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fier is again connected to the collector of a transistor and to the cathode
of a diode. The invention relates to a switching amplifier        In the
Electronic Design-article it is mentioned having an input, an output, a
class B output stage    that a similar switching technique can be used
comprising a first and second transistor, whose    5    with class-B output
stages without describing or main current paths are arranged in series be-
showing any further details thereof. tween power supply terminals and means
for              If the switching amplifier is a class-B amplifier it
inhibiting current flow in the output in such a way   is often necessary to
equip this class-B amplifier thar the output is isolated from the input and
with two output transistors of the same conduc- [err] a high-impedence
state.                 10   tivity type in order to achieve a sufficiently
high Such amplifiers may inter alia be used in           bandwith, because
in most IC techniques only sample-and-hold circuits in order to isolate the
transistors of one of the two conductivity types input of, for example, a
Miller integrator from a     can be fabricated-with satisfactory
high-frequency signal input. Such an amplifier used for this
properties. However, again this presents the purpose is known from IBM
Technical Disclosure   15   problem that the output is connected both to
the Bulletin, Vol. 19, No. 11, April 1977, pages          collector of a
switched transistor and to the 4211-4212. This amplifier comprises a
pnp-dif-        emitter of a switched transistor, which results in
ferential pair with signal take-off via an npn-       annoying switching
transients at the output. current mirror. An isolating diode is arranged
U.K. Patent Application GB 2 076 605 describes between the collector of the
output transistor of   20    a class-B amplifier with a first and second
output this current mirror- which collector is connected     transistor of
the same conductivity type. The to the output- and the collector of the
associated    emitter of the transistor is connected directly to
pnp-transistor of the differential pair. In order to  the output of the
amplifier and the collector of the switch off the amplifier the flow of
current in the   second transistor is connected to this output via a
current mirror is inhibited by draining the collec-   25    diode which has
the same forward direction as tor currents of the transistors of the
differential   the collector current direction of the second tran- pair via
two diodes. As a result of this, the current  sistor. In driving the first
and the second transis- mirror transistors are turned off and the diode is
tors the voltage across the base-emitter junction also turned off, so that
no current flows in the      of the first transistor and the diode is held
equal to output. The drawback of this amplifier is that the    30   two
diode voltages so as to obtain a class-B amplifier does not have a class-B
output stage        operation with a smooth cross-over behaviour. and that
the output is connected to the collector of    It is the object of the
invention to provide a a transistor (the output transistor of the current
switching amplifier of the type set forth in the mirror) and to the cathode
of the diode, which        opening paragraph, which can have satisfactory
cathode is equivalent to an emitter. The stray    35    high-frequency
properties, which can produce a capacitances involved in the case of the
collector    comparatively small amount of switching tran- have different,
in particular larger values than in   sients and which can have a class-B
output. The the case of the diode so that the turn-off transient  invention
is characterized in that the first and the of the transistor is larger than
the turn-off tran-   second transistors are of a first conductivity type,
sient of the diode and, as a consequence, the two    40   the emitter of
the first transistor being connected turn-off transients do not compensate
for each        to the output and being coupled to the collector of other
at the output.                                  the second transistor, and
said means comprise a A switching amplifier of the kind mentioned in
first semiconductor junction which is arranged in the opening paragraph is
known from "Electronic       the collector circuit of the second transistor
be- Design" Vol. 18, No. 11, May 24, 1970 page 90.   45   tween the
collector of said second transistor and This article shows a switchable
class .A amplifier     the output and which has a forward direction
output-stage comprising a first transistor which is   corresponding to the
collector current direction of arranged as an emitter-follower and a second
the second transistor and switching circuit which, transistor of the same
conductivity type which is     in response to a switching signal, changes
the arranged as a current source. The base of the first   50    direct
voltages on the base of the first transistor transistor is connected to the
input and the          and on a point between said first semiconductor
emitter thereof is coupled to the output via a        junction and the
collector of the second transistor diode. The collector of the second
transistor is      relative to the voltage on the output in such a way
connected to the output. The base of the first        that the first
transistor and the first semiconduc- transistor is further connected to a
gating input.   55   tor junction are turned off, the switching circuit The
base of the second transistor is connected         being arranged to carry
the collector current of via a diode to this gating input. The first
transistor  the second transistor at least initially when the and the
current source are switched-off by con-       semiconductor junction is
turned off, so that necting this gating input to the negative supply
initially the second transistor can remain conduc- terminal, whereby the
diode in the emitter line of   60   tive. the first transistor prevents the
reverse break-        As the first transistor and the semiconductor through
of the base-emitter junction of the first     junction are turned off via
the switching circuit transistor. This known class-A amplifier shows
whilst at least initially the second transistor need the same drawback as
the amplifier known from         not be turned off, the first transistor
and the the said IBM-article since the output of the ampli-   65
semiconductor junction can give rise to capacitive 2 



3                    0  107  248                      4 switching
transients of substantially equal mag-      voltage across the series
arrangement of the nitude, which largely compensate for each other
base-emitter junction of the first transistor and on the output. It can be
arranged that in the         the first semiconductor junction is maintained
switched-on condition the first and the second        equal to two diode
voltages so as to obtain transistor together function as a class-B output
5    class-B operation. stage with satisfactory high-frequency properties.
In this embodiment it is advantageous if the There are several alternative
possibilities for     amplifier comprises switching means for turning the
[err] of the first and the second transistor in     off the second
semiconductor junction and for [err]  operation. For example, the inventive
rendering conductive a third semiconductor junc- principle may be applied
to inter alia the class-B    70   tion when the switching amplifier is
switched off, amplifier in accordance with US-A-4,300,103.          which
third semiconductor junction together with With respect to the turn-off of
the first semicon-  the base-emitter junction of the third transistor
ductor junction and the take-over of the collector    forms part of a
series arrangement between the current of the second transistor the
switching        base of the first transistor and the point between
amplifier in accordance with the invention may    15   the first
semiconductor junction and the collector further be characterised in that
the switching         of the second transistor, in which series arrange-
circuit comprises a third transistor of the first      ment the third
semiconductor junction has a conductivity type whose emitter electrode is
con-     forward direction opposite to the forward direc- nected to the
point between said semiconductor        tion of the base-emitter junction
of the third junction and the collector of the second transistor,   20
transistor, so that in the switched-off state of the the voltage on the
base of said third transistor       switching amplifier a voltage of
substantially zero being switched relative to the voltage on the
volts appears between the base of said first output in response to the
switching signal so as to   transistor and said point between the first
semi- turn off the first semiconductor junction, after       conductor
junction and the collector of the second which the third transistor carries
the collector   25   transistor. current of the second transistor.
With respect to the switching means this em- In many output amplifiers
comprising two out-        bodiment may further be characterised in that
the put transistors of the same conductivity type,        switching means
comprise a fifth and a sixth such as the output stage described in said
U.S.       transistor of the first conductivity type with a Patent
Specification, the first transistor is driven    30   common
emitter-current source, which fifth and directly by the signal and the
drive for the second   sixth transistors have their collectors connected
transistor is derived from  inter alia the base-      to a terminal via
impedances, the base of the first emitter voltage of said first transistor.
If the      transistor being connected to the collector of the principle of
the invention is used the second         fifth transistor and the base of
the third transistor transistor may then be driven to the maximum     35
being connected to the collector of the sixth extent when current flow in
the output ceases. In     transistor, and means being provided for generat-
order to preclude this the switching amplifier may    ing on said terminal
a voltage which is sub- further be characterised in that the amplifier
stantially one diode voltage higher than the vol- comprises a feedback path
between the collectors      tage on the output. This embodiment may further
of the third transistor and the second transistor in   40    be
characterised in that the third semiconductor order to apply negative
feedback to the second        junction is arranged in parallel with the im-
transistor when the second semiconductor junc-         pedance in the
collector circuit of the fifth transis- tion is in the cut-off state, so as
to reduce the drive  tor and a fourth semiconductor junction  is to the
second transistor after the first semicon-     arranged in parallel with
the impedance in the ductor junction has been turned off.            45
collector circuit of the sixth transistor, the forward With respect to the
feedback the last-mentioned      direction of said semiconductor junctions
being embodiment may further be characterised in that       the same as the
forward direction of the fifth and the feedback path comprises a fourth
transistor of    the sixth transistor. a second conductivity type opposite
to the first        A special preferred embodiment of the switch-
conductivity type, which fourth transistor has its   50   ing amplifier in
accordance with the invention is collector connected to the base of the
second         obtained when the output stage is an output stage
transistor, its emitter to a current source and to    as described  in
Applicant's previously filed the collector of the third transistor, and its
base to  Netherlands Patent Application No. 8 002 666 a point at reference
voltage.                         which has been laid open to public
inspection. For an optimum combination of the switching    55    The
switching amplifier in accordance with the circuit with the operation as a
class-B output        invention is then further characterised in that a
stage which may be required when the amplifier        high-frequency
transmissive bypass coupling is is switched-on, this embodiment may further
be        arranged between the collector of the third tran- characterised
in that a second semiconductor          sistor and the base of the second
transistor. junction is arranged between the base of the first   60  Using
a minimal extension of a known output transistor and the base of the third
transistor,      stage this yields a switching amplifier which which second
semiconductor junction is biassed        meets the requirements. This
preferred embodi- with a constant direct current at least when the
ment combines the basic idea of the invention 



switching amplifier is in the non-switched-off        with an optimum
choice of an output stage. state, in order to ensure that in this state the
65  The invention will now be described in more 3    5                   0
107 248                       6 detail, by way of example, with reference
to the      If by means of switching device 18 the voltage drawings, in
which                                  on the base of transistor T4 is
increased relative to Figure 1 shows a known sample-and-hold cir-       the
virtual earth on output 4 and simultaneously cuit in which the switching
amplifier in accord-    the voltage on the base of transistor [err] is
reduced ance with the invention may be used.           5    relative to the
virtual earth on output 4, diode T3 Figure 2 is the circuit diagram of a
switching    and transistor [err] are turned off. The stray amplifier in
accordance with the invention, and     capacitances which discharge during
turn-off are Figure 3 shows a preferred embodiment of the      base-emitter
capacitances of equivalent capaci- invention.
tances in both cases, so that the discharge cur- [err] 1 shows a
sample-and-hold circuit as   1o   rents can compensate for each other on
output 4 described in the afore-mentioned publication in      and no
switching transient will arise. Transistor T2 IBM Technical Disclosure
Bulletin, in which circuit  need not be turned off or need not be turned
off the switching amplifier in accordance with the      simultaneously, for
its collector current is trans- invention may be used. The sample-and-hold
ferred from diode T3 to transistor T4 and can be circuit has a signal input
1, which also forms a    15   sustained. In order to minimize the
dissipation non-inverting input of a switching amplifier 2      transistor
T2 may be turned off or may be set to a having an inverting input 3 and a
switching input   low quiescent-current level, for example under 17. The
output 5 of the switching amplifier 2 is    control of the switching device
18 or from the connected to the inverting input of an amplifier 7
collector of transistor T4. which is arranged as a Miller integrator by
means   20  Figure 3 shows a preferred embodiment of the of a capacitor 6
and which has its non-inverting    invention, which embodiment employs an
output input 8 connected to a point of fixed potential, in  stage as
described  in the afore-mentioned the present case earth. The output 9 of
the           Netherlands Patent Application No. 8 002 666. sample-and-hold
circuit is connected to the out-    This output stage comprises output
transistors [err] put of the amplifier 7, which has a feedback path   25
and T2 and a diode T3 between the output 4 and to the inverting input 3 of
the switching amplifier.  the collector of transistor T2. Transistor T4 has
its As a result of the amplifier 7 point 5 is at a     emitter connected to
the collector of transistor T2 substantially constant potential, in the
present    and its base to a signal input 13, to the base of case OV
(virtual earth). Because of the negative-   transistorT, and to a current
source 21 via a diode feedback path the output 9 carries the signal on
30   Ts. Via a resistor 19 the collector of transistor T4 is input 1- or an
amplified or attenuated version of   connected to a current source 20 and
the emitter this signal when various resistors are included in  of a
pnp-transistor [err], whose base is connected to known manner.
Consequently, this signal on in-      a point 22 which is at a reference
voltage V,. and put 1 appears across capacitor 6. If in response to  whose
collector is connected to the base of tran- a signal on input 17 amplifier
2 is turned off, the   35   sistor T2. A bypass capacitor 23 is arranged
charge on capacitor 6 can no longer change and a    between the collector
of transistor T4 and the base sample of the input signal appears on output
9.  -  of transistor T2. Point 5 remains virtually at earth potential.
In this output stage the product of the collector Figure 2 schematically
represents the principle    currents of transistors [err] and T2 is
maintained of one example of a switching amplifier 2 in   40   constant so
that a class-B operation is obtained. accordance with the invention. In
view of the       The collector current of transistor [err] is measured
bandwith an npn-npn output stage with transis-      by means of its
base-emitter voltage and the tors [err] and T2 has been selected, whose
base        collector current of transistor T2 by means of the electrodes
receive a drive signal in a manner not   voltage across diode T3. The
voltage across the shown. For the manner in which these transistors   45
series arrangement of the diode T3 and the base-, are driven on point 12
and 13 reference is made to  emitter junction of transistor [err] is
therefore a inter alia said United States Patent Specification  measure of
the product of the collector currents of No. 4,300,103 and to said
Netherlands Patent        transistors [err] and T2. By means of transistor
T4 Application No. 8 002 666. The transistors T, and   the voltage across
this series arrangement is T2 are arranged in series between power-supply
so   compared with the substantially constant sum of terminals 10 and 11.
The emitter of transistor [err] is  the voltage across the diode [err]
which is biassed connected to the output 4 which, as is indicated    by the
current source 21 and the base-emitter by the dashed sign, is virtually at
earth potential  voltage of transistor T4 which is biassed by the as a
result of the following stage and via a        current source 20. The
variation of the collector semiconductor junction T3 it is also connected
to   ss   current of transistor T4 is therefore a measure of the collector
of transistor T2. The collector of tran-  the variation of the product of
the collector cur- sistor T2 is connected to the emitter of npn-tran-
rents of transistors [err] and T2, which variation is sistor T4, whose
collector current is drained via   counteracted in that a point between the
collector' point 14 in a manner not shown, for example         of
transistor T4 and the current source 20 is directly to the positive
power-supply terminal 11.   60   connected to the base of transistor T2 via
the 



The base of transistor T4 is connected to an output  emitter-collector path
of pnp-transistor Ts, so that 15 and the base of transistor [err] is
connected to an  variations in the product of the collector currents output
16 of a switching device 18 which has a      of transistors [err] and T2
are fed back in a negative switching input 17. Togetherwith transistorT4
the   sense to the base of transistor [err] capacitor 23 switching device
18 forms a switching circuit.  65   being a high-frequency by-pass across
transistor 4    [err] and resistor 19 preventing transistor [err] from   T3
can also conduct. The circuit then operates as a short-circuiting
capacitor23for high frequencies.   class-B output stage. This condition is
repre- As a result of the presence of the transistor T4 and  sented in
Figure 4, which shows that part of the diode T3 this output stage is
eminently suitable    circuit of Figure 3 which is revelant to the present
for use as a switching amplifier in conformity with    5    explanation,
the non-conductive transistor Ts and the principle shown in Figure 2. For
this purpose   the non-conductive diode T10 not being shown. the switching
device 18 is arranged between the     Assuming that no current flows in
resistors 26 base of transistors T4 and [err] The device com-       and 25
a current [err] supplied by the source 21 will [err] two transistors T7 and
[err] arranged as a         flow through the diode T6. If source 24
supplies a differential pair and having a common emitter-   10   current
[err] the current through diode [err] will also current source 24. The
collectors of these transis-  be [err] and if diodes [err] and [err] are
identical the tors are connected to an input 27 which is con-     voltage
across these diodes are also equal, so that nected to an input stage, not
shown, in such a      the situation is in conformity with the assumption
way that the d.c. level on this point is one diode  that (substantially) no
current flows through the voltage Vd higher than the direct voltage on the
15   resistor 26. The voltage as a result of the current [err] output.
However, it is to be noted that there are   through diodes [err] and [err]
appears between the sample-and-hold circuits in which the sampling
base of transistor [err] and the base of transistor T4, capacitor is
arranged between an output and         which is biassed at a current which
is assumed to earth, so that output 4 does not carry a constant   be equal
to [err] by current source 20. The sum of the direct voltage but a varying
signal voltage when    20   voltages across the junctions of [err] and T4
which the amplifier is switched on and the sampled        are biassed by
currents [err], therefore appears signal values after the amplifier has
been turned   between the base transistor [err] and the cathode of off. The
follower action of the output stage        diode [err], so that the emitter
current 1, of transistor ensures that the correct relationship between the
[err] and the current 12 through diode T3 comply voltage on the input 27
and the voltage on the   25   with: [err], where C is a constant. output 4
is maintained when the amplifier is in the   The switching amplifier is
turned off, for which switched-on state. When the amplifier is in the
purpose the switching voltage on switching input turned-off state this
relationship can be guaran-   17 is such that transistor [err] is cut off
and transis- teed if the voltage on input 27 tracks the voltage  tor [err]
conducts. The current from current source on output 4 (in this case with an
offset of one   30   21 then flows via transistor [err] and no current
diode voltage Vd), for example in a manner as       flows in diode [err]
and diode [err], whilst diode T10 described in US-A-3,694,668, where the
volt-        conducts. The voltage on the base of transistor [err] age on
the input of a diode switch is made to track  is therefore one diode
voltage lower than the the voltage across a sampling capacitor.
voltage on input Vd, i.e. a voltage of substantially The collectors of
transistors [err] and [err] are   35   zero volts relative to output 4, so
that transistor [err] connected to input 27, via resistors 25 and 26
is cut off. The base of transistor T4 is connected to respectively. The
collector of transistor [err] is con-  input 27 via resistor 25, which
carries no voltage nected to the base of transistor [err] and the collec-
because transistor [err] is cut off and is therefore at tor of transistor
[err] is connected to the base of    a voltage equal to substantially one
diode volt- transistor T4. Diodes [err] and T10 are arranged in   40   age,
so that the emitter of transistor T4 is at a parallel with the resistors 25
and 26.              voltage of substantially zero volts relative to In
order to explain the operation two conditions  output 4 and diode [err] is
consequently cut off. will be considered:
Therefore, no current flows in output 4. Transistor The switching amplifier
is turned on, i.e. a      T2 can remain conductive via transistor T4, so
that voltage is applied to input 17 such that transistor   45   transistor
[err] also remains conductive. Since the T7 conducts and transistor [err]
is cut off. The       current flow in diode [err] ceases as a result of the
conduction of transistor [err] ensures that current    negative feedback
via transistors T4 and [err] the from the current source 21 can be drained
via       collector current of transistor T2 would tend to diode [err] so
that the output stage comprising       keep the voltage across the series
arrangement of transistors [err] and T2 is correctly biassed. Since no   50
diode T3 and the base-emitter junction of transis- current flows through
resistor 26 input 13 will be  tor [err] constant and equal to two diode
voltages, at the same voltage Vd as input 27. Consequently,   but as the
voltage across diode [err] is reversed the the base of transistor [err] is
at a voltage equal to  voltage across the series arrangement of diode [err]
substantially one diode voltage relative to output  and the base-emitter
junction of voltage T4 will 4 so that this transistor can conduct in
depend-   ss   also be substantially zero. ence upon the signal on input
27.                     This condition is illustrated by Figure 5, in The
base of transistor T4 is connected to point   which diodes [err] and [err]
and transistor [err] are not 27 via diode [err] and via diode [err] - which
carries    shown because they do not conduct and in which 



substantially a current determined by the dif-      all further parts which
are not relevant are also ference between the currents from the current
60   not shown. The current [err] from the current sources 21 and 24, so
that the voltage across       source 24 isdistributed between diode TO and
the diode [err] can be equal to that across diode [err] -     current
source 21, so that a current [err] flows and therefore is at a voltage of
substantially zero  through diode [err]. Apart from the voltage as a volts
relative to output 4. Therefore, one diode    result of the base current of
transistor T4, no voltage may appear across diode T3 so that diode   65
voltage drop is produced across the resistor 25,    9                     0
107  248                        10 so that the base of transistor T4 is at
a potential      characterised in that the switching circuit com- which is
one diode voltage higher than that on the       prises a third transistor
[err] of the first conduc- base of transistor [err] and the voltage between
the        tivity type whose emitter electrode is connected base of
transistor [err] and the cathode of diode T3 is     to the point between
said semi-conductor junc- zero volts.
5    tion (T3) and the collector of the second transistor In Figure 4 it
has been assumed that no current        [err], the voltage on the base (15)
of said third flows in the resistor 25 in parallel with the conduc-
transistor [err] being switched relative to the volt- [err]. In reality a
current IR flows in this      age on the output (4) in response to the
switching resistor, which current is equal to the voltage            signal
so as to turn off the first semiconductor across diode [err] divided by the
resistance value of    10   junction [err] after which the third transistor
[err] the resistor 25. This current IR disturbs the dis-       carries the
collector current of the second transis- tribution of current between the
diodes [err] and Ts,       tor [err]. so that a direct current will flow
through the             3. A switching amplifier as claimed in claim 2,
resistor 26. This may be precluded by selecting          characterised in
that the amplifier comprises a for the current source 24 a source which
supplies    15   feedback path between the collector of the third a current
[err] + [err] so as to provide compensation        transistor (TJ and the
base of the second transis- for the current IR through the resistor 25. For
this     tor (T2) in order to apply negative feedback to the purpose it is
possible to use for example, the           second transistor [err] when the
first semiconduc- current source shown in Figure 6, where the
tor junction (T3) is in the cut-off state, so as to current [err] from  a
source is reflected to the    20    reduce the drive to the second
transistor [err] after emitters of transistors T7 and [err] by means of a
the first semiconductor junction [err] has been current mirror comprising
transistors T11 and T12        turned off. and a diode [err]. By connecting
a resistor 31 in            4. A switching amplifier as claimed in claim 3,
parallel with the diode [err], the resistance of which     characterised in
that the feedback path comprises resistor relative to the diode [err] which
carries a    25    a fourth transistor (Ts) of a second conductivity
current [err], that a current IR flows through it, the     type opposite to
the first conductivity type, which emitters of transistors T7 and [err],
receive a current      fourth transistor (Ts) has its collector connected
to [err], thus compensating for the current IR           the base (12) of
the second transistor [err], its through the resistor 25 (and the current
through         emitter to a current source (20) and to the collec-
resistor 26 in the situation shown in Figure 5).   30   tor of the third
transistor [err], and its base (22) to a point at reference voltage [err].
Claims                                                     5. A switching
amplifier as claimed in claim 4, characterised in that a second
semiconductor 1. A switching amplifier having an input, an
junction (T6) is arranged between the base of the output, a class-B output
stage comprising a first   35    first transistor [err] and the base of the
third and a second transistor, whose main current              transistor
[err], which second semiconductor junc- paths are arranged in series
between power               tion [err] is biassed with a constant direct
current supply terminals and means for inhibiting current        (21) at
least when the switching amplifier is in the flow in the output in such a
way that the output is      non-switched-off state, in order to ensure that
in isolated from  the input and assumes a high-    40   this state the
voltage across the series arrange- impedence state, characterized in that
the first         ment of the base-emitter junction of the first and the
second transistors [err] are of a first       transistor [err] and the
first semiconductor junc- conductivity type, the emitter of the first
transistor   tion [err] is maintained equal to two diode volt- [err] being
connected to the output (4) and being         ages so as to obtain class-B
operation. coupled to the collector of the second transistor    45    6. A
switching amplifier as claimed in claim 5, [err] and said means comprise a
first semiconduc-        characterised  in that the amplifier comprises tor
junction [err] which is arranged in the collector     switching means for
turning off the second semi- circuit of the second transistor [err\]
between the        conductor junction [err] and for rendering conduc-
collector of said second transistor [err] and the         tive a third
semi-conductor junction (T10) when output (4) and which has a forward
direction    50   the switching amplifier is switched off, which
corresponding to the collector current direction of      third
semiconductor junction (T10) together with the second transistor [err] and
a switching circuit       the base-emitter junction of the third transistor
which, in response to a switching signal, changes         [err] forms part
of a series arrangement between the direct voltages on the base of the
first transis-    the base of the first transistor [err] and the point tor
[err] and on a point between said first semicon-    55    between the first
semiconductor junction [err] and ductor junction [err] and the collector of
the            the collector of the second transistor [err], in which 



second transistor [err] relative to the voltage on        series
arrangement the third semiconductor junc- the output in such a way that the
first transistor       tion [err] has a forward direction opposite to the.
[err] and the first semiconductor junction [err] are       forward
direction of the base-emitter junction of turned off, the switching circuit
being arranged to    60   the third transistor [err] so that in the
switched-off carry the collector current of the second transistor     state
of the switching amplifier a voltage of [err] at least initially when the
semiconductor           substantially zero volts appears between the base
junction [err] is turned off, so that initially the       of said first
transistor (T1) and said point between second transistor [err] can remain
conductive.            the first semiconductor junction [err] and the 2. A
switching amplifier as claimed in claim 1,   65    collector of the second
transistor [err].    9                    0  107  248
10 so that the base of transistor [err] is at a potential     characterised
in that the switching circuit com- which is one diode voltage higher than
that on the      prises a third transistor (T4) of the first conduc- base
of transistor [err] and the voltage between the       tivity type whose
emitter electrode is connected base of transistor [err] and the cathode of
diode T3 is    to the point between said semi-conductor junc- zero volts.
5    tion [err] and the collector of the second transistor In Figure 4 it
has been assumed that no current       [err] the voltage on the base (15)
of said third flows in the resistor 25 in parallel with the conduc-
transistor [err] being switched relative to the volt- [err]. In reality a
current IR flows in this    age on the output (4) in response to the
switching resistor, which current is equal to the voltage         signal so
as to turn off the first semiconductor across diode [err] divided by the
resistance value of    1o   junction [err], after which the third
transistor (T4) the resistor 25. This current [err] disturbs the dis-
carries the collector current of the second transis- tribution of current
between the diodes [err] and [err],      tor [err]. so that a direct
current will flow through the            3. A switching amplifier as
claimed in claim 2, resistor 26. This may be precluded by selecting
characterised in that the amplifier comprises a for the current source 24 a
source which supplies    15   feedback path between the collector of the
third a current [err], so as to provide compensation       transistor (T4)
and the base of the second transis- for the current IR through the resistor
25. For this    tor [err] in order to apply negative feedback to the
purpose it is possible to use for example, the          second transistor
[err] when the first semiconduc- current source shown in Figure 6, where
the             tor junction [err] is in the cut-off state, so as to
current [err] from  a source is reflected to the    20    reduce the drive
to the second transistor (T2) after emitters of transistors T7 and [err] by
means of a         the first semiconductor junction [err] has been current
mirror comprising transistors [err] and T12       turned off. and a diode
T,3. By connecting a resistor 31 in           4. A switching amplifier as
claimed in claim 3, parallel with the diode [err] the resistance of which
characterised in that the feedback path comprises resistor relative to the
diode [err] which carries a    25    a fourth transistor (Ts) of a second
conductivity current [err], that a current IR flows through it, the    type
opposite to the first conductivity type, which emitters of transistors T7
and [err] receive a current     fourth transistor [err] has its collector
connected to [err], thus compensating for the current IR          the base
(12) of the second transistor [err] its through the resistor 25 (and the
current through        emitter to a current source (20) and to the collec-
resistor 26 in the situation shown in Figure 5).  30   tor of the third
transistor [err] and its base (22) to a point at reference voltage [err].
Claims                                                    5. A switching
amplifier as claimed in claim 4, characterised in that a second
semiconductor 1. A switching amplifier having an input, an
junction [err] is arranged between the base of the output, a class-8 output
stage comprising a first   35   first transistor [err] and the base of the
third and a second transistor, whose main current             transistor
[err] which second semiconductor junc- paths are arranged in series between
power              tion [err] is biassed with a constant direct current
supply terminals and means for inhibiting current       (21) at least when
the switching amplifier is in the flow in the output in such a way that the
output is         non-switched-off state, in order to ensure that in
isolated from  the input and assumes a high-    40   this state the voltage
across the series arrange- impedence state, characterized in that the first
ment of the base-emitter junction of the first and the second transistors
[err] are of a first      transistor [err] and the first semiconductor
junc- conductivity type, the emitter of the first transistor   tion [err]
is maintained equal to two diode volt- [err] being connected to the output
(4) and being        ages so as to obtain class-B operation. coupled to the
collector of the second transistor    45   6. A switching amplifier as
claimed in claim 5, [err], and said means comprise a first semiconduc-
characterised in that the amplifier comprises tor junction [err] which is
arranged in the collector    switching means for turning off the second
semi- circuit of the second transistor [err] between the       conductor
junction (T6) and for rendering conduc- collector of said second transistor
[err] and the        tive a third semi-conductor junction [err] when output
(4) and which has a forward direction    50   the switching amplifier is
switched off, which corresponding to the collector current direction of
third semiconductor junction [err] together with the second transistor
[err] and a switching circuit      the base-emitter junction of the third
transistor which, in response to a switching signal, changes       [err]
forms part of a series arrangement between the direct voltages on the base
of the first transis-   the base of the first transistor [err] and the
point 



tor (T1) and on a point between said first semicon-    55    between the
first semiconductor junction [err] and ductor junction (T3) and the
collector of the           the collector of the second transistor (T2), in
which second transistor [err] relative to the voltage on       series
arrangement the third semiconductor junc- the output in such a way that the
first transistor      tion [err] has a forward direction opposite to the
(T1) and the first semiconductor junction [err] are      forward direction
of the base-emitter junction of turned off, the switching circuit being
arranged to    60   the third transistor [err] so that in the switched-off
carry the collector current of the second transistor    state of the
switching amplifier a voltage of [err] at least initially when the
semiconductor          substantially zero volts appears between the base
junction [err] is turned off, so that initially the      of said first
transistor [err] and said point between second transistor [err] can remain
conductive.           the first semiconductor junction [err] and the 2. A
switching amplifier as claimed in claim 1,   65    collector of the second
transistor [err] 6    11                   0 107 248
12 7. A switching amplifier as claimed in claim 6,     fanglich zum  Fuhren
des Kollektorstroms des characterised in that the switching means com-
zweiten Transistors (T2) angeordnet ist, wenn der prise a fifth [err]` and
a sixth transistor [err] of the  Halbleiteruibergang (T3) abgeschaltet
wird, so first conductivity type with a common emitter-        dass
anfanglich der zweite Transistor (T2) im current source (24), which fifth
[err] and sixth (T7)    5    leitenden Zustand bleibt. transistors have
their collectors connected to a        2. Umschaltverstarker nach Anspruch
1, da- terminal (27) via impedances (25, 26), the base of    durch
gekennzeichnet, dass der Umschaltkreis the first transistor [err] being
connected to the      einen dritten Transistor (T4) vom ersten LeitfAhig-
collector of the fifth transistor (Ts) and the base of  keitstyp enthalt,
dessen Emitterelektrode an den the [err] transistor [err] being connected
to the    10   Punkt zwischen dem Halbleiterubergang (T3) und collected  of
the sixth transistor [err], and means     dem Kollektor des zweiten
Transistors (T2) ange- [err] being provided for generating on said ter-
schlossen ist, wobei die Spannung an der Basis minal (27) a voltage which
is substantially one      (15) des dritten Transistors (T4) in bezug auf
die diode voltage higher than the voltage on the          Spannung am
Ausgang (4) in Beantwortung des output (4).
15    Umschaltsignals derart umgeschaltet wird, dass 8. A switching
amplifier as claimed in claim 7,     der erste Halbleiterulbergang (T3)
abgeschaltet characterised in that the third semiconductor         wird,
wonach der dritte Transistor (T4) den Kollek- junction {T10) is arranged in
parallel with the      torstrom des zweiten Transistors (T2) fuhrt.
impedance (26) in the collector circuit of the fifth   3.
Umschaltverstarker nach Anspruch 2, da- transistor [err] and a fourth
semiconductor junc-   20    durch gekennzeichnet, dass der Verstasker einen
tion [err] is arranged in parallel with the im-        Ruckkopplungsweg
zwischen dem Kollektor des pedance (25) in the collector circuit of the
sixth   dritten Transistors (T4) und der Basis des zweiten transistor
[err], the forward direction of said semi-    Transistors (T2) zum  Anlegen
negativer Ruck- conductor junctions [err] being the same as       kopplung
an den zweiten Transistor (T2) enthalt, the forward direction of the fifth
[err] and sixth (TO)   25   wenn der erste Halbleiterubergang (T3) sich im
transistor.                                           Sperrzustand
befindet, um die Ansteuerung zum 9. A switching amplifier as claimed in any
of the   zweiten Transistor zu reduzieren, nachdem der Claims 2 to 8,
characterised in that a high-          erste Halbleiterubergang (T3)
abgeschaltetwurde. frequency transmissive bypass coupling (23) is
4. Umschaltverstarker nach Anspruch 3, da- arranged between the collector
of the third tran-   30    durch gekennzeichnet, dass der Ruckkopplungs-
sistor [err] and the base of the second transistor     weg einen vierten
Transistor (Ts) eines dem (T2)-
ersten Leitfihigkeitstyp entgegengesetzten zwei- ten Leitfahigkeitstyp
enthilt, dieser vierten Tran- Patentanspruche
sistor (Ts) mit seinem Kollektor an die Basis (12) 35    des zweiten
Transistors (T2), dessen Emitter an 1. Umschaltverstarker mit einem
Eingang,           eine Stromquelle (20) und an den Kollektor des einem
Ausgang, einer Ausgangsstufe im B-Be-           dritten Transistors (T4),
und seine Basis (22) an trieb mit einem ersten und einem zweiten Transi-
einen Punkt mit Referenzspannung (V,.f) ange- stor, deren Hauptstromwege
zwischen Stromver-         schlossen sind. sorgungsanschlussen in
Reihegeschaltet sind    40       5. Umschaltverstarker nach Anspruch 4, da-
und Mittelen zur Stromflussverhinderung im Aus-       durch gekennzeichnet,
dass ein zweiter Halbleiter- gang derart, dass der Ausang vom Eingang iso-
ubergang (T6) zwischen der Basis des ersten liert wird und einen
Hochimpedanz Zutstand an-        Transistors (TJ) und der Basis des dritten
Transi- nimmt, dadurch gekennzeichnet, dass der erste        stors (T4)
angeordnet ist, wobei der zweite Halb- und der zweite Transistor, (T,, T2)
von einem    45   leiterubergang (T6) mit einem  Konstantgleich- ersten
Leitfahigkeitstyp sind, wobei der Emitter      strom  (21) wenigstens im
nicht abgeschalteten des ersten Transistors (T,) an den Ausgang (4)
Zustand des Umschaltverstarkers vorgespannt angeschlossen und mit dem
Kollektor des zweiten      ist, urn zu gewahrleisten, dass in diesem
Zustand Transistors (T2) gekoppelt ist, und das die ge-       die Spannung
and der Serienschaltung des Basis- nannten Mittel einen ersten
Halbleiterubergang    50    Emitter-Ubergangs des ersten Transistors (T,)
(T3) enthilt, der in der Kollektorschaltung des       und des ersten
Halbleiterubergangs CT3) zum Er- 



zweiten Transistors (T2) zwischen dem Kollektor       zielen von B-Betrieb
gleich zwei Diodenspannun- des zweiten Transistors (T2) und dem Ausgang (4)
gen erhalten wird. angeordnet ist, und eine Durchlassrichtung hat
6. Umschaltverstirker nach Anspruch 5, da- entsprechend  der
Kollektorstromrichtung  des   55    durch gekennzeichnet, dass der
Verstarker Schalt zweiten Transistors (T2) und einen Umschaltkreis
mittel zum abschalten des zweiten Halbleiteruber- enthalt, der, in
Beantwortung eines Umschalt-         gangs (T8) und zum erhalten des
leitenden Zu- signals die Gleichspannungen an der Basis des         stands
eines dritten Hauptleiterubergangs (T10) ersten Transistors (T1) und an
einem  Punkt           enthilt, denn der Umschaltverstarker abgeschal-
zwischen dem ersten Halbleiterubergang (T3) und    60   tet wird, und
dieser dritte Halbleiterubergang (T10) dem  Kollektor des zweiten
Transistors (T2) in       zusammen mit dem Basis-Emitters-Ubergang des
bezug auf die Spannung am  Ausgang derart             dritten Transistors
(T4) einen Teil einer Serien- andert, dass der erste Transistors (T1) und
der       schaltung zwischen der Basis des ersten Transi- erste
Halbleiterubergang  (T3)  abgeschaltet         stors (T1) und dem Punkt
zwischen dem ersten werden, wobei der Umschaltkreis wenigstens an-   65
Halbleiterubergang (T3) und dem  Kollektor des 7 8 IIDID I ID IIDI Di 1111I
13                   0  107  248                      14 zweiten
Transistors (T2) bildet, wobei in dieser      traversant le collecteur du
deuxieme transistor Serienschaltung  der dritte Halbleiterdbergang
(T2) et un circuit de commutation qui, en reponse (TIO) eine
Durchlassrichtung entgegengesetzt zur      a signal de commutation, change
les tensions Durchlassrichtung  des Basis-Emitter~bergangs
continues A la base du premier transistor (Tj) et A des dritten Transistors
(T4) derart enthalt, dass im  5    un point situe entre ladite premiere
jonction abgeschalteten Zustand des Umschaltverstarkers
semiconductrice (T3) et le collecteur du deuxieme eine Spannung von im
wesentlichen Null Volt           transistor (T2) par rapport a la tension A
la sortie zwischen der Basis des ersten Transistors (T.) und    de facon A
provoquer le blocage du premier dem Punkt zwischen dem ersten
HalbleiterOber-         transistor (T1) et de la premiere jonction semicon-
gang "t) und dem Kollektor des zweiten Transi-   10   ductrice (T3), le
circuit de commutation etant stors) erscheint.
concu de facon que, lors du blocage de la jonction 7. Umnschaltverstarker
nach Anspruch 6, da-         semiconductrice (T3), il peut etre traverse au
durch gekennzeichnet, dass die Umschaltmittel          moins initialement,
par le courant de collecteur einen funften (Ts) und einen sechsten
Transistor       du deuxieme transistor (T2), de sortie qu'initiale- (T7)
vom ersten Leitfahigkeittyp mit einer gemein-    15    ment le deuxieme
transistor (T2) peut rester samen Emitterstromquelle (24) enthalten, und
conducteur. diese fLrnften (T8) und sechsten (T7) Transistoren      2.
Amplificateur de commutation selon la re- mit ihren Kollektoren an einen
Anschluss (27)         veridication 1, caracterise en ce que le circuit de
Ober Impedanzen (25, 26) angeschlossen sind,          commutation comporte
un troisieme transistor wobei die Basis des ersten Transistors (T1) an den
20   (T4) du premier genre de conduction, dont l'elec- Kollektor des
funften Transistors (T8) und die        trode d'emetteur est connectee au
point situ6 Basis des dritten Transistors (T4) an den Kollektor   entre
ladite jonction serriiconductrice (T3) et le des sechsten Transistors (T7)
angeschlossen sind,     collecteur du deuxieme transistor (T2), la tension
und Mittel zum  Erzeugen einer Spannung an            A la base (15) dudit
troisieme transistor (T4) etant diesem Anschluss (27) vogesehen sind und
diese    25    commut6e par rapport A la tension A la sortie (4) Spannung
im wesentlichen eine Diodenspannung           en reponse au signal de
commutation en vue de h6her als die Spannung am Ausgang (4) ist.
bloquer la premiere jonction semiconductrice 8. Umschaltverstarker nach
Anspruch 7, da-           (T3), apres quoi troisieme transistor (T4) est
tra- durch gekennzeichnet, dass der dritte Halbleiter-      vers6 par le
courant de collecteur du second Obergang (T1O) parallel zur Impedanz (26)
in Kol-   30   transistor (T2)- lektorkreis des f~nften Transistors (Ts)
und ein        3. Amplificateur de commutation selon la re- vierter
HalbleiterObergang (T,) parallel zur Impe-     vendication 2, caracterise
en ce que I'amplifica- danz (25) im Kollektorkreis des sechsten Transi-
teur comporte un trajet de r6action entre le stors (T7) angeordnet sind,
wobei die Durchlass-       collecteur du troisieme transistor (T4) at la
base richtung der erwahnten HalbleiterOberginge (T10,   35    du deuxieme
transistor (T2) afin d'appliquer une T,) gleich der Durchlassrichtung der
funften (TO)      contre-r6action au deuxieme transistor (T2) lors- und
sechsten (T7) Transistoren ist.                    qua la premiere jonction
semiconductrice (T3) est 9. Umschaltverstarker nach einem oder mehr-
a 1'6tat de blocage, en vue de r6duire l'excitation eren der Anspruche 2
bis 8, dadurch gekennzeich-       au deuxieme transistor apres blocage de
la pre- net, dass eine durchlassige Hochfrequenz-Uber-   40    miere
jonction semiconductrice (T3). bruckungskopplung (23) zwischen dem
Kollektor           4. Amplificateur de commutation selon la re- des
dritten Transistors (T4) und der Basis des        vendication 3,
caracterise en ce que le trajet de zweiten Transistors (T2) angeordnet ist.
reaction comporte un quatrieme transistor (Ts) d'un deuxieme type de
conduction, qui est Revendications                                   45
oppose au premier type de conduction, le collec- teur du quatrieme
transistor (T.) 6tant connect6 a 1. Amplificateur de commutation comportant
la base (12) du deuxieme transistor (T2), son 



une entr6e, une sortie, un etage de sortie de          6metteur A une
source de courant (20) et au classe B muni d'un premier transistor et d'un
collecteur du troisieme transistor CT4), et sa base deuxieme transistor,
dont les trajets de courant   50   (22) a un point soumis A une tension de
reference principaux sont disposes en serie des bornes           CVref).
d'alimentation et de moyens pour eviter la circu-       5. Amplificateur de
commutation salon la re- lation de courant dans la sortie de facon que la
vendication 4, caracterise en ce qu'une deuxieme sortie soit isolee
l'entr6e et assume un etat d'im-   jonction semiconductrice (TO) est prevue
entre la pedancee levee, caracterise en ce qua les premier   55    base du
premier transistor (T,) et la base du et deuxieme transistors (T1, T2) sont
d'un premier    troisieme transistor (T4), deuxieme jonction semi- type de
conduction, I'emetteur du  premier             conductrice (T6) qui est
polarisbe par un courant transistor CT1) etant connecte a la sortie (4) et
continu constant (Zi) au moins lorsque l'amplifi- couple au collecteur du
deuxieme transistor CT2),      cateur de commutation est A letat non
bloque, et lesdits moyens comprennent une premiere   60   afin d'assurer
qu'a cat etat, la tension aux extre- jonction semiconductrice CT3), qui est
disposee        mites du montage en serie de la jonction base- dans le
circuit de collecteur du deuxieme transis-     emetteur du premier
transistor (T,) et la premiere tor CT2) entre le collecteur dudit deuxieme
transis-  jonction  semiconductrice (T3) est maintenue tor (T2) et la
sortie (4) et qui presente un sens      egale a deux tensions de diode afin
d'obtenir le conducteur correspondant au sens du courant   65    mode de
fonctionnement de classe B. 8 I 1*11! 1l11  ll 1116 1 1*1    15
0  107 248                       16 6. Amplificateur de commutation selon
la re-        d'emetteur commune (24), les collecteurs des vendication 5,
caracterise en ce que I'amplifica-     cinquieme (T8) et sixieme (T7)
transistors etant teur comporte des moyens de commutation pour
connectes A une borne (27) par l'intermediaire le blocage de la deuxieme
jonction semiconduc-        d'impedances (25, 26), la base du premier
transis- trice (T6) et pour rendre une troisieme jonction    5    tor (Tj)
etant connectee au collecteur du cin- semiconductrice (TIO) conductrice
lorsque I'ampli-    qui&me transistor (Ts) et la base du troisieme ficateur
de commutation est mis hors service,         transistor (T4) etant
connectee au collecteur du cette troisieme jonction semiconductrice FT10),
sixieme transistor (T7), et dans moyens etant enser~pble avec la jonction
base-emetteur de troi-    prevus pour la formation, sur ladite borne (27),
siAs   transistor (T4) formant une partie d'un    t0   d'une tension qui
est essentiellement superieure rnmo~4e en serie entre la base du premier
trans-      d'une tension de diode A la tension A la sortie (4). istor (T.)
et le point situe entre la premiere          8. Amplificateur de
commutation selon la re- jonction semiconductrice (T3) et le collecteur du
vendication 7, caracteris6 en ce que la troisieme deuxieme transistor (T2),
montage en s6rie dans       jonction semiconductrice (T10) est mont6e en
lequel la troisieme jonction semiconductrice (T10)   15   parallele avec
les impedances (26) dans le circuit a un sens conducteur oppose au sens de
conduc-        de collecteur du cinquieme transistor (TB) et une teur de la
jonction base-emetteur du troisieme        quatrieme jonction
semiconductrice (T9) est mon- transistor (T4), de facon qu'A I'tat de
declenche-   tee en parallele avec l'impedance (25) dans le ment de
I'amplificateur de commutation, une           circuit de collecteur du
sixieme transistor (T7), le tension de pratiquement 0 V apparaisse entre la
20   sens conducteur desdits jonction semiconduc- base dudit premier
transistor (T1) et ladit point     trices (T10, T,) etant le meine que le
sens conduc- entre la premiere jonction semiconductrice (T3) et    teur des
cinquieme (T,) et sixieme {T7) transistors. \a;   j e: le collecteur du
deuxieme transistor (T2).          9. Amplificateur de commutation selon
l'une 7. Amplificateur de commutation selon la re-        des
revendications 2 a 8, caracterise en ce qu'un vendication 6, caracterise en
ce que les moyens    25   couplage de derivation A transmission A haute de
commutation comportent des cinquieme (T8)          fr6quence (23) est
dispose entre le collecteur du 1-_.'e    et sixieme (T7) transistors du
premier type de        troisieme transistor (T4) et la base du deuxieme
conduction presentant une source de courant           transistor (T2). 30
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