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connected to the output of the controllable gain amplifier means and
includes means for multiply- This invention relates to automatic gain
control  ing the signals at its first and second signal circuits and
particularly, though not exclusively,  inputs. to automatic gain control
circuits for use in the    5  Preferably phase shifting filter means is
pro- demodulation of FM signals.                        vided in the signal
path to the first signal input of In the demodulation of FM signals in a
SECAM     the divider means so that the circuit is frequency television
system using sampling techniques, e.g.  discriminating and low-pass filter
means is pro- switched capacitor filter techniques, non-linearity  vided in
the signal path to the divide signal input of the circuit results in the
generation of fre-   10   of the divider means, the delays produced by the
quency components higher than the Nyquist         two filter means being so
matched as to minimise value which can cause beat notes in the system.
differential delay effects at the output of the For example, the frequency
band in a SECAM         divider means. system is 3.9-4.75 MHz and so the
3rd. harmonic      One frequency discriminating automatic gain (such as
would be generated by a limiter as   15   control circuit in accordance
with the invention normally used in FM systems) of this frequency     will
now be described, by way of example only, band is 11.7-14.25 MHz. Sampling
at a frequency    with reference to the accompanying drawings, in of
approximately 17.73 MHz (i.e. four times the    which: PAL sub carrier
frequency, as is convenient in a     Figure 1 shows a block-schematic
diagram of TV receiver) generates a frequency band of   20   the circuit;
and approximately 3.5-6.0 MHz. Further non-linearity     Figure 2 shows a
more detailed circuit diagram produces beating between this generated fre-
of parts of the circuit of Figure 1. quency band and the first-mentioned
SECAM            Referring firstly to Figure 1, a frequency dis- frequency
band.                                    criminating automatic gain control
circuit for use In order for the system to remain linear, an   25   in an
FM decoder in a SECAM  TV receiver automatic gain control circuit must be
used to  includes an input node 2 connected to the signal remove amplitude
variations in the FM signal.      input 4 of a variable gain amplifier 6.
The output 8 However, known automatic gain control circuits     of the
amplifier 6 is connected to each of two cannot readily bemade to operate
sufficiently fast  inputs 10, 12 of a multiplier 14. The output 16 of to
cope with amplitude variations resulting from    30   the multiplier 14 is
connected to the input 18 of a the passage of such FM signals through tuned
known automatic gain control (AGC) gain circuits, etc.
generator 20. The output 22 of the AGC gain It is an object of the present
invention to      generator 20 is connected to the control input 24 provide
an automatic gain control circuit wherein  of the amplifier 6 to control
the gain thereof. the above disadvantage may be overcome, or at   35   The
output 8 of the amplifier 6 is also con- least alleviated.
nected, via a constant amplitude, phase-shifting In accordance with the
invention an automatic    filter 26, to a first multiply input 28 of a
multiplier/ gain control circuit comprises:                    divider 30.
The output 8 of the amplifier 6 is also an input node;
connected directly to a second multiply input 32 an output node;
40   of the multiplier/divider 30. The output 16 of the controllable gain
amlifier means having a        multiplier 14 is also connected, via a
low-pass signal input connected to the input node, a con-   filter 34, to a
divide input 36 of the multiplier/ trol input and an output; and
divider 30. The output 38 of the multiplier/divider automatic gain control
means having an input     30 is connected to an output node 40 of the
circuit. coupled to the output of the controllable gain   45    In use of
the circuit of Figure 1 a SECAM FM amplifier means and an output connected
to the     signal [err] applied to the input node 2 is amplified control
input of the controllable gain amplifier   by amplifier 6 to produce a
signal V2 at its output means,
8. This signal is then rectified by the multiplier 14 characterised in that
the automatic gain control  to produce at its output 16 a signal kV22, k
being circuit further comprises divider means having a   50   the
multiplication factor of the multiplier 14. The first signal input coupled
to the output of the    rectified signal at the multiplier output 16 is
controllable gain amplifier means, a divide signal  applied to the AGC gain
generator 20, which input coupled to the input of the automatic gain
accordingly controls the gain of the amplifier 6, control means and an
output connected to the       and is also applied via the filter 34 to the
divide output node of the circuit, whereby the signal   55   input 36 of
the multiplier/divider 30. produced at the output of the divider means is
The signal V2 produced at the output 8 of the substantially independent of
the signal level pro-  amplifier 6 is phase-shifted by the filter 26 in
duced at the output of the controllable gain       dependence on the
frequency of the signal V2 to amplifier means.
produce a phase shifted signal [err] which is Preferably the circuit
further comprises multi-  60   applied to the multiply input 28 of the
multiplier/ plier means having first and second inputs each    divider 30.
The signal V2 produced at the output 8 connected to the output of the
controllable gain   of the amplifier 6 is also applied directly to the
amplifier means and an output connected to the     multiply input 32 of the
multiplier/divider 30. The input of the automatic gain control means, and
multiplier/divider 30 produces at its output 30 a the divider means has a
second signal input   65   signal V3 which is the product of the signals
[err] 



2    3               EP 0195010 B1                        4 and [err] at
its inputs 28 and 32 divided by the signal  30 is taken differentially
between the collectors of kV22 at its input 36.
the transistors 312, 314 and 310, 316. It will be It will be understood
that the frequency depen-     realised that the circuit of Figure 2 acts in
known dent phase shift provided by the filter 26 produces   manner as a
multiplier, the differential voltage at frequency discrimination in the
product of the    5    the output 38 being proportional to the product of
signals [err] and [err] as is well known, and so also  the differential
signals at the inputs 28 and 32. It in the signal V3.
will also  be  understood  that the  circuit It will, of course, be readily
appreciated that the  additionally acts as a divider, the voltage at the
amplitude of the signal V3 is independent of the      output 38 being
reduced in proportion to the amplitude of the signal V2 and so is
independent   to   voltage applied at input 36 to the bases of the of any
variations in amplitude which are not          transistors 328, 330.
compensated by the AGC loop 6, 14, 20. It will         It will be
appreciated that a similar circuit to that also be appreciated that because
the signal kV22 is   of Figure 2 may be used for the multiplier 14, the fed
forward from the multiplier 14 to the multi-      voltage there applied to
the bases of the tran- plierldivider 30, the compensation provided by    15
sistors 328, 330 being chosen so as to produce a the multiplier/divider 30
is not limited by the       desired multiplication factor k. response time
of the AGC gain generator 20 and         It will be appreciated that the
circuit described the variable gain amplifier 6. In practice the AGC
above may conveniently be fabricated in inte- loop 6, 14, 20 may typically
compensate for           grated circuit form. relatively slow amplitude
variations of wide range    20 (e.g. up to 60 dB) whereas the
multiplier/divider     Claims 30 may typically compensate for relatively
fast amplitude variations of narrow range (e.g. up to 6      1. An
automatic gain control circuit comprising: dB).
an input node; It will also be understood that the delays pro-   25  an
output node; duced by the filters 26 and 34 are arranged to be
controllable gain amplifier means having a substantially the same so as to
minimise differen-    signal input connected to the input node, a con- tial
delay effects in the signal V3.                 trol input and an output;
and Referring now also to Figure 2, the multiplier/      automatic gain
control means having an input divider 30 includes a pair of pnp transistors
302,   30   coupled to the output of the controllable gain 304 each having
their bases connected to a source     amplifier means and an output
connected to the of bias voltage [err] and having their emitters
control input of the controllable gain amplifier connected respectively via
resistors 306, 308 to a    means, source of positive supply. A first pair
of npn         characterised in that the automatic gain control.
transistors 310,312 have their emitters commonly   35   circuit further
comprises divider means having a connected to a first current source [err]
and have       first signal input coupled to the output of the their
collectors connected respectively to the col-   controllable gain amplifier
means, a divide signal lectors of the transistors 302 and 304. A second
input coupled to the input of the automatic gain pair of npn transistors
314,316 have their emitters   control means and an output connected to the
commonly connected to a second current source    40    output node of the
circuit, whereby the signal S2 and have their collectors respectively con-
produced at the output of the divider means is nected to the collectors of
the transistors 304 and  substantially independent of the signal level pro-
302. The bases of the transistors 310 and 316 are     duced at the output
of the controllable gain connected via a diode 318 to a source of bias
amplifier means. voltage [err] and the bases of the transistors 312    45
2. An automatic gain control circuit according to and 314 are connected via
a diode 320 to the         claim  1 wherein the circuit further comprises
voltage [err] A third pair of npn transistors 322,     multiplier means
having first and second inputs 324 have their collectors connected
respectively      each connected to the output of the controllable to the
bases of the transistors 310, 316 and to the   gain amplifier means and an
output connected to bases of the transistors 312, 314. The emitters of   50
the input of the automatic gain control means, the transistors 324 and 322
are interconnected via    and the divider means has a second signal input a
resistor 326. A fourth pair of npn transistors 328,  connected to the
output of the controllable gain 330 have their collectors connected
respectively      amplifier means and includes means for multiply- to the
emitters of the transistors 322, 324, and     ing the signals at its first
and second signal have their emitters connected to ground via   55
inputs. respective resistors 332, 334.                         3. An
automatic gain control circuit according to The emitters of the transistors
310, 312 and the    claim 2 wherein phase shifting filter means is emitters
of the transistors 314, 316 are differen-    provided in the signal path to
the first signal input tially connected as the multiply input 28 of the
of the divider means so that the circuit is fre- multiplier/divider 30. The
bases of the transistors   60   quency discriminating and low-pass filter
means 322, 324 are differentially connected as the multi-  is provided in
the signal path to the divide signal 



ply input 32 of the multiplier/divider 30. The bases  input of the divider
means, the delays produced of the transistors 328, 330 are commonly con-
by the two filter means being so matched as to nected as the divide input
36 of the multiplier/      minimise differential delay effects at the
output of divider 30. The output 38 of the multiplier/divider   65   the
divider means. 3    3                           EP  0195 010 B1
4 and [err] at its inputs 28 and 32 divided by the signal  30 is taken
differentially between the collectors of kV22 at its input 36.
the transistors 312, 314 and 310, 316. It will be It will be understood
that the frequency depen-    realised that the circuit of Figure 2 acts in
known dent phase shift provided by the filter 26 produces  manner as a
multiplier, the differential voltage at frequency discrimination in the
product of the    5    the output 38 being proportional to the product of
signals [err] and [err] as is well known, and so also  the differential
signals at the inputs 28 and 32. It in the signal V3.
will also  be  understood  that the  circuit It will, of course, be readily
appreciated that the  additionally acts as a divider, the voltage at the
amplitude of the signal V3 is independent of the     output 38 being
reduced in proportion to the amplitude of the signal V2 and so is
independent   10   voltage applied at input 36 to the bases of the of any
variations in amplitude which are not         transistors 328, 330.
compensated by the AGC loop 6, 14, 20. It will        It will be
appreciated that a similar circuit to that also be appreciated that because
the signal kV22 is  of Figure 2 may be used for the multiplier 14, the fed
forward from the multiplier 14 to the multi-     voltage there applied to
the bases of the tran- plier/divider 30, the compensation provided by    15
sistors 328, 330 being chosen so as to produce a the multiplier/divider 30
is not limited by the      desired multiplication factor k. response time
of the AGC gain generator 20 and        It will be appreciated that the
circuit described the variable gain amplifier 6. In practice the AGC
above may conveniently be fabricated in inte- loop 6, 14, 20 may typically
compensate for          grated circuit form. relatively slow amplitude
variations of wide range    20 (e.g. up to 60 dB) whereas the
multiplier/divider    Claims 30 may typically compensate for relatively
fast amplitude variations of narrow range (e.g. up to 6     1. An automatic
gain control circuit comprising: dB).
an input node; It will also be understood that the delays pro-   25  an
output node; duced by the filters 26 and 34 are arranged to be
controllable gain amplifier means having a substantially the same so as to
minimise differen-   signal input connected to the input node, a con- tial
delay effects in the signal V3.                trol input and an output;
and Referring now also to Figure 2, the multiplier/      automatic gain
control means having an input divider 30 includes a pair of pnp transistors
302,   30   coupled to the output of the controllable gain 304 each having
their bases connected to a source    amplifier means and an output
connected to the of bias voltage [err] and having their emitters
control input of the controllable gain amplifier connected respectively via
resistors 306, 308 to a   means, source of positive supply. A first pair of
npn         characterised in that the automatic gain control transistors
310,312 have their emitters commonly   35   circuit further comprises
divider means having a connected to a first current source [err] and have
first signal input coupled to the output of the their collectors connected
respectively to the col-  controllable gain amplifier means, a divide
signal lectors of the transistors 302 and 304. A second    input coupled to
the input of the automatic gain pair of npn transistors 314,316 have their
emitters  control means and an output connected to the commonly connected
to a second current source   40   output node of the circuit, whereby the
signal S2 and have their collectors respectively con-       produced at the
output of the divider means is nected to the collectors of the transistors
304 and  substantially independent of the signal level pro- 302. The bases
of the transistors 310 and 316 are    duced at the output of the
controllable gain connected via a diode 318 to a source of bias
amplifier means. voltage [err] and the bases of the transistors 312   45
2. An automatic gain control circuit according to and 314 are connected via
a diode 320 to the         claim  1 wherein the circuit further comprises
voltage [err] A third pair of npn transistors 322,    multiplier means
having first and second inputs 324 have their collectors connected
respectively  . each connected to the output of the controllable to the
bases of the transistors 310, 316 and to the  gain amplifier means and an
output connected to bases of the transistors 312, 314. The emitters of   50
the input of the automatic gain control means, the transistors 324 and 322
are interconnected via   and the divider means has a second signal input a
resistor 326. A fourth pair of npn transistors 328,  connected to the
output of the controllable gain 330 have their collectors connected
respectively     amplifier means and includes means for multiply- to the
emitters of the transistors 322, 324, and    ing the signals at its first
and second signal have their emitters connected to ground via   55
inputs. respective resistors 332, 334.                         3. An
automatic gain control circuit according to The emitters of the transistors
310, 312 and the   claim 2 wherein phase shifting filter means is 



emitters of the transistors 314, 316 are differen-   provided in the signal
path to the first signal input tially connected as the multiply input 28 of
the     of the divider means so that the circuit is fre- multiplier/divider
30. The bases of the transistors   60   quency discriminating and low-pass
filter means 322, 324 are differentially connected as the multi-  is
provided in the signal path to the divide signal ply input 32 of the
multiplier/divider 30. The bases  input of the divider means, the delays
produced of the transistors 328, 330 are commonly con-        by the two
filter means being so matched as to nected as the divide input 36 of the
multiplier/     minimise differential delay effects at the output of
divider 30. The output 38 of the multiplier/divider   65   the divider
means. 3    4. An automatic gain control circuit according to  weiterhin
eine Multipliziereinrichtung enthalt, die any preceding claim wherein the
divider means       erste und zweite Eingange hat, die jeweils mit
comprises:                                          dem Ausgang der
Verstarkungseinrichtung mit first and second transistors each having base,
regelbarer Verstarkung und mit einem Ausgang collector and emitter
electrodes;              s    verbunden sind, der mit dem Eingang der auto-
third and fourth transistors each having base,    matischen
Verstarkungsregelungseinrichtung collector and emitter electrodes; and
verbunden ist, und bei der die Teilereinrichtung a first resistance coupled
between the emitter    einen zweiten Signaleingang hat, der mit dem
electrodes of the first and second transistors,     Ausgang der
Verstarkungseinrichtung mit regel- the emitter electrodes of the first and
second    10   barer Verstirkung verbunden ist und eine Einrich-
transistors being coupled respectively to the col-  tung enthilt, um die
Signale an ihren ersten und lector electrodes of the  third  and  fourth
zweiten Signaleingingen zu multiplizieren. transistors,
3. Automatische Verstarkungsregelungsschal- the emitter electrodes of the
third and fourth    tung nach Anspruch 2, bei der eine Phasenschie-
transistors being coupled to ground and the    i5   berfiltereinrichtung in
dem Signalweg zu dem collector electrodes of the first and second tran-
ersten Signaleingang derTeilereinrichtung vorge- sistors being adapted for
coupling to a source of   sehen ist, so daS die Schaltung frequenzdiskrimi-
reference potential, whereby the base electrodes    nierend ist, und wobei
eine Tiefpallfiltereinrich- of the first and second transistors form the
dif-   tung in dem Signalweg zu dem Teilsignaleingang ferential signal
input of the divider, the bases of   en der Teilereinrichtung angeordnet
ist, wobei die the third and fourth electrodes form the divide
Veodgerungen, die von den zwee Filtereinrichtun- input of the divider and
the output of the divider is  gen erzeugt werden, so angepa~t sind, daB sie
coupled to the collector electrodes of the first and
Verz6gerungsdifferenzeffekte am  Ausgang der second transistors.
Teilereinrichtung minimieren. 5. An integrated circuit incorporating an
auto-   25  4. Automatische Verstarkungsregelungsschal- matic gain control
circuit according to any preced-  tung nach einem der vorhergehenden
AnsprOche, ing claim.                                          bei der die
Teilereinrichtung enthalt: 6. A SECAM television receiver circuit including
erste und zweite Transistoren, die jeweils an automatic gain control
circuit in accordance     Basis-, Kollektor- und Emitterelektroden haben;
with any one of claims 1 to 4.                 30     dritte und vierte
Transistoren, die jeweils Basis-, Kollektor- und Emitterelektroden haben;
Patentanspruche                                     und einen ersten
Widerstand, der zwischen die 1. Automatische Verstirkungsregelungsschal-
Emitterelektroden der ersten und zweiten Transi- tung, enthaltend:
35   storen geschaltet ist, einen EingangsanschluB;
wobei die Emitterelektroden der ersten und einen AusgangsanschluS;
zweiten transistoren jeweils mit den Kollektore- eine Verstarkereinrichtung
mit regelbarer Ver-    lektroden der dritten und vierten Transistoren
starkung mit einem Signaleingang, der mit dem       verbunden sind,
Eingangsanschlul verbunden ist, einem Rege-   40      die Emitterelektroden
der dritten und vierten leingang und einem Ausgang; und
Transistoren mit Erde verbunden sind und die eine automatische
Verstarkungsregelungsrein-       Kollektorelektroden der ersten und zweiten
Tran- richtung mit einem Eingang, der mit dem Aus-        sistoren dazu
eingerichtet sind, mit einer Bezug- gang der Verstirkereinrichtung mit
regelbarer       spotentialquelle verbunden zu werden, wodurch Verstarkung
verbunden ist und mit einem Aus-   4s   die Basiselektroden der ersten und
zweiten Tran- gang, der mit dem Regeleingang der Verstar-         sistoren
den Differenzsignaleingang des Teilers kungseinrichtung mit regelbarer
Verstarkung ver-    bilden, die Basen der dritten und vierten Elektro-
bunden ist,                                         den den Teilereingang
des Teilers bilden und der dadurch gekennzeichnet, daB die automatische
Ausgang des Teilers mit den Kollektorelektroden
Verstirkungsregelungsschaltung weiterhin eine   50   der ersten und zweiten
Transistoren verbunden Teilereinrichtung enthalt, die einen ersten Signa-
ist. leingang hat, der mit dem Ausgang der Verstir-        5. Integrierte
Schaltung, die eine automatische kungseinrichtung mit regelbarer
VerstArkung ver-    Verstarkungsregelungsschaltung nach einem der bunden
ist, einen Teilsignaleingang hat, der mit    vorhergehenden Anspruche
enthalt. 



dem Eingang der automatischen Verstarkungsre-   55    6.
Secam-Fernsehempfangerschaltung, die aine gelungseinrichtung verbunden ist,
und einen         automatische  Verstarkungsregelungsschaltung Ausgang hat,
der mit dem AusgangsanschluB der       nach einem der Anspruche 1 bis 4
enthalt. Schaltung verbunden ist, wodurch das Signal, das an dem  Ausgang
der Teilereinrichtung           Revendications erzeugt wird, im
wesentlichen unabhangig von    60 dem Signalpegel ist, der an dem Ausgang
der           1. Circuit A commande automatique de gain,
Verstarkungseinrichtung mit regelbarer Verstar-     comprenant: kung
erzeugt wird.                                    un noeud d'entr6e; 2.
Automatische Verstarkungsregelungsschal-         un noeud de sortie; tung
nach Anspruch 1, bei der die Schaltung    65     un moyen amplificateur de
gain ajustable ayant 4 I I~l~ j 1111   B11  1 1111111    7               EP
0195 010 BI                      8 une entr6e de signal i est connectee au
noeud       signal allant A 1'entr~e de signal de division du d'entr6e, une
entree de commands et une entree      moyen diviseur, les retards produits
par les deux de sortie; et                                       moyens de
filtrage 6tant adaptes de fagon A un moyen de commands automatique de gain
minimiser les effets de difference de retard a la ayant une entr6e couplee
A la sortie du moyen    5    sortie du moyen diviseur.   I amplificateur de
gain ajustable et une sortie         4. Circuit A commands automatique de
gain connectee a l'entree de commando du moyen           selon l'une
quelconque des revendications pr6ce- amplificateur de gain ajustable,
dentes, ou le moyen diviseur comprend: caracterise en ce quo le circuit a
commando         un premier et un deuxieme transistor ayant automatique de
gain comprend en outre un    70   chacun des electrodes de base, de
collecteur et moyen diviseur poss6dant une premiere entr6e
d'6metteur; de signal qui est couplee a la sortie du moyen        un
troisieme et un quatrieme transistor ayant amplificateur de gain ajustable,
une entree de      chacun des electrodes de base, de collecteur et signal
de division qui est coupl6e A l'entree du    d'6metteur; et moyen de
commando automatique de gain et une    15    une premiere resistance
coupl6e entre les Ielc- sortie qui est connectee au noeud de sortie du
trodes d'emetteur des premier et deuxibme circuit, de sorts quo le signal
produit A la sortie du  ansistors, moyen diviseur est sensiblement
independant du        les electrodes d'emetteur des premier et niveau de
signal produit sur la sortie du moyen     deuxieme transistors 6tant
respectivement cou- amplificateur de gain ajustable.              20
pl6es aux 6lectrodes de collecteur des troisiemes 2. Circuit A commando
automatique de gain         et quatrieme transistors, solon la
revendication 1, obi le circuit comprend     les electrodes d'emetteur des
troisieme et qua- en outre un moyen multiplicateur possedant une
trieme transistors etant coupl6es a la terre et les premiere et une
deuxieme entree qui sont cha-       electrodes de collecteur des premier et
deuxieme cune connect6es a la sortie du moyen amplifica-   25   transistors
etant destinees a etre couplees A une tour de gain ajustable et une sortie
connectee A    source de potentiel de reference, si bien quo les l'entr6o
du moyen de commando automatique de        electrodes de base des premier
et deuxieme gain, et le moyen  diviseur posssede une            transistors
forment l'entree de signal differentiel deuxieme entree de signal connectoe
a la sortie     du diviseur, res bases des troisieme et quatrieme du moyen
amplificateur de gain ajustable et   30   electrodes forment l'entree de
division du divi- comporte un moyen servant A multiplier le signal    seur,
et la sortie du diviseur est couplee aux present sur ses premiere et
deuxieme entrees de     electrodes de collecteur des premier et deuxieme
signal.                                             transistors. 3. Circuit
A commando automatique de gain           5. Circuit integre incorporant un
circuit A com- solon la revendication 2, ou un moyen de filtrage   35
mande automatique de gain solon l'une quelcon- A dephasage est prevu dans
le trajet de signal      que des revendications precedentes. allant A la
premiere entree de signal du moyen        6. Circuit recepteur de
television SECAM com- diviseur de sorto que le circuit effectue une
portant un circuit A commando automatique de discrimination de frequence,
et un moyen de         gain solon l'une quelconque des revendications 1
filtrage passe-bas est prevu dans le trajet de   40   A 4. 45 50 55 60    


