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FM demodulator with threshold extension and receiver comprising such an FM demodulator.

The invention relates to an FM demodulater having a first and a second
input terminal for receiving FM modulated input signals having a 90° degree phase relation
and an output terminal for supplying a demodulated FM signal, said FM demodulator

" comprising:

- a phase comparator having a first and second input and an output, which first input is
coupled to the first input terminal of said FM demodulator and which output is coupled to the
output terminal of said FM demodulator,
- a first tunable phase shifting means coupled between the second input terminal of said FM
demodulator and the second input of said phase comparator, said first phase shifting means
comprising a tuning control input for controlling a tuning frequency of said first phaée
shifting means, | .
- a feedback path from the output of said phase comparator to said tuning control input,
comprising a loop filter. . '

' The invention also relates to a receiver for receiving FM signals,
comprising an RF stage,. an IF stage, an FM demodulator and an LF stage.

An FM demodulator as described in the opening paragraph is known from
the European Patent Application EP-A 574 083. In this patent an FM demodulator is

- disclosed having a first and a second input terminal and an output terminal. To these input

terminals FM modulated input signals are applied, having a 90° phase relation. In the known
FM demodulator first and second phase shifting means are combined in a polyphase filter
having ih-phase and quadrature inputs and outputs and a tuning control input for controlling a
tuning frequency of said polyphase filter. The in-phase and quadrature inputs of said '
polyphase filter are coupled to the first and second input terminals respectively, and the in-
phase and quadrature outputs of the polyphase filter are coupled to second inputs of second
and first phase comparators respectivély.-- Said phase comparators further comprise first

inputs, said first inputs being coupled to said first and second input terminals respectively.

Outputs of the first and second phase comparators are coupled to a subtracting stage, an |
output of said- subtracting stage being coupled via a feedback path to the tuning control input
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of said polyphase filter. Through this feedback path the tumng frequency of the polyphase
filter will track the instantaneous frequency of the FM input 31gna1 Thus a tuning control
loop is realised. By deleting the second phase shifting means, the second phase comparator
and the subtracting stage, an asymmetrical FM demodulator is obtained, as these components
are not essential to the FM demodulation function per se. In this asymmetrical FM
demodulator a tuning control loop can be identified, comprising the phase shifting means, the
phase comparator, and the loop filter. The FM threshold of the FM demodulator is a.o.
determined by the bandwidth of the phase shifting means. Thus a reduction of the bandwidth
of the phase shifting means results in a reduced FM threshold. However, such a reduction
can lead to mstabxhty in the tuning control loop, which makes the known FM demodulator
unsuitable for practical use.

An object of the invention is to provide an FM demodulator, whereof the
stability of the tuning control loop is substantially independent of the bandwidth of the phase

'shifl:ing means.

This object is achieved by an FM demodulator according to the invention,
which is characterised in that said feedback path further comprises a compensation filter
having a transfer characteristic substantially corresponding to an inverse transfer
characteristic of said first phase shifting means transposed to baseband.

The invention is based on the recognition that the transfer characteristic of
the phase shifting means for the modulation of the FM input signals can be approximated by
a low-pass filter having a transfer characteristic equal to the transfer characteristic of the
phase shifting means, transposed to baseband. Thus the transfer characteristic of this low-
passﬁlmivﬂlbepanofthemningconuolloop. When the bandwidth of the phase shifting
means is reduced to a value close to the bandwidth of the loop filter, instability can occur.
By using the measure according to the invention. the transfer characteristic of the phase
shifting means in the tuning control loop is substantially cancelled by the compensation filter.
Thus the phase shifting means is no longer part of the tuning control loop and consequently,
the stability of the tuning control loop is no longer affected by the phase shifting means.

A symmetrical embodiment of the FM demodulator according to the
invention is characterised according to Claim 2.

By this measure an automatic cancellation of harmonics of the carrier
frequency is achieved at the output of the subtracting stage. The symmetrical transfer
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characteristic of a polyphase filter is advantageously used herein to reduce distortion of the
demodulated FM signal. The resonance amplifier is an easily integratable realisation of a
polyphase filter having a first-order band-pass transfer characteristic.

An embodiment of the FM demodulator according to the invention is
characterised according to Claim 3. s

Due to the addition of the compensation filter, the order of the tuning
control loop is determined by the loop filter. By using the measure according to the
invention, a first-order tuning control loop is achieved, in which the amplitude of the output
signal of the FM demodulator is substantially not affected by a reduction of the tuning
control loop bandwidth through a reduction of a gain in the tuning control loop.

A further embodiment of the FM demodulator according to the invention
is characterised accordmg to Claim 4.

Themhegratorls a special realisation of the loop filter. By using an
integrator the amplitude of the output signal is substanually independent of the gain in the
tuning control loop for modulation frequencies falling within the loop bandwidth.
Furthermore, the very high gain at low frequencies ensures a correct tuning of the phase

 shifting means even when no modulation is present.

An embodiment of the FM demodulator according to the invention is
characterised according to Claim 5. '

The measure according to the invention provides a simple circuit for the
realisation of the integrator in combination with the compensation filter. This combined
integrator and compensation filter is for use in conjunction with phase shifting means
comprising a first-order band-pass filter, for example the resonance amplifier of Claim 2.

An embodiment of the FM demodulator according to the invention in.
which the bandwidth of the tuning control loop and thus of the FM demodulator can be
adjusted externally, is characterised according to Claim 6.

The bandwidth of the tuning control loop can be varied by varying the

~ gain in the tuning control loop. In the FM demodulator this loop gain can be varied by

adding means for providing a variable loop gain to the FM demodulator and applying an
appropriate control signal to the first control terminal. This measure is especially
advantageous in a first-order tuning control loop comprising an integrator, as a variation of
the loop gain will only result in a variation of the bandwidth of the tuning control loop,
without affecting the amplitude of the output signal of the FM demodulator.

An embodiment of the FM demodulator according to the invention is
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characterised according to Claim 7.

Wlthﬂusmeasuremebandwmmofﬂlephase shifting means can be
varied continuously. To allow this continuous control of the bandwidth of the phase shifting
means, the transfer characteristic of the compensation filter should be adjusted accordingly to
ensure a correct compensauon of the transfer characteristic of the phase shifting means by
the compensanon filter. : y .

A receiver for receiving FM signals comprises according to the invention
an RF stage, a'nIFstage, the FM demodulator of claim 1, 2, 3, 4,5,60r7 andan LF
stage. . ' _
~The FM demodulator accordmg to the invention can be used

advantageously in a receiver for a.o. improving the Signal-'to-noise- ratio of the receiver.

A receiver for receiving FM signals, in which the bandwidth of the FM (
demodulator can be varied, comprises according to the invention an RF Stage, an IF stage,
the FM demodulator of claim 6, and an LF stage, and further comprises demodulator
bandwidth control means coupled to the first control terminal of the FM demodulator for
controlling the bandwidth of said FM demodulator. |

A receiver for receiving FM signals, in which the bandwidth of the phase
shifting means can be varied, comprises according to the invention an RF stage, an IF stage, .
the FM demodulator of claim 7, and an LF stage, further comprising further bandwidth
control means coupled to the second control terminal of the FM demodulator for sﬁpplying a
bandwidth control signal to said second control terminal. '

The above and other features and advantages of the invention will be
apparent from the following description of exemplary embodiments of the invention with
reference to the accompanying drawings, in whlch

Figure 1 is a block diagram of a first embodunent of an FM demodulator
accordmg to the invention, -

Flgure 2isa graph of the amplitude versus frequency characteristic of the
first phase shifting means,

Figure 3 is a graph of the amplitude versus frequency characteristic of the
compensauon filter used in conJuncuon with the first phase shifting means,

Figure 4 is a block diagram of a second embodiment of an FM
demodulator according to the invention,
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Figure 5 is a block diagram of a third embodiment of an FM demodulator
according to the invention, |
| Figure 6 is a circuit diagram of a combined integrator and compensation
filter for use in an FM demodulator according to the invention,
Figure 7 is a block diagram of an embodiment of a receiver according to
the invention. : : ' '
Throughout the drawings, similar reference signs denote similar parts.

" Figure 1 shows a first embodiment of an FM-demodulator according to -
the invention. The FM demodulator comprises a first (11) and a second (12) input terminal
for receiving FM input signals which signals are in phase quadrature. The FM demodulator
further comprises an output terminal 13 supplying an output signal of the FM demodulator,
said output signal being the demodulated FM signal. The FM demodulator also comprises a
phase comparator 1 coupled with a first input to the first input terminal 11 and coupled with
an output to the output terminal 13, as well as a first tunable phaSe shifting means 2, coupled
between the second input terminal 12 and a second input of the phase comparator 1. The first

‘tunable phase shifting means 2 comprises a tuning control input 17 for controlling the tuning

frequency of the first phase shifting means 2, the output of the phase comparator 1 being
coupled to said tuning control input 17 according to the invention via a feedback path
comprising a loop filter 3 and a compensation filter 5. Through this feedback path the tuning
frequency of the first phase shifting means 2 will track the modulation of the FM input
signals. Thus a tuning control loop can be identified, comprising the first tunable phase
shifting means 2, the phase comparator 1, the loop filter 3 and the compensation filter 5.

. The compensation filter 5 has a transfer characteristic substantially
corresponding to an inverse transfer characteristic of said first phase shifting means 2
transposed to baseband. In the FM demodulator known from EP-A 574 083, FM threshold
extension can be achieved by a reduction of the bandwidth of the first phase shifting means
2. This reduction of the bandwidth is limited, however, due to the fact that the tuning control

‘loop can become unstable. If the bandwidth of the phase shifting means 2 is of the same

order of magnitude as the bandwidth of the tuning control loop, ringing or even instability of
the tuning control loop may occur. This makes the known FM demodulator unsuitable for
achieving FM threshold extension. ' _

The effect of the first phase shifting means 2 on the modulation
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~ frequencies contained in the FM input signal is in approximation that of a filter having a

transfer characteristic of the first phase shifting means 2 transposed to baseband. By placing
the compensation filter S according to the invention in the tuning control loop, the transfer
characteristic of the first phase shifting means 2 is effectively cancelled from the tuning
control loop. Thus the stability and the order of the tuning control loop is now independent
of the bandwidth of the first phase shifting means 2, the order of the tuning control loop
being determined by the order of the loop filter 3. Figures 2 and 3 are an illustration of the
compensatmg effect as described above.

Figure 2 shows the amplitude versus frequency charactensuc of the first
phase shifting means 2, which is in this example a band-pass ﬁlter The first phase shifting
means 2 has a centre or tuning. frequency of Foand a b_andw1dth equal to BW.

Figure 3 shows the amplitude versus frequency characteristic of the first
phase shifting means 2 transposed to baseband with a dotted line and the amplitude versus
frequency characteristic of the compensation filter 5 with a solid line. The product of both
curves results in a horizontal line parallel to the frequency axis, thus illustrating that the
amplitude versus frequency characteristic of the compensation filter 5 is the inverse of the
characteristic of the first phase,shifting-means 2 transposed to baseband. From Figure 3 it is
clear that the compensation filter 5 compensates the roll-off of the first phase shifting. means

2. This means that the tracking is no longer affected by the bandwidth of the phase shifting

means 2. Thus FM threshold extension may be achieved by a reduction- of the bandwidth of
the first phase shifting means 2 without the risk of msmb:hty

Figure 4 shows a second embodlment of an FM demodulator accordmg to
the invention. An amplifier 4 is placed in series with the loop filter 3. The location of the
amplifier 4 is not essential, however. It can be located anywhere in the tuning control loop
and is intended as a means for providing a gain in the tuning control loop. The loop filter 3
comprises a first-order low-pass filter having a cut-off frequency which is lower than a
lowest frequency in the modulation of the FM modulated input signals. A low-pass filter
having a high cut-off frequency, as described in U.S. Patent 4,079,330, has as disadvantage
that through a reduction of the gain of the ainpliﬁer 4 not only the bandwidth of the tuning
control loop is reduced, but also the amplitude of the output signal of the FM demodulator
for modulation frequencies which fall within the bandwidth of the tuning control loop, as
well as the amplitude of the signal applied to the tuning control input 17 of the first phase
shifting means 2. This is caused by the fact that the cut-off frequency of the low-pass filter is
chosen too high. Thus a reduction of tuning control loop bandwidth leads to a reduced
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- '.n'acki_ng performance. A reduced tracking performance implies that the carrier of the FM

input signal will no longerbe in the middle of the pass-bandof the first phase shifti g g

2, and thus undergoing extra attenuation in the slopes of the pass-band. Thus the signal
- power and consequently, the signal-to-noise ratio at the output of the first phase shifting

means 2 are reduced and as a result the signal-to-noise ratio of the FM demodulator as well.
This means that a reduction of loop bandwidth does. not result in a further FM threshold
extension. _ - '

- According to the invention the loop filter 3 comprises a first-order low-
pass filter havixig a cut-off frequency which is lower than a lowest. frequency in the -
modulation of the FM modulated input signals. Thus the low-pass filter behaves like an
integrator.  An integrator in a first-order loop has as main advantage that the bandwidth of the
loop is controlled by the gain of the amplifier 4, without affecting the amplitude of the output
signal of the FM demodulator for modulation frequencies which fall within the bandwidth of
the tuning control loop. This is an essential feature in applications where the loop bandwidth
is dynamically changed for example in response to changing reception conditions in car
radios. Thus, when reducing the loop bandwidth by reducing the gain of the amplifier 4, the
tracking will not be affected and the signal power of the output signal of the first phase
shifting means 2 will not be reduced for modulation frequencies which fall within the loop
bandwidth. This is especially advantageous when the loop bandwidth is low, as low
modulation frequencies are usually stronger than high modulation frequencies. Thus a
reduction of the loop bandwidth will result in further FM threshold extension. Furthermore,
due to the relatively high gain at low modulation frequencies, the tracking at these low
frequencies is improved. In the case of an ideal integrator, the very high DC gain of the
integrator will ensure an accurate tracking of the frequency of the FM input signal even
when no medulation is present.

The combined measures of a compensation filter 5 and a first-order low-
pass filter (or integrator) 3 according to the invention allow FM threshold extension bya
reduction of either the bandwidth of the phase shifting means or the bandwidth of the tuning
control loop or even both bandwidths, independently of each other.

Figure 5 shows a third embodiment of an FM demodulator according to
the invention. The FM demodulator of Figure 1 is extended to a symmetrical FM

demodulator by the addition of a further phase comparator 6, a second phase shifting means

7 and a subtracting stage 8. A first input of said further phase comparator 6 is coupled to the
second input terminal 12 and an output of the 'phase comparator 1 is coupled to a second
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~ input of the subt_racﬁng stage 8. The butput of the phase comparator 1 is coupled to a ﬁrét

input of the subtracting stage 8. The second phase shifting means 7 is coupled between the
first input terminal 11 and a second input of the second phase comparator 6. Tuning control
inputs 17 and 18 of the first and second phase shlfnng means 2, 7 are both coupled to the
output of the subtracting stage 8. Through the symmetry of the construction of the
demodulator the harmonics .of the carrier frequency of the FM input signal are cancelled at
the output of the subtracting stage 8 if the FM input signals are sinusoidal signals. The
feedback path of the FM demodulator shown comprises both the integrator 3 and the
compensation filter 5. By this combination the order of the tuning control loop is determined
by the order of the feedback path. As this feedback path comprises an integrator, apart from
the compensation filter, the tuning control loop is of the first order. The mtegrator has as
furtheradvantageﬂxatduetoltsveryhlghgmnatDC thetumng frequency of the phase
shifting means 2 will accurately track the frequency of the FM input signal even 1f this signal
is unmodulated. :

The embodiment in Flgure 5 also comprises means for providing a-
variable loop gain. The means for providing a variable loop gain is realised in the form of a
variable gain stage 4, the gain.of said gain stage 4 being be controlled by applying a
bandwidth control signal through a gain control input of said variable gain stage, said gain
control input constituting a first control terminal 14 of the FM demodulator. This makes an
external control of the bandwidth of the tuning control loop, and thus of the bandwidth of the
FM demodulator, possible. The means for providing a variable loop gain can be implemented
in many :ways: a variable gain stage 4 may also be placed before or after the first phase
shifting means 2 or even between the input terminal 11 and the first input of the phase
comparaﬁor 1. Actually, the gain of any of the other blocks in Figure 4 may be made
variable to.obtain a variable loop gain. Due to the presence of both the integrator 3 (or the
low-pass filter of Figure 4) and the compensation filter 5 in the tumng control loop, the
bandwxdmofthetumngconn'olloopcannowbevanedoverawxderrangethanmthe
known FM demodulator, as the tuning control loop is made independent of the bandwidth of
the phase shifting means 2 by addition of the compensation filter 5 to the tuning control. loop.

‘The first and second phase shifting means 2, 7 can be part of a polyphase
filter 9, said polyphase filter 9 having a symmetrical band-pass characteristic around its

tuning frequency and comprising in-phase and quadrature inputs and outputs, further

comprising a tuning control input 17. This is shown with the block 9 drawn around the first
and second phase shifting means 2, 7. By using a polyphase filter having a symmetrical
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band-pass characteristic around its tuning fréquency, distortion caused by asymmetry is

- obviated. Poly_phase filters 4re known from US 4,914,408:-;-% attractive solution for a

polyphase filter is a resonance amplifier as is known from US 5,220,686. Such a
resonance amplifier has a first-order band-pass characteristic.
The measures shown in Figure §, such as the means foi providing a variable loop gain and
the inclusion of both integrator (or the low-pass filter of Figure 4) and compensation filter in
the tuning control loop are of course not restricted to the symmetrical embodiment but can
also be applied for example to the FM demodulators of Figures 1 and 4. ,
Figure 6 shows a combined integrator and coxﬁpensation filter for use in -
an FM demodulator according to the invention, said FM dembdulator comprising a tunable
first-order band-pass filter as a phase shifting means. Such a first-order band-pass filter can
be the aforementioned resonance amplifier. The combined integrator and compensation filter

' comprise a controllable current source 43, the current of said current source 43 being
- controlled proportional to an input signal of said RC filter. If the integrator and

compensation filter of Figure 5 are combined in the manner described here, said input signal
of said RC filter is the output signal of the variable gain stage 4. The combined integrator
and compensation filter further comprise an RC filter, comprising a capacitor 41 in series

with a resistor 42, coupled to the current source 43. Said RC filter is a first-order filter,

suited to compensate the roll-off of a first-order band-pass filter. For this purpose the cut-off
frequency of the RC filter, determined by the product of the values of the resistor 42 and the
capacitor 41, is chosen to be equal to half the bandwidth of the first-order band-pass filter.

An output signal of said RC filter is proportional to a voltage over the current source 43 and

 said output voltage can be applied to the tuning control input 17 of the resonance amplifier 9.

In Figure 7 the gain of the current source 43 is also controllable via gain control terminal 14.

In this way the means for providing a variable loop gain is combined with the integrator 3

and the compensation filter 5, thus realising the blocks 3, 4 and 5 of Figure 5 in a simple
and effective manner. R . .

Figure 7 shows a receiver for receiving FM signals according to the
invention. The receiver comprises an RF stage 10 for receiving a frequency moduiated input
signal, which signal is converted to an IF frequency and passed to an IF stage 20, where it is
filtered and processed and then passed to an FM demodulator 30 comprising a first control
terminal 14 as described previously. The receiver further comprises a demodulator bandwidth
control means 50 coupled to said first control terminal 14 for controlling the bandwidth of
the FM demodulator 30 in response to reception conditions. At good reception conditions the
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bandwidth may be kept large enough to allow good tracking at high ‘modulation frequencies,
whereas under bad recepuon conditions mterference in the demodulated output signal of the
FM demodulator 30 may be reduced by reducmg the bandw1dth of the FM demodulator 30.
Bad reception conditions mean for example that the FM input signal undergoes interference

* from noise (especially when the fieldstrength of the FM inpuf signal is low), a strong

adjacent channel or multipath, whereas good reception conditions mean for example that the
FM input signal is "clean" and undergoes little or no interference. For an automatic control
of the FM demodulator bandwidth, the demodulator bandwidth control means 50 may
comprise an input for receiving a signal, said signal cont'aining information on the reception
conditions. This signal can be a fieldstrength dependent signal supplied by a fieldstrength
output terminal of the IF stage 20 or it can be the output signal of the FM demodulator. For
example, the output signal of the FM demodulator should under good reception conditions
only. contain the audio information of the FM input signal. This means that other components
in the output signal, which may be present for éxample- in a frequency band above the audio
information, are resulting from interference, and the strength of said cOmponeﬁts are a
measure of the amount of interference. By evaluating the strength of these components and -
adjusting the bandwidth of the FM demodulator 30 accordingly, a continuous demodulator
bandwidth control may be achieved for 're'ducing-.the-' interference; if the interference increases
in strength, the demodulator bandwidth should be reduced and vice versa. A similar
evaluation of the fieldstrength dependent signal for controlling the demodulator bandwidth is
also possible. | |
The FM demodulator can also be applied to eliminate pulse shaped noise.
To this effect the FM demodulator bandwidth can be reduced to substantially zero, as soon
as pulse shape noise is detected. The bandwidth reduction is sustained for the duration of
said pulse shaped noise. An instantaneous reduction of the bandwidth to zero results in
"hold" function at the output of the FM demodulator 30; due to the reduction of the
bandwidth to zero the output signal of the FM demodulator 30 is kept at a constant value. In
this way an interference absorption circuit may be realised in combination with the FM

* demodulator, without a separate mute circuit as in conventional receivers. For this use the

demodulator bandwidth control means 50 may be optimised for detection of said pulse shaped
noise, for example by using a high-pass filter and detection circuitry as known from the

Philips TDA 1001 or TDA 1591/1592 integrated circuits.

In Figure 7 a further control means 60 is coupled to a second control

 terminal 15 of the FM demodulator 30, said second control terminal 15 being coupled to a



10

15

20

30

- WO 96/10864 . P e . PCY/IBI5/00768
11

bandwidth control terminal of said phase shifting means (not shown). Said further control
means 60 thus controls thé-bandwidth of the phase shifting:iiieans of the FM demoduiator 30.
As described previously, a reduction of the bandwidth of the phase shifting means results in
an improved signal-to-noise ratio at the output of the FM demodulator 30. Furthermore, it
may reduce the influence of a strong adjacent channel as this channel will be attenuated in
the slope of the transfer characteristic of the phase shifting means. A reduction of the
bandwidth of said phase shifting means may however result in increased distortion in the
output of the FM demodulator, especially at high modulation frequencies, as the
compensation filter 5 only compensates the influence of the phase shifting means on
modulation frequencies in a first approximation. Despite the possible increase in distortion a
reduced bandwidth may still increase the audio quality in the perception of a listener as this
distortion is in exchange for interference, which would be present if the bandwidth of the
phase shifting means were not reduced. Thus it may be desirable to reduce the bandwidth of
the phase shifting means under those reception conditions, that would otherwise result in
serious interference. For this purpose the further control means 60 may comprise an input
coupled to the output of the FM demodulator or to a fieldstrength output terminal of the IF
stage 20, for receiving a signal, representative of reception conditions. The further control
means 60 may be in the form of an interference detector for detecting adjacent channel
interference, multipath interference or other kinds of interference, not unlike the bandwidth
control means 50. |

The invention is hot restricted to the embodiments given above.
Figures 2 and 3 are shown as an example to clarify the invention. The product of the two
curves in Figure 3 does not need to result in a horizontal line at unity gain such as shown,

" but can be at an arbitrary value as long as the line is horizontal.

The phase shifting means can be a filter of arbitrary order and type,
providing the compensation filter 5 used is matched according to the invention to this filter
order and type. '

The sequential order of the functional blocks in the feedback loop can be
chosen at will. Furthermore, it is possible to combine several blocks into one block, an
example of which is shown in Figure 6. _

 The amplitude of the output signal of the FM demodulator can be made
independent of variations in amplitude of the FM input signal by preceding the second input
or both inputs of the phase comparator 1 with a limiter (not shown).

An additional low-pass filter (not shown) may be added in the tuning



10

WO 96/10864 _ PCT/IB95/00768
12

control loop to remove the harmonics of the carrier frequency, although this is not necessary
in the symmetrical realisation of the FM demodulator. When using an additional low-pass
filter, the cut-off frequency of this low-pass filter should preferably be chosen higher than the
bandwidth of the tuning control loop to avoid instability. |

- A receiver according to the invention may,also comprise an FM
demodulator according to the invention, but without control of the demodulator bandw1dth or
the bandwidth of the phase shifting means in the FM demodulator. On the other hand, a
receiver according to the invention may also comprise one or both of the demodulator
bandwidth control means 50 and the further control means 60 as shown in Figure 7, as they
can operate independently of each other. _

The bandwidth control means 50 and/or further control means 60 of the
receiver according to the invention may also have an input coupled to other sources, which ‘
contain information about reception conditions, such as the output of a second tuner or a
second FM demodulator. |
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1. An FM demodulator having a first (11) and a second (12) input terminal

for receiving FM modulated input signals having a 90° degree phase relation and an output
terminal (13) for supplying a demodulated FM signal, said FM demodulator comprising:

- a phase comparator (1) having a first and second input and an output, which first input is
coupled to the first input terminal (11) of said FM demodulator and which output is coupled
to the output terminal (13) of said FM demodulator,

- a first tunable phase shifting means (2) coupled between the second input terminal (12) of
said FM demodulator and the second input of said phase comparator (1), said first phase
shifting means (2) comprising a tuning control input (17) for controlling a tuning frequency
of said first phase shifting means (2), . .

- a feedback path from the output of said phase comparator (1) to said tuning control input
(17), comprising a loop filter (3), characterised in that said feedback path further comprises a
compensation filter (5) having a transfer characteristic substantially corresponding to an
inverse transfer characteristic of said first phase shifting means (2) transposed to baseband.
2, The FM demodulator of claim 1, characterised in that the FM
demodulator further oompnses

- a further phase comparator (6) having a first and a second input and an output, said first

-input being coupled to the second input terminal (12) of said FM demodulator,

- a second tunable phase shifting means (7) substantially corresp‘ondixig to said first phase
shifting means (2), coupled between said first input terminal (11) of said FM demodulator
and the second input of said further phase comparator (6),

- in said feedback path a subtracting stage (8) having a first and a second input and an

output, said first input being connected to the output of said phase comparator (1), said
second input being connected to the output of said further phase comparator (6), said output
being fed back to the tuning control inputs (17, 18) of both first and second phase shifting

- means (2, 7), said first and second phase shifting means (2, 7) being part of a resonance

amplifier (9), said resonance amplifier (9) being a polyphase filter (9) having a symmetrical
transfer characteristic around its tuning frequency, said polyphase filter (9) having in-phase
and quadrature inputs and outputs, said in-phase and quadrature inputs being coupled to the
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first (11) and second (12) input terminals of the FM demodulator, respectively, and said in-
phase and quadrature outputs being coupled to the second inputs of the second and first phase
shifting means (7, 2), respectively. |
3. ThePMdemodulatorofclmmlor2 characterised in that said loop filter

(3) comprises a first-order low-pass filter (3) having a cut-off frequency which is lower than
a lowest frequency in the modulation of the FM modulated input signals.

4. The FM demodulator of claim 3, characterised in that said first-order low-
pass filter (3) is an integrator.
5. TheFMdemodulatoraccordmgtoclmmZand4 characterised in that

said integrator (3) and compensation filter (5) are combined in an RC filter, comprising:

- a current source (43), the current of said current source (43) being controlled proportional
to an input signal of said RC filter,

- a capacitor (41) in series with a resistor (42),

the voltage across the current source (43) being applied to an output of said RC filter for
tuning said resonance amplifier (9) via the tuning control input (17).

6. The FM demodulator of claim 3, 4 or 5, characterised in that the FM
demodulator further comprises: '

- means for providing a variable loop gain (4),

- a first control terminal (14), said terminal (14) being coﬁpled to a variable gain control
input of said means for providing a variable loop gain (4).

7. The FM demodulator of claim 1, 2, 3, 4, 5 or 6, characterised in that said
FM demodulator further comprises a second control terminal (15) coupled to a bandwidth
control input of said phase shifting means (2, 7) for controlling the bandwidth of said phase
shifting means (2, 7) and coupled to 2 control input of said compensation filter (5) for
matching the transfer characteristic of said compensation filter (5) in accordance with the -
bandwidth of said phase shifting means (2, 7). '

8. ArecelverforreeemngFMs:gnals compnmganRFstage(lO),aan
stage(20),theFMdemodulator(30)ofcla1m1 2,3,4,5,60r7, and an LF stage (40).
9. A receiver for receiving FM signals, comprising an RF stage (10), an IF

stage (20), the FM demodulator (30) of claim 6, and an LF stage (40), further comprising
demodulator bandwidth control means (50) coupled to the first control terminal (14) of the

~ FM demodulator (30) for controlling the bandwidth of said FM demodulator (30).

10. A receiver for receiving FM signals, comprising an RF stage (10), an IF
stage (20), the FM demodulator (30) of claim 7, and an LF stage (40), further comprising
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further bandwidth control means (60) coupled to t_he second control terminal (15) of the FM
demodulator (30) for supplying a bandwidth control signal to said second control terminal

(15).



