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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 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 the radiowave equipment. LSI technology has 

10 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. 

15 The c6nventional 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 

b.etween the frequencies of the input signal from a 

20 comparison signal oscillatot' 3 and the F)t signal. A 
I 

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 oscillatot' 3 and 

25 that of the FM signal. The comparison detection signal 

obtained in the phase comparator 2 is the DC voltage 

corresponding to the mo·aulated frequ·ency of the F~l signal 

and is outputted from a demodulation signal output terminal 
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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 cf the FM 

5 signal to be demodulated. However, 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 

10 distortion in the FM demodulation signal. 

FIG.3 shows relationships between the comparison 

detection signal (corresponding to the oscillation 

frequency voltage) and the oscillation frequency for two 

conditions, i.e., the normal condition of rhe normal 

15 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, 

20 when the deviation occurs as shown in FIG.38, the 

frequencies are not coincident even the comparison 

detection signal reaches the limit ~alue due to the 

nonlinear characteristics, causing the distortion in the 

comparison detection signal(demodulated signal). 

25 ~ore concretely, it is assumed now that the output 

voltage range generated from the phase comparator 2 is +l 

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

the phase comparator 2 is +5 V, the phase comparator 2 is 
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capable of generating the output voltages of +l 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 frequericy 

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

carrier frequency 455 kHz. When the modulation frequency 

range of the FM demodulation signal co 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 

10 to +3 V. On the other hand, as shown in Fig. 38, 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 

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 +l V, the demodulation signal· is 

maintained at +l 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 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 

25 been no LSI circuit equipped with means for adjusting the 

-

respective deviations of the comparison signal oscillators·:-

SUMi\'lARY OF THE INVENTION 

It is therefore an object of the present invention to 



provide an FM demodulation circuit capable of elimlnating 

the deterioration of the linear demodulation 

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 FM demodulation circuit comprising, an oscillation 

circuit means whose oscillation frequency is variable by a 

control signal, a phase comparator means foi comparing 

10 phases of signals between an FM signal to be demodulated 

and the output signal of the oscillation circuit means and 

generat~ng a comparison signal correspondihg 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 th~ comparison~signal 

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 converting the comparison signal into 

20 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. 

25 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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comparator means and 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 provides 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 demodulated and the oscillator frequency 

and for g~nerating a comparison 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. 

1ne 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 

f~om 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 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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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 signal 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 supplied with the comparison detection signal from the phase 

comparator 2 and data signal from an additional 

-



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 

5 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 AID converter 6 converts the comparison 

detection signal into the digital data signal and sends the 

10 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 sign~l in the data processing circuit 7, and is 

stored in the additional data memory 8. From the 

15 additional data memory 8, the stored appropriate data 

signal is supplied to the DIA converter 9. The DIA 

converter 9 converts the additional voltage read out from 

the additional data mem_ory 8 into the analog signal. and 

outputs it to the adder 5. 

20 According to the above circuit, if no additional 

voltage is exist (0 VJ, the comparison detection signal is 

supplied to the frequency control input terminal of the 

comparison signal oscillator 3, and the similar operation 

is exe~uted. On the other hand, if the deviation of the 

-

25 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 
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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 

5 frequency of the comparison signal oscillator 3 is made 

coincident with that of the FM sig-nals. 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 FM signal is compared with 

the output of the comparison signal oscillator 3 in··the 

phase comparator 2, therefore the generated F?-1 signal and 

15 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 

20 the comparison detection signal level; at a center level of 

the operable ~ange of the phase comparator 2 when the 

carrier signal without being modulat~d is inputted in the 

phase comparator 2. 

Mo~e specifically, in the foregoing case with 

25 reference to Figs. 3A and 38, 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 ~. As a result. the control with the 
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voltage of +1 V to +3 V is 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 

5 the limit value of the comparison detection signal due to 

the oscillation frequency deviation of the comparison 

detection signal, the demodulation distortion is el-iminated 

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 co the 

signal input termina1·1 is the carrier signal without being 

modulated having a center modulation frequency of 455 kHz. 

At that time, the output voltage VT from the phase 

15 comparator 2 iS· supplied tb-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 whi~h is a center level, or voltage of the range 

20 +l 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 DIA converter 9. 

25 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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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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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 signal 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 into a digital signal. memory for storing the 

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

converting the additional voltage dita 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 voltage as a value which makes 

the comparison signal level at ~ center level of the 

operable range of said phase comparator means. 
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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 compara~or means and 

the comparison signal from said phase comparator 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 variable by a 

control signal; 

a phase comparator for comparing the phases of an FM signal to 

be demodulated and the oscillatoC' fC'~quency and foC' ge(lei:-ating a 

comparison signal indicative of the phase differe~ce; 

compensating means for modifying the comparison signal to 

compensate for changes in an operating characteristic of the 

oscillator; and 

means for applying the modified co~parison signal to the 

oscillator as said control signal. 

6: The FM demodulation 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 cai:-rier 

fi:-equency of the FM signal. 
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