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transistor of the first pair and the other Variable-gain differential
amplifier             transistor of the second pair being driven in the
opposite sense, and means for maintaining the The invention relates to a
variable-gain       standing voltages at those terminals of said load
differential amplifier circuit arrangement       impedances which are
connected to the output 5 comprising first and second long-tailed pairs of
70 electrodes of the one transistor of the first pair and transistors a
current source circuit to a control  the one transistor of the second pair
respectively input of which the amplifier input Is coupled,   substantially
independent of the value of said gain which current source circuit has
first and second  control signal, characterised in that said means output
current paths included in the tails of the  comprises a current divider
circuit to the Input of 10 first and second said long-tailed pairs
respectively   75 which are connected the output electrodes of said and is
constructed so that the currents in said  other transistors of the first
and second pairs, said output current paths will vary in mutually opposite
current divider circuit having first and second senses in response to the
application of a signal to  outputs connected to the said terminal of the
first the amplifier input, first and second d.c. load  load impedance and
the said terminal of the 15 impedances included in the output electrode
80 second load impedance respectively. circuits of one transistor of the
first pair and one  It has now been recognised that it can transistor of
the second pair respectively, a gain  sometimes be simpler to adjust the
voltage on a control input coupled to the control electrodes of  given
terminal of a d.c. impedance by changing the transistors of the first and
second pairs in such  the current through the impedance rather than by 20
manner that the application of a gain control  85 changing the potential at
its other terminal. signal to said input will result in said one transistor
Embodiments of the invention will be of the first pair and said one
transistor of the  described, by way of example, with reference to second
pair being driven in the same sense and in  the accompanying diagrammatic
drawing, in the other transistor of the first pair and the other  which: 25
transistor of the second pair being driven in the  go    Fig. 1 shows a
first embodiment, and opposite sense, and means for maintaining the
Fig. 2 shows part of a second embodiment. standing voltages at those
terminals of said load   In the variable-gain differential amplifier
circuit impedances which are connected to the output     arrangement shown
in Fig. 1 two npn-transistors electrodes of the one transistor of the first
pair and  1 and 2 constitute a first differential amplifier or 30 the one
transistor of the second pair respectively   95 long-tailed pair, their
control electrodes or bases substantially independent of the value of said
gain  being connected to terminals 11 and 12 control signal.
respectively, across which a gain control signal [err] In the arrangements
of this kind disclosed in  Is applied. The common electrodes or emitters of
German Offenlegungsschriften 27 23 750 and       the transistors 1 and 2
are interconnected and are 35 28 13 856 the said means Is arranged to
adjust   100 connected to the output electrode or collector of the
potential at a point to which the other      an npn-transistor 7. terminals
of the load impedances are connected in  Two npn-transistors 5 and 6
constitute a accordance with the value of the gain control    second
differential amplifier or long-tailed pair, signal, so as to compensate for
changes which    their bases also being connected to the gain 40 would
otherwise occur in said standing voltages.  105 control signal input
terminals 11 and 12 It is the object of the invention to provide an
respectively. The emitters of the transistors 5 and alternative arrangement
of the above kind which  6 are interconnected and connected to the can be
simpler.                                  collector of a transistor 8. The
interconnected *         The invention provides a variable-gain
emitters of the transistors 7 and 8 together 45 differential amplifier
circuit arrangement   110 receive an at least substantially constant direct
comprising first and second long-tailed pairs of  current from a current
source 9 which is transistors, a current source circuit to a control
connected between them and earth. The bases of input of which the amplifier
input is coupled,   transistors 8 and 7 are connected to terminals 13 which
current source circuit has first and second  and 14 respectively, across
which an a.c. input 50 output current paths included in the tails of the
115 signal [err] is applied. The emitter leads of the first and second said
long-tailed pairs respectively  transistors 7 and 8 may include resistors 1
Oa and and is constructed so that the currents in said  1 Ob respectively,
in order to obtain an improved output current paths will vary in mutually
opposite  drive-signal handling range. It will be seen that the senses in
response to the application of a signal to  components 7-10 form a
controllable current 55 the amplifier input, first and second d.c. load
120 source circuit having two outputs the currents at impedances included
in the output electrode      which vary in mutually opposite senses in
circuits of one transistor of the first pair and one  response to
variations in the input signal [err] transistor of the second pair
respectively, a gain  The collectors of the transistors 1 and 5 are 



control input coupled to the control electrodes of  connected to the
positive terminal + of a power 60 the transistors of the first and second
pairs in such 125 supply source U (the negative terminal of which is manner
that the application of a gain control    connected to earth) via d.c. load
impedances 17 signal to said input will result in said one transistor  and
18 respectively. These impedances, which of the first pair and said one
transistor of the  may each exhibit a reactive component, may each second
pair being driven in the same sense and in  be constituted by a load
resistor of 1 kOhm.    2
GB 2 066 600  B    2 The emitters of the transistors 1 and 5 receive
respectively if any external load connected to the signal currents of
mutually opposite phase from  terminals 21 and 22 is negligible. As the
standing the transistors 7 and 8 respectively, so that signal  current in
the line 20 and the standing currents in voltages of mutually opposite
phase develop    .  the collector leads of the transistors 1 and 5 are 5
across the output impedances 17 and 18. The   70 varied in opposite senses
by varying the gain difference between these voltages constitutes the
control voltage [err], the variations of the d.c. output voltage [err] of
the arrangement, this voltage  components of the currents applied to the
output appearing across terminals 21 and 22 which are   terminal 21 by the
transistors 1 and 25 connected to the collectors of the transistors 1
compensate for each other, so that the d.c. level at 10 and 6 respectively.
75 terminal 21 remains independent of the control The two other transistors
2 and 6 of the two   voltage [err]. The same applies to the d.c.
differential pairs 1, 2 and 5, 6 have interconnected  components of the
currents applied to the output collectors. Their emitters receive signal
currents of  terminal 22 by the transistors 5 and 26, and hence mutually
opposite phase from the transistors 7   to the d.c. level at terminal 22.
15 and 8 respectively, so that the signal components   80   By choosing
unequal values for the resistors 23 in their common collector lead 20,
which carries  and 24 it is alternatively possible to apply both collector
currents, cancel each other.      mutually different fractions of the
current carried Because the bases of transistors 2 and 6 are     by lead 20
to the two output terminals. This can connected to the same gain control
signal input  be done if variation of the gain control voltage U. 20
terminal 12, the gain control signal [err] controls the   85 would
otherwise result in mutually different current in the lead 20. Because the
bases of the  changes in the standing voltages across the transistors 1 and
5 are both connected to the    output resistors 17 and 18 respectively.
other gain control input terminal 11 the gain      It is alternatively
possible to connect the control voltage [err] Influences the currents
carried  collectors of the differential-amplifier transistors 1 25 by the
transistors 1 and 2 in a contrary sense,  90 and 5, which carry the
amplified input signal, to which transistors transfer the a.c. signal to
the  the emitters of the transistors 25 and 26 load impedances 17 and 18.
The gain control      respectively, and to interrupt the direct voltage
[err] therefore controls the differential   connections of these collectors
to the output amplifiers 1, 2 and 5, 6 in such manner that its  resistors
17 and 18, as is indicated in Fig. 1 by the 30 value determines the extent
to which the a.c.  95 dashed lines and crosses. If this is done the signal
current supplied by the transistors 7 and 8  oppositely varying d.c.
components will be added is transferred to the load impedances 17 and 18.
to the collector currents of the transistor 1 and 5 Unless further steps
were taken, a change in the  at the emitter inputs of the transistors 25
and 26 value of the control signal U. would also result in a  respectively,
so that these transistors, whose 35 change in the standing current through
the load    100 bases are connected to the direct voltage 27, will
impedances 17 and 18, so that the d.c. level at the  serve as isolating
transistors between the output terminals 21 and 22 would be dependent
collectors of which the output signal U. appears. on the value of the gain
control signal U. across   Fig. 2 shows an alternative to the part of the
the terminals 11 and 12.                         circuit of Fig. 1 lying
above the "diamonds" 31,32 40   In order to prevent this from happening the
sum  105 and 33. The common collector current of the of the collector
currents of transistors 2 and 6,  transistors 2 and 6, which is applied to
the circuit which sum flows in the lead 20 and does not      of Fig. 2 from
the line 20 of Fig. 1 via the terminal contain any component arising from
the input     31, is again applied to the emitter electrodes of signal U.
is divided into two portions by means of  two isolating transistors 25 and
26 via two a current divider, and these portions are applied to  110
(preferably equal-value) resistors 23 and 24. The the output terminals 21
and 22 respectively, i.e. to  bases of these transistors are again the load
resistors 17 and 18 respectively.       interconnected, but this time they
are connected The said divider includes two resistors 23 and  to the
collector of the transistor 25, so that a 24 which are connected between
the line 20 and   current mirror arrangement is formed, in a manner 50 the
emitters of npn-transistors 25 and 26    115 known per se. This current
mirror configuration 



respectively. The bases of these transistors are  causes the ratio between
the collector currents of interconnected and connected to a fixed direct
the transistors 25 and 26 to be substantially equal voltage produced by a
source 27, which may for   to the inverse of the ratio between the values
of example by constituted by a voltage divider      the resistors 23 and
24, provided that the 55 connected across the power supply voltage U. As
120 effective emitter areas of the transistors 25 and the lower ends of the
resistors 23 and 24 are at  26 are also in a ratio which is the inverse of
the the same potential as are the bases of the        ratio between the
values of the resistors 23 and transistors 25 and 26, the current carried
by the  24. If said resistor values are equal and the line 20 is divided
between the transistors 25 and  transistors are identical, the collector
currents will 60 26 in a ratio which is substantially the inverse of   125
also be substantially equal. These collector the ratio of theyalues of the
resistors 23 and 24.  currents are applied to the cathodes of diodes 27 If,
for example, the resistors have equal values, the  and 28 respectively,
whose anodes are connected current will be divided in the ratio 1 : 1, the
two  to the positive terminal +U of the power supply portions flowing to
the output terminals 21 and  source. The base-emitter junctions of pnp 65
22 respectively, i.e. to the resistors 17 and 18  130 transistors 29 and 30
are connected in parallel    3
G  2 06600  B with the diodes 27 and 28 respectively, the   65 signal,
characterised in that said means comprises collectors of said transistors
being connected to.  a current divider circuit to the input of which are
earth via load resistors 35 and 36 respectively and  connected the output
electrodes of said other also to the output terminals 21 and 22
transistors of the first and second pairs, said 5 respectively.
current divider circuit having first and second The circuit portions formed
by elements 27,29   70 outputs connected to the said terminal of the first
and 28,30 constitute second and third current    load impedance and the
said terminal of the mirror arrangements (current repeater
second load impedance respectively. arrangements) respectively, the inputs
of which    2. An arrangement as claimed in Claim 1, 10 are fed with the
currents from the terminal 32 and  characterised in that the current
divider circuit 33 respectively together with the collector  75 comprises a
further transistor the emitter of which currents of the transistors 25 and
26 respectively,  is connected to the divider circuit input and the the
latter currents varying in an opposite manner  collector of which is
connected to one of the to the d.c. components of the currents from the
divider circuit outputs, and a semiconductor 15 terminals 32 and 33
respectively. The diodes 27  junction included between the divider circuit
input *      and 28 may be constituted in known manner, by    80 and the
other of the-divider circuit outputs, said transistors whose base and
collector are         semiconductor junction being connected between
interconnected, similarly to the transistor 25 in the  the base of said
further transistor and the divider current mirror 23,24,25, 26. The diodes
27 and   circuit input in such a sense that it has the same 20 28 serve as
impedances via which the currents     polarity, as seen from the divider
circuit input, as from the circuit points 32 and 33 (which currents   85
has the base-emitter junction of said further contain the amplified signal
components) and the  transistor. currents from the transistors 25 and 26
(which      3. An arrangement as claimed in Claim 1, currents contain the
oppositely varying d.c.     characterised in that the current divider
circuit 25 components), are added in such a way that the     comprises a
first further transistor the common d.c. component variations cancel each
other. Thus, 90 electrode of which is connected to the divider in the
output circuits of the current mirror     circuit input and the output
electrode of which is arrangements 27,29 and 28,30 only the signal
connected to one of the divider circuit outputs, components are varied by
varying the control     and a second further transistor which is of the 30
voltage [err], so that substantially constant d.c.   same conductivity type
as said first further levels appear on the output terminals 21 and 22.   95
transistor, which has its output electrode It will be evident that the
various bipolar    connected to its control electrode and to the
transistors in the arrangements described may be  control electrode of said
first further transistor, replaced by field effect transistors if desired.
which has its common electrode connected to the divider circuit input and
which has its output 35 CLAIMS                                       100
electrode connected to the other of the divider 1. A variable-gain
differential amplifier circuit  circuit outputs. arrangement comprising
first and second long-      4. An arrangement as claimed in Claim 3, tailed
pairs of transistors, a current source circuit  characterised in that first
and second resistors are to a control input of which the amplifier input is
included in the connections between the divider 40 coupled, which current
source circuit has first and  105 circuit input and the common electrodes
of said 



second output current paths included in the tails  first and second further
transistors respectively. of the first and second said long-tailed pairs
5. An arrangement as claimed in Claim 2, respectively and is constructed so
that the      Claim 3 or Claim 4, characterised in that said first *
currents in said output current paths will vary In  and second load
impedances are formed by the * 45 mutually opposite senses in response to
the  110 input circuits of first and second current repeater application of
a signal to the amplifier Input, first  circuits respectively, each said
current repeater and second d.c load impedances included in the   circuit
having an input current path between an output electrode circuits of one
transistor of the  input terminal thereof and a sum terminal thereof first
pair and one transistor of the second pair  and an output current path
between an output 50 respectively, a gain control input coupled to the
115 terminal thereof and the sum terminal thereof and control electrodes of
the transistors of the first and  being constructed to respond to the
passage of a second pairs in such manner that the application  current
through its input current path by carrying a of a gain control signal to
said input will result in  current in its output current path which is
linearly said one transistor of the first pair and said one  proportional
to the current carried by its input 55 transistor of the second pair being
driven in the    120 current path and has the same sense with respect same
sense and in the other transistor of the first  to its sum terminal as has
the current carried by its pair and the other transistor of the second pair
input current path, the input terminals of the first being driven in the
opposite sense, and means for  and second current repeater circuits
constituting maintaining the standing voltages at those       the said
terminals of the first and second load 60 terminals of said load impedances
which are  1-25 impedances respectively. connected to the output electrodes
of the one      6. An arrangement as claimed in Claim 1, transistor of the
first pair and the one transistor of  characterised In that the current
divider circuit the second pair respectively substantially       comprises
first and second further transistors to independent of the value of said
gain control    the common electrodes of which the divider circuit    3
GB 2 066 600  B    3 with the diodes 27 and 28 respectively, the    65
signal, characterised in that said means comprises collectors of said
transistors being connected to  a current divider circuit to the input of
which are earth via load resistors 35 and 36 respectively and  connected
the output electrodes of said other also to the output terminals 21 and 22
transistors of the first and second pairs, said 5 respectively.
current divider circuit having first and second The circuit portions formed
by elements 27,29   70 outputs connected to the said terminal of the first
and 28. 30 constitute second and third current     load impedance and the
said terminal of the mirror arrangements (current repeater
second load impedance respectively. arrangements) respectively, the inputs
of which      2. An arrangement as claimed in Claim 1, 10 are fed with the
currents from the terminal 32 and  characterised in that the current
divider circuit 33 respectively together with the collector    75 comprises
a further transistor the emitter of which currents of the transistors 25
and 26 respectively,  is connected to the divider circuit input and the the
latter currents varying in an opposite manner  collector of which is
connected to one of the to the d.c. components of the currents from the
divider circuit outputs, and a semiconductor *   15 terminals 32 and 33
respectively. The diodes 27    junction included between the divider
circuit input *      and 28 may be constituted in known manner, by    80
and the other of the divider circuit outputs, said transistors whose base
and collector are           semiconductor junction being connected between
interconnected, similarly to the transistor 25 in the  the base of said
further transistor and the divider current mirror 23, 24,25,26. The diodes
27 and     circuit input in such a sense that It has the same 20 28 serve
as impedances via which the currents      polarity, as seen from the
divider circuit input, as from the circuit points 32 and 33 {which currents
85 has the base-emitter junction of said further contain the amplified
signal components) and the   transistor. currents from the transistors 25
and 26 (which       3. An arrangement as claimed in Claim 1, currents
contain the oppositely varying d.c.       characterised in that the current
divider circuit 25 components), are added in such a way that the
comprises a first further transistor the common d.c. component variations
cancel each other. Thus,  90 electrode of which is connected to the divider
in the output circuits of the current mirror       circuit input and the
output electrode of which is arrangements 27, 29 and 28, 30 only the signal
connected to one of the divider circuit outputs, components are varied by
varying the control       and a second further transistor which is of the
30 voltage [err], so that substantially constant d.c.    same conductivity
type as said first further levels appear on the output terminals 21 and 22.
95 transistor, which has its output electrode It will be evident that the
various bipolar     connected to its control electrode and to the 



transistors in the arrangements described may. be  control electrode of
said first further transistor, replaced by field effect transistors if
desired.   which has its common electrode connected to the divider circuit
input and which has its output 35 CLAIMS
100 electrode connected to the other of the divider 1. A variable-gain
differential amplifier circuit  circuit outputs. arrangement comprising
first and second long-        4. An arrangement as claimed in Claim 3,
tailed pairs of transistors, a current source circuit  characterised in
that first and second resistors are to a control input of which the
amplifier input is  included in the connections between the divider 40
coupled, which current source circuit has first and  105 circuit input and
the common electrodes of said second output current paths included in the
tails  first and second further transistors respectively. of the first and
second said long-tailed pairs       5. An arrangement as claimed in Claim
2, respectively and is constructed so that the        Claim 3 or Claim 4,
characterised in that said first currents in said output current paths will
vary in  and second load impedances are formed by the 45 mutually opposite
senses in response to the    110 input circuits of first and second current
repeater application of a signal to the amplifier input, first  circuits
respectively, each said current repeater and second d.c load impedances
included in the     circuit having an input current path between an output
electrode circuits of one transistor of the  input terminal thereof and a
sum terminal thereof first pair and one transistor of the second pair   and
an output current path between an output 50 respectively, a gain control
input coupled to the    115 terminal thereof and the sum terminal thereof
and control electrodes of the transistors of the first and  being
constructed to respond to the passage of a second pairs in such manner that
the application   current through its input current path by carrying a of a
gain control signal to said input will result in  current in its output
current path which is linearly said one transistor of the first pair and
said one  proportional to the current carried by its input 55 transistor of
the second pair being driven in the    120 current path and has the same
sense with respect same sense and in the other transistor of the first  to
its sum terminal as has the current carried by its pair and the other
transistor of the second pair  input current path, the input terminals of
the first being driven in the opposite sense, and means for  and second
current repeater circuits constituting maintaining the standing voltages at
those        the said terminals of the first and second load 60 terminals
of said load impedances which are    125 impedances respectively. connected
to the output electrodes of the one        6. An arrangement as claimed in
Claim 1, transistor of the first pair and the one transistor of
characterised in that the current divider circuit the second pair
respectively substantially         comprises first and second further
transistors to independent of the value of said gain control      the
common electrodes of which the divider circuit    4
GB 2 066 600  B          4 input is connected via first and second
resistors     load impedances respectively are via the output respectively
and the output electrodes of which    15 electrode-common electrode paths
of the first and are connected to the first and second outputs of
second further transistors respectively. the current divider circuit
respectively, the control    8. An arrangement as claimed in any of Claims
5 electrodes of said further transistors being           1 to 6,
characterised in that the output electrodes connected to a constant
potential point.               of said one transistor of the first pair and
said one 7. An arrangement as claimed in Claim 6,        20 transistor of
the second pair are connected directly characterised in that the output
electrodes of said   to the first and second load Impedances one transistor
of the first pair and said one          respectively. 10 transistor of the
second pair are connected to the        9. A variable-gain differential
amplifier circuit common electrodes of the first and second further
arrangement, substantially as described herewith transistors respectively
so that the connections of    25 reference to Fig. 1 of the drawings, or to
said these output electrodes to the first and second        Fig. 1 when
modified by Fig. 2 of said drawings. The text of the specification has been
reproduced by photocopying.  The original typescript may be inspected on
the premises of the Patent Office    


