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[57] ABSTRACT

A synchronous detector for detecting an information
signal modulated onto a carrier, such as a video IF
signal, is disclosed in which there are provided a circuit
for supplying the modulated information signal in the
form of a vestigial sideband signal, a filter circuit cou-
pled to the supplying circuit which includes a tuning
circuit tuned to the frequency of the carrier on which
the information signal is modulated, an emitter follower
circuit connected to the output of the filter circuit, a
limiter circuit connected to the filter circuit, for produc-
ing a switching carrier, and a multiplier having first and
second input terminals coupled to the output of the
limiter circuit and to the supplying circuit, for multiply-
ing the modulated information signal and the switching
carrier to obtain said information signal. In one embodi-
ment, the limiter circuit includes a differential amplifier
having first and second transistors, base electrodes of
which are connected to the emitter follower circuit, and
third and fourth common base transistors, emitter elec-
trodes of which are respectively connected to collector
electrodes of the first and second transistors and collec-
tor electrodes of which provide output terminals for
supplying the switching carrier.

7 Claims, S Drawing Figures

AMPL




U.S. Patent 7jan. 25, 1983 Sheet 1 of 4 4,370,676

|
Tuning.

C K |
z kil
e e AR

7.

il



Sheet 2 of 4 4,370,676

Jan. 25, 1983

U.S. Patent

¢

L
Ny

q
X
s
-

c ‘94




Sheet 3 of 4 4,370,676

Jan. 25, 1983

U.S. Patent

erlar

% £ 1 |
a % q1¢

N
|

(L4v ¥omd) £ 9/ o




Sheet 4 of 4 4,370,676

Jan. 25, 1983

U.S. Patent

TdWY




4,370,676

1

CARRIER REGENERATING CIRCUIT FOR A
SYNCHRONOUS DETECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a synchro-
nous detector, and is directed more particularly to a
synchronous detector adapted to detect an information
signal modulated on a carrier which is simple in con-
struction and improved in operating characteristics.

2. Description of the Prior Art

In general, as a video detector system of a television
receiver, there has been proposed a so-called synchro-
nous detecting system in which an IF (intermediate
frequency) carrier signal extracted from a VIF (video
intermediate frequency) signal is used to directly switch
the VIF signal.

A prior art synchronous detector circuit will be now
described with reference to FIG. 1. In the example of
FIG. 1, the signal from an antenna 1 is fed to a tuning
circuit 2 in which a VIF signal is derived from a desired
broadcast wave. This VIF signal is fed through a band

pass filter 3 to a VIF signal amplifier 4, and the output.

therefrom is fed to a multiplier circuit 5 which forms the
synchronous detector circuit. The output from the am-
plifier 4 is also supplied to a band pass filter 6 with.a
frequency of 58.75 MHz, for example, for extracting the
video intermediate carrier wave. The signal from the
band pass filter 6 is applied through a limiter circuit 7 to
the multiplier circuit 5. The synchronously detected
video signal from the multiplier circuit 5 is delivered to
an output terminal 8.

A video intermediate frequency carrier extracting
circuit, which is made by combining the band pass filter
6 and the limiter circuit 7, may be as shown in FIG. 2.
In the example of FIG. 2, the output terminals of the
amplifier 4, from which VIF signals opposite in phase
are derived, are respectively connected to the bases of
NPN transistors 11a and 115 connected differentially.
The emitters of the transistors 11a and 115 are con-
nected together to ground through a constant current
source 12. The limiter circuit 7, which consists of diodes
134 and 13b connected in opposite directions, and the
band pass filter 6, which is formed of a capacitor 14 and
a coil 15 in parallel, are connected between the collec-
tors of the transistors 11a and 115 The collectors
thereof are also connected through respective resistors
16a and 166 to a power source terminal 17. Accord-
ingly, the carrier of the VIF signal can be extracted
across the collectors of the transistors 11a and 115.

The carrier thus extracted from the collectors of the
transistors 11¢ and 115 is supplied through transistors
21a and 21, each being in an emitter follower configu-
ration, to the bases of two sets of transistor differential
circuits 222 and 226 which form the multiplier circuit 5.
The connection points between the emitters of the two
sets of transistor differential circuits 222 and 22b are
respectively grounded through a transistor 23z and a
constant current source 24, and through a transistor 23b
and a constant current source 24b. The emitters of the
transistors 232 and 23b are connected to each other
through a resistor 25, and the VIF signals opposite in
phase from the amplifier 4 are fed to the bases of the
transistors 23g and 23b. In FIG. 2, reference numeral 26
represents the power source terminal for this circuit.

According to the circuit shown in FIG. 2, the syn-
chronously detected video signals are derived at the
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collectors of the transistor differential circuits 22¢ and
22b and then delivered to output terminals 82 and 8b.

In the circuit of FIG. 2, since the diodes 13a and 135,
forming the limiter circuit 7, are connected in parallel
with the bandpass filter 6, the Q of the bandpass filter 6
is lowered and hence the extracted carrier is deterio-
rated in purity. As a result, the interference characteris-
tics (cross-color, 920 KH, beat and so on) upon the
synchronous detection is deteriorated.

FIG. 3 shows a circuit which was previously pro-
posed by the applicant same as that of this application so
as to avoid the above defect. In this circuit, the output
terminals of the amplifier 4 are respectively connected
through resistors 312 and 31b to the bases of emitter
follower transistors 322 and 325, and the bandpass filter
6 is connected between the bases of the transistors 32a
and 32b. The collectors thereof are connected together
to the power source terminal 26. The emitters of transis-
tors 32z and 32b are respectively grounded through
constant current sources 34a and 34b and also con-
nected to the bases of transistors 352 and 35b which are
connected differentially to form a limiter amplifier. The
transistors 352 and 35b have the emitters connected
together to the ground through a constant current
source 36 and the collectors connected together
through resistors 37a and 37b to a power source termi-
nal 38. With the circuit of FIG. 3, the carrier of the VIF
signal are extracted across the collectors of the transis-
tors 35a and 356.

According to the previously proposed circuit shown
in FIG. 3, since one band pass filter 6 is connected
through the emitter follower transistors 32a and 32b to
the transistors 35z and 356 forming the limiter amplifier,
the Q of the band pass filter 6 can be made high and
hence the carrier high in purity can be extracted.

With the circuit of FIG. 3, however, there is gener-
ated bad influence on the bases of transistors 35¢ and
35b by the mirror capacity and hence the phase charac-
teristic of the output signal is deteriorated.

In detail, since there exists the collector-base capacity
in each of the transistors 352 and 35b, a model shown in
FIG. 4 is considered and then an input impedance Zin is
calculated.

From FIG. 4, the following expressions (1) to (3) are
derived.

Vi=ip hp Ze e
Zr .
Vo= "Zp svi+if+ 2L
=Gy vi+if ZL @)
Vi— Vo= ifZf (3)
where Gy is the voltage gain of the transistor.
From the equafollowing equation (4) is derived.
vi—(Gyvi+ipZr)=ipZy (1= Gyvi=ifZL+Zp) @

Since the following equation (5) is taken to be estab-
lished,
ij=ip+if )

the following equation (6) is obtained by substituting
the equations (1) and (4) to the equation (5)
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. vi
i = hp - ZE

_U-Gyw
T ZLyz

From the above equation (6), the input impedance
Zin can be expressed as follows:

()

v
Zin = =
T
1
1 (1 -Gy
hfe- Zo +ZL+Z/'

If it is assumed that hpZg= o0, the input inpedance
Zin is expressed as follows:

®)

I,zlf

vi
S Zin = —
¥

Zr

. Zr>> Zy1)

Further, if it is assumed that Z/=1/(jwC), the input
impedance Zin is expressed as follows:

Zr

Gy

©)

Zin = —

1
T T e Gy-C
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In this case, the value of G,-C is the mirror capacity, ”

and the mirror capacity varies dependent on the voltage
gain G, while G, varies dependent on the level of the
input signal. Therefore, the mirror capacity is varied in
response to the level of the input signal. Due to the
variation of the mirror capacity, the phase of the output
signal is varied and hence the phase characteristic of the
circuit is deteriorated.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, an object of the present invention is to
provided a synchronous detector free from the defect
encountered in the prior art.

Another object of the invention is to provide a syn-
chronous detector which is simple in construction but
superior in phase characteristics.

According to an aspect of the present invention there
is provided a synchronous detector for detecting an
information signal modulated onto a carrier, such as a
video IF signal, which comprises:

means for supplying said modulated information sig-

nal to said detector in the form of a vestigial side-
band signal;

filter means coupled to said supplying means, said

filter means including a tuned circuit tuned to the
frequency of the carrier on which said information
signal is modulated;

emitter follower means connected to the output of

said filter means; ’

limiter means including a differential amplifier having

first and second transistors, base electrodes of
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which being connected to the output of said emit-

- ter follower means, and third and fourth transis-
tors, base electrodes of which are connected to-
gether, and emitter electrodes of which are respec-
tively connected to collector electrodes of said first
and second transistors, collector electrodes of said
third and fourth transistors being output terminal
means for providing a switching carrier; and

multiplier means having first and second input termi-
nals respectively coupled to said output terminal
means of said limiter means and to said supplying
means, for multiplying said modulated information
signal and said switching carrier to obtain said
information signal.

The other objects, features and advantages of the
present invention will be apparent from the following
description taken in conjunction with the accompany-
ing drawings in which the like references designate like
circuit elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a synchronous
detector circuit used to explain the present invention;

FIGS. 2 and 3 are connection diagrams each showing
a prior art carrier extracting circuit;

FIG. 4 is a circuit mode! diagram used to explain the
circuit of FIG. 3; and

FIG. § is a connection diagram showing an example
of the carrier extracting circuit according to the present
invention which is used in the synchronous detector
circuit shown in FIG. 1.

-DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will be hereinafter described
with reference to the drawings.

FIG. 5 shows an example of the carrier extracting
circuit according to the present invention. Though not
shown in FIG. 5, the parts at the input side of the VIF
amplifier 4 are substantially the same as those shown in
FIG. 1. In FIG. 5, the collector-emitter paths of transis-
tors 41a and 41b are respectively connected between
the collectors of transistors 354, 35b of the limiter ampli-
fier 7 and resistors 374, spectively connected to the
bases of transistors 21¢ and 21b. The other circuit con-
struction of the example shown in FIG. 5 is substan-
tially same as that of FIG. 3.

In the circuit of the invention shown in FIG. 5, the
transistors 41¢ and 416 form an amplifier of the ground-
ed-base type. By the provision of such an amplifier,
Zg=2Z is eexpression is obtained.

Zr
Zg

=1

Therefore, the input impedance Zin expressed by the
equation (9) becomes constant in value.

For this reason, with the circuit of the present inven-
tion shown in FIG. 5, the phase variation caused by the
mirror capacitance disappears or can be removed and
hence the phase characteristics of the circuit are im-
proved.

According to the present invention, the carrier thus
extracted is high in purity and good in phase character-
istics.
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A multiplier circuit different from the circuit 5 shown
in the drawings may be employed as well with the cir-
cuit of the invention without losing the benefits of the
invention. )

Although the above description has been given of a
single preferred embodiment of the present invention,
with reference to the accompanying drawings, it will be
apparent that many modifications and variations could
be effected by one skilled in the art without departing
from the spirit and scope of the novel concepts of the
present invention, as defined in the appended claims.

We claim as our invention:

1. A synchronous detector for detecting an informa-
tion signal modulated onto a carrier, comprising:

means for receiving said modulated information sig-

nal;
filter means coupled to said receiving means, said
filter means including a tuning circuit tuned to the
frequency of said carrier; ’

emitter follower means connected to the output of
said filter means;

limiter means including a differential amplifier having

first and second transistors, base electrodes of
which are connected to the output of said emitter
follower means, and third and fourth transistors,
base electrodes of which are connected together,
and emitter electrodes of which are respectively
connected to collector electrodes of said first and
second transistors, collector electrodes of said third
and fourth transistors being output terminal means
for providing a switching carrier; and

multiplier means having first and second input termi-

nals respectively coupled to said output terminal
means of said limiter means and to said receiving
means, for multiplying said modulated information
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signal and said switching carrier to obtain said
information signal.

2. The synchronous detector according to claim 1;
wherein said filter means has a pass band less than the
frequency spectrum of said modulated information sig-
nal for limiting the spectrum of the signal passed
thereby to a double sideband signal having a center
frequency substantially equal to the frequency of said
carrier.

3. The synchronous detector according to claim 2;
wherein said receiving means receives the output of a
video IF amplifier of a television receiver; said modu-
lated information signal comprises a video IF signal;
and said carrier on which said information signal is
modulated comprises an IF carrier.

4. The synchronous detector according to claim 3;
wherein said video IF amplifier has a pair of output
terminals to which said video IF signal is applied differ-
entially, and said receiving means is connected across
said pair of output terminals.

5. The synchronous detector according to claim 4;
wherein said emitter follower means comprises a pair of
emitter follower transistors having their respective base
electrodes connected across said tuning circuit and
having their respective emitter electrodes connected to
said base electrodes of said first and second transistors
of said differential amplifier.

6. A synchronous detector according to claim 1,
wherein said modulated information signal is received
by said receiving means in the form of a vestigial side-
band signal.

7. A synchronous detector according to claim 6,

wherein said filter means has a pass band less than the
%® % % % %k



