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FM DEMODULATION CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to an FM demodulation

circuit, more specifically to an FM demodulation circuit
5 ﬁsing PLL circuit..

In recent years, the mobile vehicle communication
system utilizing FM modulation has been widely employed.
From the view point of miniaturization requirement for
portability of the radiowave equipment, LSI technology has

10 been rapidly progressed. This tendency is also seen in FM
demodulation circuit. The FM demodulation circuit usihg PLL
has been popular with the progress of LSI technologj and
may be established by the process of C-MOS and the like
suitable for LSI technology.

15 . The conventional FM demodulation circuit using PLL
will be described by reference to FIG.2. In FIG.2, an FM
signal supplied from a signal input terminal 1 is inputted
to a phase comparator 2 to detect a phase difference
between the frequencies of the input signal from a

20 comparison,signal oscillator 3 and the FM signal. A
comparison detection signal corresbonding to the phase
difference is sent to the comparison signal oscillator 3 to

s

make a coincidence between the phase of the oscillation

frequency signal of the comparison signal 6scillator 3 and -
25 that of the FM signal. The comparison detection signal —
obtained 1in the.phase-chparator_2_is the DC voltage
corresponding to the mdﬂulatéﬁ frequéné& 6f the FM signal
and is outputted from a demodulation signal output terminal
-_—
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The ‘present iinvention relates to an FM
circuit, nmore specifically to an FM denodul ation circuit

In recent years, the nobile vehicle comunication
systemutilizing FM nodul ati on has been w dely enpl oyed.

4 as the FM demodulation signal.

In such conventiénal FM demodulation circuit. required

is that the oscillation frequency of the comparison signal

oscillator 3 is coincident with the frequency ¢f the FM

signal to be demodulated. Howevef. if a frequency variable

range of this oscillation deviates due to, for example,
temperature rise, the frequencies will not be coincident
owing to a limitation of the comparison detection signal
{DC voltage) from the phase comparator 2, causing a
distortion in the FM demodulation signal.

FIG.3 shows relationships between the comparison
detection signal (correéponding to the oscillation
frequency voltage) and the oscillation frequency for two
conditions, i.e., the normal condition of the normal
variable rénge of the oscillation and the deviation
condition from the normal condition. 1In the normal
cdndition as shown in FIG.3A, the accurate comparison
detection voltage may be obtained depending upon the
frequency of the FM signal to be demodulacted. However,
when the deviation occurs as shown in FIG.3B, the
frequencies are not coincident evéh the comparison
detection signal reaches the limit value due to the
nonlinear charagteristics, causing the distortion in the
compafison detection signal(demodulated signal).

More concretely, it is assumed now that the output

voltage range generated from the phase comparator 2 is +1

to +4 V. Normally, when a power source voltage for exciting

the phase comparator 2 is +5 V, the phase comparator 2 1is
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From the vi ew poi nt of m ni aturization requirement for

portability of the

radi onave equi prment, LSI technology has been rapidly progressed. This
tendency is also seen in FM denodul ation circuit. The FM denodul ati on
circuit using PLL has been popular with the progress of LSI technol ogy and

may be established by the process of C-MOS and the |ike

capable of generating the output voltages of +1 V to +4 V.

characteristic at the room temperature,

Referring to Fig. 3A illustrating the normal

the oscillation

frequency varies from -16 kHz to +24 kHz with the frequency

5 control input terminal voltage of +0 V to +5 V for the

carrier frequency 455 kHz. When the modulation freduency

range of the FM demodulation signal to be FM demodulated is

-8 kHz to +8 kHz, the frequency control

(output voltage of the phase comparator

signal voltage

2) ranges from +1 V

10 to +3 V. On the other hand, as shown in Fig. 3B, when the

characteristic of the comparison signal

oscillator 3

deviates due to the external condition change such as the

temperature rise, the voltage range of +0.353 V to +2.5 V is

required as the frequency control signal for accurate

15 response to the modulation frequency range of -8 kHz to +8

kHz.

However, since the phase comparator

3 can not generate

. the voltage lower than +1 V, the demodulation signal is

maintained at +1 V for the frequency range from 455 kHz -4

20 kHz to 455 kHz -8 kHz of the signal to be FM demodulated,

resulting in the demodulation signal dis

In order to solve this prablem, it is required to

tortion.

adjust the respective oscillation frequency characteristic

o

of the comparison signal oscillators. lowever, there has

25 Dbeen no LSI circuit equipped with means for adjusting the —

respective deviations of the comparison signal oscillators:—

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
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suitabl e for LSI technol ogy. The conventional FM denodul ation circuit
using PLL w Il be described by reference to FIG2. In FIG2, an FM
signal supplied froma signal input termnal 1 is inputted to a phase
conparator 2 to detect a phase difference between the frequencies of the
I nput signal froma

provide an FM demodulation circuit capable of eliminating

the deterioration of the linear demodulation PPN

characteristics due to the deviation of the oscillation
frequency, and of adjusting the respective characteristic
5 deviations of the comparison signal oscillators.

According to the present invention there is provided
an M demodulation circuit comprising, an oscillation
circuit means whose oscillation frequency is variable by a
control signal, a‘phase comparator means for comparing

10 phases of signals between an FM signal to be demodulated
and the output signal of the oscillation circuit means and
generating a comparison signal corresponding to the phase
difference, an additional voltage determining means for
determining an additional voltage based upon the comparison

15 signal, and an adder means for adding the compariéonasignal
and the additional voltage. and supplying the added result
as the control voltage.

- The additional voltage determining means may comprise
an A/D converter for coh?erting the comparison signal into

20 a digital signal, memory for storing the determined
_gdditionai voltage data, and a D/X.converter for converting
the additional voltage data read out from the memory into
an analogue signal, and supplying thg converted analogue
signal- to the adder means.

The additional voltage may be a value which makes the —

N
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comparison signal level at a center level of the operable
range of the phase comparator means or a difference value
between a center level of the operable range of the phase
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conparison signal oscillator 3 and the FMsignal. A conparison detection
signal corresponding to the phase difference is sent to the conparison
signal oscillator 3 to nmake a coincidence between the phase of the
oscillation frequency signal of the conparison signal oscillator 3 and
that of the FMsignal. The conparison detection signal

comparator means ;nd the comparison signal from the phase comparator
means when an unmodulated carrier signal without being modulated is
inputted to the phase comparator means.

In another aspect the invention pfovides an FM demodulation
circuit comprising an oscillator whose oscillation frequency is
variable by a control signal; a phase comparator for comparing the
phases of an FM signal to be demodﬁlated and the oscillator frequency
and for generating a comparison signal ihdicative_of the phase
difference; compensating means for modifying the comparison signal to
compensate for changes in an operating characteristic of the
oscillator; and means for applying the modified comparison signal to
the oscillator as said control signal.

The compensating means may be adapted to modify the comparison
signal such that the comparison signal is at the - centre of the output
range of the phase comparator when the oscillator output frequency is
equal to the carrier frequency of the FM signal.

Other objects and features of the invention will be clarified
‘from the following d;scription with reference to thé ;ctached
drawings. .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating one embodiment of an FM

demodulation circuit according to the present invention.
FIG. 2 is an exmaple of a block diagram of the conventional FM '
demodulation circuit. —

FIG. 3 is a graph showing the demodulation characteristic in the..
case that the oscillation frequency characteristic is deviated from the
normal operation characteristic.
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obtai ned in the phase corrparatorlz Is the DC voltage corresponding to the
nodul at ed frequency of the FMsignal and is outputted froma denodul ati on

si gnal output term nal

DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described in detail by way of
example only with reference to the accompanying drawings.

Illustrated in FIG. 1 is a block aiagram of an embodiment
éccérding to the present invention. The signal input terminal 1, the
phase comparator 2, the compgrison signal oscillator 3, and the
demodulation signal output terminal 4 are the same as those in the
conventional circuit shown in FIG. 2. An adder 35 is.inserted into the
ihput side of the comparison signal oscillator 3. To the inputs of the

adder 5 supplied with the comparison detection signal from the phase

comparator 2 and data signal from an additional
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2 4 as the FM denodul ati on signal . In such conventional FM
denodul ation circuit, required

10

15

25

voltage setting means. The additional voltage setting means
comprises an A/D converter 6; é$hata processing circuit 7,
an additional datg memory 8, and a D/A converter 9.

The adder 5 adds the DC voltage from the D/A converter
9 and the comparison detection signal from the phase
comparator 2, and outputs the added result to the frequency
control signal input terminal of the comparison signal
oscillator 3. The A/D converter 6 converts the comparison
detection signal into the digital data signai and sends the
digital data signal to the data processing circuit 7. The
required additional voltage to obtain an appropriate
comparison detection signal is determined based upon the
input data signal in the data proceésing circuit 7, and is
stored in the additional data memory 8. From the
additionalidata memory 8, the stored appropriate data
signal is supplied to the D/A converter 9. The D/A
canverter 9 converts the additional voltage read out from
the additional data memory 8 into the analog signal, and
outputs it to the.adder 5.

According to the above circuit, if no additional
voltage is exist (0 V), the compar}son detection signal is
supplied tq the frequency control input terminal of the
comparison.signal oscillator 3, and the similar operation
is executed. On the other hand, if the deviation of the
oscillation frequency of the comparison signal oscillator 3-%-
is caused and the voltage signal higher than the limit -
value of the comparison detecfion signal is required, the

appropriate additional voltage is determined in the data
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Is that the oscillation frequency of the conparison signal oscillator 3
coincident with the frequency of the FM signal to be denodul ated. Howeve
if a frequency variable range of this oscillation deviates due to, for
exanple, tenperature rise, the frequencies will not be coincident ow ng
toalimtation of the conparison detection signa

processing circuit 7-and is added to the comparison
detection signal by the adder S. The comparison signal
oscillator 3 operates by this additional voltage.
According to the foregoing operation, the oscillation
5 frequency of the comparison signal oscillator 3 is made
coincident with that of the FM signals, eliminating the
distortion of the demodulated signal.
It is to be noted here that the voltage at frequency
- control input terminal of the comparison signal oscillator
10 3 becomes higher as much as the additional voltage when the
additional voltage is added to the comparison detection
signal. On the contrary, the FdM signal is compared with
the output of the comparison signal oscillator 3 in-the
phase comparator 2, therefore the generated FM signal and
15 the output of the éomparison signal oscillator 3 become
lower as much as the amount of the additional voltage.
That is, the comparison detection signal varies inversely
as much as the amount of the additicnal voltage. The
additional voltage may be determined as a value which makes
20 the comparison detection signal level:; at a center level of
the.operable range of the phase coﬁ;arator 2 when the '
carrier signal without being modulated is inputted in the
phase comparator 2.
More specificélly. in the foregoing case with
25 reference to Figs. 3A and 3B, the outpﬁt range of +1.3 V. to
+3.5 V of the phase comparator 2 at the room temperature is
obtained by adding -0.3 V to tﬁe comparison detection

signal in the adder 5. As a result, the control with the
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(bC voftage) fromthe phase conparator 2, caUsing a distortion in the FM

denodul ati on signal . FI G 3 shows rel ationshi ps between the conparison
detection signal (corresponding to-the oscillation frequency voltage) and
the oscillation frequency for two conditions, i.e.. the normal condition

of the normal

voltage of +1 V to +3 V is realizgd under the deviation of
0.5 V in the oscillation frequency due to the temperature
change is caused, eliminating the demodulation signal
distortion. Thus, even if the voltage becomes higher than

the limit value of the comparison detection signal due to

ut

the oscillation frequency deviation of the comparison
detection signal, the demodulation distortion is ekimlnated
by adding the appropriate additional voltage.

The determination process of the additional voltage in

10 the data processing circuit 7 will be explained hereunder.

‘ As the initial set for the adjustment, inputted to the
signal input terminal "1 is ;he carrier signal withouf being
modulated having a center modulation frequency of 453 kHz.
At that time, the output voltage VT from the phase

15 comparator'zlis-supplied to the data processing circuit 7
through the A/D converter 6. The data processing circuit 7
determines the additional voltage VH using the.voltage VT
so as to set the output voltage of the phase comparator 2
at +2.5 V which is a center.level. or voltage of the range

20 +1 V to +4 V, i.e., VH = +2.5 -VT. The determined
additional voltage VH is mémorized-in the additional data
memory 8. In the normal demodulation operation the voltage
VH read out from the memory 8 is supplied to the adder 5
througH the D/A converter 9. i

25 As described in the foregoing, the present invention —
1mpr6ves the limitation of the operable range of the phase -

comparator 2 due to the oscillation frequency deviation of

the comparison signal oscillator 3 by adding the additional
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vari abl e range of the oscillation and the deviation condition fromthe
normal condition. In the normal condition as shown in FIG 3A, the accurate
conpari son detection voltage may be obtai ned dependi ng upon the frequency

of the FM signal to be denodul ated. However, when the deviation occurs as
shown in FIG 3B, the

voltage to the comparison Qetection signal, maintaining the
linear demodulation characteristics. Providing the circuit
to memorize the additional voltage may adjusts the

individual deviation of the comparison signal oscillator 3.

P
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f}eqU§QgL§§_aLe—ne%’c0Tﬁ6ident even the conparison detection signal
reaches the. limt “S“@ﬁ due to the nonlinear characteristics, causing the

di st or, ari son detection 'signal (denodul at ed
v 1 1) 1 o aved signal).

assuned now that .the output voltage range generated
from the phase conparator s +1 9° 9

What is claimed is:
1. An FM demodulation circuit comprising:

an oscillation circuit means whose oscillation
frequency is variable by a control signal;

a phase comparator means for comparing phases of
signals between an FM signal to be demodulated and the
-output signal of said oscillation circuit means and
generating a comparison signél corresponding to the phase
difference;

an additional voltage determining means for
determining an additional voltage based upon said
comparison signal; and

an adder means for adding said comparison signal and
said additional voltage, and supplying the added result as
said control signal.
2. The FM demodulation circuit as set forth in claim 1,
wherein said additional voltage determining means
comprises, an A/D converter for converting said comparison
signal ihto a digital signal, memory for storing the
determined additional voltage data, and a D/A converter for
converting the additional voltage data read out from said

memory into an analogue signal, and supplying the converted

i
analogue signal to said adder means.
3. The FM demodulation circuit as set forth in claim 1,
wherein said additional voltage determining means —

determines the additional voltage as a value which makes
the comparison signal level at a center level of the

operable range of said phase comparator means.

- .
] - 10
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to +4 V. Normally, when a power source voltage for exciting the phase
conpar ' , the phase conparator 2 is

AL A W

4, The FM demodulation circuit as set forth in claim 1, wherein
said additional voltage is determined as a difference value between a
center level of the operable range of said phase comparator means and
thé comparison signal from said phase comparator means Qhen an
unmodulated FM carrier signal is inputted to the phase comparator
means.
5. An FM demodulation circuit comprising

an oscillator whose oscillation frequency is vﬁriable by a
control signal;

a phase comparator for comparing the phases of an FM signal to
be demcdulated and the oscillator frequency and for generating a
comparison signal indicative of the phase difference;

compensating means for modifying the comparisop signal to
compensate f&r changes in an operating characteristic of the
oscillator; and

means for applying the modified comparison signal to the
oscillator as said control signal.
6. The M demodulétion circuit as set forth in Claim 5 wherein the
compensating means is adapted to modify tﬁe comparison signal such that
the cowmparison signal is at the centre of the output range of the phase

comparator when the oscillator output frequency is egual to the carrier

frequency of the FM signal.

-\ﬁ
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capablé of generating the output Voltages of + 1 Vito +4V Ref erring

to Fig. 3Aillustrating the normal characteristic at the roomtenperature.
the oscillation frequency varies from-16 kHz to +24 kHz with the frequency.
control input termnal voltage of +0 Vto +5 V for the carrier frequency

455 kHz. When the nodul ation frequency range of the FM denodul ati on si gnal
to be FM denodul ated is -8 kHz to +8 kHz, the frequency control signal
vol tage (output voltage of the phase

ABSTRACT OF THE DISCLOSURE

An FM demodulation circuit comprises, an oscillation
circuit means (3) whose oscillation frequency is variable
'by a control signal, é phase comparatér means (2} for
comparing phasés of signals between an FM signal to be
demodulated and the output signal of the oscillation
circuit means (3) and generating a combarison signal
corresponding to the phase difference, an additional
voltage determining means (7) for determining an additional
voltage based upon the comparison signal, and an adder
means (3) for adding the comparison signal and the
additional voltage, and supplying the added resuit as.the
control voltage. The additional voltége may be a value
which makes.the compérzson signal level at a center level

of the operable range of the phase comparator means (2).

Y
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conparator 2) ranges from+1l Vto +3 V Cn the ot her hand, as shown in Fig.
3B=~-Hhhen the characteristic of the: -conparison signal oscillator 3 deviates
due to the external condition change such as the tenperature rise, the

vol tage range of +0.5 Vto +2.5 Vis required as the frequency control
signal for accurate response to the nodul ation frequency range of -8 kHz
to +8 kHz. However, since the phase conparator 3 can not generate the

voltage |ower than + 1 | FIG 1

1 4 B
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V, ‘the denpdul ation signal is maintained at + 1 V for the frequency range
from¥55 kHz -4 kHz to 455 kHz -8 kHz of the signal to be FM denpdul at ed,
resulting in the denodul ation signal distortion. In order to solve
his problem it is required to adjust the respective oscillation frequency
characteristic of the conparison si %iG)S il lators. However, there has

§

been no LSI circuit equipped with adj usting the respective
devi ati ons of the

PRIOR ART
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conpari son signal oscillators. SUMVARY OF THE
I"NVENTI ON It is an object of the present invention to aneliorate one
or nore disadvantages of the prior art. According to one aspect of
the present invention there is provided an FM denodul ation circuit
conprising: an oscillation circuit whose oscillation frequency is

FIG.3A
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vari ed by*a cont r ol signal; a phase conparator neans for conparing a phase

df an*FM signal
said oscillation circuit

to be denodul ated and a phase of the an output signal of
and for generating a conparison signal

corresponding to a phase difference between said FM signal and said out put

si gnal ;

an addi ti onal

OSCILLATION
FREQUENCY

[kHz] 1

455

......................

FM SIGNAL TO BE
DEMODULATED /

FIG.3B
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4 deterniming -an additional voltage- based upon sai d corrparl son si d‘fﬁf and

an adder
vol t age,

frequency

means for addi ng said conpari son. si gnal-~~amyt b R (TR SG
and supplying the added result as saidjc %lfok‘éi “Tg 3

According to another aspect of the present invenii
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FM DEMODULATION. CIRCUIT DATE GF RECEIPT zfeld

BACKGROUND OF THE INVENTION

The present invention relates to an FM demodulation
circuit, more specifically to an FM demodulation circuit
using PLL circuit.

In recent years, the mobile vehicle communication
system utilizing FM modulation-has been widely employed.
From the view point of miniaturization requirement for
portability of thé radiowave equipment, LSI fechnology has
been rapidly progressed. This tendency is also seen in FM
demodulation circuit. The FM demodulation circuit using PLL
has been popular with the progress of LSI technology and
may:Be established by the process of C-MOS and the like
suivable for LSI technology.

. The conventional FM demodulation circuit using PLL
will be described by reference to FIG.2. In FIG.2, an FM
signal supplied from a signal input terminal 1 is inputted

to a phase comparator -2 to detect a phase difference

. between the frequencies of the input signal from a

comparison signal oscillator 3 and the FM signal. A
comparison detection signal corresponding to the phase'

difference is sent to the comparison signal oscillator 3 to

make a coincidence between the phase of the oscillation

'frequency signal of the comparison signal oscillator 3 and

that of the FM signal. The comparison detection signal
obtained in the phase comparator 2 is the DC voltage
corresponding to the modulated frequency of the FM signal

and is outputted from a demodulation signal output terminal
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nmodul at ed-(FM ~denodul ation circuit for denmpdul ating an FM si gnal
conprising: an oscillation circuit outputting a reference signal whose
oscillation frequency is varied by a control signal; a phase conparator
for determ ning a phase difference between said FM signal and said

ref erence signal and generating a conparison signal corresponding to said
phase difference; an additional voltage 2letermning circuit for determ ning
an additional voltage based on said conparison signal; and an adder

recei ving and sunm ng said

4 as the FM demodulation signal.

In such conventional FM demodulation circuit, required
is that the oscillation frequency of the comparison signal
oscillator 3 is coincident with the frequency ¢f the FM
signal to be demodulated. Howevef, if a frequency variable
range of this oscillation deviates due to, for example,
temperature rise, the frequencies will not be coincident
owing to a limitation of the comparison detection signai
(DC voltage) from the phase comparator 2, causing a
distortion in the FM demodulation signal.

FIG.3 shows relationships befween the comparison
detection signal (corresponding to the oscillation

frequency voltage) and the oscillation frequency for two
conditions, i.e., the nérmal condition of the normal i
variable range of the oscillation and the deviation
condition from the normal condition. In the normal
condition as shown in FIG.3A, the accurate comparison
detection voltage may be obtained depending upon the
frequency of the.FM signal to be demodulated. However,
when the deviation occurs as shown in FIG.3B, the
frequencies are not coincident even the comparison
detection signal reaches fhe limit value due to the
nonlinear characteristics, causing the distortion in the
comparison detection signal(demodulated signal).
More concretely, it is assumed now that the output
voltage range generated from the phase comparator 2 is +1
to +4 V. Normally, when a power source voltage Tor exciting

the phase comparator 2  is +3 V, the phase comparator 2 1is
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conpari son~si.gnal and sai d additional voltage and providing an out put
signal as said control signal. According to still another aspect of
the present invention there is provided a . net hod of denodul ati ng an FM
signal conmprising the steps of: outputting a reference signal from an
oscillation circuit whose oscillation frequency is varied by a control
signal; determ ning a phase difference bg ween said FM signal and said

ref erence signa

capable of generating the output voltages of +1 V to +4 V.

Referring to Fig. 3A illustrating the normal
characteristic at the room temperature, the oscillation
frequency varies from -18 kHz to +24 kHz with the frequency
control inbﬁt terminal voltage of +0 V to +5 V for the
carrier frequency 455 kHz. When'the modulation frequency

. range of the FM demodulation signal to be FM demodulated is
~8 kHz to +8 kHz, the frequency control signal voltage
(output voltage of the phase comparator 2) ranges from +1 V
to +3 V. On the other hand, as shown in Fig. 3B, when the
characteristic of the comparison signal oscillator 3
deviates due to the external condition change such as the
temperature rise, the voltage range of +0.5 V to +2.5 V is
required as the frequency control signai for accurate
response to the modulation frequency range of -8 kHz to +8
kHz.

However, since the.phase comparator 3 can not generate
the voltage lower than +1 V, the demodulation signal is
maintained at +1 V for the frequency range from 455 kHz -4
kHz to 455 kHz -8 kHz of the signal to be FM demodulated,.
resulting in the demodulation signal distortion.

In order to solve this problem; it is required to
adjust the respective oscillation frequency characteristic
of the comparison signal oscillators. However, there has
been ﬁo LSI circuit equipped with means for adjusting the
respective deviations of the comparison signal oscillators.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
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I n a phase conparator and generating a conparison signa

dr awi ngs.

corresponding to
sal d phase difference; determ ning an additional voltage based upon said
conparison signal; and adding said conparison signal and said additional
voltage in an adder and providing an output signal fromsaid adder as said
control signal. O her objects and features of the invention will be
clarified fromthe followi ng descriptijon with reference to the attached

provide an FM demodulation circuit capable of eliminating

the deterioration of the linear demodulation

characteristics due to the deviation of the oscillation

frequency, and of adjusting the respective characteristic

deviations of the comparison signal oscillators.

According to the present invention there is provided

an FM demodulation circuit comprising, an oscillation

circuit means whoée oscillation frequenéy is variable by a .

control signal, a phase comparator means for comparing

phases of signals between an FM signal to be demodulated

and the output signal of the oscillation circuit means and

generating a comparison signal corresponding to the phase

difference, an additional voltage determining means for

determining an additional voltage based upon the céﬁparison

signal, and an adder means for adding thé comparison signal

and the additional wvoltage, and supplying the added result

as the control voltage.

The additional voltage determining means may comprise

an A/D converter for converting the comparison signal into

a digital signal, memory for storing the determined

additional voltage data, and a D/A converter for converting

the additional voltage data read out from the memory into

an analogue signal, and supplying the converted analogue

signal to the adder means.

The additional voltage may be a value which makes the

comparison signal level at a center level of the operable

range of the phase comparator means or a difference value

between a center level of the operable range of the phase
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BRI EF DESCRI PTI*ON OF THE DRAW NGS FIG 1 is a block diagram

il lustrating one enbodi nent of an FM denodul ation <circuit according to the
present invention. FIG 2 is an exanple of a block diagram of the
conventi onal FM denodul ation <circuit.

comparator means and the comparison signél from the phase couwparator
means when an unmodulated carrier signal without being modulated is
inputted to the phase comparator means.

In another aspect the invention pfovidés an FM demodulation
circuit comprising an oscillator whose oscillation frequency is
variable by a control s;gnal; a phase comparator for comparing the
phases of an FM signal to be demodulated and the oscillator freqﬁency
and for generating a comparison signal indicative of Ehe phase
difference; compensating means for modifying the comparison signal to
compensate for changes in an operating characteristic of the
oscillator; and means for applying the modified comparison signal to
the oscillator as said control signal. i

The compensating means may be adapted to modify the comparison
signal such that the comparison signal is at the centre of the output
range of the phase comparator when the oscillator output frequency is
equal to the carrier frequency of the FM signal.

Other object; and features of the invention will be clarified
from the following dééc?iption with reference to the attached
dfawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating one embodiment of an FM
demodulation circuit according to the present invention.

FIG. 2 is an exmaple of a block diagram of the conventional FM

demodulation circuit.
FIG. 3 is a graph showing the demodulation characteristic in the

case that the oscillation frequency characteristic is deviated from the

normal operation characteristic.
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5 FIG 3is a graph show ng the denodul ati on characteristic in the
case that the oscillation frequency characteristic is deviated fromthe
normal operation characteristic. :

Sa

DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described in detail by Way of
example only with reference to the accompanying drawings.

Illustrated in FIG. 1 is a block diagram of an embodiment
according to the present invention. The signai input terminal 1, the
phase comparator 2, the comparison signal oscillator 3, and the
demodulation signal output terminal 4 are the same as those in the
conventional circuit shown in FIG. 2. An adder 5 is ‘inserted into the
input side of the comparison signal oscillator 3. To the inputs of the
adder 5 suéplied with the comparison detection signal from the phase

comparator 2 and data signal from an additional
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voltage setting means. The additional voltage setting means
comprises an A/D converter 6, a data processing circuit 7,
an additional data memory 8, and a D/A converter 9.

The adder 5 adds the DC voltage from the D/A converter
8 and the comparison detection signal from the phase
comparator 2, and outputs the added result to the frequency
control signal input terminal of the comparisbn signal
oscillator 3. The A/D converter 6 converts the comparison
detection signal into the digital data signai and sends the
digital data signal to the data processing circuit T. The
required additional voltage to obtain an appropriate
comparlson detection signal is determined based ﬁpén the
input data signal in the data processing circuit 7, and is
stored in the additionai data memory 8. From the
additional data memory 8, the stored appropriate data
signal is supplied to the D/A converter 9. The D/A

-§$nvértér 9 converts the additional voltage read out from
the additional data memory 8 into the analog signal, and
outputs it to the.adder 5.

According to the above circuit, if no additional
voltaée is exist (0 V), the comparison detection signal is
supplied to the frequency control input terminal of the
comparison signal oscillator 3, and the similar operation
is executed. On the othef hand, if the deviation of the
osclllation frequency of the comparison signal oscillator 3
is caused and the voltage signal higher than the limit
value of the comparison detection signal is requiréd, the

appropriate additional voltage is determined in the data
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DESCRI PTI ON O~ PREFERRED EMBODI MENTS The present invention will now
be described in detail by way of exanple only with reference to the

acconpanyi ng draw ngs.

processing circuit 7 and is added to the comparison
detection signal by the adder 5. The comparison signal
oscillator 3 operates by this additional voltage.
According to the foregoing operation, the oscillation
fre&uency of the comparisoh signal oscillator 3 is made
coincident with that of the FM signals, eliminating the
distortion of the demodulated signal.

It is to be noted here that the voltage at frequency
control input terminal of the comparison signal oscillator
3 becomes higher as much as the additional voltage when the
additional voltage is added to the comparison detection
signal. On the contféry; the FM siénal is compared with
the output of the comparison signalioscillator 3 in the
phase comparator 2, therefore the generated FM signal and
the output of the comparison signal oscillator 3 become
lower as much as the amount of the additional voltage.

That is, the comparison detection signal varies inversely
as much as the amount of the additional voltage. The
additional voltage may be determined as a value which makes
the comparison detection signal level; at a center level of
the operable range of the phase comparator 2 when the -
éarrier signal without being modulated is inputted in the
pPhase comparator 2.

More specificélly, in the foregoing case with
reference to Figs. 3A and 3B, the output range of +1.5 V to
+3.5 V of the phase comparator 2 at the room temperature is
obtained by adding -0.5 V to the comparison detection

signal in the adder 5. As a result, the control with the
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Illustrated in*"FIG 1 is a block diagramof an enbodi nent according to the
present invention. The signal input termnal 1, the phase conparator 2,

t he conparison signal oscillator 3, and the denodul ation signal out put
termnal 4 are the sane as those in the conventional circuit shown in FIG
2. An adder 5 is inserted into the input side of the conparison signal
oscillator 3. To the inputs of the pod

voltage of +1 V to +3 V 1s realized under the deviation of
0.5 V in the oscillation frequency due to the temperature
change is caused, eliminating the demodulation signal
distortion. Thus, even if the voltage becomes higher than
the limit value of the compérison detection signal due to
the oscillation frequency deviation of the comparison
detection signal, the demodulation distortion is eliminated .
by adding the appropriate additional voltage.

The determination process of the additional voltage in
the data processing circuit 7 will be explained hereunder.
As the initial set for the adjustment, inputted to the
signal input terminal 1 is the carriér signal without being
modulated having a center modulation! frequency of 455 kHz.
At that time; the output voltage VT from the phase
comparator 2 is supplied to the data processing circuit 7
through the A/D converter 6. The data processing circuit 7
determines the additional voltage VH using the voltage VT
SO as to set thg output voltage of the phase comparator 2
at +2.5 V which is a center level, or voltage of the range
+1' V to +4 V, i.e., VH = +2.5 -VT. The determined
additional voltage VH is memorized in the additional data
memory 8. ‘In the normal demodulation operation the voltage
VH read out from the memory 8 is supplied to the adder 5
through the D/A converter 9.

As described in the foregoing, the present invention
improves the limitation of the operable range of the phase
comparator 2 due to the oscillation frequency deviation of

the comparison signal oscillator 3 by adding the additional
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adder 5 supplied with the conparison detection signal fromthe phase
conparator 2 and data signal froman additional

voltage to the comparison detection signal, maintaining the
linear demodulation characteristics. Providing the circuit
to memorize the additional voltage may adjusts the

individual deviation of the comparison signal oscillator 3.
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vol t.age setting neans. The additional voltage setting neans conprises an
Al D converter 6,—a data processing circuit 7, an additional data nmenory 8,

converter

HIIIIII 0 ) HIII I
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What is claimed is:
1. An FM demodulation circuit comprising:

an oscillation circuit means whose oscillation
frequency is variable by a control signal;

a phase comparator means for comparing phases of
signals between an FM signal to be demodulated and the
outﬁut signal of said oscillation circuit means and

_generating a comparison signal corresponding to the phase
difference;

an additional voltage determining means for
defermining an additional voltage based upon said
comparison signal;:and

i an adder means for adding said comparison signal and
said additional VOitagé, and supplying the added result as
salid control signal.

2. The FM demodulation circuit as set forth in claim 1,
wherein said additional voltage determining means
comprises, an A/D converter for converting said comparison
signal into a_diéital signal, memory for storing the
determined additional voltage data, and a D/A converter for
converting the addi@ional voltage data read out from said
memory into an analogue signal, and supplying the converted
analogue signal to said adder means.

3. The FM demodulation circuit as set forth in claim 1,
wherein said additional voltage determining means
determines the additional wvoltage as a value which makes
the comparison signal level at a center level of the

operable range of said phase éomparator means.
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The .adder, 5 adds the DC voltage fromthe D/A converter 9 and the
conparison detection signal fromthe phase conparator 2, and outputs the
added result to the frequency control signal input term nal of the
conparison signal oscillator 3. The A/D converter 6 converts the

Corrpar”mmcI“M“I}WI'!“‘!IFI gnal into the d;lgi'tal data signal and sends the

4, The FM demodulation circuit as set forth in claim 1, wherein
said additional voltage is determined as a difference value between a
center level of the operable range of said phase comparator means and
the comparison signal from said phase coﬁparator means when an
unmodulated FM carrier signal is inpuﬁted to the phase comparator
means.
5. An FM demodulation circuit comprising

an oscillator whose oscillation frequency is vﬁriable by a
control signal;

a phase comparator for comparing the phases of an FM signal to
be demodulated and the oscillator frequency and for generating a
c;mparison signal indicative of the phase difference;

compensating means for modifying the comparison signal to
compensate for changes in an operating characteristic of the
oscillator; and

means for applying the modified comparison signal to the
oscillator as said control signal.
6. The FM demodulétion circuit as set forth in Claim 5 wherein the
compensating means is adapted to modify the comparison signal such that
the comparison signal is at the centre of the output range of the phase

comparator when the oscillator output frequency is equal to the carrier

frequency of the FM signal.
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digital data strgnal to the data processing circuit 7. The required

addi tional voltage to obtain an appropriate conparison detection signal is
determ ned based upon the input data signal in the data processing circuit
7, and is stored in the additional data nmenory 8. Fromthe additional
data nenory 8, the stored appropriate data
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signal is 3upplied to the DJA converter 9. The D)A converter 9 converts
the additional voltage read out from the additional data nenory 8 into the
anal og signal, and outputs it to the adder 5. According to the above
circuit, if no additional voltage is exist (OV), the conparison detection
signal is
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suppl-ied to the frequency control input terninal of the conparison signal
oscillator 3, and the simlar operation is executed. On the other hand,

if the deviation of the oscillation frequency of the conparison signal
oscillator 3 1is caused and the voltage signal higher than the limt value
of the conparison detection signal is required, the

4/4
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appropri ate additional voltage is determned in the data

12

FM DEMODULATION CIRCUIT

ABSTRACT

An FM demodulation circunit comprises, an oscillation circuit means (3) whose
oscillation frequency is variable by a control signal, a phase comparator means (2) for
comparing phases of signals between an FM signal to be demodulated and the output
signal of the oscillation circuit means (3) and generating a comparison signal
corresponding to the phase difference, an additional voltage determining means (7) for
deterniining an additional voltage based upon the comparison signal, and an adder means
(5) for adding the comparison signal and the additional voltaige, and supplying the added
result as the control voltage. The additional voltage may be a value which makes the

comparison signal level at a center level of the operable range of the phase comparator

means (2).

Fig. 1
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progcessi;ng circuit 7 and is added to the conparison detection signal"By'qiﬁu
the adder 5. The conparison signal - oscillator 3 operates by this

addi ti onal

vol t age.

REPLACEMENT SHEETS SG

FM DEMODULATION CIRCUIT

BACKGROUND OF THE INVENTION e Z o Ml 2 o resereievenienanaes

The present invention relates to an FM demodulation
circuit, more specifically to an FM demoduiation circuit
using PLL circuit.

In recent years, the mobile vehicle communication
system utilizing FM modulation has been widely eﬁployed.
From the view point of minjaturization requirement for
portability of the radiowave equipment, LSI fechnology has
been rapidly progressed. This tendency is also seen in FM
demodulation circuit. The FM demodulation circuit using PLL

has been popular with the progress of LSI technology and

may be established by the process of C-MOS and the like

suitable for LSI technology. ' i
‘The conventional FM demodulation circuit using PLL

will be described by reference to FIG.2. In FIG.2, an FM

Signal supplied.from a signal input terminal 1 is inputted

to.a phase comparator 2 to detect a phase difference

_between the frequencies of the input signal from a

comparison signal oscillator 3 and the FM signal. A
comparison detection signal corresponding to the phase

difference is sent to the comparison signal oscillator 3 to

~make a coincidence between the phase of the oscillation

frequency signal of the comparison signal oscillator 3 and
that of the FM signal. The comparison detection signal
obtained in the phase comparator 2 is the DC voltage
corresponding to the modulated frequency of the FM signal

and is outputted from a demodulation signal output terminal
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According to the foregoing operation, the oscillation frequency of the
conparison signal oscillator 3 is nade coincident with that of the FM

si gnal s,

elimnating the distortion of the denodul ated signal.

to be noted here that the voltage at frequency control input term nal
t he conparison signal oscillator

2

4 as the FM demodulation signal.

In such conventional FM demodulation circuit., requiregd

- is that the oscillation frequency of the comparison signal

oscillator 3 is coincident with the frequency cf the FM
signal to be demodulated. Howevef. if a frequency variable
range of this oscillation deviates due to, for example,
temperature rise, the frequencies will not be coincident
owing to a limitation of the comparison detection signai
(DC voltage) from the phase comparator 2, causing a
distortion in the FM demodulation signal.

FI1IG.3 shows relationships between the comparison
detection signal (corresponding to the oscillation
frequency voltage) and the oscillation frequency for two
conditions, i.e., the n;rmal condition of the nérmal
variable range of the oscillation and the deviation
condition from the normal condition. In the normal
condition as shown in FIG.3A, the accurate cdﬁparison
deteétion voltage may be obtained depending upon the
frequency of the FM signal to be demodulated. However,
when the deviation occurs as shown in FIG.3B, the
frequencies are not coincident even the comparison
detection signal reaches the limit value due to the
nonlinear characteristics, causing the distortion in the
comparison detection signal(demodulated signal).

More concretely, it is assumed now that the output
voltage range generated from the phase comparator 2 is +1
to +4 V. Normally, when a power source voltage for exciting

the phase comparator 2 is +5 V, the phase comparator 2 is

It is
of
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3 becones higher as nuch as the additional voltage when the additional
voltage is added to the conparison detection signal. On the contrary,

FM si gnal

3

in the

out put of the conparison signal oscillator 3 becone

3

capable of generating the output voltages of +1 V to +4 V.
Referring to Fig. 3A illustrating the normal
characteristic at the room temperature, the_ oscillation
frequency varies from -16 kHz to +24 kHz with the frequency
control inpﬁt terminal voltage of +0 V to +5 V for the

carrier frequency 455 kHz. When the modulation frequency

. range of the FM demodulation signal to be FM demodulated is

-8 kHé to +8 kHz, the frequency control signal voltage
{output voltage of the phase comparator 2) ranges from +1 V
to +3 V. On the other hand, as shown in Fig. 3B, when the
characteristic of the comparison signal oscillator 3
deviates due to the external condition change such as the
temperature rise, the voltage range of +0.5 V to +2.5 V is
required as the frequency control signal for accurate
response to the modulation frequency range of -8 kHz to +8
kHz .

However, since the phase comparécor 3 can not generate
the voltage.lower than +1 V., the demodulation signal is
maintained at +1 V for the frequency range from 455 kHz -4
kHz to 455 kHz -8 kHz of the signal to be FM demodulated,
resulting in the demodulation signal distortion.

In order to solve this problem; it is required to
adjust the respective oscillation frequency characteristic
of the comparison signal oscillators. However, there has
been no LSI circuit equippec with means for adjusting the
respective deviations of the comparison signel oscillators.

SUMMARY OF THE INVENTION

o~

It is therefore an objsct of the present invention to

t he

is conpared with the output of the conparison signal oscillator
phase conparator 2, therefore the generated FM signal and the
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| ower as nuch as the amount of the additional voltage. That is, the
conparison detection signal varies inversely as nuch as the anount of the
additional "voltage. The additional voltage may be determ ned as a val ue
whi ch nakes the conparison detection signal level; at a center |evel of

t he operabl e range of the phase conparator 2 when the

4

provide an FM demodulation circuit capable of eliminating
the deterioration of the linear demodulation
characteristics due to the deviation of the éscillation
frequency, and of adjusting the respective characteristic
deviations of the comparison signal oscillators.

According tq the present invention there is provided
an FM demodulation circuit comprising, an oscillation
circuit means whdse osclillation frequency is variable by a
control signal, a phase comparator means for comparing
phases of signals between an FM signal to be demodulated
and the output signal of the oscillation circuit means and
geherating a comparison signal corresponding to the phase

! difference, an additional voltage determining means for
determining an additional voltage based upon the cémparison
signal, and an adder means for adding thé comparison signal
and the additional voltage, and supplying the added result
as the c¢ontrol voltage.

The additiopal voltage determining means may comprise
an A/D converter for converting the comparison signal into.
a digital signal, memory for storing the determined
additional voltage data, and a D/A converter for converting
;he additional voltage data read out from the memor& into
an analogue signal, and supplying the converted analogue
signal to the adder means.

The additional voltage may be a value which makes the
comparison signal level at a center level of the operable
range of the phase comparator means or a difference value
between a center level of the operable range of the phase
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carrier signal w thout being nodulated is inputted in the phase conparator
2. More specifically., in the foregoing case with reference to Figs.
3A and 3B, the output range of +1.5 Vto +3.5 V of the phase conparator 2
at the roomtenperature is obtained by adding -0.5 V to the conparison

det ecti on
5

comparator means and the comparison signal from thg phase comparator
means when an unmodulated carrier signal without being-modulated is -
inputted to the phase comparator means.

In another aspect ;he invention pfovides an FM demodulation
circuit comprising an oscillator whose oscillation fregquency is
‘variable by a control signal; a phase comparator for'comparing the
- phases of an FM signal to be demodulated and the oscillator freqﬁency
and for generating a comparison signal indicative of hhe phase
difference; compensating means for modifying the comparison signal to
compensate -for changes in an operating characteristic of the
oscillator; and means for applying the modified comparison signal to
the oscillator as said control signal. i

The compensating means may be adapted to modify the comparison
signal such that the comparison signal is at the centre of the output
range of the phase comparator when the oscillator output frequency is
equal to the carrier frequency of the FM signal.

Other object; and features of the invention will be clarified
from éhe following déécription with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating one embodiment of an FM
demodulation circuit according to the present invention.

FIG. 2 is an exmaple of a block diagram of the conventional FM
demodulation circuit.

FIG. 3 is a graph showing the demodulation characteristic in the
case that the oscillation frequency characteristic is deviated from the

normal operation characterisgic.
K
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signal in the adder 5. As a result, the control with the

DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described in detail by way of
example only with reference to the accompanying drawings.

Illustrated in FIG. 1 is a block &iagram of an embodiment
according to the present invention. The signai input terminal 1, the
rhase comparator 2, the comparison signal oscillator 3, and the
demodulation signal output terminal 4 are the same as those in the
conventional circuit shown in FIG. 2. An adder 5§ is inserted into the
input side of the comparison signal oscillator 3. To the inputs of the
adder § suéplied with the comparison detection signal from the phase

comparator 2 and data signal from an additional

REPLACEMENT SHEET]
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vol ttage of +1 Vto +3 Vis realized under the deviation of

0:5 Vin the

oscillation frequency due to the tenperature change is caused, elimnating
t he denodul ation signal distortion. Thus, even if the voltage becones

hi gher than

voltage setting means. The additional voltage setting means
comprises an A/D converter 6, a data processing circuit 7,
an additional data memory 8, and a D/A convertér g.

The adder 5 adds the DC voltage from the D/A converter
9 and the comparison detection signal from the phase
comparator 2, and outputs the added result to the frequency
control signal input terminal of the comparison signal
oscillator 3. The A/D converter 6 converts the comparison
detection signal into the digital data signai and sends the

digital data signal to the data processing circuit 7. The

required additional voltage to obtain an appropriate

comparison detection signal is determined based upon the

i .
input data signal in the data processing circuit 7, and is
stored in the additional data memory 8. From the

additional data memory 8, the stored appropriate data

signal is supplied to the D/A converter 9. The D/A

converter 9 converts the additional voltage read out from
the additional data memory 8 into the analog signal, and
outputs it to the.adder 5.

According to the above circuit, if no additional
voltage is exist (0 V), the comparison detection signal is
supplied to the frequency control input terminal of the
comparison signal oscillator 3, and the similar operation
1s executed. On the other hand, if the deviation of the
oscillation frequency of the comparison signal oscillator 3
is caused and the voltage signal higher than the limit
value of the comparison detection signal is required, the

appropriate additional voltage is determined in the data

REPLACEMENT SHEET|
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the limt value of the conparison detection signal due to the oscillation
frequency deviation of the conparison detection signal, the denpdul ation
distortion is elimnated by adding the appropriate additional voltage.
The determ nation process of the additional voltage in the data processing
circuit 7 wll be explained hereunder.

8

processing éircuit 7 and is added to the comparison
detection signal by the adder 5. The compa;ison signal
oscillator 3 operates by this additional voltagé.
According to the foregoing operation, the oscillation
freduency of the comparisoh signal oscillator 3 is made
coincident with that of the FM signals, eliminating the
distortion of the demodulated signal.

It is to be noted here that the voltage at frequency
control input terminal of the comparison signal oscillator
3 becomes higher as much as the additional voltage when the
additional voltage is added to the comparison detection
signal. On the contféry. the FM signal is compared with
the output of the comparison signal oscillator 3 in the
phase comparator 2, therefore the generated FM signal and
the output of the comparison signal oscillator 3 become
lower as much as the amount of the additional voltage.

That is, the comparison detéction signal varies invefsely
as much as the amount of the additional voltage. The
additional voltage may be determined as a value which makes
the comparison detec£ion signal level; at a center level of
the operable range of the phase comparator 2 when the -
carrier signal without being modulated is inputted in'the
. Phase comparator 2.

More specificéllyw in the foregoing case with
reference to Figs. 3A and 3B, the output range of +1.5 V to
+3.5 V of the phase comparator 2 at the room temperature is
obtained by adding -0.5 V to the comparison detection

signal in the adder 5. As a result, the control with the
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As the initial set for the adjustnent, inputted to the signal input
termnal 1 is the carrier signal w thout being nodulated having a center
nodul ati on frequency of 455 kHz. At. that tine, the output voltage VT from
t he phase conparator 2 is supplied to the data processing circuit 7
through the A/D converter 6. The data processing circuit 7

9

voltage of +1 V to +3 V 1is realized under the deviation of
0.5 V in the oscillation frequency due to the temperature
change is caused, eliminating the demodulation gignal
distortion. Thus, even if the voltage becomes higher than
the limit value 6f the compérison detection signal due to
the oscillation frequency deviation of the comparison
detection signal, the aemodulation distortion is eliminated
by adding the appropriate additional voltage.

The determination process of the additional voltage in
the data processing circuit_? will be explained hereunder.
As the initial set for the adjustment, inputted to the
signal input terminal 1 is the carrier signél without being
modulated having a center modulation frequency of 455 khzy
At that time, the output voltage VT from the phase
comparator 2 is supplied to the data processing circuit 7
through the A/D converter 6. The data processing circuit 7
determines the additional voltage VH using the voltage VT
S0 as to set thg output voltage of the phase coéparator 2
at +2.5 V which is a center level, or voltage of the range
+1 V to +4 V, i.e., VH = +2.5 -VT. The determined
additional voltage VH is mehoriZed in the additional data
memory 8. In the normal demodulation operation the vbltage
VH read out from the memory 8 is supplied to the adder 5
through the D/A converter 9.

As described in the foregoing, the present invention
improves the limitation of the operable range of the phase
comparator 2 due to the oscillation frequency deviation of

the comparison signal oscillator 3 by adding the additional
REPLACEMENT SHEET
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determ nes the additional voltage VH using the voltage VI so as to set the
out put voltage of the phase conparator 2 at +2.5 V which is a center

| evel, or voltage of the range +1 Vto +4 V. i.e., VH= +2.5 -VT. The
determ ned additional voltage VHis nenorized in the additional data
menory 8. In the normal denodul ati on operation the voltage

10

voltage to the comparison detection signal, maintaining the
linear demodulation characteristics. Providing the circuit
to memorize the additional voltage may adjusts the

individual deviation of the comparison signal oscillator 3.
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VH read out fromthe nenory 8 is supplied to the adder 5 through the DA
converter 9. As described in the foregoing, the present invention
i nproves the rimtation of the operable range of the phase conparator 2

due ' ppn frequency deviation of the conparison signal
osci mllmﬂ” mg t he addi ti onal
T [ L M s *

11

What is claimed is:
1. An FM demodulation circuit comprising:

an oscillation circuit means whose oséillation
frequency is variable by a control signal;

a phase comparator means for comparing phases of
signals between an FM signal to be demodulated and the
output signal of said oscillation circuit means and
generating a comparison signal corresponding to the phase
difference;

an additional voltage determining means for
determining an additional voltage based upon said
comparison signal; and

i an adder means for adding said comparison signal and
said additional Voitage, and supplying the added result as
said control signal.

2. The FM demodulation circuit as set forth in claim 1,
wherein‘éaid additional voltage determining means
comprises, an A/D converter for converting said comparison
signal into a diéital signal, memory for storing the
determined additional voltage data, and a D/A converter for
converting the additional voltage data read out from said
memory into an analogue signal, and supplying the converted
analogue signal to saic¢ adder means.

3. The FM demodulaticn circult as set forth in claim 1,
wherein said additional wvoltage determining means
determines the additionzl voltage as a value which makes
the comparison signal isvel at a center level of the

operable range of said ~hase comparator means.
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b, The FM demodulation circuit as set forth in.claim 1, wherein
said additional voltage is determined as a difference value between a
center level of the operable range of said phase comparator means and
the comparison signal from said phase coﬁparator means when an
unmodulated FM carrier signal is inputted to the phase comparator
means.
5. An FM demodulation circuit comprising

an oscillator whose oscillation frequency is vériable by a
control signal;

a phase comparator for comparing the phases of an FM signal to
be demodulated and the oscillator frequency and for generating a
com;arison signal indicative of the phase difference;

compensating means for modifying the comparison signal to
compensate for changes in an operating characteristic of the
oscillator; and |

meéns for applying the modified comparison signal to the
oscillator as said -control signal.
6. The FM demoduiation circuit as set forth in Claim 5 wherein the
compensating means is adapted to modify the comparison signal such that
the comparison signal is at the centre of the output range of’the phase

comparator when the oscillator output frequency is equal to the carrier

freauency of the FM signal.

This Sheet Has Been Repl
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vol.tage to the conparison detection signal, maintaining the |Iinear
denodul ati on characteristics. Providing the circuit to nenorize the
additional voltage may adjusts the individual deviation of the conparison
signal oscillator 3.

13 -

FM DEMODULATION CIRCUIT

ABSTRACT
An FM demodulation circuit comprises, an oscillation circuit means (3) whose
oscillation frequency is variable by a control signal, a phase comparator means (2) for
comparing phases of signals between an FM signal to be demodulated and the output
signal of the oscillation circuit means (3) and generating a comparison signal
corresponding to the phase difference, an additional voltage determining means (7) for
| determining an additional voltage based upon the comparison signal, and an adder means
(5) for adding the comparison signal and the additional voltage, and supplying the added
result as the control voltage. The additional voltage may be a value which makes the
comparison signal level at a center level of the operable range of the phase comparator
means (2).

Fig. 1
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11 _ ~ CLAIMS 1. An FM denodul ation
circuit conprising: an oscillation: cirtcuit whose oscillation frequency is
varied by a control signal; a phase conparator means for conparing a
phase of an FM signal to be dermpdul ated and a phase of the an out put signa
of said oscillation circuit and for generating a conparison signal
corresponding to a phase difference betTﬁFn said FM

FIG.1
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signal and said output signal; an additional voltage determ ning neans
for determning an additional voltage based upon said conparison signal

and an adder neans for adding said conparison signal and said
addi ti onal voltage, and supplying the added result as said control signal.
2. The FM denodul ation circuit as set forth in claim1l wherein said

addi tional voltage determ ni ng neans & npri ses, an anal ogue/digital (A/ D)
converter for converting said-conpari’son signal into a digital signal,
menory for storing determ ned additional voltage data corresponding to the
determ ned additional voltage, and a digital/anal ogue (D)A) converter for
converting the deternined additional voltage data read out fromsaid nenory

into an anal ogue signal, and suppl4t1?:§h converted anal ogue signal to
sai d adder. .22

PRIOR ART
1 1{.-;4 |
2
o~
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A
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3. _The FM denodul ation circuit as set forth in claim1, wherein said

addi tional voltage determ ning neans determ nes the additional voltage as a
val ue whi ch nmakes the conparison signal |level at a center |evel of the

oper abl e range of said phase conmparator nmeans. 4. The FM denodul ation
circuit as set forth in claiml1, wherein said additional voltage is

determ ned as a difference val ue betmeﬁg4a center |evel of the operable
range of said phase conparator neans and't he obtai ned conpari son signa
from said phase conparator neans when carrier signals wthout being

nodul ated_are inputted in said phase conparator neans. 5. A frequency
nodul ated (FM denodul ation circuit for denbdul ating an FM si gnal

conpri si ng: an oscillation circuit outputting a reference signal whose
oscillation frequency is

FIG.3B
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vari ed by. a control signal; a phase conparator for determ ning a phase
di fference between said FM signal and said reference signal and generating
a conparison signal corresponding to said phase difference; an
additional voltage determning circuit for determ ning an additional
vol t age based on said conparison signal; and

4/4

FIG.3A
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12 an adder receiving and summ ng said conpari s ®REPSACEMENINGHERTS

addi ti onal voltage and providing an out put signal
6. The FM denodul ation circuit as set forth in cl
additional voltage determning circuit %orrpri ses:
(A/D) converter for converting said conparison sSigd
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suppl yi ng t heRefeatingytreFig. daillustpating the normal characteristic at the room temperature,

the oscillation frequency varies from -16 kHz to +24 kHz with the frequency control
input terminal voltage of +0 V to +5 V for the carrier frequency 455 kHz. When the
modulation frequency range of the FM demodulation signal to be FM demodulated is -8
kHz to +8 kHz, the frequency control signal voltage (output voltage of the phase
comparator 2) ranges from +1 V to +3 V. On the other hand, as shown in .Fig. 3B,
when the characteristic of the comparison signal oscillator 3 deviates due to the external
éondition change such as the temperature rise, the voltage range of +0.5 Vto +2.5 V is
required as the frequency control signal for accurate response to the modulation
frequency range of -8 kHz to +8 kHz. '

However, smce the phase comparator 3 can not generate the voltage lower than +1
V, the demodulation ;ignal is maintained at +1 V for _the frequency range from 455 kHz
-4 kHz to 455 k-I-Izi -8 kHz of the signal to be FM demodulated, resulting in the
demodulation signal distortion.

In order to solve his problem, it is required to adjust the respective oscillation
frequency characteristic of the comparison signal oscillators. However, there has been
no LSI circuit equipped with means for adjusting the respective deviations of the
comparison signal oscillators.

| SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

"According to one aspect of the present invention there is provided an FM
demodulation circuit comprising: an oscillation circuit whose oscillation frequency is
varied by a control signal; a phase comparator means for comparing a phase of an FM
signal to be demodulated and a phase of the an output signal of said oscillation circuit
and for generating a comparison signal corresponding to a phase difference between said

FM signal and said output signal; an additional voltage determining means for

This is the replacement sheet
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sai d adder. 7. The FM denodul ation circuit as recited in claim5 wherein
said additional voltage determning circuit determ nes said additiona

vol tage as a val ue which causes said reference signal to oscillate at a
frequency such that a zero | evel of said conparison signal is at a center

| evel of an operable range of said phase conparator. 8. The FM

denodul ation circuit as recited in claim5 wherein said additional voltage

i s det er ndegémafing! adli AddiGAC Goltage! Based! WRED s&id COMRFisbe \@inaBf ath af PRIGEP! €
range of said phase conparator and said conparison signal from said phase

conpar at ommeabs fiomadilingsaid rompanishal sigea andrsaideadditiapahveltagee and suplying ahsai d
phase conparator. 9. A nmethod of denodul ating an FM signal conprising the
st eps of : added regujt psisaid ggnteolrsignal.ence signal froman oscillation circuit

whose oscillation frequency is varied by a control signal;
ccording t% anotl¥er aspect of the pr)c/esent invention therg is provided a frequency

modulated (FM) demodulation circuit for demodulating an FM signal comprising: an

oscillation circuit outputting a reference signal whose oscillation frequency is varied by a

control signal; a phase comparator for determining a phase difference between said FM .
signal and said reference signal and generating a comparison signal corresponding to said

phase difference; an additional voltage determining circuit for determining an additionel

voltage based on said comparison signal; and an adder receiving and summing said

comparison eignal and said additional voltage and providing an output signal as said

control signal.

According to still another 'z;spect of the present invention there is provided a
method of demodulating an FM signal cemprising the steps of: outputting a reference
signal from an oscillation circuit whose oscillation frequency is varied by a control
signal; determining a phase difference between said FM signal and said reference sigﬁal
in a phase comparator and generating a comparison signal corresponding to said phase
difference; determining an additional voltage based upon said comparison signal; and
adding said comparieon signal and said additional voltage in an adder and providing an
output signal from said adder as said control signal.

Other objects and features of the invention will be clarified from the following
description with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating one embodiment of an FM demodulation
circuit according to the present invention.

FIG. 2 is an example of a block diagram of the conventional FM demodulation

circuit.
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determining a phase difference between said FMsignal and said reference
signal in a phase conparator and generating a conparison signal
correspondi ng to said phase difference; determ ning an additi onal

vol tage based upon said conparison signal ; and addi ng sai d conpari son
signal and said additional voltage in an adder and providi ng an out put
signal from said adder as said control signal. 10. The nmethod as recited in
claim9 furt h&Gcdnisra graph showisg gpe clenodulation whagceteristic amldhd caseathav she age
as a value which causes said reference signal to oscillate at a frequency
such t hat osridatipndrequepeyacharacisristic ds deviated g‘@ﬂb@ﬁlmﬁnalsﬁngrﬁlonl chaggctegisdent er

| evel of an operable range of said phase conparator. 11. The nethod as
recited in claim9 further conprising the step of determ ning said
additional voltage as a difference value between a center |evel of an

oper abl e range of
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sai d.phase conpar at or ahd sai d conparison signal obtained fromsaid phase

conpar ator;

Said difference val ue heing obtained when nonnodul ated carrier

R 111111 N

1.

CLAIMS
An FM demodulation circuit comprising: an oscillation circuit whose oscillation

frequency is varied by a control signal; -

a phase comparator means for comparing a phase of an FM signal to be

demodulated and a phase of the an output signal of said oscillation circuit and for
generating a comparison signal corresponding to a phase difference between said FM
signal and said output signal;

an additional voltage determining means for determining an additional voltage

based upon said comparison signal; and

an adder means for adding said comparison signal and said additional voltage, and

supplying the added result as said control signal.

2.

The FM demodulation circuit as set forth in claim 1 wherein said additional voltage

determining means comprises, an analogue/digital (A/D) converter for converting said
comparison signal into a digital signal, memory for storing determined additional voltage
data corresponding to the determined additional voltage, and a digital/analogue (D/A)
converter for converting the determined additional voltage data read out from said
memory into an analogue signal, and supplying the converted analogue signal to said
adder.

3.

The FM demodulation circuit as set forth in claim 1, wherein said additional

voltage determining means determines the additional voltage as a value which makes the
comparison signal level at a center level of the operable range of said phase comparator
means.

4,

The FM demodulation circuit as set forth in claim 1, wherein said additional

voltage is determined as a difference value between a center level of the operable range
of said phase comparator means and the obtained comparison signal from said phase
comparator means when carrier signals without being modulated are inputted in said
phase comparator means.

5.

A frequency modulated (FM) demodulation circuit for demodulating an FM signal

comprising:

_.an oscillation circuit outputting a reference signal whose oscillation frequency is

varied by a control signal;

a phase comparator for determining a phase difference between said FM signal and

said reference signal and generating a comparison signal corresponding to said phase
difference;

an additional voltage determining circuit for determining an additional voltage

 based on said comparison signal; and
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an adder receiving and summing said comparison signal and said additional voltage

o -

12

and providing an output signal as said control signal.
6. The FM demodulation circuit as set forth in claim 5 wherein said additional voltage
determining circuit comprises:

an analog/digital (A/D) converter for converting said comparison signal into a
digital signal;

memory for storing a value of said additional voltage; and

a digital/analog (D/A) converter for converting said value of said additional voltage
read out from said memory into an analogue signal and supplying the analogue signal to
said adder.
7. The FM demodulation circuit as recited in claim 5 wherein said additional voltage
determining circuit determines said additional voltage as a value which causes said
reference signal to oscillate at a frequency such that a zero level of said comparison
signal is at a center level of an operable range of said phase comparator.
8. The FM demodulation circuit as recited in claim 5 wherein said additional voltage
is determined as a difference value between a center level of an operable range of said
phase comparator and said comparison signal from said phase comparator obtained when
non-modulated carrier signals are input into said phase comparator.
9. A method of demodulating an FM signal comprising the steps of:

outputting a reference signal from an oscillation circuit whose oscillation frequency
is varied by a control signal;

determining a phase difference between said FM signal and said reference signal in
a phase comparator and generating a comparison signal corresponding to said phase
difference; |

determining an additional voltage based upon said comparison signal; and

adding said comparison signal and said additional voltage in an adder and
providing an output signal from said adder as said control signal.
10. The method as recited in claim 9 further comprising the step of determining said
additional voltage as a value which causes said reference signal to oscillate at a
frequency such that a center voltage level of said comparison signal is at a center level of
an operable range of said phase comparator.
11. The method as recited in claim 9 further comprising the step of determining said
additional voltage as a difference value between a center level of an operable range of
said phase comparator and said comparison signal obtained from said phase comparator,
said difference value being obtained when nonmodulated carrier signals are input to said
phése comparator.
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