM-multiplex signal, which
loop filter arrangement also comprises arranged
in parallel with the first low-pass filter and
successively connected, a first mixer stage for
demodulating the sterec difference signal, which
stereo difference signal is amplitude-modulated
on a stereo sub-carrier within the stereophonic
FM-multiplex signal, a second low-pass filter for
selecting the demodulated baseband stereo
difference signal and a second mixer stage for
remodulating the baseband-stereo difference
signal these two mixer stages being connected to
an output of a stereo sub-carrier regenerator the
first and the second low-pass filters having or
approaching a first order frequency characteristic.

The invention is based on the recognition that
in the processing of FM-stereo signals an
adequate compression of the frequency deviation
is already achieved when only a portion of the
audio-frequency stereo sum signal (0—15 KHz)
and a portion of the double sideband amplitude-
modulated stereo difference signal (23—53 KHz)
of the demodulated stereo multiplex signal is
adequately amplified and applied to the voltage-
controlled oscillator. Conseguently, the selection
of the stereo multiplex signal in the loogp filter
arrangement need not be of a wideband nature,

that is to say be effected over one consecutive
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frequency range, but may be effected over
several, separate frequency ranges of the stereo
multiplex signal e.g. by means of a like number of
paralle! filters. This results in the passibility to

nit the passband of the closed loop to a
wonsiderable extent, for example to 60 KHz, by
using simple filters with a relatively low quality-
factor {Q) effecting only a slight phase shift, while
maintaining an effective compression of the
frequency deviation.

When the measure in accordance with the
invention is used, a phase shift of 90° or more is
permissible in the IF-filter and the FM-detector at
a much lower frequency (for example 70KHz) than
is possible with the prior art FM-receiver (160 to
180 KHz} without introducing instabilities, As a
result thereof the bandwidth of the IF-filter can be
chosen to be suffictentiy narrow to realize an
effective selectivity.

Furthermore, noise components which may
cause instability in the closed loop because of
their frequency position which generally is
asymmetrical relative to the stereo carrier, are
reduced by 6 dB, which improves the stability of
the receiver. In addition, the availability of the
demodulated audio-frequency stereo difference
signal enables, in combination with the already
available audio-frequency sterec sum signal, a
simple decoding of the left and right stereophonic
signals.

A preferred embodiment of an FM-receiver is
characterized in that arranged between the output
of the stereo subcarrier regenerator and at ieast
one of the two mixer stages there is a phase
shifting circuit for producing a phase shift of the
regenerated stereo sub-carrier, the absolute
magnitude of this phase shift being at least
substantially equal to the phase shift of the
received stereo sub-carrier in the iF-filter and the
FM-detector.

By using this measure it is possible to
compensate for unwanted phase shifts
introduced in the IF-filter and/or the FM-detector
by an adequate phase adjustment in the phase
shifting circuit. This reduces the harmonic distor-
tion, when keeping the dimensioning of the
circuits used unchanged or improves the [F-selec-
tivity, at an unchanged distortion rate.

A further preferred embodiment of such an
FM-receiver is characterized in that the stereo
sub-carrier regenerator comprises a phase-locked
loop a control input of which is coupled to the
connection between the output of the FM-
detector and an input of the loop fiiter arrange-
ment.

This measure advantageousty uses the stereo
pilot signal between the FM-detector and the loop
filter arrangement, the amplitude thereof being
comparatively large, because of the compression
of the frequency deviation being smaller for the
stereo sum and sterec difference signal than for
the stereo pilot signal.

The invention will now be further described by
way of example with reference to the Figures
shown in the accompanying drawings.
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Herein:

Fig. 1 shows a prior art FM-receiver for
processing FM-mono signals;

Fig. 2 shows the frequency characteristic of a
fourth-order |F-low-pass filter in said FM-mono
receiver;

Figs. 3a and b show transfer characteristics of
the frequency-locked loop;

Figs. 4a and b show transfer characteristics of
the frequency-locked ioop after an adaptation of
some filter parameters of the prior art FM-receiver
for processing the FM-stereo signals;

Figs. 5a and b show some characteristics which
represent the magnitude of three desired and
some fold-over sideband components of the
FM-IF-signal as a function of the modulation
frequency for two values of the frequency devia-
tion;

Fig. 6 shows a FM-receiver in accordance with
the invention;

Figs. 7a and b show transfer characteristics of
the frequency-locked loop in the FM-receiver of
Fig. 6;

Fig. 1 shows a prior art FM-receiver comprising,
connected to an aerial A, an aerial-input, to which
a frequency-locked loop 2—14 is coupled via a
RF-input stage 1. The frequency-locked foop 2—
14 comprises, successively connected, a voltage-
controlled oscillator 8, a mixer circuit 2 also being
connected to the RF-stage 1, an IF-portion 3
comprising an IF-low-pass filter 9, an amptifier/
limiter 10 and an amplifier 11, an FM-quadrature
detector 4 comprising a frequency-phase
converter 12 and a multiplier circuit 13, a loop
filter arrangement 5 which comprises a first
low-pass filter 14, an amplifier/limiter 6, and an
adder circuit 7 connected to a control input of the
voltage-controlled osciliator 8. The adder circuit 7
is connected to a tuning voltage input V, to which
a tuning voltage can be applied. An output of the
amplifier/limiter 6 is connected 10 an audio output
stage 15 and a loudspeaker 8 via a modulation
signal output V,

The operation of this prior art FM-receiver is
described in the abowve-mentioned Netherlands
Patent Application No. 7906602, which has been
laid open to public inspection, In this prior art
receiver the following problems require a
solution.

The use of a low intermediate frequency (for
example 80 KHz) require a compression of the
frequency deviation of the received signal. This is
illustrated by means of the characteristics I,—I,
and {,,—I,,, in Fig. 5a and Fig. 5b, respectively.
These characteristics show the ampiitude of the
standardized, 1% to 3" order Bessel-function for
an average intermediate frequency IF of 80 KHz as
a function of modulation frequencies (f, .4
varying between 10 and 50 KHz at a frequency
deviation Af of 15 KHz (weak deviation compres-
sion} and of 3 KHz (strong deviation
compression}, respectively. The fold-over of
particularly the higher order Bessel-function at
nigh modulation freguencies is considerably
reduced by compression. An  adequate
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frequency-deviation compression is achieved by
applying the modulation signal from the output of
_the FM-quadrature detector 4, after adequately
eing amplified, to the voltage-controlled
ascillator 8.

For a modulation signai having a bandwidth of
the order of the bandwidth of an FM-mono-signal
{15 KHz}, this is realized when the transfer charac-
teristic of the open and closed loop, respectively
corresponds to the characteristics shown in Fig.
3b by means of curve f, and f;, respectively. These
characteristics are predominantly determined by
the low-pass filter 14 of the loop filter arrange-
ment 5, which is of the first order and has a
bandwidth of approximately 5 KHz. As a result
thereof, the frequency deviation compression is
at its maximum {12 dB open loop gain of the
modulation signal) for modulation frequencies up
to 5 KHz, while the frequency deviation
compression for modulation frequencies from
5—15 KHz decreases by a 6 dB/octave first order
roll-off.

As a result thereof the 3 dB passband of the
closed loop is 20 KHz and comprises the whole
modulation signat. The maximum phase shift
produced by the above-mentioned first low-pass
filter within said passband for which the phase
shift at the 20 KHz limit or edge frequency (fy) is
decisive, is approximately 90°. Consequently, the
phase shift in the IF-filter and the FM-detector
being permissible as regards stability at the said
20 KHz 3dB edge frequency {f,) may not exceed
90°. This can be realized by means of a 4™ order
IF-lowpass filter @ whose transfer characteristic
translated to the basic frequency domain is
illustrated in Fig. 3a by curve f,. The translated 3
dB edge frequency thereof is located at 50 KHz.

The transfer characteristic of this IF-low-pass
filter in the real frequency domain is illustrated in
Fig. 2 by curve f,. The real 3 dB edge frequency is
approximately 100 KHz, while over a frequency
spacing of approximately 160 KHz relative to the
salected intermediate frequency TF=70 KHz the
attenuation increases to 30 dB. From this it can be
seen that with such an |F-low-pass filter a satis-
factory |F-selectivity is obtainable.

For further information about the translation of
filter characteristics from one domain into
another reference is made to the dissertation
“Analysis of the FM-receiver with frequency
feedback”, by F. G. M. Bax, pubiished on October
23, 1970 at Eindhoven.

For an adequate frequency deviation compres-
sion of modulation signals having a band-width
of the order of extent of a stereo multiplex signal
(53 KHz) the open ioop pass band must be, as
mentioned already in the foregoing, 40 to 45 KHz
and the open loop gain approximately 12 dB. This
results, after adaptation of the fiiter parameter, in
transfer characteristics as shown for the first
low-pass filter in Fig. 4b by f; (open ioop) and f;
{closed loop} and for the IF-lowpass filter in Fig.
4a by curve f,.

Because of the stability requirement, the
translated 3 dB edge frequency now amounts to
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200 KHz, which, in the real frequency domain,
corresponds to 3 dB edge frequency of some
hundreds of KHz. For reasons of selectivity such a
wide-band IF-filter is impermissible.

Fig. 6 shows an FM-receiver in accordance with
the invention, in which the circuits corresponding
to circuits of the prior art FM-receiver of Fig. 1
have been given the same reference.

The FM-receiver in accordance with the
invention differs from the prior art FM-receiver
predominantly in the construction of the loop
filter arrangement 5. In the embodiment shown
the loop filter arrangement 5 comprises a band-
pass filter arrangement 17—19 arranged in
parallel with the first-order low-pass filter 14. The
band-pass filter circuit 17—~19 comprises, succes-
sively connected to the FM-quadrature detector 4,
a first mixer stage 17, a second, first order
low-pass filter 18 and a second mixer stage 13. A
38 KMz stereo sub-carrier is applied from a stereo
sub-carrier regenerator 21 to the two mixer stages
17 and 19, a phase shifting circuit 50 being
arranged between the stereo sub-carrier
regenerator 21 and the second mixer stage 19.

As a result thereof, the stereo-difference signal
of the stereo multiplex signal at the output of the
FM-quadrature detector 4, which stereo-
difference signal is double-sideband amplitude-
modulated on a suppressed 38 KHz stereo sub-
carrier is demodulated in the first mixer stage
17 to the baseband, selected in the second, first
order low-pass filter 18 and remodulated in the
second mixer stage 19 on a suppressed 38 KHz
stereo sub-carrier. As a result thereof, the band-
pass filter circuit 17—19 operates a5 a second
order band-pass filter having a central frequency
of 38 KHz and a bandwidth and (first order)
frequency characteristic determined by the low-
pass filter 18. in a practical embodiment this
bandwidth may optionally be chosen equal to the
bandwidth of the first low-pass fiiter 14, thatis to
say equal to approximately 5 KHz. The stereo
muitiplex signal thus selected in the bandpass
filter circuit 17—19 is adjusted to an amplitude
level as indicated in Fig. 7b by curve fg and, after
having been applied to the voltage-controlled
osciilator 8, causes compression of the frequency
deviation of the received FM-aerial signal. This
compression is at a maximum in the frequency
range up to approximately 5 KHz {12 dB open loop
gain for both the stereo sum signal and the stereo
difference signal) and decreases with a first order
slope, that is to say 6 dB/octave for the frequency
range from 5 to 15 KHz.

The transfer characteristic of the closed loop is
illustrated in Fig. 7 by curve f,. As a result of the
chosen filter parameters of the bandpass filter
circuit 17—19 {centrat frequency 38 KHz; first
order roll-off after 5 KHz), the pass-band of the
closed loop is approximately 58 KHz. This
passband comprises the whole stereo multiplex
signal and is significantly smaller than the pass-
band of the closed loop which is obtained after
adaptation of the filter parameters of the prior art
FM-receiver, as illustrated in Fig. 4 by the curve ;.
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As a resuit of the function of the bandpass fiiter
circuit 17—19 the phase shift at the 58 KHz 3 dB
edge frequency f, is approximately 90°. Because
af this a phase shift occurring in the IF-filter and

* FM-detector is permissible, which, without
introducing instabilities, reaches the value of 90°
already at 2 much lower frequency (for exampie
60 KHz) than with the priar art FM-receiver. The
transfer characteristic of a suitable 4™-order IF-
fow-pass filter, which characteristic is transiated
to the baseband domain, may therefare vary as
ilustrated in Fig. 7a by curve f,,. An effective
IF-selectivity is obtained by means of such an
{F-bandpass filter.

The realization of the band-pass filter circuit
17—19 with the aid of the first and second mixer
stages 17 and 19 as shown also offers the
possibility to compensate for the errors which are
introduced at the demodulation and remodula-
tion of the stereo difference signal and which are
produced by signal delays which may occurin the
iF-fiiter and the FM-detector. Such errors may
result in instabilities. To compensate for these
efrors, in the embodiment as shown, the phase
shift of the regenerated 38 KHz stereo sub-carrier
in the phase shifting circuit 50 is chosen to be
equal but opposite to the phase shift of the
suppressed 38 KHz stereo sub-carrier caused by
the IF-filter 9 and the FM-detector 4. As a result
thereof the regenerated 38 KHz stereo sub-carrier,
which is applied to the input of the second mixer
stage 19, has the same phase as the received 38
KHz stereo sub-carrier at the input of the mixer
circuit.

In an embodiment, not shown, wherein the
regenerated 38 KHz stereo sub-carrier at the
output of the sterec sub-carrier regenerator 21
has the same phase as the received 38 KHz stereo
sub-carrier at the input of the mixer circuit, the
phase shifting circuit 50 must be arranged
between the output of the sterec sub-carrier
regenerator 21 and the input of the first mixer
stage 17 to obtain the same compensation as
above. In that case the phase shift of the phase
shifting circuit 50 must be equat to the phase shift
of the 38 KHz stereo sub-carrier which occurs in
the IF-filter and the FM-detector.

For a person skilled in the art such phase
shifting circuits are simple to realize, for example
by means of a delay network, and a further
description is therefore not necessary. In practice
it has been found that the phase shift of the 38
KHz sterec sub-carrier in the IF-portion and the
FM-detector is approximately 90°, so that the
phase shifting circuit 50 should preferably effect a
—90° phase shift of the regenerated 38 KHz stereo
sub-carrier in the embodiment shown and a 90°
phase shift in the last-mentioned embodiment,
not shown.

The regeneration of the (38 KHz} stereo sub-
carrier for the demoduiation and remaodulation of
the stereo difference signal in the band-pass filter
circuit 17-—19 is effected in the stereo sub-carrier
regenerator 21, which comprises a phase locked-
loop (PLL; 22—25. Therein the 19 KHz stereo pilot
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of the stereo rmultiplex signal at the output of the
FM-guadrature detector 4 is multiplied in known
manner in a mixer stage 22 by the output signal of
an 38 KHz voltage-controlied oscillator 24, the
frequency of which output signal is halved by a
frequency divide-by-two divider 25. The output
signal of the mixer stage 22 is applied as a phase
control signal via a low-pass filter 23 to the
voltage-controlled osciliator 24. As a result
thereof, the 38 KHz oscillator signal is phase-
coupled to the received 19 KHz stereo pilot and is
applied as a mixing signal to the first and second
mixer stages 17 and 19 of the band-pass filter
circuit 17—19.

The 38 KHz oscillatar signal whose frequency is
halved in the frequency divide-by-two divider 25
is applied in the FM-receiver in accordance with
the invention to a mixer stage 26 of a stareo pilat
detector 26, 27. The received 19 KHz stereo pilot is
also applied to the mixer stage 26. The output
signal of the mixer stage 26 is filtered in a
low-pass filtare 27 and provides an indication
about the presence of the stereo pilot in the
received FM-signal. The stereo indication signal
thus obtained is thereafter applied via a bistable
multivibrator 28 to & stereo indicator 29 for an
optical stereo indication,

The stereo indication signal is also applied as a
mona/stereo switching signal to a control input of
a switch 30, via which the demodulated baseband
stereo difference signal is applied, in the case of
stereo reception, from the output of the second
low-pass filter 18 of the bandpass filter circut
17—19 to a variable-gain amplifier 31, By means
of selection in a filter and tuning circuit 34, the
baseband steréo sum signal is fiitered from the
output of the loop rectifier 6 from the feedback
stereo multiplex signal and applied to a matrix
circuit 32, 33 wia an amplifier 35. Also the
baseband stereo difference signal of the variable
gain amplifier 31 is applied to the matrix circuit
32, 33. In the matrix circuit 32, 33 the left and right
stereophonic signal, respectively decoded by
addition and subtraction, respectively, the signal
being reproduced via the respective amplifier 15,
15" in loudspeakers L and R.

The variable-gain amplifier 31 controis by
means of a stereo control signal the amplitude of
the baseband stereo difference signal appiied to
the matrix circuit 32, 33. As a result thereof the
stereophonic effect of the reproduction is con-
trollable, for example in dependence on the
signal-to-noise ratio of the received FM-stereo
signal. In the case of a stereo difference signal
amplitude which increases from zero the sterec-
phonic effect can increase from a mono reproduc-
tion {L-R=0) wia stereo reproduction (L—R and
L-R have equal amplitudes) to a so-called
“enhanced” sterec reproduction, wherein the
spacing between the left and right sound sources
seems larger than in normal stereo reproduction.

it will be obvious that the invention is not
limited to the embodiment shown. It is very weH
posstbie, while maintaining the advantage of the
invention, to omit the phase shifting circuit 50,
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and/or to change the bandwidth of the passband
region of the open loop and/or the open loop
~nain. The invention is also not limited to the use
f a low-pass filter as the IF-filter or an FM-
quadrature detector as the FM-detector.

Claims

1. An FM-receiver comprising a frequency-
locked toop (2—14} which includes, successively
connected, a voltage-controlled oscillator (8), a
mixer circuit (2) also being connected to an aerial
input, an IF-portion comprising an IF-filter {9), an
FM-detector {4), a loop filter arrangement {5} and
a loop amplifier (6)i for adjusting the transfer
characteristic of the frequency-locked loop {2—
14), which loop amplifier (6} is connected to a

- contral input of the voitage-controiled oscillator

(8) for feedback of the modulation signal of the
received FM-signal, the loop filter arrangement
{5) comprising a first low-pass filter (14), charac-
tarized in that the first low-pass filter {14) selects
the audio-frequency stereo sum signal {L+R)
from a stereophonic FM-multiplex signal, which
loop filter arrangement {5) also comprises
arranged in parallel with the first low-pass filter
(14) and successively connected, a first mixer
stage (17) for demodulating the sterec difference
signal {L—R), which stereo difference signal (L-R)
is amplitude-modulated on a stereo sub-carrier
(38 kHz} within the stereophonic FM-multiplex
signal, a second low-pass filter {18) for selecting
the demodulated baseband stereo difference
signal {L~R} and a second mixer stage (18) for
remodulating the baseband-stereo difference
signal (L-R), these two mixer stages (17. 19}
being connected to an cutput of a sterec sub-
carrier regenerator {21}, the first and the second
low-pass filters (14, 18) having or approaching a
first order frequency characteristic.

2. An FM-receiver as claimed in Claim 1,
characterized in that arranged between the output
of the stereo sub-carrier regenerator {21) and at
least one of the two mixer stages {17, 19) there is
a phase shifting circuit {50} for producing a phase
shift of the regenerated stereo sub-carrier (38
kHz), the absolute value of this phase shift being
at least substantially equal to the phase shift of
the received stereo sub-carrier in the IF-filter (3)
and the FM-detector {4},

3. An FM-receiver as claimed in Claim 2,
characterized in that the output of the sterec
sub-carrier regenerator {21) is connected to the
first mixer stage (17} and via the phase shifting
circuit (50} to the second mixer stage {19}, the
phase shift of the regenerated stereo sub-carrier
in the phase shifting circuit (50) being equal but
opposite to the phase shift of the received stereo
sub-carrier in the IF-filter (3) and the FM-detector
t4).

4. An FM-receiver as claimed in any of the
preceding Claims 1 to 3, characterized in that the
output of the second low-pass filter (18) is
coupled to a first input of a matrix circuit (32, 33)
and the autput of the loop ampiifier (8] is coupled
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to a second input of the matrix circuit (32, 33} via a
filter and tuning circuit (34) filtering the stereo
sum signal for adding or subtracting, respectively
therein the signals at said inputs of the matrix
circuit (32, 33).

5. An FM-receiver as claimed in Claim 4,
characterized in that a variable-gain amplifier (31)
is arranged between the second lowpass fitter
{18) and the first input of the matrix circuit (32,
33).

6. An FM-receiver as claimed in any of the
preceding Claims, characterized in that the stereo
sub-carrier regenerator (21) comprises a phase-
jocked loop, a control input of which is coupled to
the connection between the output of the FM-
detector (4} and the input of the loop filter
arrangement (5).

Patentanspriche

1. FM-Empfanger mit einer frequenz-
verriegelten Schieife (2—14), die nacheinander
gingn spannungsgesteuerten Oszillator (8}, eine
ebenfalls mit einem Antenneingang verbundene
Mischschaltung (2), einen ZF-Teil mit einem ZF-
Fiiter {9), einen FM-Detektor (4), eine Schleifen-
filteranordnung {5) und einen Schleifenverstarker
{6) zum Einstelien der Durchlasskenntinie der
frequenzverriegelten Schieife (2—14) aufweist,
wobei der Schieifenverstirker (6) mit etnem
Regeleingang des spannungsgesteuerten
Oszillators (8) fir eine Gegenkopplung des
Modulationssignats des empfangenen EM-
Signals verbunden ist, wobei die Schleifenfilter-
anordnung (5) ein erstes Tiefpassfilter (14) auf-
weist, dadurch gekennzeichnet, dass das erste
Tiefpassfilter {14} das audiofrequente
Stereo-Summensignal  (L+R) aus  einem
Stereo-FM-Multiplexsignal selektiert, dass die
Schieifenfilteranordnung {5) parallel zu dem
ersten Tiefpassfilter (14) und hintereinander ge-
schaitet auch eine erste Mischstufe (17) zum
Demodulieren des Stereo-Differenzsignals (L—R)
aufweist, das einen Stereo-Hilfstrager innerhalb
des Stereo-FM-Muitiplexsignals  auf  AM-
moduliert ist, weiterhin ein zweites Tiefpassfilter
{18) zum Selektieren des demodulierten Basis-
band-Stereo-Differenzsignals {L—R} sowie eine
zweite Mischstufe (19) zum erneuten Modutieren
des Basisband-Stereo-Differenzsignals (L-R},
dass diese zwei Mischstufen (17, 19) mit einem
Ausgang eines Stereo-Hilfstragerregenerators
(21) verbunden sind, und dass das erste und
zweite Tiefpassfilter (14, 18} eine Frequenzkenn-
linie erster Ordnung aufweisen bzw. anndhernd
aufweisen.

2. FM-Empfanger nach Anspruch 1, dadurch
gekennzeichnet, dass zwischen dem Ausgang des
Stereo-Hilfstragerregeneratlors {21} und
wenigstens einer der zwei Mischstufen (17, 18)
eine Phasenschiebeschaltung {50} vorgesehen ist
zum Erzeugen einer Phasenverschiebung des
regenerierten Stereo-Hilfstragers {38 kHz), wobei
der Absolutwert dieser Phasenverschiebung
wenigstens im waesentlichen der Phasenver-
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schiebung des empfangenen Stereo-Hilfstragers
in dem ZF-Filter (3} und dem FM-Detektor {4)
" entspricht,
-~ 3. FM-Empfanger nach Anspruch 2, dadurch
ekennzeichnet, dass der Ausgang des
Stereo-Hilfstrdgerregeneratars (21) mit der ersten
Mischerstufe {17) und Gber die Phasenschiebe-
schaltung {50) mit der zweiten Mischstufe (19)
verbunden ist, wobei die Phasenverschiebung
des regenierten Stereo-Hilfstrigers in der Phasen-
schiebeschaitung (50} gleich aber entgegen-
gesetzt zu der Phasenverschiebung des
empfangenen Stereo-Hilfstragers in dem ZF-Filter
{3) und dem FM-Detektor {4) ist,

4. FM-Empfanger nach einem der vorstehenden
Anspriche 1 bis 3, dadurch gekennzeichnet, dass
der Ausgang des zweiten Tiefpassfilters (18) mit
einem ersten Eingang einer Matrixschaltung (32,
33) verbunden ist und dass der Ausgang des
Schleifenverstarkers (6) Uber eine Filter- und
Abstimmschaltung {34), die das Stereo-Summen-
signal zur Addition bzw. Subtraktion der Signale
an den genannten Eingangen der Matrix-
schaltung (32, 33} filtert, mit einem zweiten Ein-
gang der Matrixschaltung (32, 33} verbunden ist.

5. FM-Empfanger nach Anspruch 4, dadurch
gekennzeichnet, dass ein Verstarker (31) mit ver-
&nderlicher Verstarkung zwischen dem zweiten
Tietpassfilter (18} und dem ersten Eingang der
Matrixschaltung (32, 33) vorgesehen ist.

6. FM-Empfanger nach einem der vorstehenden
Anspriiche, dadurch gekennzeichnet, dass der
Stereo-Hilfstragerregenerator {21) eine Phasen-
verriegelte Schleife aufweist, von der ein Steuer-
eingang mit der Verbindung zwischen dem Aus-
gang des FM-Detektors (4) und dem Eingang der
Schieifenfilteranordnung (5) verbunden ist.

Revendications

1. Recepteur FM comprenant une boucle
d’asservissement de fréquence (2 a 14) qui
comprend, dans |'ordre de leur connexion, un
oscillateur contrglé par tension {(8), un circuit
mélangeur {2) également connecté a une entree
d’'antenne, un block Fl comprenant un fiitre FI {9),
un détecteur FM (4}, un dispositif de filtrage de
boucle (5) et un amplificateur de boucle {6) pour
regler la caractéristique de transfert de la boucle
d'asservissement de fréquence (2 a 14}, cet
amplificateur de boucle (6) étant connecté a une
entree de commande de |'oscillateur controie par
tension (8] en vue d'une rétroaction du signal de
modulation du signal FM regu, le dispositif de
filtrage de boucle (5) comprenant un premier filtre
passe-bas (14}, caractérisé en ce que le premier
filtre passe-bas (14) sélectionne le signal de
somme stéréo d'audiofréquence (L-R) & partir
d'un signal FM multiplex stéréophonique, le
dispositif de filtrage de boucle (5] comprenant
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aussi, en paraitéle avec le premier filtre passe-bas
{14) et dans I'ordre de leur connexion, un premier
etage metangeur (17} pour demoduler le signal de
différence stéréo (L—R), lequel signal de
différence stéréo (L—R) est modulé en amplitude
sur une sous-porteuse stéréo (38 kHz) dans le
signal FM multiplex stéréophonique, un second
filtre passe-bas (18) pour sélectionner le signal de
différence stéréo de bande de base démodulé
{L—R)) et un second étage meélangeur {18} pour
remoduler le signal de différence stéréo de bande
de base (L—R), ces deux étages mélangeurs {17,
19) étant connectés a une sortie d'un régénéra-
teur de sous-porteuse stéréo (21), le premier et le
second filtre passe-bas (14, 18} ayant une carac-
teristique de fréquence du premier ordre ou s'en
approchant.

2. Récepteur FM suivant la revendication 1,
caractérisé en ce qu’entre la sortie du régénera-
teur de sous-porteuse stéréo (21) et au moins un
des deux étages meiangeurs (17, 19) est prévu un
circuit déphaseur (50} destiné & produire un
déphasage de la sous-porteuse stéréo régénerée
{28 kHz), ta valeur absoiue de ce déphasage étant
au moins en substance égale au déphasage de la
Sous-porteuse stéréo recue dans le filtre FI {3) et le
détecteur FM (4).

3. Récepteur FM suivant la revendication 2,
caractérisé en ce que la sortie du régénérateur
stéréo (21) est connectée au premier étage
melangeur (17), et par 'intermédiaire du circuit de
déphasage (50), au second étage mélangeur (19),
le déphasage de la sous-porteuse stéréo
régenérée dans le circuit déphaseur (50) étant
egal, mais opposé au déphasage de la sous-
porteuse stéréo recue dans e filtre FI (3} et le
détecteur FM (4},

4. Recepteur FM suivant I'une quelconque des
revendications 1 & 3, caractérisé en ce que la
sortie du second filtre passe-bas {18) est coupiée
& une premiére entrée d'un circuit matricie! (32,
33) et la sortie de I'amplificateur de boucle {6) est
couplée & une seconde entrée du circuit matriciel
(32, 33) par I'intermédiaire d'un circuit de filtrage
et d’'accord {34} filtrant le signal de somme stéréo
pour y additionner ou en soustraire respective-
ment les signaux présents aux entrées du circuit
matriciel (32, 33).

5. Récepteur FM suivant la revendication 4,
caraciérisé en ce qu'un amplificateur a gain
variable {31} est disposé entre le second filtre
passe-bas (18) et la premiere entrée du circuit
matriciel {32, 33).

6. Reécepteur FM suivant ['une quelconque des
revendications précédentes, caractérisé en ce que
le régéneérateur de sous-porteuse stéréo (21)
comprend une boucle d'asservissement de phase
dont une entrée de commande est couplée 3 la
cannexion entre la sortie du détecteur FM (4) et
entrée du dispositif de filtrage de boucle (5).
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