
EP 0 349 237 B1 Description The present invention relates to a stereo
multiplex demodulator which is suitable for application to an FM stereo
receiver or the like. 5      In present FM stereo broadcasting, a main
carrier signal is frequency-modulated by a composite stereo signal Sc which
is expressed as [ERR] 10           SM = L + R Ss =  (L - R)sinwt Sp =
kain4nt/2                       ... pilot signal L. : left-channel audio
signal 15          R  : right-channel audio  signal &) : 2nf t f  : 38 kcHz
...  subcarrier frequency 20          k  : constant Therefore, in the FM
receiver, a switching signal synchronised with the pilot signal Sp is
generated with the frequency f, and this switching signal is used to switch
the composite signal Sc into two channels, thereby demodulating the signals
L and R Into respective ones of those channels.. 25      When the stereo
signals are demodulated by switching as described above, the switching
signal used Is a rectangular wave signal, and contains higher order
odd-numbered harmonics. Further, the composite signal Sc contains a higher
harmonic components due to the non-linearity of the signal system, and it
is frequently observed that the composite signal Sc contains a beat
frequency component for the adjacent channel and an intermediate frequency
signal component 30      Thus, when the stereo signals are demodulated, an
undesired signal component contained in the compo- site signal Sc is
switched by the higher harmonic component of the switching signal so that
the stereo demodu- lated output contains a beat interference component
caused by the undesired signal component in addition to the original
signals Land R. In some FM receivers, the composite signal Sc is supplied
to a low-pass filter thereby to remove the un- 35  desired signal component
contained in the composite signal Sc. However, such low-pass filter needs
to have a steep cut-off characteristic, which results in a complex circuit
and therefore an increased cost. Further, when the composite signal Sc Is
processed by the low-pass filter, the phase and the frequency
characteristic of the composite signal are affected by the low-pass filter,
with the result that distortion is increased and the sepa- ration is made
less effective. 40     It has also been proposed thatthe composite signal
Sc be switched only by the higherharmoniccomponent of the switching signal,
and that the beat interference component contained in the original stereo
demodulated output be cancelled by the switched output. However, for this
proposal to achieve its desired results, the level of the beat interference
component used to cancel the beat interference component must accurately
coincide with that of the beat interference component contained In the
stereo demodulated output. Therefore, strict or 45  very accurate
adjustment is needed. Patent Abstracts of Japan Vol. 5, No. 109 (E-65)(781)
discloses a stereo demodulator in which the com- posite stereo signal is
multiplied by a signal phase locked to the pilot signal. Accordingly, it is
an object of the present invention to provide an improved stereo multiplex
demodulator which avoids the above noted problems of the prior art. 50
More specifically, it is an object of the present invention to provide a
stereo multiplex demodulator which can provide a stereo demodulated output
which Is devoid of any interference components. According to the present
Invention, there is provided an analog stereo multiplex demodulator for
demod- ulating left and right channel audio signals from a stereo composite
signal comprised of a modulated signal having a subcarrier frequency and
being balanced-modulated by a signal which is the sum of said left and
right 55  channel audio signals and by a signal which is the difference
between said left and right channel audio signals and a pilot signal
synchronised with said modulated signal, said stereo multiplex demodulator
comprising: phase-locked loop meansforforming asignal synchronled with said
pilotsignal and having a frequency equal to said subcarrier frequency of
said modulated signal, the synchronised signal being a sine wave; and 2 



EP 0 349 237 B1 analog multiplying means for multiplying said stereo
composite signal and said sine wave signal so as to generate said left and
right channel audio signals; characterlsed in that said phase-locked loop
means in- cludes a voltage controlled oscillator generating said sine wave
signal; and by means for detecting the level of said sine wave signal and
for correspondingly controlling said voltage controlled oscillator so as to
maintain 5   a predetermined constant level of said sine wave signal. As
will become apparent from the following description, the invention can
provide a stereo demodulated v        output free of any cross-talk
component by use of a stereo multiplex demodulator which can be fabricated
as an integrated circuit and therefore is well-adapted for mass-production.
The above, and other features and advantages of the present invention, will
be apparent in the following 10  detailed description of a preferred
embodiment of the invention when read in conjunction with the accompa-
nying drawings, In which like reference numerals are used to identify the
same or similar parts in the several views. In the drawings.- Figure 1 is a
block diagram showing a receiver including a stereo multiplex demodulator
according to an embodiment of the present invention; 16      Figure 2 is a
schematic block diagram more fully showing a multiplying circuit included
in the demodulator of figure 1; Figure 3 (formed of figures 3A and 3B to
permit illustration on a relatively large scale) is a schematic di- agram
showing a detecting circuit and a voltage controlled oscillator that are
desirably included in the em- bodiment of the present Invention shown in
figure 1; and 20      Figure 4 is a schematic diagram of voltage levels to
which reference will be made in explaining the operation of the stereo
multiplex demodulator according to the present invention. A stereo
multiplex demodulator according to an embodiment of the present Invention
is shown in figure 1, incorporated in an FM receiverwhich generally
comprises an antenna I having an antenna tuning circuit 2 con- nected
thereto, a radio (high) frequency amplifier 3 connected to the tuning
circuit 2, a mixer circuit 4 and a 25  local oscillating circuit 5. An FM
broadcast signal having a frequency selected by the tuning circuit 2 Is
fre- quency-converted by the mixercircuit4 to an
Intermediatefrequencysignal having a frequency of, forexample, 10.7 MHz, on
the basis of a local oscillation signal from the local oscillating circuit
5. The intermediate fre- quency signal is supplied from the mixer circuit 4
through an Intermediate frequency amplifier 6 to an FM-de- modulator
circuit 7, in which it is demodulated to a composite stereo signal Sc. The
composite stereo signal 30  SC is supplied to a multiplying circuit 8. The
composite stereo signal So is also supplied to a phase comparing circuit 11
which forms part of a phase locked loop (PLL) circuit 10. More
specifically, a voltage-controlled oscillator(VCO) 13 generates an
oscillation signal SO of sine waveform having a free running frequency f.
This signal S, is supplied through a buffer am- plifier 14 to a limiter 15,
in which it is converted to a rectangular wave signal Sr. The signal Sr is
supplied to a 35  frequency dividing circuit or a divide-by-2 circuit 16,
in which it is divided to provide a rectangular wave signal Sd which
inverts its polarity in response to each leading edge of the signal Sr, or
the signal Sd is synchronised with the leading edge of the signal Sr (a
zero-cross point at which the signal S, changes from the negative level to
the positive level) and the signal 5d has a frequency fV2. This signal Sd
is supplied to the phase com- paring circuit 11. The phase comparing
circuit 11 phase-compares a pilot signal Sp contained in the signal So 40
and the signal Sd, and supplied the phase-compared output through a
low-pass filter 12 to the VCO 13 as the control signal for the latter.
Accordingly, in the stable state of the PLL circuit 10, the signal S is a
sine wave signal having the frequency f and which Is synchronised with the
pilot signal Sp. The signal S, is supplied to the multiplying circuit 8 and
is there multiplied by the signal Sc. By this multi- plication, the signal
So is demodulated, as hereinafter described In detail, to provide left and
right channel sig- 45  nals L and R. The signals L and R are supplied to
terminals IGOL and 100R via low-pass filters 9L and 9R, respectively, for
de-emphasising and which are used to remove unnecessary high band
components. Simultaneously, a portion of the signal S, supplied to the
multiplying circuit 8 is supplied to a level detecting circuit 21 which
detects the level of the signal S,. The resulting detected signal St Is
supplied from the detecting circuit 21 through a low-pass filter 22 to the
VCO 13 as a control signal fr controlling the magnitude of Its os- 



50  cillation. Therefore, the signal S, is controlled to have a
predetermined constant level. The signal Sr from the limiter 15 is also
supplied to a frequency dividing circuit (or divide-by-2 circuit) 31, in
which it is divided to provide a rectangular wave signal Sb which inverts
its polarity in response to each trail- ing edge of the signal Sr.
Therefore, the signal Sb has the same frequency f12 as the signal Sd and Is
delayed in phase from the signal Sd by 90 degrees. The signal Sb is
supplied to a comparing circuit 32, and the signal 55   Sc from the
demodulating circuit 7 Is also supplied to the comparing circuit 32. In the
example being described, between the pilot signal Sp in the signal So and
the signal Sd there is a phase difference of 90 degrees maintained by the
PLL circuit 10. The signal Sb also has a phase difference of 90 degrees
relative to the signal Sd. Accordingly, when the received FM broadcast is
in the stereo mode, 3    EP 0 349 237 B1 the signal Sp in the signal Sc and
the signal Sb are of thesame phase sothatthe comparing circult32 generates
a compared output having the level "I". When the FM broadcast is a monaural
broadcast, the demodulating circuit 7 generates the output signal (L + R)
and no pilot signal Sp Is supplied to the comparing circuit 32 which
accordingly provides a random noise as its output. 5       The compared
output of the comparing circuit 32 is supplied to a low-pass filter 33
which derives a signal which is 1" in the stereo broadcast mode and *00 in
the monaural broadcast mode. This signal *1  or U0O is &         supplied
to a suitable displaying device, such asp a light emitting diode (LED) 34
or the like, thereby provided a stereo/monaural indication. Referring now
to figure 2, it will be seen that In an example of the multiplying circuit
8 of figure 1, the col- 10  lector-emitter path of a constant current
source transistor Q5 is connected between ground and the connected together
emitters of transistors 01 and 02 which constitute a differential amplifier
Al. Further, the collector- emitter path of a constant current source
transistor 06 Is connected between ground and the connected to- gether
emitters of transistors Q3 and 04 which constitute a differential amplifier
A2. The collectors of tran- sistors 01 and 03 are connected together and
the collectors of transistors 02 and 04 are connected together 15  to form
a pair of output terminals. The composite stereo signal So from the
demodulating circuit 7 is supplied to a voltage-to-current con- verting
circuit 41 in which the signal So is converted to a pair of balanced-type
signal currents. The resultant signal currents are supplied to the bases of
transistors Q5 and Q6 so that the transistors 05 and Q6 are sup- piled, at
their collectors, with currents ls and 12, respectively, corresponding to
the signal Sc. The currents 1l 20  and 12 are expressed by the following
equations: IX = Ix + (L + R) + (L + R)sin~t = Ix  + Im  + Is  sinc~t
. .   (1) 25 12 = lx = y(lm t Is smunt) (2) where lx Is the direct current
component Im is L + R, Is is L - R and y Is a predetermined constant. In
the above equations (1) and (2), a current component corresponding to the
pilot signal Sp is neglected for the sake of simplicity. 30      Continuing
with the description of the circuit shown on figure 2, it will be seen that
an amplifier A3 and transistors 011 and 012 are connected to constitute a
current-to-voltage converting circuit 43 having a loga- rithmic compression
characteristic. More specifically, an output terminal of the amplifier A3
is connected to the base of the transistor Q11 whose collector is connected
to a power source terminal TI. The emitter of the transistor Ql IIs
connected to an inverting Input terminal of the amplifier A3 and a bias
voltage source Vr is 35  connected between the non-inverting Input terminal
of the amplifier A3 and the terminal TI. Furthermore, the collector-emitter
path of the transistor 012 is connected between the emitter of the
transistor 011 and the ground. An ampliflerA4 and transistors 013 and Q14
are shown to be similarly connected to constitute a current- to-voltage
converting circuit 44 having a logarithmic compression characteristic. 40
The oscillation signal S~from the VCO 1318 supplied through the buffer
amplifier 14 to a voltage-to-current converting circuit 42, in which it is
converted to a pair of balanced-type signal currents supplied to the bases 



of transistors 012 and Q14, and the transistors Q12 and Q14 are supplied at
their collectors with currents la and 14 corresponding to the signal SO.
The currents 13 and 14 are expressed by the following equations: Is = (1 +
Asinet) ly (3) 45                                      4 = (1 - Asinet) ly
(4) where A is the ratio of alternating current components to direct
current components of the currents la and 14 and is determined so as to
satisfy 0 c A 51. The output terminal of the amplifier A3 Is also connected
to the bases of the transistors 01 and 04 and the outputterminal of the
ampliflerA4 is also connected tothe basesof the transistors Q2and Q3. In
the circuit so   of figure 2, the corresponding transistors are arranged to
have the same or similar characteristics. It will be appreciated that the
currents 13 and 14 are also the emitter currents from the transistors 011
and Q13, respectively, so that the transistors 011 and Q1 3 generate, at
their base-emitter paths, a pair of voltages V3 and V4 which are
current-to-voltage-converted from the currents 13 and 14 and which are
compressed from a logarithmic standpoint 55      The voltages V, and V4
thus logarithmio-compressed are respectively supplied to the bases of the
tran- sistors 01, 04 and to the bases of the transistors Q2, Q3 so that the
collector currents of the transistors Q1, 04 and of the transistors 02, 03
are linearly changed In accordance with the currents 13 and 14,
respectively. The collector currents of the transistors Q1, 02 and of the
transistors 03, 04 are also changed linearly 4    EP 0 349 237 B1 In
response to their emitter currents 12 and 12, respectively, so that the
transistors Q1, Q2 and Q3, Q4 generate at their collectors a pair of linear
multiplied output currents 15 and 18, respectively. Such currents 16 and Is
are stereo demodulated outputs, or signal currents corresponding to the
signals Land R. More specifically, the currents 11, 12 are changed In
accordance with the currents 13, 14 so that if the ratio 5
(multiplication gain) in which the 16 and Is are changed in accordance with
the currents 13 and 14 is, for the sake of simplicity, selected to be one
multiple, the following equations are established: Starting from 13 = (I +
Asinmt) ly (3) 14 = (1 - Asinmt) ly (4) 10  the currents 16 and le become:
I6 = 1'2 (I + Asinot) II + 171 (1 - AsinQt) 12  (5) le = 1/2 (1 v AsinDt)
11 + 171 (1 - Asinoot) 12  (6) The above equations (5) and (6) lead to 15
2I5  =  (I + Asintt)  I1  +  (1  - Asinot)  12 = (1 + Asinrst) (I, + Im +
Is sinwit) +  (1 - Asin.,t)  (Ix  -  T (Im  + Is  sinct)3 20
=  (1   Asinot)  I,  +  (1 + Asirwit)(Im  +  15 Sinct) +  (21 - AsinLt t)Ix
-r(1 - Asinwt)(Im  + Is  sincat) = 2Ix  +  (1 -r)  (Im         Is  uinet )
25                + A  sinmt  (1  +4)  (Im  +  Is  sintt) = 2I1   +  ( 1 -l
( Im +  Is sinrt) + IM (21 +1) Asino~t + Is (21 +r) Asin2wt = 21,  +  (1
-2)  (Im-Is sinc.t) 30                + Im  ( 1 + y) Asinat +  Is  (1  +7)
A  (1  - cos2wt/2)                        ...  (7) This current Is is
supplied to the low pass filter 9L (shown in figure 1) which removes its
undesired high 35  band component, so that the low-pass filter 9L provides
an output current IL expressed as 2IL  = 2Ix  +  (21 -Y) Im  4 A  (1 +r)
Is/2 IL     IX  +  (1 -T)  (L  + R)/2 40                         + A  (1
+f) (L - R)/4 



IX  + 2(1 -Y) + A(1 +r), x           ~~~4 + 2(1 -Y) - A(1 +() j8 4
Similarly, the output current IR of the low-pass filter 9R is represented
as IR = Ix + 2(1 -Y) + AN   +)R + 2(1 -Y) - A(    L  (9) 50
~~~~~4                4 If the numerators of the third team In equations
(8) and (9) for the currents IL and IR are zero, or if the fol- lowing
equation is established 2(1 -y)-A(1  y)=0 A = 2 (1 - y)/(1 + y), s5  this
yields IL = 'x * (1 -y)L (10) IR = lX + (1 -y)R (11) It is thus possible to
obtain the stereo demodulated outputs IL and IR without any cross-talk
component 5    EP 0 349 237 B1 Further, these stereo demodulated outputs IL
and IR do not contain a beat Interference component. It will be apparent
from the foregoing that If the magnitude of the ratio WA" is changed, then
the levels of cross-talk components in the demodulated outputs IL and IR
are also changed. As earlier noted, the value WA" represents the ratio of
the current of the signal S, relative to the direct current components in
the currents 13 5   and 14. In other words, in the currents 13 and 14, the
ratio OAN between the direct current components and the alternating current
component sinet has to be made constant. To this end, as described above,
the level of the oscillation signal S, is detected by the detecting circuit
21 and the level or amplitude of the oscillation signal S, is controlled on
the basis of the detected output from the detecting circuit 21. Figure 3
(formed of figures 3A and 3B together) illustrates specific examples of the
detecting circuit 21 10  and the VCO 13 that may be used in the circuit of
figure 1. More specifically, in the detecting circuit 21 of figure 3, the
bases of transistors 021 and Q22 are respeo- tively connected to the bases
of transistors 012 and Q14 and the emitters thereof are grounded. Resistors
RI and R2 having equal resistance values are connected between the
collectors of the transistors 021 and Q22, respectively, and the terminal
TI. Resistors R3 and R4 also having equal resistance values are serially 16
connected between the collectors of the transistors Q21 and Q22, and a
resistor R5 Is connected between the Junction point of the resistors R3 and
R4 and the terminal TI. The emitters of transistors Q23 and 025 are
connected together to a constant source A5 which has the ground as its
reference potential point. Resistors R6 and R7 which have equal resistance
values are connected between the collectors of the transistors Q23 and Q25,
respectively, and the terminal T1, thereby providing a 20  differential
amplifier A6. Also, the collector-emitter path of a transistor Q24 is
connected in parallel to the col- lector-emitter path of the transistor 023
so as to form a full-wave rectifying circuit 52 of a differential amplifier
circuit arrangement. The bases of the transistors Q23 and 024 are connected
to the collectors of the transistors 021 and Q22, and the base of the
transistor Q25 is connected to the junction point of the resistors R3 to
R5. A bias voltage Ve is applied to the bases of transistors 026 and Q27
with the voltage of the terminal TI 25   being taken as the reference
potential point so that the transistors 026 and Q27 are base-grounded. The
emit- ters of the transistors Q26 and 027 are connected to the collectors
of the transistors Q23 and 025, respeo- tively, and the collectors of the
transistors Q26 and Q27 are connected to the collectors of the transistors
Q28 and 029, respectively. The transistors Q28 and Q29 constitute a current
mirrorclrcuitA7 In which the transistor Q28 is made the Input side and the
reference potential point Is the ground. A resistor R8 is connected between
30  the collectors of the transistors 026 and Q27 for adjusting the current
gain of the current mirror circuit A7. The output currents of the detecting
circuit 21 are derived from the connected together collectors of the
transistors 027 and Q29. In the VCO 13 shown on figure 3, the
collector-emitter path of a constant current source transistor Q33 is 



connected between the connected-together emitters of transistors Q31 and
Q32 and ground, thereby to pro- 35  vide a differential amplifier A8. The
collector of transistor 031 Is connected to the terminal TI, and the base
of transistor 31 is connected to the collector of the transistor Q32. A
parallel resonant circuit 53 is connected between the collector of the
transistor Q32 and the terminal TI, and the base of the transistor 032 Is
connected to the terminal TI. The transistor 032 generates, at its
collector, the oscillation signal S, which is then fed through the buffer
amplifier 14 to the converting circuit 42. To the resonant circuit 53,
there is connected an 40  equivalent variable capacitor C3 which utilises,
for example, the Miller effect. The output voltage of the low- pass filter
12 Is suppiled to the variable capacitor C3 as the control voltage for the
latter. The transistor 033 forms a current mirror circuit A9 in which the
transistor Q33 Is the input side transistor and the reference potential
point is grounded. Further, the collector of a transistor Q34 is connected
with a constant current source AIO in which the terminal TI is used as the
reference potential point. 46      The collectors of the transistors 027
and 029 are connected togetherto the base of a transistor Q41 which has Its
collector connected to the base of a transistor 042 whose emitter is
connected to the terminal TI. A capacitor C4 is connected between the
collector of the transistor Q42 and the ground. The collector of the tran-
sistor 042 Is further connected to the base of a transistor Q43 whose
emitter is grounded. The collector of the transistor Q43 Is connected to
the collector of the transistor Q34. 50      In the above described
arrangement, the transistors 021 and 022 are respectively supplied at their
col- lectors with currents 113 and l;4 proportional to the currents 13 and
14 from the collectors of the transistors Q12 and Q14, for example, the
current I'3 and l;4 may be of the same magnitude as currents 63 and 14,
respectively, whereby voltages E3 and E4 linearly proportional to the
currents 13 and 14 are obtained at the collectors of the transistors 021
and Q22 by the resistors RI and R2. At that time, there are established the
equations 55                                     13 = (I + Asineot) ly  (3)
4 = (I - Asinet) ly (4) Thus, as shown In figure 4, the voltages E3 and E4
have a direct current component E, and alternating currentcomponents ewhich
are opposite to each otherin phase. The directcurrentcomponentE0 is
expressed    EP 0 349 237 B1 as E. = ly RI (R3 + 2R5)/(RI + R3 + 2R5) (12)
Further, since the alternating current components _ of the voltages E3 and
E4 are opposite to each other in phase, only the direct current components
of the voltages E3 and E4, divided by the resistors R3 and R5, 6 are
developed at the Junction point of the resistors R3 to R5, and the
resultant direct current voltage E5 is ex- pressed as v.'
E8 = 21y RI R51(RI 4 R3 + 2R5)  (13) The above mentioned
directcurrentvoltage Er is supplied tothe baseof the transistorQ25 and
thevoltages Es and E4 are supplied to the bases of the transistors Q23 and
Q24 so that, as shown in figure 4, the voltages 1o   E8 and E4 are compared
with the voltage Es. Thus, the differential amplifier A8 generates the
portions of the voltages E3 and E4 greater than the voltage E6, that is, Es
> Er and E4 > Es Further, when the oscillation level of the VCO 13 is
larger than a predetermined level, the alternating cur- rent components of
the currents 13 and 14 are large. Accordingly, E3 (E4) > Er Is satisfied
nearthe positive peak 15  points of the voltages E3 and Ei4 with the result
that a collector current 17, which is the sum of the collector cur- rents
of the transistors Q23 and q24, becomes larger than the collector current
Is of the transistor Q25. As a result the emitter current of the transistor
026 is decreased and the emitter current of the transistor 027 Is
increased. In such case, the emitter current of the transistor 026 Is made
equal to the collector current of the transistor q29 by the current mirror
circuit A7, whereby the collector current of the transistor Q291s
decreased. 20   Hence, a current which is the difference between the
collector current (large) of the transistor 027 and the collector current
(small) of the transistor Q29 is supplied to the base of the transistor
Q41. Consequently, the collector current of the transistor Q41 is increased
and the collector current of the tran- sistor Q42 is also Increased whereby
the collector current of the transistor 043 is increased, thereby
decreasing the collector current of the transistor Q34. Thus, the collector
current of the transistor 033 is decreased for 



25   decreasing the oscillation level of the VCO 13. Since the voltages E8
and E4 contain the alternating current component e having the frequency f,
the cur- rents of the respective portions, which are the results of
comparing the voltages E3 and E4 with the voltage Er, are intermittently
generated at the period offrequency 21. In this case, the collector current
of the transistor Q42 is smoothed by a capacitor C4 so that the collector
currents flowing to the transistors 043, Q34 and Q33, 30  respectively,
become direct currents with the levels thereof corresponding to the results
of comparing the vol- tages Ea, E4 with the voltage E6r When the
oscillation level of the VCO 13 is less than the predetermined level, that
is, Es (E4) < Es even atthe positive peak points of the voltages Ea and E4,
the relation 17 C I Is established. Thus, the collector current of the
transistor 027 is decreased while the collector current of the transistor
Q26 is Increased, thereby in- 36  creasing the collectorcurrentof the
transistor Q29. As a result, the base currentof the transistor Q41 is
reduced to zero, thereby turning off the transistor 041. Consequently, the
transistor Q24 is turned off and the transistor Q43 Is turned off, whereby
the collector current of the transistor Q34 is Increased to a value
determined by the constant current source Al 0, and the collector current
of the transistor Q33 is increased similarly. As a result of the foregoing,
the oscillation level 40  of the VCO 13 is Increased. If the loop gain of
the control loop for the oscillation level Is sufficiently large, the
oscillation level of the VCO 13 Is controlled so that the levels of the
voltage E8 and E4 at the positive peak points are equal to the level of the
voltage E&, as shown in figure 4. The oscillation Is thereby stabillsed at
that oscillation level. At that time, and as is apparent from figure 4, 45
e = E, - Er  (14) Substituting the expressions for E, and Er from equations
(12) and (13), the above equation (14) yields: e     Iy R1  (CR3 +
2R5)/(Rl + R3 +2R5) 50             -  21y R1 R5/(Rl.  + R3 +  2R5) =  ly R1
R3/(Rl + R3 + 2R5)                               ...  (15) Consequently,
the ratio A is expressed as 55      A = alternating current components of
13, 4/direct current components of the currents 13 and 14 7    EP 0 349 237
BI A  = e/{(R1//R3) Iyl = ly RI R3/(R1 + R3 + 2R5) ________________________
Iy RI R3/(R1  + R3) =  (Ri + R3)/(RI.  + R3 + 2R5) 1 10                1 +
2R5/(Rl + R3)                                     ...  (16) As described
above, the ratio A is determined by the resistance R5 and the ratio of (RI
+ R3). When the circuit is fabricated as an integrated circuit (IC), the
ratio of these resistors can be determined with high accu- racy. 15
Thus, when the above mentioned circuit is fabricated as an integrated
circuit, the ratio A becomes the pre- determined value, whereby cross-talk
components of the demodulated signals L and R (currents IL and IR) can be
positively removed. As set forth above, in a stereo multiplex demodulator
according to an embodiment of the present invention, since the sine wave
signal S, synchronised with the pilot signal Sp and having the frequency f
is provided and 20  this sine wave signal SO and the composite stereo
signal Sc are linearly multiplied to thereby demodulate the stereo signals,
it is possible to avoid the appearance in the stereo demodulated outputs L
and R of a beat in- terference component. Further, the circuits and the
elements of the demodulator need not be adjusted for that purpose and,
therefore, the stereo multiplex demodulator embodying this Invention is
excellently adapted for mass-production. Moreover, when the stereo
multiplex demodulator embodying the present invention is fabri- 25  cated
as an integrated circuit (IC), it does not need any external terminal pins
for adjusting the circuit or the 



elements thereof. Thus, the stereo multiplex demodulator embodying the
present invention is Ideally suited to be fabricated as an integrated
circuit. Furthermore, since the oscillation level of the VCO 13 Is
stabilised by a feedback control operation, it is possible to avoid the
presence of cross-talk components In the stereo demodulated outputs Land R.
In addition, 3o  adjustment for avoidance of cross-talk is not necessary so
that the stereo multiplex demodulator embodying the present invention Is
thereby yet further suited for mass-production and forfabrication as an
integrated cir- cuit. Although a preferred embodiment of the invention has
been described in detail herein with reference to the accompanying
drawings, it is to be understood that the invention is not limited to that
precise embodiment, 35  and that many modifications and variations thereof
could be effected by one with ordinary skill in the art without departing
from the scope of the appended claims. Claims 1. An analog stereo multiplex
demodulatorfor demodulating left and right channel audio signals from a
stereo composite signal (Sc) comprised of a modulated signal having a
suboarrierfrequency and being balanced- modulated by a signal which is the
sum of said left and right channel audio signals and by a signal which is
the difference between said left and right channel audio signals and a
pilot signal (Sp) synchronised 46      with said modulated signal, said
stereo multiplex demodulator comprising: phase-locked loop means (10)
forforming a signal (So) synchronised with said pilot signal (Sp) and
having a frequency equal to said subcarrier frequency of said modulated
signal, the synchronised signal (So) being a sine wave; and analog
multiplying means (8) for multiplying said stereo composite signal (SC) and
said sine wave 50      signal (So) so as to generate said left and right
channel audio signals; characterised in that said phase-locked loop means
(10) includes a voltage controlled oscillator (13) generating said sine
wave signal (So); and by means (21) for detecting the level of said sine
wave signal (So) and for correspondingly controlling 55      said voltage
controlled oscillator (13) so as to maintain a predetermined constant level
of said sine wave signal (So). 2. Astereo multiplex demodulator according
to claim 1; In which said phase-locked loop means (10) includes    EP 0 340
237 13_ A  = e/[('Rl//R3) Iy}                                           * c
L = ly RI R3/(R1  + R3 + 2R5) ________________________ 5
ly RI R3/(R1 + R3) = (R1 + R3)/(Rl + R3 + 2R5) =          ~~1 10
1 +  2R5/(Rl + R3)                                    ... (16) As described
above, the ratio A is determined by the resistance R5 and the ratio of (RI
+ R3). When the circuit is fabricated as an integrated circuit (IC), the
ratio of these resistors can be determined with high accu- racy. 15
Thus, when the above mentioned circuit is fabricated as an integrated
circuit, the ratio A becomes the pre- determined value, whereby cross-talk
components of the demodulated signals L and R (currents IL and IR) can be
positively removed. As set forth above, in a stereo multiplex
demodulatoraccording to an embodiment of the present invention, since the
sine wave signal S, synchronised with the pilot signal Sp and having the
frequencyf Is provided and 20  this sine wave signal S0 and the composite
stereo signal So are linearly multiplied to thereby demodulate the stereo
signals, it is possible to avoid the appearance In the stereo demodulated
outputs L and R of a beat in- terference component. Further, the circuits
and the elements of the demodulator need not be adjusted for that purpose
and, therefore, the stereo multiplex demodulator embodying this Invention
is excellently adapted for mass-production. Moreover, when the stereo
multiplex demodulator embodying the present invention is fabri- 



25  cated as an integrated circuit (IC), it does not need any external
terminal pins for adjusting the circuit or the elements thereof. Thus, the
stereo multiplex demodulator embodying the present invention is ideally
suited to be fabricated as an integrated circuit. Furthermore, since the
oscillation level of the VCO 13 is stabilised by a feedback control
operation, it Is possible to avoid the presence of cross-talk components in
the stereo demodulated outputs Land R. In addition, 3o  adjustment for
avoidance of cross-talk is not necessary so that the stereo multiplex
demodulator embodying the present invention is thereby yetfurther suited
for mass-production and forfabrication as an integrated cir- cuit. Although
a preferred embodiment of the invention has been described in detail herein
with reference to the accompanying drawings, it is to be understood that
the invention Is not limited to that precise embodiment, 35  and thatmany
modifications and variations thereof could be effected by one with ordinary
skill In the art without departing from the scope of the appended claims.
Claims 40 1. An analog stereo multiplex demodulatorfordemodulating leftand
rightchannel audio signals from a stereo composite signal (Sc) comprised of
a modulated signal having a subcarrierfrequency and being balanced-
modulated by a signal which is the sum of sad left and right channel audio
signals and by a signal which is the difference between said left and right
channel audio signals and a pilot signal (Sp) synchronised 45      with
said modulated signal, said stereo multiplex demodulator comprising:
phase-locked loop means (10) for forming a signal (So) synchronised with
said pilotsignal (Sp) and having a frequency equal to said subcarrer
frequency of said modulated signal, the synchronised signal (So) being a
sine wave; and analog multiplying means (8) for multiplying said stereo
composite signal (Sc) and said sine wave 50      signal (So) so as to
generate said left and right channel audio signals; characterised in that
said phase-locked loop means (10) includes a voltage controlled
oscillator(13) generating said sine wave signal (So); and by means (21) for
detecting the level of said sine wave signal (So) and for correspondingly
controlling 55      said voltage controlled oscillator (13) so as to
maintain a predetermined constant level of said sine wave signal (So). 2. A
stereo multiplex demodulator according to claim 1; In which said
phase-locked loop means (10) Includes 8    EP 0 349 2371 ISI11111 111111
liil 11111! a voltage controlled oscillator (13). 3. A stereo multiplex
demodulator according to claim I or 2, in which said multiplying means (8)
Includes cunrent-to-voltage converting means (43) having a logarithmic
compression characteristic. 5 Patentansprulche 1. Analoger
Stereomultiplexdecoder zur Demodulation von Audlosignalen des linken und
rechten Kanals aus 10      einem zusammengesetzen Stereosignal (Sc),
aufweisend eln moduliertes Signal, das eine Hilfetrager- frequenz aufweist
und das durch durch ein Signal, das die Summe der Audiosignale des linken
und des rechten Kanals ist, und durch ein Signal, das die Differenz
zwischen den Audiosignalen des linken und des rechten Kanals !st,
symmetrisch modullert ist, und ein Pilotsignal (Sp), welches mit dem
modulierten Signal synchronisiert ist, wobel der Stereomultiplexdemodulator
umfal~t 15      eine Einrlchtung (10) mit einer phasenverdegelten Schielfe
(Phase-Locked-Loop) zurAusbildung elnes Signals (So), welches mit dem
Pilotsignal (Sp) synchronisiert ist, und welches eine Frequenz gleich der
HilfstrAgerfrequenz des modullerten Signals besitzt, wobel das
synchronisierte Signal (So) eine Sinus- welle ist; und analoge
Multipliziermittel (8) zum Multiplizieren des zusammengesetzten
Stereosignals (Sc) und des Si- 20      nuswellensignals (So), um die
Audiosignale fOr den finken und rechten Kanal zu erzeugen; gekennzeich- 



net dadurch, dal die Einrichtung (10) mit einer phasenverriegelten Schleife
(Phase-Locked-Loop) einen spannungs- gesteuerten Oszillator (13) enthalt,
welcher das Sinuswellensignal (So) erzeugt, und durch Mittel (21) zur
Feststellung des Pegels des Slnuswellensignals (So) und zur entsprechenden
Steuerung 25      des spannungsgesteuerten Oszillators (13), um einen
vorgegebenen konstanten Pegel des Sinuswellen- signals (So)
aufrechtzuerhalten. 2. Stereomultiplexdecoder nach Anspruch 1, be! dam die
Elnrichtung (10) mit ainer phasenverriegelten Schlelfe (Phase-Locked-Loop)
einen spannungsgesteuerten Oszillator (13) enthlit. 3.
Stereomultiplexdecoder nach Anspruch 1 oder 2, bel dem die
Multipliziermittel (8) Strom-Spannungs- Umwandlermittel (43) mit einer
logarithmischen Komprimierungscharakteristik enthalben. Revendlcations 1.
D6modulateur multiplex st6r6o analogique permettantde demodulerdes signaux
audio de canaux gauche et droit a partird'un signal composite st6r6o (Sc)
constitu6 par un signal modul6 comportant une fr6quen- ce de sous-porteuse
et modul6-6quiIlbr6 par un signal qul est la somme desdits signaux audio de
canaux 40      gauche et droit et par un signal qui est la difference entre
lesdits signaux audio de canaux gauche et droit et par un signal pilote
(Sp) synchronis6 avec ledit signal module, ledit demodulateur multiplex
st6r6o comprenant: un moyen de boucle Averrouillage de phase (10)
pourformerunsignal (So) synchronis6 avec ledit signal pilote (Sp) et
presentant une frequence 6gale A ladite frequence de sous-porteuse dudit
signal mo- dule, lo signal synchronis6 (So) 6tant une onde sinusofdale ; et
un moyen de multiplication analogique (8) pour multiplier ledit signal
composite stereo (Sc) et ledit signal d'onde sinusoidale (So) de maniere A
gen6rer lesdits signaux audio de canaux gauche et droit, caract6rise en ce
que: ledit moyen de boucle Averroulilage de phase (10) inclutun
oscillateurcommande en tension (13) so      qui g6nere ledit signal d'onde
sinusoidale (So); et par un moyen (21) pour d6tecterle niveau dudit signal
d'onde sinusoidale (So) et pour commander en correspondance ledit
oscillateur commande en tension (13) de maniere A maintenir un niveau
constant pr6determin6 dudit signal d'onde sinusoTdale (So). 2.
D6modulateur multiplex stereo selon la revendication 1, dans lequel ledit
moyen de boucle A verrouillage ss      de phase (10) Inclut un oscillateur
commande en tension (13). 3. D6modulateur multiplex st6r6o selon la
revendication I ou 2, dans lequel ledit moyen de multiplication 9    * c
L   al   ^ (8) inclut un moyen de conversbn courant/tension (43) pr6sentant
une caractiristique de compression logarithmique. 6 10 15 20 25 30 35 40 45
5S 55 10    


