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(57) Abstract

A gain control circuit includes at least a first (T1, T2) and a second (T3, T4) transistor differential amplifier the input cir-
cuits of which are connected in parallef to a signal voltage source. The gain control is performed by distributing a constant cur.
rent (Is) between these differential amplifiers as a function of a control quantity (Uc) for setting the transconductance of the sta.
ges ina complementary way. The two differential amplifiers are provided with negative feed back (F, R1, R2,R3) but with diffe.
rent feed back factors. As the transistors in the differential amplifiers carrying signals of the same phase are interconnected the
output signal from the automatic gain control circuit the output signal from the gain control circuit will consist of a sup erposition

of the output signals of the two differential amplifiers.
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GAIN CONTROL CIRCUIT

s

FIELD OF THE INVENTION

The present invention relates to a gain control circuit suitable to.be
o implemented in a monolitic technique and substantially 'ihtended to be

..used iniLine-éndumicrophoneuampLifiers for telephone instruments.
DESCRIPTION Of PRIOR ART

It is-known. to use differential amplifier  stages in gain control cir—
5 cuits intended to be included in amplifiers designed in an integrated
technique. By means of these stages it is possible td ‘design tempera-
" ture stable amplifiers. Gain control circuits.of this type are for
example described in the USA Qaﬁent5pubtigation.3‘§84‘?7§59r in the
-German patent;pubtication12'262 580.

10 A gain control circuit according to the above patent publications is
working according to the current sharing principle implying that the
signal current is shared by one or more differential stages the shares
being determined by a control current. The controlled signal voltage
is taken out across one (or more) load impedances where the current

15 share determined by the control voltage is transformed into an cutput

voltage.
. SUMMARY OF THE INVENTION

The 'gain control circuits previously known are intended as volume
controls in radio sets and audio amplifiers. Therefore, they must. have
a large control range whereas the total gain and a possible drift of
20 the gain is of minor importance. It is also obvious that .gain control
circuits of this type cannot be used in telephone instruments with
their great demands of the nominal attenuation as well as of the
control range. The tolerated deviation from the specified attenuation

value is of magnitude * 0.1 dB when the control range is 6 dB.

25 The object of the present invention is to achieve a gain control cir-

cuit which fulfils the above requirements which includes at least a
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first and a second transistor differential amplifier the inputs of
which are connected in parallel to a signal source and the character-
istics of the invention appear from the attached patent claims. A gain
control circuit according to the invention thoroughly fulfils the de-
mands for a defined amptificatioﬁ required in an amplifier for tele-
phone purposes at the same time as low noise, low distortion and Low

power consumption are obtained.

" BRIEF DESCRIPTION OF THE DRAWING
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The invention will be more fully described with reference to the ac-
companying drawing, where .
Fig 1 shows a gain control circuit according to tﬁe invention with an
unbalanced output and

Fig 2 shows a similar circuit with a balanced output.
PREFERRED EMBODIMENTS

The circuit shown in Fig 1 includes a first differential stage with

the transistors T1 and T2, a second differential stage with the tran—
sistors T3 and T4 and a third differential stage with the transistors

15 and T6. A signal is applied acros; the input terminals 11 and 12.

The input 11 is connected through the resistor R1 to the base of the
transistor T1 and through the resistor R1 + R2 to the base of the .’
transistor T4. The base electrodes of the transistors T2 and T3 are
interconnected and connected to the input 12 and the output 14. The
collectors in the transistors T1 and T4 are connected to a constant

current source I1 and to an input of an amplifier F while the collec~

-

tors of the transistors T2 and T3 are connected to a constant current

/
i

source I2 and the second input of the amplifier F. The interconnected
emitters of the transistors T1 and T2 are connected to the collector

of ﬁhe transistor 75 in fhe third differential amplifier. The collector
of the transistor T6 in the same differential amplifier is connected in
the same way to the emitters of the transistors T3 and T4. The emitters
of the transistors T5 and Té are connected to a constant current source

Is. The base electrodes of the transistors TS and Té are connected to
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a DC control voltége Uc. There is a negative feed back from the outpﬁt
of the amplifier F through the resistor R2 to the base circuit of the
transistor T4 (directly) and the transistor T1 (through R2). Thus the
N differential amplifiers T1, T2 and T3, T4 have different negative feed
S5 back factors. ' '
The circuit cperates in the foLLowing'way..The sharing of the constant
current Is between the transistors TS and_Tﬁ_ ’c_a_h be controlled through
~the DC Voltage Uc. This impiies that the emitters in the differential
emplifiers T1, T2 and T3, T4 receive corresponding currents. It :is well
10 known that the amplification of a differential stage increases with the
. emitter current. If, for example, the greater part of the"curr‘ent Is is
sent through the transistors T1, T2 while the transistors T3, T4 carry
a very small current the differential .amplifier T1, T2 will amplify the
input signal with maximum amplification while the contribution from
15 T3, T4 is negligible. The negative feed-back circuit including the
amplifier F givés a loop amplification which is proportional to ﬁ%—@.
On the other hand if the greater part of the current Is 1is sent through
the differential amplifier T3, T4 this amplifier will amplify the input
signal and the amplification will be proportional to 'RZLEﬁi e it
20 will be lower than in the first case. These two extreme cases deter-
mine the Llimits for the control range'. Other current sharings give
gains between these limits. An analysis of the circuit gives the fol-

. lowing expression for the total gain A of the circuit
A1(1 + 82) + A2(1 + B1)

RS+ ena+ 82 + m1 - B + 82) + A2 + BD)
25 where A1 is the gain of the differential amplifier T1, T2, A2 is the
gain in the differential amplifier T3, T4 and 81 and B2 is the nega-

tive feed back factor for the corresponding negative feed back net-
work R3 + R2; R1 and R3; R2 + R1 respectively.

In an embodiment the negative feed back network was so dimensioned

30 that the amplifier had thbeA gains 20dB and 26 dB at the Llimits of the
control voltage. For all intermediate values of the DC voltage signal |
the gain was kept within the limits required for telephone amplifiers

and the gain control was stable within given tolerances.

‘
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Fig 2 shows a modified gain control circuit according to the invention
with tﬁe negative feed back amplifier F1 where both the input and the
output are balanced. In this case collectors of the transistors T1 and
T3 are connected together as well as the collectors of the transistors
5 T2 and T4. The input 11 is connected to the base of the transistor T1
through the resistor R4 and to the base of the transistor T3 through
the resistor R4 + RS. One output of the amplifier F1 is connected as
- well to the _output 13, as to the base of the trans1stor 13 through the
“res1stor R6. In a s1m1lar way the input 12 is connected to the base of
10 the transistor T2 through the resistor R7 and to the base of the tran-—
sistor T4 through the.resistor R7 + R8 while the second output of the
amplifier F1 is connected as well to the output 14, as to the base of "
the transistor T4 through the resistor R8. The bases of the transis—
tors T2 and T3 are not connected together in this case. The circuit
15 according to Fig 2 essentially works in the same way as described in
Fig 1, the only difference being that also the negative feed back cir-

cuit is batanced.
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Uhat we claim is:

1 A gain control circuit including at least a first (T1, T2) and a
second (T3, T4) transistor-differential amplifier, the input circuits
of which are connected in parallel to a signal voltage source, charac-
terized in that the transistors in the differential amplifiers (T1-74)
5 carrying signal currents having equal phase are connected together and
~to the 1nput side of an amlefier (P havmng at Least one 1nput, that
Aa current source (Is, TS T6) is arranged to feed emitter currents to
said differential circuits (T1, T2; T3, T4), the quotient of said emit—
ter currents depending on a control signal (Uc) applied to the current
' 10 source (Is, T5, Té) the output of the amplifier (F) being connected to
the input of said first and second differential ambLifiers through a
negative feed back network (e g R1, R2, R3), so dimensioned that said
two differential amplifiers together with said negative feed back net-

work have different loop gain for the same emitter current.

2 A gain control circuit according to claim 1, characterized. in
that the input and output circuits of the amplifier (F) and the nega-
tive feed back network (R4, RS, R6; R7, R8, R9) are balanced.
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