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TITLE OF THE INVENTION

FM Demodulator For Reception Of Satellite
Broadcasting
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to FM (Frequency
Modulation) demodulators for FM_deﬁodulating the FM
modulated signals, and more particularly, to an FM
demodulator for use in a satellite broadcasting receiver.
Description of the Background Art

Many satellite broadcasting receivers utilize an FM,
demodulator with a PLL (Phase Locked Loop) in order to
reduce threshold noise.

Fig. 8 is a block circuit diagram of a conventional
FM demodulator. As shown in Fig. 8, an FM modulated
signal is input to an input terminal T,, and transmitted
through a phase comparator.zo, a loop filter 21, a DC
(Direct Curxent) amplifier 22, and a' BB (Base Band)
amplifier 23,-and a demodulated output signal is obtained
from an output terminal T,,. The output of DC amplifier
22 is fed back to phase comparator 20 through a VCO
(Voltage-Controlled Oscillator).

In the circuit above, phase cbmparator 20 detects a
phase difference betwggn the input FM signal and the

output of VCO 24. Loop filter 21 attenuates the noise



component of the input signal which falls out of the band.
DC amplifier 22 amplifies the output of loop filter 21 and
outputs the amplified signal to BB amplifier 23 as a
demodulated signal. The output of DC amplifier 22 is also
fed back to VCO 24 and controls an oscillation frequency
thereof.

In a satéllite broadcasting receiver, a signal level
which is input to the receivei may decline and a CN ratio
(Carrier to Noise Ratio) may deteriorate in wet weather,
for example, leading to a higher noise level relative to
the signal in the FM demodulator. When the noise level .
exceeds a certain point, impulse noise might be generated
sharply ;o degrade an SN ratio (Signal to Noise Ratio),
whereby threshold noise might be generated in a TV screen.
Sﬁch a symptom is characteristic of FM demodulator.

More specifically, although it is true that FM
demodulators have an advantage of improving the SN ratio
when the CN ratio is good, they also have a drawback that,
when'%hﬁ CN ratio hits a certain point (hereinafter
referred to ai%; threshold level) or lower, noise is
sharply increased in the signal in the FM demodulator and
the SN ratio is degraded. Generally, the CN ratio and the
SN ratio are measured at T,, and T,,, respectively, in Fig.
8.

Fig. 9 shows the characteristics of degradation in



the SN ratio of the conventional FM demodulator as
described above. The horizontal axis shows the CN ratio
and the Qertical axis shows the SN ratio. 1In the figure,
a line A shows an ideal characteristic line of the CN
ratio versus the SN ratio, and a line B shows a
characteristic line of the conventional FM demodulator. A
line C is a line used for obtaining a static threshold
value of the conventional FM demodulator, in parallel to
and lower than line A by 1 dB. The CN ratio at a crossing
point Pl of lines B and C is called a static threshold
value. _ -

It can be seen from Fig. 9 that a region of the CN
ratio wh;re the SN ratio deteriorates becomes lower as the
static threshold value as defined above decreases: in
other words, the characteristic line becomes closer to
line A showing better signal reception characteristics.
The static threshold value of the FM demodulator shown in
Fig. 9 is the value of the CN ratio at crossing point Pl
in the figure, i.e., 5.8 dB.

As can be seen from line B in Fig. 9, the
conventional FM demodulator shows nearly ideal
characteristics when the CN ratio is approximately 10 dB
or higher. However, the SN ratio deteriorates when the CN
ratio is approximately 8 dB or lower. Especially, the

characteristics of the FM demodulator sharply worsens when



the CN ratio is apprbxiﬁately 6 dB or lower.

This gives rise to thé following problems.
Specifically, although the conventional FM demodulator
receives signals almost ideally when the CN ratio is high,
that is, in a region ot in signal receiving conditions
where FM signals reach sufficiently, the reception signal
deteriorates and image quality is degraded sharply in a
region or in signal receiving conditions where the CN
ratio is low, that is,.where FM signals do not reach
sufficiently. |
SUMMARY OF THE INVENTION -

Therefore, an object of the present invention is to
provide ; highly reliable FM demodulator which can
suppress deterioration of the SN ratio even when the CN
ratio is low, so as to obtain a high image quality.

The FM demodulator in accordance with the present
invention includes: a-voltage-controlled oscillator for
outputting a signal whose frequency is a function of a
conttbl input, a phase comparator for comparing an FM
moduIated 1nput signal with an output signal of the
volttge-controlled oscillator and outputting a phase
comparison signal which represents the phase difference
therebetween; a loop filter for attenuating noise which
falls out of a predetermined band from an output of the

phase comparator; a DC amplifier for amplifying an output



of the loop filter and applying the amplified signal to
the voltage-controlled oscillator as the control input; a
BB amplifier connected to the output of the DC amplifier
for demodulating an input signal from the output of the DC
amplifier; and a feedback circuit whose resistance is a
function of an external control voltage for feeding back
the output of the DC amplifier to the input of the DC
amplifier.

The feedback circuit may include a variable
resistance circuit connected to the input and the output
of the DC amplifier in parallel thereto and having a -
resistance which is a function of the external control
voltage:’

The variable resistance circuit may include: a first
capacitance element having one terminal connected to the
input of the DC amplifier; a PIN diode having an anode
connected to the other terminal of the first capacitance
element; a first resistor having one terminal connected to
a cathode ofnthe PIN diode; a second resistor connected in
series betweep the other terminal of the first resistor
and a ground potential; a second capacitance element
having one terminal connected to the outéut of the DC
amplifier and the other terminal connected to a connection
point between the first and second resistors; and a third

resistor having one terminal connected to a connection



point between the first capacitance element and the anode
of the PIN diode and the other terminal connected to the
control voltage.

According to another aspect of the present invention,
an FM demodulator includes: a voltage-controlled
oscillator for outputting a signal whose frequency is a
function of a control input; a phase comparator for
comparing an FM modulated input signal with the output
signal of the voltage-controlled oscillator and outputting
a phase comparison signal which represents the phase
difference therebetween; a loop filter for attenuating -
noise which falls out of a predetermined band from the
output o} the phase comparator; a DC amplifier for
amplifying an output of the loop filter and applying the
amplified signal to the voltage-controlled oscillator as
the control input; a BB.amplifier connected to an output
of the DC amplifier and demodulating an input signal from
the output of the DC amplifier; and a feedback circuit
whose resistance is a function of an external control
voltage for feeding back an output of the BB amplifier to
the input oflthe DC amplifier.

The feedback circuit may include a variable
resistance circuit connected to the input of thé DC
amplifier and the output of the BB amplifier in parallel

to these two amplifiers and having a resistance which is a
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The variable resistance circuit may include: a first

i

function of the external control voltage.

capacitance element having one terminal connected to the
input of the DC amplifier; a PIN diode having an anode
connected to the other terminal of the first capacitance
element; a first resistor having one terminal connected to
a cathode of the PIN diode; a second resistor connected in
series between the other terminal of the first resistor
and a ground potential; a second capacitance element
having one terminal connected to the output of the BB
amplifier and the other terminal connected to a connection
point between the first and second resistors; and a third
resistor’having one terminal connected to a connection
point between the first capacitance element and the anode
of the PIN diode and the other terminal connected to a
control voltage.

Generally, in the FM demodulator having the PLL
circhit consisting of phase comparator 20, loop filter 21,
DC amplifier 22, BB amplifier 23, and VCO 24 as shown in
Fig. 8, a loop gain K of a whole FM demodulator can be
expressed by the following equation (1).

= Ky-KveKd ' eee (1)
where Ko is a gain of phase comparator 20, Kv is a gain of
VCO 24, and Kd is a gain of DC amplifier 22. BB amplifier
23 is provided for amplifying the gain of Kd.



It is assumed that loop filter 21 is a lag lead

filter as shown in Fig. 10 and that time constants T, and
T, of the lag lead filter circuit are expressed by the

following equations (2).

T, = R1.C

T, = R2+C cee (2)

The natural frequency on of the loop i§ expressed by
the following equation (3).

on = {K/ (T, + Ty)}'"? cee (D)

Natural frequency en is an important factor which "
determines the characteristics of an FM demodulator, and
~ threshold noise can be reduced by making the value of the
natural frequency smaller.

Since resistors Rl and R2 and a capacitor C are
fixed, T, and T, are fixed values as can be seen from the
equations (2). The value of on can be adjusted by
adju;tqgnt of'fﬁe value K. Since the value of K is
obtained from the equation (1), natural frequency on can
also be adjusted by adjustment of gain Kd of the DC
amplifier.

When the CN ratio of an input signal deteriorates,
loop gain K can be made smaller by reducing gain Kd of the
DC amplifier by means of the external control voltage. As

a result, natural frequency wn is also reduced, and the



high frequency component including a great amount of noise
component can be eliminated. Consequently, threshold
noise can be reduced and the SN ratio can be improved.

For this purpose, according to the present invention, a
feedback circuit having a resistance which is a function
of the external control voltage is provided in parallel to
the DC amplifier.

In a preferred embodiment which will be described
later, a PIN diode is provided as a feedback circuit in
parallel to the DC amplifier so as to adjust gain Kd. The
PIN diode has the characteristics that its forward -
resistance component is a function of the value-of its
current.f For example, the resistance of the PIN diode is
reduced as the value of the current increases. More
specifically, in the circuit thus structured, the
resistance of the PIN diode can be reduced and gain Kd of
the DC amplifier and natural frequency on can also be
redu@e@ by increasing the value of the current applied to
a vof%hée input terminal Vin. Eventually, threshold noise
can Be reduced and the SN ratio can be improved.

As in another embodiment, by connecting the PIN diode
in parallel to both BB amplifier and DC amplifier rather
_ than to the DC amplifier alone, the amount of change in
the gain of Kd can be made greater by the amount of gain

of the BB amplifier, thereby further improving the SN



-10-

ratio.

The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block circuit diagram of an FM
demodulator in accordance with a first embodiment of the
present invention. |

Fig. 2 is a circuit diagram of the FM demodulator in-
accordance with the first embodiment of the present
inventio;.

Fig. 3 shows the characteristics of the CN ratio
versus SN ratio of the FM demodulator shown in Fig. 2.

Fig. 4 shows the characteristics of the external
control voltage versus SN ratio of the FM demodulator
shown in PFig. 2.

*ilg. S is a block circuit diagram of an FM
demodulator in accordance with a second embodiment of the
present“iﬁvéntion.

Fig. 6 is a circuit diagram of the FM demodulator in
accordance with the second embodiment of the present
invention. .

Fig. 7 shows the characteristics of the CN ratio
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versus SN ratio of the FM demodulator in accordance with
the second embodiment of the present invention.

Fig. 8 is a block circuit diagram of a conventional
FM demodulator.

Fig. 9 shows the characteristics of the CN ratio
versus SN ratio of the conventional FM demodulator.

FPig. 10 is a circuit diagram of a loop filter for use
in the FM demodulator.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

A feature of the present invention lies in the fact
that the gain of the DC amplifier constituting a part of
the PLL circuit is made variable by connecting a '
resistan;e variable portion serving as a feedback circuit
in parallel to the DC amplifier. By adjusting the gain of
the DC amplifier, the natural frequency of the loop in the
FM demodulator can be adjusted and thus the SN ratio
characteristics can be improved. By connecting one end of
the feedback pg?h formed by the resistance variable
portf%hfto an d&tput of the.BB amplifier in a succeeding

ety .

staga;rathe;athan to an output of the DC amplifier, a
greatér'amount 6f change in the gain of the amplifier can
be obtained, thereby improving the SN ratio even more
efficiently.

. Now, a first embodiment of the present invention will

be described in detail with reference to Fig. 1 - Fig. 4.
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An FM demodulator shown in Fig. 1 is the same as the
conventional FM demodulator shown in Fig. 8 except a bias
circuit for the DC amplifier. 1In Fig. 1, the portions
having the same function as those in Fig. 8 are labeled
with the same characters. As shown in Fig. 1, an FM |
demodulated signal is input to input terminal T,, and
transmitted through phase comparator 20, loop filter 21,
DC amplifier 22, and BB amplifier 23, and the demodulated
output signal is obtained from output terminai Tee- The
output of DC amplifier 22 is fed back to phase comparator
20 through VCO 24. The ?LL circuit is thus formed. The
FM demodglator in accordance with the present invention
further includes a resistance variable circuit 1 connected
to both ends of DC amplifier 22 in parallel thereto and
serving as a feedback circuit. Resistance variable

circuit 1 is provided with a voltage input terminal V,, for

receiving an external control voltage for changing a
resistance thereof.

gi; above-mentioned resistance variable circuit 1
1nclﬁ;§é,'as'lh§wn in Fig. 2, a PIN diﬁde 11 serving as a
resistance variable element and a corrective resistor 12
connected in series and capacitors 13 an& 14 for
connecting them to both ends of DC amplifier 22 in

parallel thereto and serving as capacitance elements,

thereby forming a feedback circuit. The connection point
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between corrective resistor 12 and capacitor 14 is
connected to the ground through a resistor 15. The
connection point between an anode of PIN diode 11 and
capacitor 13 is connected to input terminal Vi, of control
voltage V, through a resistor 16.

PIN diode 11 is connected in parallel to DC amplifier
22 in order to utilize the characteristics of the PIN
diode, that is, the characteristics that the forward
resistance component of the PIN diode is a function of the
value of its current (the resistance is several Q when a
current is 10 mA, and the resistance is several KQ when no

current flows). The resistance of the PIN diode is

. reduced as the value of the current increase. 1In other

words, in the circuit of the first embodiment, the
resistance of PIN diode 11 is reduced as voltage value V,
applied to voltage input te;minal Vi, 18 increased. By
increasing voltage V, applied to voltage input terminal
Viae fhe resistance of PIN diode 11 can be reduced, thereby
1owa:§ng_the gain of DC amplifier 22. By adjusting of the
gain of De-gmglifier 22, the loop gain of the FM
demodulator can also be adjusted, so that improvement in
threshold noise can be achieved eventually, because of the
following reasons.

It is_assuméd that K¢

indicates the gain of phase comparator 20, Kv indicates
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the gain of VCO 24, and Kd indicates the gain of DC
amplifier 22 in a circuit structure without gain
adjustment function as in the present embodiment. Loop
gain K of a whole FM demodulator can be generally
expressed by the following equation (4).

K = Ky+Kve+Kd cee (4)

A lag lead filter with the circuit structure as shown
in Fig. 10, for example, is used as loop filter 21. It is
assumed that the lag lead filter includes resistors Rl and
R2 and capacitor C. It is also assumed that time
constants T, and T, can be expressed by the following -
equations (5).

T, = R1.C

T, = R2+C ' eee (5)

Natural frequency en of the loop is represented by
the following equation (6). |

en = {K/ (T, + T3)}'"* .o (6)

-lltural frcquency on is an important factor which
detexnines tha characteristics of an FM demodulator, and
threshold noise can be reduced by making the natural
frequency smallexr.

In the equation (6), since resistors Rl and R2 and
capacitor C are fixed, time constants T, and T, have
respective fixed values as can be seen from the equation

(5). Adjustment of en can be achieved by adjusting the

3 g~
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value of K. Since the value of K is obtained by the
equation (4), adjustment of natural frequency wn can be
achieved by adjusting gain Kd of the DC amplifier.

More specifically, if the CN ratio of an input signal
is degraded, loop gain K can be decreased by reducing gain
Kd of the DC amplifiér by means of the external control
voltage, so that natural frequency wn is also decreased.
As a result, the high frequency component with a great
amount of noise component can be eliminated from the input
signal, whereby threshold noise can be reduced and the SN
ratio can be improved. Examples of the components -
selected for forming of the resistance variable circuit
are as fgllows.

Resistor R12; 100Q

Capacitor Cl13 and Cl4; 0.1 pF

Resistor R15; 1 KQ |

Next, aescription will be made of improvement in the
SN ratio by using the FM demodulator of the present
1nven£10n uité;;eference to Fig. 3.

fﬁb;char;cteristics shown in Fig. 3 corresponds with
those in Fig.b§; showing improvement in the
characteristics of the FM demodulator. In Fig. 3, the
horizontal axis shows the CN ratio, and the vertical axis
shows the SN ratio. In the figure, line A is the ideal

characteristic line of the CN ratio versus SN ratio. Line
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C is the line used for obtaining a static threshold value
of the FM demodulator, being in parallel to and lower than
line A by 1 dB, ns described above. Line D shows the
characteristics obtained by the FM demodulator in
accordance with the present embodiment.

' In the example shown in Fig. 3, voltage V, applied to
control voltage terminal V;, in Fig. 1 (or Fig. 2) is set
as 5 V. In the present embodiment, the characteristics
close to line A showing the ideal characteristic line is
obtained even in a region where the CN ratio is low, as
can be seen from line D in Fig. 3. .The static threshold
value, that is the value of CN ratio at a crossing point
P2 of lines C and D is 3.2 dB, showing an improvement over
the value of 5.8 dB of the conventional FM demodulator
shown in Fig. 9. 1In other words, in the FM demodulator of
the present embodiment, the static threshold value is
improved by 2.6 dB (= 5.8 dB - 3.2 dB) ovexr the

conventional FM demodulator.

¥ig. 4 shows the degree of improvement. In Fig. 4,
the hnrizontal_axis shows external control voltage V,
applied to control voltage terminal V,,, and the vertical
axis shows the degree of improvement, that is, how much
improvement is achieved in terms of the SN ratio over the
conventional example. Compared with the example shown in

Fig. 3, the degree of improvement corresponding to the
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external control voltage of 5 V in Fig. 4 is 2.6 dB,
consiétent with the data (2.6 dB) shown in Fig. 3.

As can be seen from Fig. 4, the degree of improvement
can be further enhanced if the voltage of approximately 2
V or higher is applied to control voltage terminal V,,.

Although the voltage in the range of 0-5 V is applied
here to control voltage V,,

It should be noted that the external control voltage
is applied as described above only when the CN ratio of
the input signal is degraded. 1If the high frequency
component is eliminated from the input signal when the CN
. ratio is;satisfactory, the signal component around the
maximum frequency deviation is lost, causing generation of
truncation noise and deterioration in the image quality,
as will be described later. Therefore, it is desirable to
apply the external control voltage only in a region where
the CN ratio is low or when the CN ratio is decreased.

'lany methods can be conceived for sensing
dete:ioration in the CN ratio and applying the external
control voltagu to control voltage terminal V,,. As an
example, a viewer of the TV screen can control the
external control voltage with a remote céntroller in
accordance with the image quality. In another example,

the CN ratio can be sensed at signal input terminal T,,,

and the external control voltage applied to control
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voltage terminal V,, can be controlled automatically in

response to a drop in the CN ratio.

It should be especially noted that setting the
external control voltage to a maximum (5V in the present
embodiment) when the CN ratio is low is not always
desirable. The reasons will be described below.

In addition to threshold noise, image quality is
influenced also by noise called truncation noise, and
these two kinds of noise are generated simultaneously.
They have a characteristic of being reciprocal to each
other; when one noise is great in amount, the other noise’
tends to.be small. Therefore, a problem will be caused
that truncation noise is increased even if a reduction in
threshold noise can be achieved. Nevertheless, a greater
emphasis should be placed on reduction in threshold noise.
This is because threshold noise gives more prominent
effects on the image quality than truncation noise if the
-imagé is a motion picture. 1In satellite broadcasting, the
TV screen usuaily displays a motion picture. Therefore,
it is preferable to seek reduction in threshold noise even
though it causes some ihcrease in truncation noise.

However, if truncation noise is extremely increased,
some adjustment would be required. It is for the purpose
of achieving such adjustment that the gain of the DC

amplifier is made adjustable by the external control
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voltage in the present invention.

Figs. 5 and 6 are a block circuit diagram and a
specific circuit diagram, respectively, of an FM
demodulator in accordance with a second embodiment of the
present invention. The FM demodulator of the second
embodiment is the same as that in the first embodiment
shown in Figs. 1 and 2, except for the resistance variable
circuit. In order to clarify a feature of the present
embodiment, the description of the second embodiment will
be made only in terms of the difference between the two
embodiments. .

A feature of the FM demodulator of the second
embodiment lies in that the resistance variable circuit 1
shown in Fig. 1 is replaced by a resistance variable
circuit 41 serving Aa a feedback circuit which is provided
in parallel not only to DC amplifier 22 but to both DC
amplifier 22 and BB amplifier 23. More specifically,
raferring to Piq. 6, capacitor 14 in Fig. 2 is replaced by
a capacitor 4€“having one electrode connected to a
connection point between resistors 12 and 15 and the other
electrode conﬁected to the output of BB amplifier 23.

By thus feeding back the output of BB amplifier 23 to
the input of DC amplifier 22, a wider range of the change
in gain Kd is obtained as compared with the case where a

resistance variable circuit is provided to be connected
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only to DC amplifier 22. Consequently, loop gain K can be
reduced even further, leading to a greater improvement in
the SN ratio than with the FM demodulator of the first
embodiment.

Fig. 7 shows that a greater improvement in the SN
ratio can be achieved by the second embodiment. Fig. 7
corresponds to Fig. 3, showing a greater improvement in
terms of the characteristics of the FM demodulator. The
static threshold value of this case, i.e. the value of the
CN ratio at a crossing point P3 of lines C and E is 1.8
dB, showing a further improvement over the first .
embodiment shown in Fig. 1 in which the CN ratio is 3.2
dB. COméared with the conventional example shown in Fig.
9, it can be said that the .static threshold value can be
improved as much as 4.0 dB (= 5.8 dB -~ 1.8 dB).

As described above, in accordance with the present
invention, only by an addition of a relatively simple
circuit to p-conventional FM demodulator, the gain of the
DC auinfiesfiﬁitﬁe FM demodulator and therefore the
natural freguencv of the loop ﬁhereof can be adjusted as
desired and the image quality with a good SN ratio can be
obtained. '

Particularly, threshold noise can be easily reduced
and the SN ratio can be improved even in a region or in a

condition where the CN ratio of the input signal is low,
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without causing excessive truncation noise.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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WHAT IS CLAIMED IS:

1. An FM demodulator, comprising:

a voltage-controlled oscillator for outputting a
signal whose frequency is a function of a control input;

a phase comparator for comparing an FM modulated
input signal with ah output signal of said voltage-
controlled oscillator and outputting a phase comparison
signal representing a phase difference therebetween;

a loop filter for attenuating noise which falls out
of a predetermined band from an output of said phase -
comparator;

a D& amplifier for amplifying an output of the loop
filter and applying the amplified signal to the voltage-
controlled oscillator as the control input;

a BB amplifier connected to an output of said DC
amplifier and demodulating an input signal from the output
of said DC amplifier; and

'i-teedbaék-circuit whose resistance is a function of
an exgprna;_cagyxol voltage for feedin§ back the output of

said DC amplifier to an input of said DC amplifier.

2. The FM demodulator according to claim 1, wherein
said feed back circuit includes;

a variable resistance circuit connected to the input
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and the output of said DC amplifier in parallel to said DC
amplifier and having a2 resistance which is a function of

said external control voltage.

3. The FM demodulator according to claim 2, wherein

the variable resistance circuit includes;

a first capacitance element having one terminal
connected to the input of said DC amplifier,

a PIN diode having an anode connected to the other_
terminal of said first capacitance element

a first resistor having one terminal connected to a

cathode of said PIN diode,

et

a second resistor serially connected between the
other terminal of said first resistor and a ground
potential,

a second capacitance element having one terminal
connected to the output of.said DC amplifier, and the
other terminak connected to a connection point between
said:;iilt.rgéé;tor and said second resistor, and

-zﬁihﬁyghgﬁéisﬁor having one terminal connected to a
connect;oh ;ﬁi:; between said first capacitance element
and the anode of said PIN diode, and the other terminal

connected to said control voltage.

4. An FM demodulator, comprising:



R

24~

a voltage-controlled oscillator for outputting a
signal whose frequency is a function of a control input;

a phase comparator for comparing an FM modulated
input signal with an output signal of said voltage-
controlled oscillator and outputting a phase comparison
signal representing a phase difference therebetween;

a loop filter for attenuating noise falling out of a
predetermined band from an output of the phase comparator;

a DC amplifier for amplifying an output of the loop
filter and applying the amplified signal to the voltage-
controlled oscillator as the control input; -

a BB amplifier connected to an output of said DC
amplifié; and demodulating an input signal from the output
of said DC amplifier; and

a feedback circuit whose resistance is a function of
an external control voltage for feeding back an output of

said BB amplifier to an input of said DC amplifier.

%.” The P demodulator according to claim 4, wherein
the féedback”circuit includes

a resistance-variable circuit connected in parallel
to said DC amplifier and said BB amplifier with the input
of said DC amplifier and with the output of said BB
amplifier and having a resistance which is a function of

said external control voltage.

N
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6. The FM demodulator according to claim 5, wherein
the variable resistance circuit includes,

a first capacitance element having one terminal
connected to the input of said DC amplifier,

a PIN diode having an anode connected to the other
terminal of said first capacitance element,

a first resistor having one terminal connected to a
cathode of said PIN diode, |

a second resistor connected in series between the
other terminal of said first resistor and a ground -

potential,

-

a second capacitance element having one terminal
"connected to the output of .said BB amplifier, and the
other terminal connected to a connection point between
said first resistor and said second resistor, and

a third resistor having one terminal connected to a
connection point between said first capacitance element
and fhifanode of said PIN diode, and the other terminal

connected to said control voltage.



