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[57] ABSTRACT

A feedback amplifier which is constructed as a thresh-
old value switch includes a current fed differential stage
and additionally comprises two transistors whose emit-
ters are each connected to one output of the differential
stage with a first resistor connected between these two
outputs and second and third resistors forming operat-
ing resistors connected between the supply voltage and
the two transistors, each operating resistor being con-
nected to the collector of one transistor and the base of
the other transistor respectively.
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8 Claims, 3 Drawing Figures
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FEEDBACK AMPLIFIER OR THRESHOLD VALUE
SWITCH FOR A CURRENT FEED DIFFERENTIAL
STAGE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The invention relates to a feedback amplifier which
can be constructed to operate as a threshold value
switch for a current-fed differential stage.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a feedback
amplifier which can be constructed to operate as a
threshold value switch which is connected to a current-
fed differential stage, has simplified circuit connections
and low output loss and is easily integrated.

According to the invention, there is provided a feed-
back amplifier including a current feed differential stage
and additionally comprising a first transistor having an
emitter connected to a first output of said differential
stage, a second transistor having an emitter connected
to a second output of said differential stage, a first resis-
tor connected between both said first and second out-
puts of said differential stage, a second resistor forming
an operating resistor connected between a supply voli-
age and the collector of said first transistor and the base
of said second transistor and a third resistor forming an
operating resistor connected between said supply volt-
age and the collector of said second transistor and the
base of said first transistor.

Further according to the invention, there is provided
a feedback amplifier or threshold value switch for a
current-fed differential stage, in which the first output
of the differential stage is connected to the emitter of a
first transistor and a second output is connected to the
emitter of the second transistor 2; a first resistor is con-
nected between both said outputs; second and third
resistors comprising operating resistors connected to
the supply voltage are provided and the second resistor
is connected to the collector of the first transistor and
the base of the second transistor and the third resistor is
connected to the collector of the second transistor and
the base of the first transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater detail,
by way of example, with reference to the drawings, in
which:

FIG. 1 is a circuit diagram of one embodiment of the
invention illustrating the basic concept thereof;

FIG. 2 is a circuit diagram of a modified form of
circuit in accordance with the invention, and

FIG. 3 is a circuit diagram of a second modified form
of circuit in accordance with the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates the basic concept in which a feed-
back amplifier or threshold value switch for a current
fed differential stage D has a first output Al of the
differential stage D connected to the emitter of a first
transistor T1 and the second output A2 connected to
the emitter of a second transistor T2 and a resistor R0
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connected between the two differential stage outputs Al
and A2 and two operating resistors R1,R2 connected to
the supply voltage, the first operating resistor R1 being
connected to the collector of the first transistor T1 and
the base of the second transistor T2 and the second
operating resistor R2 being connected to the collector
of the second transistor T2 and the base of the first
transistor T1, with the collectors of transistors T1 and T2
forming the output of the feedback amplifier.

In contrast to a suggestion shown in German Aus-
legeschrift No. 1903913, the circuit arrangement ac-
cording to the invention does not require any additional
supply current.

In the circuit in accordance with the invention, any
desired current amplification from one to infinity may
be set. In addition this circuit is able to fulfil the function
of a threshold value switch with any desired hysteresis.
In comparison to the circuit shown in German Aus-
legeschrift No. 2024806 the invention has the advantage
that the output current retain its saturation value after it
has reached its overload condition and does not change
to the other operating resistor.

According to a further refinement of the invention,
the base of the first transistor T1 is connected via a
resistor R4 to the collector of the second transistor T2
and the base of second transistor T2 is connected via a
resistor R3 to the collector of the first transistor T1. A
resistor RS or R6 respectively is inserted in each case
between the base and emitter of the first or second
transistors T1, T2 respectively.

Another refinement of the invention lies in that in
each case a transistor T3, T4 operating as emitter fol-
Jower is connected in front of the base of the first tran-
sistor T1 and the base of the second transistor T2. This
occurs in the normal case so that the base of the first
transistor T1 is connected to the emitter of the fourth
transistor T4 and the base of the second transistor T2 is
connected to the emitter of the third transistor T3 so
that the collectors of the third and fourth transistors T3
and T4 are connected to the supply voltage and so that
the base of the third transistor T3 is connected to the
collector of the first transistor T1 and the base of the
fourth transistor T4 is connected to the collector of the
second transistor T2.

The embodiments shown in the drawings will now be
described in greater detail. _

FIG. 1 shows a feedback amplifier in which its re-
lated differential stage D comprises the bipolar transis-
tors T5 and T6, for example, and is fed by a current
source 1 of any desired type. According to the differ-
ence in the potentials at the input terminals E1 and E2
and therefore at the bases of the transistors TS and T6,
the current from the current source I is distributed
between the two outputs Al and A2 of the differential
stage D at the collectors of the transistors T5 and Té6.
Without RO between Al and A2, the two partial cur-
rents through the transistors T1 and T2 would remain
almost unchanged, flowing into the operating resistors
R1, R2 as long as the base current of the two transistors
T1 and T2 remain low. If the differential stage D is
controlled so that the current in the differential stage
output Al is greater and the current in the differential
stage output A2 is less, then the voltage drop [access]
across R1 increases and decreases across R2. As a result
of the cross coupling of the tramsistors T1, T2, the
changes in voltage across the base emitter paths of the
transistors T1 and T2 are passed on to the outputs Al
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and A2 of the differential stage D. Whereas the poten-
tial at the collector of T1 drops the potential at the
emitter of T1 rises. The current flowing through RO is
added to the current caused by the input signal and
results in an increase in current amplification. If the
resistor RO is equal to the sum of the operating resistors
R1 and R2 minus the reciprocals of the two transistor
admittances, then the amplification is infinite. This
means that the current from the current source 1
changes over abruptly at a certain value of the input
voltage effective between the input terminals[:] E1
and E2, from one of the operating resistors R1 or
[R1,] R2 to the other. Other reductions in the resis-
tance RO result in the point at which there is switch
over of the current for rising input voltage being distin-
guished from the point at which there is switch over of
the current for falling input voltage. Thus the nature of
a threshold value circuit is given. The spacing between
the switch over points may be adjusted as described
according to the selection of RO.

In the circuit according to FIG. 1 the collector poten-
tial of the transistors T1, T2 is approximately equal to
the base potential. This means that only small amounts
of modulation are possible and the transistors can easily
become saturated. Therefore provision is made (FIG. 2)
for resistors R3 or R4 respectively to be connected in
front of the bases of the first and second transistor T1 or
T2 respectively. The voltage drop across these resistors
ensures a collector potential which is increased as com-
pared to the base. Two other resistors R5 and R6 which
are connected in each case between the base and the
emitter of the first and second transistors T1 and T2
form voltage dividers with the resistors R3 and R4, the
operating points of the first and second transistors T1
and T2 being optimally fixed to the voltage dividers.

The circuit arrangement of FIG. 3 differs from the
circuit arrangement of FIG. 1 in that the bases of the
transistors T1 and T2 are connected by means of two
transistors T3 and T4 operating as emitter followers. As
FIG. 3 shows, the first emitter follower T3 is connected
to the collector of the transistor T1 by its base and to the
vase of the transistor T2 by its emitter. The second
emitter follower T4 is connected by its base to the col-
lector of the transistor T2 and by its emitter to the base
of the transistor T1. The collectors of the transistors T3
and T4 are connected to the supply voltage. In addition
the resistors RS and R6 (which are not shown in FIG., 3)
can be provided in the arrangement according to FIG.,
2. In this form of the invention, the quiscent potential of
the collectors of the transistors T1 and T2 is higher by
the base emitter voltage of the transistor T3 and T4 and
consequently correspondingly greater modulation is
possible.

The exclusive use of npn transistors provides favou-
rable electrical and design conditions for its implemen-
tation as a monolithically integrated semi-conductor
block. The use of pnp transistors is also possible if all of
the voltages and currents are reversed.

It will be understood that the above description of the
present invention is susceptible to various modification
changes and adaptations.

What is claimed is:

1. A feedback amplifier including a current-fed differ-
ential stage having first and second outputs, said feed-
back amplifier additionally comprising a first transistor
having an emitter connected to the first output of the
differential stage; a second transistor having an emitter
connected to the second output of the differential stage;
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a first resistor connected between both the outputs of
the differential stage; a source of supply voltage; and
second and third resistors comprising operating resis-
tors connected between said supply voltage source and
said two transistors, wherein said second resistor is
connected to the collector of said first transistor [and
the base of said second transistor], [and] said third
resistor is connected to the collector of said second
transistor [and the base of said first transistor} said
Jeedback amplifier further including first and second JSeed-
back amplifier output means consisting of the collectors of
said first and second transistors, respectively.

[2. A feedback amplifier as defined in claim 1, and
comprising a fourth resistor connecting the base of said
first transistor to the collector of said second transistor
and a fifth resistor connecting the base of said second
transistor to the collector of said first transistor. }

3. [A feedback amplifier as defined in claim 2, and
comprising] A feedback amplifier including a current-
Jed differential stage having first and second outputs, said
JSeedback amplifier additionally comprising a first transis-
tor having an emitter connected to the first output of the
differential stage; a second transistor having an emitter
connected to the second output of the differential stage; a
first resistor connected between both the outputs of the
differential stage; a source of supply voltage; second and
third resistors comprising operating resistors connected
between said supply voltage source and said two transistors,
wherein said second resistor is connected to the collector of
said first transistor and said third resistor is connected to
the collector of said second transistor; a fourth resistor
connecting the base of said first transistor to the collector of
said second transistor; a fifth resistor connecting the base of
said second transistor to the collector of said first transistor:
a sixth resistor between the base and the emitter of said
first transistor and a seventh resistor between the base
and the emitter of said second transistor.

4. A feedback amplifier as defined in claim [1 or] 3,
and comprising third and fourth transistors operating as
emitter followers and each having an emitter connected
to a respective one of the bases of said first and second
transistors. :

5. A feedback amplifier as defined in claim 4, and
comprising connection means for connecting the collec-
tors of said third and fourth transistors respectively to
said supply voltage source, the base of said third transis-
tor to the collector of said [first] second transistor and
the base of said fourth transistor to the collector of said
[second] first transistor.

[6. A feedback amplifier comprising a current fed
differential stage, a first transistor having an emitter
connected to a first output of said differential stage, a
second transistor having an emitter connected to a sec-
ond output of said differential stagé, a first resistor con-
nected between both said first and second outputs of
said differential stage, a third resistor forming an operat-
ing resistor connected between a supply voltage and the
collector of said first transistor and the base of said
second transistor and a fourth resistor i>rming an oper-
ating resistor connected between said supply voltage
and the collector of said second transistor and the base
of said first transistor.}

7. A feedback amplifier including a current-fed differen-
tial stage having first and second voltage inputs and first
and second outputs, said feedback amplifier additionally
comprising a first transistor having an emitter connected to
the first output of the differential stage; a second transistor
having an emitter connected to the second output of the
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differential stage; first and second feedback amplifier out-
put means consisting of the collectors of said first and
second transistors, respectively; a first resistor connected
between both the outputs of the differential stage; a source
of supply voltage; and second and third resistors comprising
operating resistors connected between said supply voltage
source and said two transistors, wherein said second resistor
is connected to the collector of said first transistor and the
base of said second transistor, said third resistor is con-
nected to the collector of said second transistor and the base
of said first transistor, and said first resistor has a resis-
tance value that is selected based upon desired values of
voltages at said first and second voliage inputs at which
current from said current-fed differential stage is switched
over from one of said second and third resistors to the other
of such resistors.

8. A feedback amplifier as defined in claim 7, and com-
prising a fourth resistor connecting the base of said first
transistor to the collector of said second transistor and a
fifth resistor connecting the base of said second transistor to
the collector of said first transistor.

9. A feedback amplifier including a current-fed differen-
tial stage having first and second outpuls, said feedback
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amplifier additionally comprising a first transistor having
an emitter connected to the first output of the differential
stage; a second transistor having an emitter connected to
the second output of the differential stage; a first resistor
connected between both the outputs of the differential
stage; a source of supply voltage; third and fourth transis-
tors operating as emitter followers and each having an
emitter connected to a respective one of the bases of said
first and second transistors; and second and third resistors
comprising operating resistors connected between said sup-
ply veltage source and said two transistors, wherein said
second resistor is connected to the collector of said first
transistor and, via said fourth transistor, to the base of said
second transistor, and said third resistor is connected to the
collector of said second transistor and, via said third tran-
sistor, to the base of said first transistor.

10. A feedback amplifier as defined in claim 9, and
comprising connection means for connecting the collectors
of said third and fourth transistors respectively to said
supply voltage source, the base of said third transistor to the
collector of said second transistor and the base of said

Jfourth transistor to the collector of said first transistor.
* L ] * * *



