
"Class "B" type amplifier." This invention relates to a Class "B" type
amplifier circuit. 5            Typical prior art Class "B" type amplifiers
are shown in U.S. Patents Nos. 3,573,645 (Fig. 3) and 3,786,364 (Fig. 4).
While these amplifier circuits provide Class "B" operation, they suffer
from a number of drawbacks. Since the two prior art circuits are basically
similar as they 10 relate to the present invention, the more basic circuit
shown in Fig. 3 of U.S. Patent 3,573,645 will be described. In Fig. 3, an
AC input signal is provided to a single-ended low impedance input node at
the junction of the emitter of transistor 11 and the base of transistor 12.
The input sig- 15 nal is processed by a push-pull phase splitter composed
of transistors 11 and 12 and their associated circuitry (as shown in Fig. 1
of the patent). The outputs of this push- pull phase splitter are then
coupled to an output stage which operates in a Class "B" mode. However, a
number of 20 disadvantages result from applying the AC input signal
directly to the phase splitter and then using the phase splitter output to
drive an output stage operating in the class "B" mode. First, this
configuration provides a low input 25 impedance for the AC signal, which
may present problems in certain applications. Furthermore, in order to
achieve the necessary current gain in the output stage as required by this
configuration, the prior art circuit of Fig. 3 employs a current amplifier
configuration in which there are two 30 base-emitter junctions (of
transistors 28 and 25) connected between one output of the phase splitter
and the circuit output terminal 27. This results in a voltage drop of
approximately 1.4 volts between the phase splitter and the    2 output
terminal of the circuit, which serves to limit the dynamic range of the
circuit. Since this voltage drop remains 



substantially constant regardless of the power supply voltage used, it will
be seen that this problem becomes increasingly 5         significant in
low-voltage applications, where the voltage drop due to the
series-connected base-emitter junctions may constitute a significant
portion of the total dynamic range available. In Figs. 4 and 5 of U.S.
Patent 3,852,676 there are shown 10        circuits which superficially
resemble the Class "B" converter portion of the circuit of Fig. 1 of the
present invention. However, these prior art circuits are detector circuits,
rather than Class "B" converters for use in amplifiers. The prior art
circuits are used standing alone, and there is no suggestion 15        in
the accompanying specification that the detector circuits disclosed therein
could be used as part of a Class "B" amplifier. Furthermore, the detector
circuits of Figs. 4 and 5 incorporate an RC time constant (R5-C2) which
serves to filter or smooth the output signal, thus making the circuits of
20        U.S. Patent 3,852,676 totally unsuitable for use in the present
invention. An object of the invention is to provide a Class "B" amplifier
circuit in which the Class "B" conversion does not take place in the output
stage, which amplifier circuit 25        furthermore can have a wide
dynamic range and a high input impedance. The invention provides a class B
type amplifier circuit which comprises:- - differential amplifier input
circuit means having an input 30        terminal for receiving an input
signal with respect to a common terminal, a current bias terminal, and
first and second differential output terminals, - output amplifier circuit
means having first and second in put terminals operatively coupled to said
first and second 35        differential output terminals respectively and
an output terminal for providing an amplified output signal with respect to
said    3 



common terminal, said output amplifier circuit means comprising first and
second bipolar output transistors each having base, emitter and collector
zones and being of mutually opposite conductivity types, the base zones of
said output transistors constituting said first and second input terminals,
the emitter zone of said first transistor being connected to a voltage
supply terminal, the emitter zone of said second transistor being connected
to the common terminal, and the collector zones of said output transistors
being connected together to form said amplifier output terminal 10    for
providing an amplified output signal, and - a bias current supply circuit
for supplying bias current to said current bias terminal, said bias current
comprising a dc component and a modulation component which is proportional
to the absolute value of excursions of the input signal from its 15
quiescent level, said bias current supply circuit comprising first and
second further bipolar transistors each having base, emitter and collector
zones and each being of the same conductivity type, and first, second and
third diode-connected transistors, the base. zone of said first further
bipolar transistor being connected 20    to an input terminal for a dc bias
current for determining the value of said dccomponent, the collector zones
of said first and second further bipolar transistors being connected to
said current bias terminal, the emitter zone of said first further bipolar
transistor being connected to the base zone of said second 25    further
bipolar transistor, the emitter zone of said second further bipolar
transistor being connected to said common terminal, the first and second
diode-connected transistors being connected in series with like polarity
between the base zone of said first further bipolar transistor and said
common terminal, and the third 30    diode-connected transistor being
connected between the emitter zone of said first further bipolar transistor
and the common terminal, couplings being provided from said first and
second differential output terminals to the common point of the emitter
zone of said second further bipolar transistor for generating said
modulation 35    component.    



4 With such an amplifier circuit it is possible to eliminate the need for
an emitter-follower type output stage typical of prior art circuits such as
those shown in U.S. Patents Nos. 3,573,645 and 3,786,364, and consequently
for base-emitter 5     junctions connected in series with the signal output
path in the output amplifier circuit means. This can enable the maximum
possible dynamic range to be realized and the circuit to be capable of
operating efficiently at low power supply voltages. The single Figure of
the accompanying drawing is a schematic 10    diagram of a preferred
embodiment of the invention. A preferred Class "B" amplifier circuit in
accordance with the invention is shown in the single Figure of the drawing.
An input signal [err]  is applied to an input terminal l which is connected
to the base zone of a transistor Q3 of a differential 15    amplifier input
circuit which comprises transistors Q3 and Q4. These transistors, which are
of like type, have their emitter zones connected together to form a current
bias terminal, while their collector zones form the differential output
terminals of the input circuit. 20         The current bias terminal of the
differential amplifier input circuit is connected to a Class "B" converter
circuit comprising transistors [err] and [err] of like type, along with
diodes [err] and D3.  It should be understood that, in this specification,
whenever the term diode is used, or a diode symbol is shown, a 25
diode-connected transistor (that is, a transistor with its base and
collector zones connected together) is in fact intended. In the Figure,
transistors Q2 and Q8 are illustrated as diode- connected transistors,
while the remaining diode-connected transistors (Dl, D2, D3 and D4) are
shown as diodes for 30 35    simplicity. As shown in the Figure, the
collector zones of transistors [err] and [err] are connected together to
form the 



converter output terminal, and this output terminal is 5 connected to the
current bias terminal of the differential amplifier. A DC bias input
current I is applied to input Q terminal 3 of the converter circuit, and
this terminal is connected both to the base zone of transistor Q5 and to
diode [err], diodes [err] and [err] being connected in series with 10 like
polarity between terminal 3 and ground terminal 6, which is the common
terminal of the circuit. The emitter zone of transistor Q5 and the base
zone of transistor Q6 are connected together to form an AC current summing
node, and diode D3 is connected between this summing node and 15 ground
terminal 6. To complete the converter circuit, the emitter zone of
transistor Q6 is connected directly to the common or ground terminal 6. The
differential amplifier output terminals at the collector zones of
transistors Q3 and Q4 are connected, 20 respectively, to the inputs of
first and second current mirrors Q1-Q2 and [err]. The output of the first
current mirror Q1-Q2 is connected to the AC current summing node of the
Class "B" converter circuit directly, while the output of the     second
current mirror Q8-Q9 is 25 coupled to the AC current summing node of the
converter via a third current mirror comprising diode D4 and transistor Q7.
The output amplifier circuit of the Class "B" amplifier includes first and
second bipolar output tran- 30 sistors Q10 and Q11 of opposite
(complementary) types con- nected in series between a voltage supply
terminal 4 and the common or ground terminal 6. The collector zones of
transistors Q10 and Q11 are connected together and to the output terminal 5
of the circuit. Thus, both output tran- 35 sistors Q10 and Q11 are
connected in a common-emitter con- figuration, and there are no output
amplifier base-emitter junctions in series with the output signal path to
terminal 5.    



6 The input terminals of the output amplifier cir- cuit, at the base zones
of output transistors [err] and [err] are coupled back to the differential
output terminals of the differential amplifier input circuit. Specifically,
the 5 base zone of transistor Q10 Is connected to the junction of the base
zones of transistors [err] and Q2 of the first current mirror and the
collector zone of transistor [err] while the base zone of output transistor
Q11 is coupled to the collector zone of differential amplifier transistor
10 [err] via the collector zone of transistor Q9 of the second current
mirror Q8-Q9. The amplifier circuit is biased and stabilized by a resistor
network comprising resistors R1, R2 and R3. Resistors R1 and [err] are
connected from a bias terminal 2 15 (which receives a voltage equal to one
half of the power supply voltage Vcc applied to terminal 4) to the base
zones of transistor Q3 and [err], respectively, while resistor R3 is
connected from the output terminal 5 to the base zone of transistor Q4.
Resistor R1 serves to bias the input 20 stage of the differential
amplifier, while resistors R2 and R3 set the output quiescent bias point
and provide negative feedback for stability and gain control in a con-
ventional manner. Quiescent or steady-state biasing conditions are 25
established in the circuit of the Figure by applying a de- sired quiescent
bias current IQ to terminal 3. This will establish equal DC currents in
transistors [err] and [err] of the Class "B" converter under steady-state
conditions since the converter transistors all have like geometries. The
steady- 30 state current appearing at the converter output terminal (the
junction of the collector zones of transistors [err] and Q6) establishes
the quiescent DC bias current at the junction of the emitter zones of
transistors [err] and [err] of the differential amplifier input circuit.
Under steady- 35 state conditions this bias current will divide equally
between transistors Q3 and [err] so that the quiescent cur- rent through
transistors [err] and [err] will be the 



same.    7 The quiescent collector current flowing in tran- sistor Q3 will
be mirrored through the current mirror Q1-Q2 to provide a current output
from the collector of [err] to the AC current summing node of the Class "B"
converter. 5 The emitter geometries of transistors Q1 and Q2 are selec- ted
such that the current mirror Q1-Q2 will have a current multiplication
factor. of 2. Similarly, the collector current of transistor [err] is
mirrored by current mirror [err] and the third  current mirror [err]
the collector of Q7 10 being connected to the converter AC current summing
node. Again, the current multiplication factor from the collector zone of
transistor [err] to the AC current summing node is 2, and this factor may
be achieved by selecting the appropriate emitter geometry ratios in the
current mirrors in this path. 15 In order to achieve the desired Class "B"
mode of operation, the current multiplication factor from each collector of
the differential amplifier input circuit to the AC current summing node of
the converter should be greater than one but no more than two. With a
current multiplication factor 20 of one or less, Class "B" operation will
not be achieved, while with a multiplication factor of greater than two,
instability may result. *   Under steady-state conditions, a constant and
equal bias current will flow through each of the transis- 25 tore [err] and
[err] while a current of twice this value will flow through transistors
[err] and [err] due to the selected. geometry ratios as discussed above.
Thus, at the AC current summing node at the emitter zone of transistor
[err], the current flowing into the node from the collector zone of 30
transistor [err] will exactly equal and be balanced by the current flowing
out of the node into the collector zone of transistor Q7. Accordingly, the
current mirroring arrange- ment described above will have no effect on the
steady- 



state operation of the Class "B" converter circuit. 35           The
base-emitter junctions of output transistors Q10 and Q11 are connected in
parallel with the base-emitter zones of transistors Q1 and Q7,
respectively, so.as to also mirror the currents originating from
transistors Q3 and Q4.    8 However, the emitter geometries of transistors
Q10 and Q11 are selected to achieve a current multiplication ratio of
approximately four. This current multiplication ratio is not critical, and
a ratio anywhere in the range of from 5 about one to ten would be
appropriate. Under large-signal operating conditions, a Class "B" mode of
operation is obtained by modulating the AC *   current summing node of the
converter circuit with the multiplied currents generated-at the collectors
of current 10 mirror transistors Q1 and Q7. Without the multiplication
factor, the instantaneous value of the total current flow- ing through
transistors Q5 and Q6 (that is,. the bias current applied to the
differential amplifier circuit) would remain substantially constant, and
Class "B" operation would not 15 be achieved. However, with the specified
current multipli- cation factor in the current mirrors supplying current to
the AC current summing node, as described above, the in- stantaneous value
of the bias current supplied to the differential amplifier does not remain
constant, but rather 20 is modulated as a function of the input signal. For
example, when a positive-going signal excur- sion is applied to input
terminal 1, the collector current through input transistor Q3 will
increase, thus causing a further increased current (due to the
multiplication factor * 25- of the current mirror [err] to flow into the AC
current summing node of the Class "B" converter. At the same time the
positive-going input signal will cause a decrease in the collector current
of Q4, which will result in a simi- larly-multiplied decrease in current
flowing out of the 



30 AC. current summing node and into the collector of tran- sistor Q7. The
increased current into the AC current summing node, proportional to the
input signal, will result in an increase in base current in transis tor Q6,
which will in turn cause a proportional increase in the collector current
35 in transistor Q6, while at the same time the collector current through
transistor Q5 will decrease toward zero. Thus, the bias current supplied to
the differential ampli- fier current bias terminal- will be substantially
equal to    9 the collector current of transistor Q6 for positive large-
signal excursions and this current will be proportional to the current
provided from the collector zone of tran- sistor Q1. Since the current
supplied by transistor Q.1 is 5   a  multiplied.function of the current
generated in the collector of transistor Q3 due to the input signal, it
will be seen 'that the net bias current provided to the differen- tial
amplifier circuit will increase proportionately with the increase in signal
current, thus achieving Class "B" opera- 15    tion. Similarly, for a
negative-going signal input, the collector current in transistor Q3 will
decrease while the .collector current in transistor Q4 will increase. The
increased collector current in transistor Q4 will be 15 multiplied and
reflected through the current mirrors Q8-Q9 and D4-Q7 to provide a
multiplied increased current pro- portional to the input signal out of the
AC current summing node at the emitter of Q5 and into the collector zone of
transistor Q7.. At the same time, the current pro- 20 vided into the AC
summing node by the collector of tran- sistor Q1 will decrease. As the
current flow through the collector zone of transistor Q7 increases, the
current through transistor Q6 will decrease toward zero, while the current
through transistor.Q5 will continue to increase. 



25 Again, as in the case of a positive-going input signal, for a negative
large-signal excursion the increase in bias current supplied by the more
heavily conducting transistor of the converter will cause .a net increase
in bias current to be supplied to the differential amplifier due to the
current 30 multiplication factor provided by the current mirrors. It is
this net increase in bias current, for both positive-going and
negative-going inputs, which en- ables the circuit to operate in a Class
"B" mode. With matched betas in transistors Q5 and Q6, and matched geo- 35
metries in the current mirrors as described above, a symmetrical current
bias signal, with an instantaneous value proportional to the absolute value
of the input signal, will be provided to the differential amplifier
current bias terminal by the Class "B" converter for large- signal inputs.
In this manner, Class "B" operation is achieved by a Class "B" converter
circuit which provides a modulated bias current proportional to the input
signal 5 to the differential amplifier current bias terminal. While the
invention has been particularly shown and described with reference to a
preferred  embodiment thereof, it will be understood by those skilled in
the art that Various changes in form and detail may be made without 10
departing from the             scope of the invention. 15 20 25 30 35
CLAIS: 1.  A class B type amplifier circuit which comprises:- -
differential amplifier input circuit means having an input terminal 



for receiving an input-signal with respect to a common terminal, a current
bias terminal, and first and second differential output 5    terminals, -
output amplifier circuit means having first and second input terminals
operatively coupled to said first and second differential output terminals
respectively and an output terminal for providing an amplified output
signal with respect to said common terminal., 10   said output amplifier
circuit means comprising first and second bipolar output transistors each
having base, emitter and collector zones and being of mutually opposite
conductivity types, the base zones of said output transistors constituting
said first and second input terminals, the emitter zone of said first
transistor being 15   connected to a voltage supply terminal, the emitter
zone of said second transistor being connected to the common terminal, and
the collector zones of said output transistors being connected together to
form said amplifier output terminal for providing an amplified output
signal, and 20 - a bias current supply circuit for supplying bias current
to said current bias terminal, said bias current comprising a dc component
and a modulation component which is proportional to the absolute value of
excursions of the input signal from its quiescent level,. said bias current
supply circuit comprising first and second further 25   bipolar transistors
each having base, emitter and collector zones and each being of the same
conductivity type, and first, second and third diode-connected transistors,
the base zone of said first further bipolar transistor being connected to
an input terminal for a dc bias current for determining the value of said
dc component, 30 the collector zones of said first and second further
bipolar transistors being connected to said current bias terminal, the
emitter zone of said first further bipolar transistor being connected to
the base zone of said second further bipolar transistors the emitter zone
of said second further bipolar transistor being 35   connected to said
common terminal, the first and second diode-connected transistors being
connected in series with like polarity between    12 



the base zone of said first further bipolar transistor and said common
terminal, and the third diode-connected transistor being connected between
the emitter zone of said first further bipolar transistor and the common
terminal, couplings being provided 5    from said first and second
differential output terminals to the common point of the emitter zone of
said first further bipolar transistor and the base zone of said second
further bipolar transistor for generating said modulation component. 2. An
amplifier circuit as claimed in Claim 1, wherein the 10   couplings from
said first and second differential outputs to said common-point include
first and second current mirrors respectively. 3. An amplifier circuit as
claimed in Claim 2, wherein the coupling from said second differential
output to said common point includes a third current mirror between said
second 15   current mirror and said common point. 4. An amplifier circuit
as claimed in Claim 3, wherein the current multiplication factor of said
first current mirror, and the current multiplication factor of the
combination of said second and third current mirrors, are each greater than
one 20   but no more than two.. 5.  An amplifier circuit as claimed in
Claim 4, wherein said first and second input terminals are connected to
said first and second.current mirrors respectively. 6. A class B type
amplifier circuit constructed and arranged 25   to operate substantially as
hereinbefore described with reference to and as shown in the accompanying
drawing. The text of the specification has been reproduced by photocopying
the applicants original typescipt.It may contain a few amendments which are
difficult to read .the original typescript containing these amendaments may
be inspected on the premises of the patent office    


