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Broadcasting BACKGROUND OF THE | NVENTI ON Field of the Invention%QEg presé%
Frvention relates to FM (Frequency Mdul ation) denodul ators for FM '
denodul ati ng the FM nodul ated signals, and nore particularly, to an FM
denodul ator for use in a satellite broadcasting receiver. Description of
t he Background Art Many satellite broadcasting receivers utilize an FM
" denodul ator with a PLL (Phase Locked Loop) in order to reduce threshold
nOiSﬁ. Fig. 8is g bl ock circuit diagramof a conventional FM denodul ator.
- As shown in Fig. an_FM_nodul d signal is input to an input term nal
T[err] and't?iﬂ?ﬁipFeEHFhFHUEHTgb hase conparato? 20, a Iooppfilter 21, a

DC (Direct Current) AOpLLLLSto2%rod HeBeBRi10R20E Bah11te

Broadcasting
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to FM (Frequency
Modulation) demodulators for FM.deﬁodulatinQ 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 utilizé an fn,
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 26, a loop filter 21, a DC
(Direct Current) amplifier 22, and a'BB (Base Band)
amplifierx 23,”and a demodulated output signal is obtained
from in-Output terminal T.,.. The outpﬁt of DC amplifier
22 is fed back to phase comparator 20 through a VCO
(Voltage-Controlled Oscillator).

Ih the circuit above, phase cdmparator 20 detects a
phase difference between the input FM signal and the

output of VCO 24. Loop filter 21 attenuates the noise



» -

anptifier 23, and a denodul ated output signal is obtained from an out put
termnal T[err]. The output of DC anplifier 22 is fed back to phase
conmparator 20 through a VCO (Vol tage-Controlled Gscillator). In the circuit
above, phase conparator 20 detects a phase difference between the input FM
signal and the output of VCO 24. Loop fi&r 21 attenuates the noise - 2-
conponent of the input signal which falls out of the band. DC anplifier 22
anplifies the output of loop filter 21 and outputs the anplified signal to
BB anplifier 23 as a denodul ated signal. The output of DC anmplifier 22 is
al so fed back to VCO 24 and controls an oscillation frequency thereof. In a
satel lite broecdmponent pfcshecinputsisdgnall whiich 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 reCeivef 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. Wwhen 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 chﬁracteristic of'Fn 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 rigio hits a certain point (hereinafter '
refe;r'éd' to a&a 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 atlT“_and Twer respectively, in Fig.
8.

Fig. 9 shows the characteristics of degradation in -



whi:ch is input to the receiver may decline and a CNratio (Carrier to Noise
Rati o) may deteriorate in wet weather, for exanple, |leading to a higher
ihei se |evel relative to the signal in the FM denodul ator. Wen the noise

| evel exceeds a certain point, inpulsggnoise mght be generated sharply to
degrade an SN ratio (Signal to Noise Ratio), whereby threshold noise m ght
be generated in a TV screen. Such a synptomis characteristic of FM

denodul ator. More specifically, although it is true that FM denodul ators
have an advantage of inproving the SN ratio when the CMratio is good, they

al so have a drawback that, when the CNratio hits . a cerjain point
(herei naft er the &N gptiP Af £he cammnticral )E%rd?mé‘llia’ﬁ%g%si s sharply
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a line A shows an ideal characteristic line of the CN
ratio versus the SN ratio, and a line B showé 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



-3--the SN ratio of the conventional FM denodul ator as described above. The
hori zontal axis shows the CN ratio and the vertical axis shows the SN
ratio. In the figure, a line A shows an ideal characteristic line of the CN
rati'o versus the SN ratio, and a line B shows a characteristic |ine of the
conventional FM denodul ator. A line C i"#-a |ine used for obtaining a static
threshol d val ue of the conventional FM denodul ator, in parallel to and

| ower than line A by 1 dB. The CNratio at a crossing point P1 of |lines B
and Cis called a static threshold value. It can be seen fromFig. 9 that a

region of the CMratio where the SN ratio d t§rioraﬁes beconmes | ower as the
static threshBh® G| FRtiQ 48f ARBHOXLBIECLE PedBeOT fAWer.

This gives rise to the following problems.
Specifically, although the conventional FM demodulator
receives signals almost ideally when the CN ratio is high,
that is, in a region o£ in signél receiving conditions
where FM signals reach sufficiently, the reception signal
deteriorates and image qualify 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;volfage-controlled oscillator for
outputting a signal whose frequency is a function of a
conti%&"inpu;i_i phase comparator for comparing an FM
moduiifad injﬁt signal with an output signal of the
volt#ge-controlled oscillator and outputting a phase
comparison signal which represents the phase difference
therebetween; a loop filter for attenuating noise which
falls out of é predetermined band from an output of the

phase comparator; a DC amplifier for amplifying an output



ot her words, the characteristic |ine becones closer to |line A show ng
better signal reception characteristics. The static threshold value of the
FM denpdul ator shown in Fig. 9 is the value of the CNratio at crossing
poiﬁt Pl in the figure, i.e., 5.8 dB. As. can be seen fromline Bin Fig. 9,
t he conventional FM denodul ator shows nearly ideal characteristics when the
CNratio is approximately 10 dB or higher. However, the SN ratio .
deteriorates when the CNratio is approximately 8 dB or | ower. Especially,
the characteristics of the FM denodul ator sharply worsens when -4- the

CNratio is approximately 6 dB or lower. This gives rise to the follow ng
probl ens. Spe@¥ itha 13pom §idkam ancd mﬁae#ngogm anpLichied | stgnal 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 ouﬁput of the DC
ampiifier; and a feedback circuit whose resistance is a
function of an external control voitage 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 of—the PIN diode; a second resistor connected in
serieé'hetueep 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 résistors; and a thira

resistor having one terminal connected to a connection



receives signals alnost ideally when the CNratio is high, that is, in a
region or in signal receiving conditions where FM signals reach
“sufficiently, the reception signal deteriorates and inage quality is
degraded sharply in a region or in signal receiving conditions where the CN
ratio is low, that is, where FM signal% do not reach sufficiently. SUMVARY
OF THE I NVENTI ON Therefore, an object of the present invention is to
provide a highly reliable FM denodul at or which can suppress deterioration
of the SN rati-o even when the CNratio is low, so as to obtain a high inage
quality. The FM denodul ator, i n_accordance with the present invention

i ncludes: aPRAIMaRAtNRAN dhefixst qananitance fRirRenhand SthpAnofese
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voltage-con%B%éégi(¥%¥égég§w and out putting a phase

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 oscillaﬁor 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 6% 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 Dclamplifier; and a feedback circuit
whose reéesistance is a function of an external control
voltage for feeding back an output of the BB amplifier to
the input of.the 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



66nparison si gnal which represents the phase difference t her ebet ween;
loop filter for attenuating noise which falls out of

ffom an output of the phase conparator; a DC anpllflerLi?55§ ET H%ﬁﬁ&ﬁ%ﬁ'
out put of the loop filter and applying the anmplifi _
vol tage-control l ed oscillator as the Thntrol input; a a _I|f|er
connected to the output of the DC anplifier for denodul ati “

signal fromthe output of the DC anplifier; and a feedback ;
resistance is a function of an external control voltage for

the output of the DC anplifier to the input of the DC anplifier. The

f eedback cir cGhnctioni pél the externall eongsiodt awdeager.cui t connected to the

|nput and the output of the DC anplifier in parallel thereto and having a -
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 of the PIN diode; a second resistor connected in
series betweeﬁ the other terminal of the first resistor
and a ground potential; a second éapacitance 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
resistof’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
circuit consisting of phase comparator 20, loop filter 21,
DC aﬁaiifier 22, BB amplifier 23, and VCO 24 as shown in
Pig.la; a loop gain K of a whole FM demodulator can be
expressed by the following equation (1).

= Ky+KveKd ' cee (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.



resi stance which is a function of the external control voltage. The

_variable resistance circuit may include: a first capacitance el enent having
“*one term nal connected to the input of the DC anplifier; a PIN di ode having
an anode connected to the other termipal of the first capacitance el enent;
a first resistor having one term nal cConnected to a cathode of the PIN

di ode; a second resistor connected in series between the other termnal of
the first resistor and a ground potential; a second capacitance el enent
havi ng one term nal connected to the output of the DC anplifier and the

ot her term nal connected to a connection point between the first and second

resistors: and aIthided assumadythasilepn fd k@5 Palit kR HPA 2

connecti on - 6-
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 is expressed by
the following equation (3). -

en = {K/ (T, + Ty)}" cee (D)

Natural frequency on 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 é 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
adjuétygnt of‘fhe value K. Sinpe the value of K is
obtained fromJtyg equation (1), natural frequency wn can
also be adjusted by adjustment of gain Kd of the DC

. amplifier.

wWhen 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



poi-nt between the first capacitance el enent and the anode of the PIN di ode
and the other termnal connected to the control voltage. According to

anot her aspect of the present invention, an FM denodul ator includes: a

vol tage-controlled oscillator for outputfing a signal whose frequency is a
function of a control input; a phase conparator for conparing an FM
nodul at ed i nput signal with the output signal of the voltage-controlled
oscillator and outputting a phase conparison signal which represents the
phase difference therebetween; a loop.filter for attenuating - noise which
fall-s out of a predeterm ned band fromthe output of the phase conparator;
a DC anplifi chighrfxeguergyngomponanpuingiuding| aogreatt: aMOBRE 9FpNPiise t he
anplified signal to the voltage-controll ed oscillator_as the control input;

a BB anpl i fi cFORRARIRE cB2RoPANCLLMINRESA - { nEORRCINBNELY e tARESHRADIUI at i ng
an input st gnal; 1L 08 e HeRled  ahd®tRS EPLaLiS" caf"Be1hB2E0aGK © FeUlt
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 frequéncy en can also be
redu@e@ by increasing the value of the current applied to
a vof%hﬁe 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



whose resistance is a function of an external control voltage for feeding

~back an output of the BB anplifier to the input of the DC anplifier. The

““feedback circuit may include a variable resistance circuit connected to the
input of the DC anplifier and the outjput of the BB anplifier in parallel to
these two anplifiers and having a resistance which is a function of the
external control voltage. The variable resistance circuit may include: a
first capacitance el enent having one term nal connected to the input of the
DC anplifier; a PIN di ode having an anode 5 connected to the other
termnal of the first capacitance elenent; a first resistor having one
termnal coffect®d to a cathode of the PIN di ode; a second resistor

connected in ser iy BRI A artl WindL'dBtled diddds! d6548ES"
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 Fig. 2.

Jflé. 5 is a block circuit diagram of an FM
‘demodulator in accordance with a second embodiment of the
.presentﬂiﬁvéntion.

-Pig. 6 is a circuit diagram of the FM demodulator in
accordance with the éecond embodiment of the present
invention. .

Fig. 7 shows the characteristics of the CN ratio



and- a ground potential; a second capacitance el enent 10 havi ng one

term nal connected to the output of the BB anplifier and the other term nal
connected to a connection point between the first and second resistors; and
a third resistor having one termnal cgnnected to a connection point
between the first capacitance el enment and the anode 15 of the PIN di ode
and the other term nal connected to a control voltage. Generally, in the FM
denodul ator having the PLL circuit consisting of phase conparator 20, |oop
filter 21, DC anplifier 22, BB anplifier 23, and VCO 24 as shown in 20

Filg: 8 2 1oongai KaP'atatole ol Bl Y il iF SARISESES Wi d°
0 ) uhere ek Bl ME SR Settidd 3 020 of VOO
for anplifying thegg ngofiKd B16Gck circuit diagram of a conventional
FM demodulator.
Fig. 9 shows the characteristics of the CN ratio
versus SN ratio of the conventional FM demodulator.
Pig. 10 is a circuit diagram of a loop filter for use
in the FM demodulator.
DESCRIPTION OF THE PREFERRED EMBCDIMENTS
A feature of the present invention_liés 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 gq;h formed by the resistance variable
port#%h?to an d;tput of the'BB amplifier in a succeeding

g

stagalratheg;tban 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.



It -is assunmed that loop filter 21 is alag lead filter as
and that tine constants T[err] and T[err] of the lag | ead
are expressed by the follow ng equations (2). T[err] = Rl
.. (2) The natural frequency on of the L? p is expressed
equation (3). [err]n = {K (T[err] + T[er ?)}[erw
(3) Natural frequency [err]n is an inportant factor which
characteristics of an FM denodul ator, and threshol d noi se
maki ng the value of the natural frequency snaller. Since

shown in Fig. 10
filter circuit
.CT2 = R.C

by the foll ow ng

det erm nes the
can be reduced by
resistors RL and

R2 and a capacitor C are fixed, T[err] and T{grr] are fixed val ues as can

be seen fromthe An FM demodulator shown in

ig. .1l is the same as the

‘conventional FM demodulator shown in Fig. 8 excépt a bias
circuit for the DC amplifier. 1In Fig.ll, the portions
having the séme 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 thé demodulated

output signal is obtained from output terminal'T;“. The

output of DC amplifier 22 is fed back to phase comparator
- 20 through VCO 24. The PLL 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 resistagce variable circuit 1
inelﬂ;é;,'as”chﬁwn in Pig. 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



equations (2). The value of [err]n can be adjusted by adjustnent of the
value K Since the value of Kis obtained fromthe equation (1), natura
frequency [err]n can al so be adjusted by adjustnent of gain Kd of the DC
anplifier. Wien the CN ratio of an input,.signal deteriorates, |oop gain K
can be nmade snaller by reducing gain Kd'of the DC anplifier by neans of the
external control voltage. As a result, natural frequency [err]n is also
reduced, and the . -9- high frequency conponent including a great anount
of "noi se conponent can be elim nated. Consequently, threshold noise can be
reduced and the, SN rati o can,be inproved. _For this purpose, .according to

the present iPSEWPPRNCORTeEELBackeBLPLArt LRaOPAyCaPRELESEake 1fhich is a

function 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 V,, of control
voltage V, through a resistor 15.
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 thﬁt 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 thelvalue 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 voltgge input terminal V,, is increased. By
increasing voltage V, applied to voltage input terminal
V., the resistance of PIN diode 11 can be reduced, thereby
lowering the gain of DC amplifier 22. By adjusting of the
gain of De.émglifier 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 assumed that K§

indicates the gain of phase comparator 20, Kv indicates



of the external control voltage is provided in parallel to the DC
~anmplifier. In a preferred enbodi nent which will be described [ater, a PIN
‘diode is provided as a feedback circuit in parallel to the DC anplifier so
as to adjust gain Kd. The PIN diode has,{he characteristics that its
forward - resistance conponent is a funttTon of the value of its current.
For exanple, the resistance of the PIN diode is reduced as the value of the
current increases. Mre specifically, in the circuit thus structured, the

- resi stance of the PIN di ode can be reduced and gain Kd of the DC anplifier
and natural frequency [err]n can al so be reduced by increasing the val ue of
the current thepigadn of ¥CI2gandRd insdivates \the dgaimtofi D, threshol d
noi se can be reduced and the SN rati o can be inproved. As in another

enbodi nent , aBPldfiexdhdn e cineudit @tyuctine without (gain BB anplifier

and DC anplifjer rather than to the DC anplifier alqne, the amount of
change in @dJjustment function as in the present embodiment. Loop

gain K of a whole FM demodulator can be generally
~ expressed by the following equation (4).
K = KyeKveKd | 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
Rz and capacitor C. It is also assumed that time
constants T, and T, can be expressed by the following -
equations (5). | | |
T, = R1eC
T, = R2.C ' ees (5)
- - Natural frequency en of the loop is represented by

the following equation (6).
1/2

en = {K/ (T, + T;)} ees (6)
Matural frequency en is an important factor which
= -

dete%?%ges'th;:?haracteristics of an FM demodulator, and
thresliold nofse can be reduced by making the natural
frequency smaller.

In the equation (6), since resistors Rl and R2 ahd
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



the gain of ‘Kd can be made greater by the anount of gain of the BB
anplifier, thereby further inproving the SN -10- ratio. The foregoing
and ot her objects, features, aspects and advantages of the present

i nvention will become nore apparent frgg;ghe foll owi ng detail ed description
of the present invention when taken in C€Onjunction with the acconpanyi ng
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block circuit

di agram of an FM denodul ator in accordance with a first enbodi ment of the
present invention. Fig. 2 is a circuit diagramof the FM denodul ator in

accordance wieh 1okt SIRSS (RS v81ub "S£Pk®E8 bbtained 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 eliminited 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 C13 and C14; 0.1 uF

Resistor R15; 1 KQ |

Next, aescription will be made of improvement in the
SN ratio by uo;gg the FM demodulator of the present |
invenfton wité;;eference to Fig. 3.

.Tﬁ§~chai;qteristics shown in Fig. 3 corresponds with
those in Fig.yg; 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. 1In the figure, line A is the ideal

characteristic line of the CN ratio versus SN ratio. Line



i nvention. Fig. 3 shows the characteristics of the CNratio versus SN ratio
of the FM denodul ator shown in Fig. 2. Fig. 4 shows the characteristics of
t'he external control voltage versus SN ratio of the FM denodul ator shown in
Fig. 2. Fig. 5is a block circuit diagrggkgf an FM denodul ator in
accordance wth a second enbodi ment of the present invention. Fig. 6 is a
circuit diagramof the FM denodul ator in accordance with the second

enbodi ment of the present invention. Fig. 7 shows the characteristics of
the CNratio ~ versus SN ratio of the FM denodul ator in accordance with

the second eré:boidsI n&net loj]:net huesé)g 5 oexp tol':{]avfr{]{tltg na' static threshold value

of the FM demodulator, being in parallel to and lower than
line A by 1 dB, és 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. 1l (oxr Fig. 2) is set
as 5 V. 1In 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 li;es 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) oﬁer the
conventional FM demodulator.

Pig. 4 shows the degree of improvement. 1In Fig. 4,
the h&rizontal;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 qxample. Compared with the example shown in

Fig. 3, the degree of improvement corresponding to the



F|g 8 is a block circuit diagramof a conventional FM Lat or . F|g 9
shows the characteristics of the CNratio versus SN rat o’wBsHy& f‘l ~~~~

conventional FM denodulator. Fig. 10 is a circuit diagr _ ]
for use in the FM denodul at or. DESCRIP.#;AICF THE PREFERBEQS_
feature of the present invention lies in the fact that thz TR

@B
anplifier constituting a part of the PLL circuit is nmade : h“ﬁ
connecting a resistance variable portion serving as a fee L ) I
parallel to the DC anplifier. By adjusting the gain of the DC anp
the natural frequency of the loop in the FM denodul ator can be adjusted and
thus the SN rextermaireentroltiveitage of bn¥riéncBigBy4cédandchbi dB.one end of
t he feedback path_ fornmed the resistance variable portion to an output of
the BB anpl|f¢%¥s+ﬁtaﬁ§uv%€Bth3 det@e(2abhdR) ABAWROiBNFéGr pdr of the DC

amplifier, a 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 Vine

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. If the high frequency
component is eliminated from the input signal when the CN

. ratio is‘satisfactery, the signal component around the
maximum frequency deviation is iost, causing generation of
truncation noise and deterioration in the image quality,
as will be described later. Therefore, it is desirable to
apply the external controllvoltage only in a region where
the CN ratio is low or when the CN ratio is decreesed.

!any mothods can be conceived for sensing
deterioration 1n the CN ratio and applying the external
control voltagb to control voltage terminal V,,. As an
example, a viewer of the TV screen can control the
external control voltage with a remote controller in
accordance with the image quality. In another example,
the CN ratio can be sensed at signal input'terminal Tins

and the external control voltage applied to control



greater ampunt of change in the gain of the anplifier can be obtained,
thereby inproving the SN ratio even nore efficiently. Now, a first
ertbadi nrent of the present invention will be described in detail wth
reference to Fig. 1 - Fig. 4. -12- FM denodul ator shown in Fig. 1 is
the same as the conventional FM denodul’dator shown in Fig. 8 except a bias
circuit for the DC anplifier. In Fig. 1, the portions having the sane
function as those in Fig. 8 are | abeled with the same characters. As shown
in Fig. 1, an FM denodul ated signal is input to input termnal T[err] and
transmtted through phas® conparator 20, loop filter 21, DC anplifier 22,
and BB anpl i f vedtage ieamimald¥apfiamtkel eantrelliedautomatigal edinrom
output termnal T[err]. The

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
.1magé_is.a motion picture. 1In satellite broadcasting, the
TV séreen usually displays a motion picture. Therefore,
it is preferable to seek reduction in threshold noise even
though iﬁ causes some increase in truncation noise.

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

amplifier is made adjustable by the external control



output of DC anplifier 22 is fed back to phase conparator 20 through VCO
24. The PLL circuit is thus forned. The FM denodul ator in accordance with
tHe present invention further includes a resistance variable circuit 1
connected to both ends of DC anplifier 22 in parallel thereto and serving
as a feedback circuit. Resistance varth®te circuit 1 is provided with a
vol tage input termnal V[err] for receiving an external control voltage for
changi ng a resistance thereof. The above-mentioned resistance variable
circuit 1 includes, as shown in Fig. 2, a PIN diode 11 serving as-a

resi stance variable elenent and a corrective resistor 12 connected in
series and capadtagesin3thedptésent dawveattiong t hemto both ends of DC
anplifier 22 in parallel thereto and serving as capacitance el enents,

t hereby forming a Fég8babkandr 6uare Fhblocknedricuitpdiagram 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, eicept for the resistance variable
circuit. 1In 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
embodime;t lies in that the resistance variable circuit 1
shown in Fig. 1 is replaced by a resistance variable
circuit 41 serving as a feedback circuit which is provided
in parallel not only to DC amplifier 22 but te both DC
amplifier 22 ana BB amplifier 23. 'More specifically,
referriqq to Fig. 6, capacitor 14 in Fig. 2 is replaced by
a capacitor léThaving one electrode connected to a
connection point between resistors 12 and 15 and the other
electrode cenﬂected 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



~-13- between corrective resistor 12 and capacitdr 14 is connected to the
..ground through a resistor 15. The connection point between an anode of PIN
"di.ode 11 and capacitor 13 is connected to input terminal V[err] of control
voltage V[err] through a resistor 1 0_IDIN di ode 11 is connected in parall el
to DC anplifier 22 in order to utiliZe the characteristics of the PIN
di ode, that is, the characteristics that the forward resistance conponent
of the PIN diode is a function of the value of its current (the resistance
is several [err] when a current is 10 mA, and the resistance |s_seveaal ;
Klerr] when np current fl . _The resistance of the PIN diode is reduce
as the val @R ?ﬂeSEU??BﬂrglﬂEréise.CPHSSGHﬁPt&Brd§9°Pnth§ &i Fami beof the
first enmbodinent .the resistance of N djode 11 is reduced as voltage
val ue V[errféghﬁﬁ?eﬁv?% BFE 'iﬁﬁﬁgl?%r_ nf| 9YPRFRT {BPrAYPB&REJinpy
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. Compared 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 & conventional FM demodulator, the gain of the
DC aiblifierijﬁﬁthe FM demodulator and therefore the
natural frequencv of the loop thereof 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,



i ncreasing voltage V[err] applied to voltage input termnal V[err], the
resitance of PIN diode 11 can be reduced, thereby Iowering the gain of DC
‘anplifier 22. By adjusting of the gain of DC anplifier 22, the |oop gain of
t he FM denodul ator can al so be adjusted, so that inprovenent in threshold
noi se can be achi eved eventually, becafde of the follow ng reasons. It is
assuned that Klerr} indicates the gain of phase conparator 20, Kv indicates
-14- the gain of VCO 24, and Kd indicates the gain of DC anplifier 22 in a
circuit structure without gain adjustnment function as in the present

enbodi nent. Loop gain K of a whole FM denodul ator can be generally
expressed bywikbohsl censingeexgessivedtruncation 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 iimitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.

A



K = Klerr].Kv. Kd .. (4) ATag Tead

filter wwth the circuit structure as shown in Fig. 10 for

as loop filter 21. It is assuned that the lag lead filter i namumlulmmﬂml“l
resistors Rl and R2 and capacitor C. It is,also assuned that ti mé cobnsfants
T[err] and T[err] can be expressed by the %ollomnng - equations (5). Herr]

- RL.CT[err] = RR.C (5) Natural
frequency [err]n of the loop is represented by the foll owi ng equation (6).
[err]n = {K (T[err] + T[err])}[err] ' (6)

Natural frequency [err]n is an inportant factor which detern1nes t he

charact eri st i €BABf ISNCRAIMERDESE at or, and threshol d noi se can. be reduced by

maki ng the natural frequency smaller. In the equation (6), since resistors
R1 and R2 and capacitor C are fixed, time constants T[err] and T[err] have

1. An FM demodulator, comprising:

a voltage-controlled oscillator for outputting a
signal whose frequency is a funcﬁion 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 which falls out
of a predetermined band from an output of said 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
amplifier and demodulating an input signal from the output
of said DC amptifier; and

& teedback'circuit whose resistance is a function of
an extbrnal cont:ol voltage for feeding 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



respective fixed values as can be seen fromthe equation ”Iml,mm f
~on can be achi eved by adjusting the -15- value of K S 'm,m
'K.is obtained by the equation (4), adjustment of natural ffeqtency ™ esr|r

can be achieved by adjusting gain Kd of the DC anplifier. Mre _
specifically, if the CNratio of ani%¥ut signal is degraded, |oop gain K
can be decreased by reducing gain Kd of the DC anplifier by nmeans of the
external control voltage, so that natural frequency on is also decreased.
As a result, the high frequency conponent with a great amount of noise
conponent can be elimnated fromthe input signal, whereby threshold noise
can be reducndl ghe toutmit ref | saidh PG anphi fiex . in harsl bel otot said DC

conponents selected for formng of the resistance variable circuit
amplifier and having a 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, '

a ;;cond 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 terminalk connected to a connection point between

o

said:§?¥st resfstor and said second resistor, and

a oy,

‘*third reaistor having one terminal connected to a

P -
a7 -'»h'._.e;é’-*vs_' B

connection point 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:



are as follows. Resistor R12; 100[err] Capacitor Cl13 and Cl4: _
Resistor R15; 1 Klerr] Next, description will be made of |#|Mﬁmgliilmlmlluﬂ
SN ratio by using the FM denodul at or of the present inventi moos  *
reference to Fig. 3. The characteristics shown in Fig. 3 corresponds with
those in Fig. 9, show ng inprovenent i m2%7e characteristics of the FM
denodul ator. In Fig. 3, the horizontal axis shows the CN ratio, and the
vertical axis shows the SNratio. In the figure, line Ais the idea
characteristic line of the CNratio versus SN ratio. Line -16- Cis the
| i ne- used for obtaining a static threshold val ue

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 coﬁparison
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 app;ying 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 contrpl voltage for feeding back an output of

said BB amplifier to an input of shid DC amplifier.

. Tha;!lﬁdemodulator according to claim 4, wherein
the féedback’gircuit 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.



of ‘the FM denodul ator, being in parallel to and lower than Iine A by 1 dB,

as descri bed above. Line D shows the characteristics obtamed by the FV

dénodul ator in accordance with the present enbodinment. In t
in Fig. 3, voltage V[err] applied to contr ol voltage term rimllmmn"“llﬂm”“l
Fig. 1 (or Fig. 2) is set as 5 V. In thé“present enbodi nent,~tre L n s =«
characteristics close to line A showing the ideal characteristic line is
obtained even in a region where the CNratio is low, as can be seen from
line Din Fig. 3. The static threshold value, that is the value of CNratio
"at a crossing point P2 of lines Cand Dis 3.2 dB, show ng an i nprovenent
over the value of 5.8 dB of the conventional FM denodul ator shown in Fig.

St O her ords, o Wie Gl detedualor, ol e preserle Aol e e
lcélogvezt onal EMed%rar%qglbiteo ffes'i's%an%:es r&q\%utiqe iqt%qru%%sqf | nprovement. In

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 terﬁinal 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 é;cond 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 éﬁifanode"df said PIN diode, and the other terminal

connected to-said control voltage.



the horizontal axis shows external control voltage V[err] applied to

_control voltage termnal V[err], and the vertical axis shows the degree of
~inprovenent, that is, how nuch i nprovenent is achieved in terns of the SN
rati o over the conventional exanple. Conpared with the exanple shown in
Fig. 3, the.degree of inprovenent corredponding to the external control
voltage of 5 Vin Fig. 4 is 2.6 dB, consistent with the data (2.6 dB) shown
in Fig. 3. As can be seen fromFig. 4,yjhe degree of inprovenent can be
further enhanced if the voltage of applpximtely 2 5 V or higher is
applied to control voltage term nal V[ggr]. Al t hough the voltage in the
range of 0-5 Vis applied here to cont voltage V[err], it may exceed 5V
as needed. It should be noted that the ternal control voltage is applied
as descri bed above only when the CNr 8 gf
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10- the input signal is degraded. |If the high frequency conponent is
elimnated fromthe input signal when the CNratio is satisfactory, the
'signal conponent around the maxi num frequency deviation is |ost, causing
generation of truncation noise and deterioration in the imge quality, 15
as will be described later. Thereforer2rt is desirable to apply the
external control voltage only in a region where the CNratio is | ow or when
the CNratio is decreased. Many net hods can be condﬁived for sensing
deterioration in the CN ratio and applying the extqﬁnal 20 control
voltage to control voltage terminal V[err]. As anéﬁgnmﬂe, a viewer of the
TV screen can control the external control voltage h a renote controller

in accordance with the inmage quality. In another e lg, the CN ratio can
be sensed at signal input terminal T[err], 25 a c:ﬁg external control
voltage applied to control -17- =
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-18- voltage terminal V[err] can be controlled. automatically in response to
a dropinthe CNratio. It should be especially noted that setting the
external control voltage to a maxi mum (5V in the present enbodi nent) when
the CNratiois lowis not always desirable. The reasons will be described
bel ow. In addition to threshold noise, inmade quality is influenced al so by
noi se called truncation noise, and these two kinds of noise are generated
si mul t aneously. They have a characteristic of being reciprocal to each

ot her; when one noise is great in anount, the other noise tends to be
smal | . Therefore, a problemw || be caused that truncation noise is

I ncreased even if a reduction in threfgﬂgg I se can be achi eved.
Nevert hel ess, a greater enphasis shou gfaced on reduction in threshold

noi se.
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40
ast
30 "
A o+ .
C g
- [P,
) i

z'/_z. 6 8 10 12 14 CIN(B)
D

CN VS SN : Vo =5(V)



This is because threshold noise gives nore prom nent effeects on the i mage
quality than truncation noise if the inmage is a notion picture. In

satel lite broadcasting, the TV screen usually displays a notion picture.
Therefore, it is preferable to seek reduction in threshold noi se even
though it causes sone increase in trunZ&fion noise. However, if truncation
noi se is extrenely increased, sone adjustnment would be required. It is for
t he purpose of achieving such adjustnment that the gain of the DC anplifier
i s made adjustable by the external control -19- voltage in the present
invention. Figs. 5 and 6 are a block circuit diagramand a specific circuit
di agram respectively, of an FM denodul ator in accordance with a second

enmbodi nent of the FIG 4
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present invention. The FM denodul ator of the second enbodinent is the sane
.as that in the first enbodi nent shown in Figs. 1 and 2, except for the
‘fesi stance variable circuit. In order to clarify a feature of the present
enbodi nent, the description of the second enbodinent will be made only in
terms of the difference between the tW8 enbodi ments. A feature of the FM
denodul ator of the second enbodi nent |ies i@gthat the resi stance variable
circuit 1 showmn in Fig. 1 is replaced by a <€sistance variable circuit 41
serving as a feedback circuit which is provéaed in parallel not only to DC
anplifier 22 but to both DC anplifier 22 an@% anplifier 23. Mre
specifically, referring to Fig. 6, capacito® in Fig. 2 is replaced by a
capaci tor 44 having one el ectrgode connected g connection point between
resistors 12 and 15 and the ot™r el ectrode cted to the output of BB
anplifier 23. By thus feeding bkck t he outpuip BB anplifier 23 to
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the input of DC anplifier 22, a wider range of the change in gain Kd is

obt ai ned as conpared with the case where a resistance variable circuit is
provided to be connected -20- only to DC anplifier 22. Consequently,

| oop gain K can be reduced even further, leading to a greater inprovenent
inthe SNratio than with the FM denodul aber of the first enbodinent. Fig.
7 shows that a greater inprovement in the SN ratig can be achieved by the
second enbodi nent. Fig. 7 cor to_Fig. 3, Bhowing a greater

i nprovenent in ternms of the qﬂhar acteristich of t FM denodul at or. The
static threshold value of 'thijs cas I .e. the val of the CNratio at a
crossing point P3 of lines Cjand E{s 1.8 HB, sh g a further inprovenent

over the first - 0 :
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enbodi nent shown in Fig. 1 in which the CNratio is 3.2 dB. Conpared with
t.he conventional exanple shown in Fig. 9, it can be said that the static
threshol d val ue can be inproved as much as 4.0 dB (- 5.8 dB - 1.8 dB). As
descri bed above, in accordance with the present invention, only by an .
addition of a relatively sinple circuit #9-a conventional FM denodul at or,
the gain of the DC anplifier in the FM denodul ator and therefore the
natural frequency of the |oop thereof can be adjusted as desired and the
i mge quality with a good SN ratio can be obtained. Particularly, threshold
noi se can be easily reduced and the SN Fq(%o ?hn be i nproved even in a
region or in a condition where the CN rati©’of the input signal is |ow,
-21-
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wi t hout causi ng 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 exanple only and is not to be taken
by way of limtation, the spirit and scope of the present invention being
limted only by the terns of the appendefi-cl ai ns. -22- WHAT | S CLAI MED
IS: 1. An FM denodul ator, conprising: a voltage-controlled oscillator for
outputting a signal whose frequency is a funﬂfion of a control input; a
phase conparator for conparing an FM nndulatgb i nput signal with an out put

signal of said voltage- controlled oscillat oggnd outputting a phase
conpari son :n_

DE
ouT

—-__-O
Tour

AMPLIFIER
)
23

T

PRIOR ART

DC
— "|AMPLIFIER

FIG. 8

21
LOOP
FILTER

TOR—™

PHASE
COMP.

20
/
ARA

O—»
TIN

FM WAVE

INPUT



signal representing a phase difference therebetween; a loop filter for
attenuating noise which falls out of a predeterm ned band from an output of
sai d phase - conparator; a DC anplifier for anplifying an output of the
| oop filter and applying the anplified signal to the voltage- controlled
oscillator as the control input; a BB anp?ifier connected to an output of
said DC anplifier and denodul ati nput al omthe output of said
DC anplifier; and.a feedback ci FgG \%ose Pgéégt ﬁét is a function of an
external control voltage for feeding back the output of said DC anplifier

to an input of said |fier. 2. _The FM denpdul ator according to claim
1, wherein said feed ac cWTcui ingl upleg; fa yafi abl esi stance circuit
connect ed to t he i nput
) 4 ik
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-23 and the output of said DC a lSSlie&HastquRdfp&bédel to

and having a resistance which is a id exte ansqgﬂ§

vol.tage. 3. The FM denpdul ator acc [“H ﬂlﬁl:ﬂlﬁl m# vvheel n thgpyT;gé%BfEEN .
resistance circuit includes; capacitance el ene S —
term nal conn |.hp t of said DC amplifier, a PIN dlode havi ng an
anode connect:lfﬁ"ta'gmﬁ(ﬁ%aﬁ1181?1;16(9‘{| OB BECEPTHO% ARy SATEILISEnaci t ance el enent a
first resistor having one term nal connected to a .cathode of said PIN

di ode, a second resistor serially connected between the other term nal of
said first resistor and a ground potential, a second capacitance el enent
havi ng one t e ABSTRACTo QFe @HE] DISCLIOSURE: put of said DC anplifier, and the

An FM demodulator demodulating an FM modulated input
signal through a PLL circuit, which includes a phase
comparator a loop filter, a DC amplifier, a BB amplifier,
and a VCO, apd outputting the demodulated signal further
includes a feedback circuit connected in parallel to DC
amplifier and having a resistance which is a function of
an external control voltage. The feedback circuit may be
connected in parallel to both DC amplifier and BB
amplifier. A PIN diode is typically used as a resistance _

variable element in the feedback circuit. -



other terminal ¢onnected to a connection point between said first resistor
and said second resistor, and a third resistor having et ntaal oo
connected to a connection point between said first caﬁgﬂﬁﬁgﬁﬂ@E ﬁ;§ J{rand
t he anode of said PIN diode, and the other term nal cpnhected to said
control voltage. 4. An FM denodul ator, conpri sing: - P47

vol tage-control l ed oscillator for outputting a signal Whos:z%f%eﬁq is a
function of a control input; a phase conparator for ce¢nparing an FM
nodul ated i nput signal with an output signal of said yoltage- control
oscillator and outputting a phase conparison signal representing.a phase

di fference t hfapbeiorecof théoeptérhakrcodntralteolibagag noi se falling out of
a

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

5 connected to the other terminal of the first capacitance
element; a .first resistor having one terminal connécted 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

10 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 terminél connected to a connection
point between the first capacitance element and the anode

15 of thg”?IN diode and the other terminal connected to a
control.Qoltage.

Generally, in the FM demodulator having the PLL
circuit consisting of phase comparator 20, loop filter 21,
DC amplifier 22, BB amplifier 23, and VCO 24 as shown in

20 Fig. 8, a loop gain K of a whole FM demodulatbr can be
expressed by the following eqguation (1).

K = Ky+Kve+Kd , ee. (1)
where Kg_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

25 23 is provided for amplifying the gain of Kd.



-pr edfet er m ned band fron1an out put of: the phase conpa
for -awplifying an output of the Ioop fllter and app
signal to the voltage- controlled oscillator as the
anplifier connected to an output of said DC anplifier
I nput signal fromthe output of said DC anplifier; a
whose resistance is a function of an external control
back an output of said BB anplifier to an input of sa{d DC anplifiess
The FM denodul ator according to claim4, wherein the f€eédback, circuit

i ncl udes a resistance variable circuit connected in parallel to said DC
anpl i fi er an®xtaxnaEB gl sfoltfiage 9fe 5 Vhun Fiwaild iSC 2fpIdB,i er and
with the output of said BB anplifier and having a resjistance which is a
function of s‘é?‘tﬁ’é&%‘l“hd’fltébrﬁ%l daf® t(gd 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
5 V or higher is applied to control voltage terminal Vi,.

Although the voltage in the range of 0-5 V is applied

here to control voltage V;,, it may exceed 5V as needed.

It should be noted that the external control voltage
is applied as described above only when the CN ratio of
10 the input signal is degraded. If the high frequency
component is eliminated from the input signal when the CN
ratio is satisfactory, the siénal component around the
maximum frequency deviation is lost, causing generation of
truncation noise and deterioration in the image quality,
15 as will be described later. Therefore, it is desirable to
apply the external control voltage only in a region where
'thé CN ratio is low or when the CN ratio is decreased.
Many methods can be conceived for sensing
deterioration in the CN ratio and applying the external
20 control voltage to control voltage terminal V,,. As an
examplé, a viewer of the TV séreen can control the
external controi voltage with a remote conﬁroller in
accordance with the image quality. In another example,

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

25 and the external control voltage applied to control

-17-



6. The FM denodul at or accor di ng 1.0 cI a| m 5 “wherein the riable resistance
circuit~includes, a first capaci %ﬂﬂﬂﬂeh&ﬂlng one ¢ng#ﬁgﬁgﬂggﬁk
to“the input of said DC anplifier Ii um’ IhaV|ng an |lanodepgppREEHE

the other termnal of said first e ﬂT ement, a _

havi ng one term nal connected to a cathode or Said PIN di ode, a second
resistor connected in series between the other termnal of said first
resistor and a ground potential, a second capacitance el ement having one
term nal connected tPM DEMODULATOR FOR REQEETION OFSATELINTE BROADCARTINGher
term nal connected to a _connection point between said first resistor and

sai d second r 88SIRHCT AFy THE RISE Rftor having one terninal connected to

-a

An FM demodulator demodulatlng an FM modulated input
signal through a PLL circuit, which includes a phase
comparator a loop filter, a DC amplifier, a BB amplifier,

5 and a VCoO, ahdloutputting the demodulated signal'further_
.includes.a feedback circuit connected in parallel to DC
amplifier and having a fesistance which is a function of
an external control voltage. The feedback circuit may be
eonnected in parallel fo both DC amplifier and BB

10 amplifier. A PIN diode is typically used as a resistance

variable element in the feedback circuit.

Figure 1
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n poi § KpphedRae s, 95msglzerrent and the anode of |
/Wdl odegmmmﬁﬁtr m ndgl connect.ed to said control voltage.| l

TEXT OF THE ABSTRACT

FM DEMODULATOR FOR RECEPTION OF SATELLITE BROADCASTING

An FM demodulator demodulating an FM modulated input signal through a PLL circuit,
‘which includes a phase comparator (20) a loop filter (21), a DC amplifier (22), a BB amplifier
(23), and a VCO (24), and outputting the demodulated signal further includes a feedback
circuit (1) connected in parallel to DC amplifier (22) and having a resistance which is a
function of an external control voltage. The feedback circuit may be connected in parallel to .
both DC amplifier (22) and BB ampiifier (23). A PIN diode (11) is typically used as a
resistance variable element in the feedback cu:cmt (1) _

Fig. 1 _
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