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Description

The invention relates to an electronic circuit com-
prising a series connection of a load and afirst control
current source, inserted between first and second
supply terminals, for producing a first current, the load
and the control current source being connected to a
first controt terminal.

A circuit of this type is widely known i.e. from DE-
A-3 126 357 or from Patent Abstract of Japan, Vol. 13,
no 568 (E-861) (3916) 15.12.89, & JP-A-01 236804.
The load may be, for example, a resistor, a diode, a
pilotiamp or an amplifier stage, whereas the first con-
trol current source may be embodied in a control tran-
sistor or an amplifier control stage. The first current
of the first control current source is to be adapted to
the current need of the load. If the first current is in-
adequate, additional amplifier means are to be insert-
ed between the first control current source and the
load. Such a way of amplification is disadvantageous
in that signal deterioration occurs in the signal trans-
fer from the first control current source and the load,
for example, caused by high-frequency signal loss or
phase shift in the amplifier means inserted between
the first control current source and the ioad.

It is an object of the invention to provide an elec-
tranic circuit in which without amplifier means insert-
ed between the first control current source and the
load the first current of the first control current source
is transferred in an amplified version to the load.

According to the invention an electronic circuit of
the type set forth in the preamble is characterized in
that the electronic circuit further includes a second
control current source for producing a second current
that is substantially equal to the first current, a second
control terminal connected to the second controf cur-
rent source and to a current follower having a current
follower input for receiving a current to be followed
and having first and second current follower outputs
for delivering currents that are proportional to the cur-
rent to be followed, the current follower input and the
first current follower output being coupled to the sec-
ond control terminal and the second current follower
output being coupled to the first control terminal.

The second current follower cutput delivers to the
first control terminal a current that is a multiple of the
first current of the first control current source. This
current flows into the load connected to the first con-
trof terminai and compensates for the necessary load
current. Consequently, the first control current
source is loaded much less. The direct link between
the load and the first control current source is main-
tained, so that signal deterioration between the first
control current source and the load cannat occur.

The operation of current following in the current
foitower can be realised in an esmbodiment in which
the current follower comprises first and second cur-
rent mirror circuits having each a current input for con-
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necting a current to be mirrored and a common cur-
rent terminal for connecting a supply current, the first
current mirror circuit having a current output and the
second current mirror circuit having first and second
current outputs for delivering currents proportional to
the current to be mirrored and fiowing in the same di-
rection, the current input of the first current mirror cir-
cuit being coupled to the current follower input, the
current output of the first current mimor circuit being
coupled to the current input of the second current mir-
ror circuit and the first and second current outputs of
the second current mirror circuit being coupled to the
first and second cument follower outputs respectively.

The first current mirror circuit has a single current
output, the second current mirror circuit has two. By
cannecting the current output of the first current mir-
ror circuit to the current input of the second current
mirror circuit, two currents are available that flow in
the same direction as the input current of the first cur-
rent mirror circuit.

In a further embodiment the current mirror cir-
cuits are characterized, in that the first current mirror
circuit comprises first and second transistors of a
same conductivity type, having each a base, an emit-
ter and a collector, whose base-emitter junctions are
connected in paralle!, their emitters being connected
to the common current terminal of the first current mir-
ror circuit and their collectors being coupled to the re-
spective current input and current output of the first
current mirror circuit, and in that the second current
mirror circuit comprises third, fourth and fifth transis-
tors of a same conductivity type, having each a base,
an emitter and a coltéctor, the base-emitter junctions
of these third, fourth and fifth transistors being con-
nected in parallel, their emitters being connected to
the common current terminal of the second current
mirror circuit and their collectors being coupted to the
current input, the first current output and the second
current output respectively, of the second current mir-
ror circuit.

This basic embodiment of the current mirror cir-
cuit may be refined and adjusted to the type of load.
A first refined embodiment is characterized, in that
the conductivity type of the third, fourth and fifth tran-
sistors is opposite to the conductivity type of the first
and second transistors and in that the electronic cir-
cuit further includes sixth, seventh, eighth and ninth
transistors of a conductivity type equat to that of the
first and second transistors and tenth, eleventh and
twelfth transistors of a conductivity type equal to that
of the third, fourth and fifth transistors, all having a
base, an emitter and a collector, whereas the collec-
tors of the first and second transistors are connected
to the emitters of the respective sixth and seventh
transistors respectively, the bases of the sixth and
seventh transistors are interconnected, the collector
of the sixth transistor is connected to the base of the
first transistor and to the current input of the first cur-
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rent mirror circuit, the collector of the seventh transis-
tor is connected to the base of the seventh transistor
and to the current output of the first current mirror cir-
cuit, the emitters of the eighth and ninth transistors
are connected to the emitter of the seventh transistor,
their bases to a reference voltage source, and the col-
lector of the eighth transistor is coupled to the base
of the third transistor and the collector of the ninth
transistor is coupled to the collector and the base of
the tenth transistor whose base-emitter junction is
connected in parallel to the base-emitter junctions of
the eleventh and twelfth transistors, the emitters of
the tenth, eleventh and twelfth transistors are con-
nected to the commaon current terminal of the second
current mirror circuit, and the collectors of the respec-
tive eleventh and twelfth transistors are coupled to
the respective first and second current outputs of the
second current mirror circuit.

This current follower is extremely suitable if PNP
transistors are selacted for the first current mirror cir-
cuit and NPN transistors are selected for the second
current mirror circuit.

A second refined embodiment is characterized, in
that the electronic circuit further includes a thirteenth
transistor of a conductivity type oppasite to that of the
third transistor and having a base, emitter and collec-
tor connected to a reference voltage source, the col-
lector of the third transistor and the base of the third
transistor respectively.

This current follower is extremely suitable if NPN
transistors are selected for the first current mirror cir-
cuit and PNP transistors are selected for the second
current mirrar circuit.

Driving the electronic circuit on the first and sec-
ond control terminals is effected by means of two con-
trol current sources which, according to an embodi-
ment, may be characterized, in that the first and sec-
ond control current sources are arranged as four-
teenth and fifteenth transistors respectively of a first
conductivity type, having each a base, emitter and a
collector, their bases being connected to a first input
terminal and the emitters to a common junction, and
the collectors of the fourteenth and fifteenth transis-
tors being coupled to the first and second control ter-
minals respectively.

By the matching of the fourteenth and fifteenth
transistors, a good similarity of the two controt cur-
rent sources can be achieved.

The load may be selected to be a transistor. In
that case the electronic circuit may be characterized,
in that the electronic circuit further includes a six-
teenth transistor having a base, emitter and a collec-
tor, whose base is connected to the first control ter-
minal and of which a main current path formed by the
emitter and the collector is connected to an output ter-
minal.

The sixteenth transistor operates as the output
transistor of an amplifier stage having an input termi-
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nal, an output terminal and two supply terminals. In
this stage the sixteenth transistor may be a PNP tran-
sistor, in which case the electronic circuit in a prefer-
red embodiment may be characterized, in that the six-
teenth transistor is of a second conductivity type op-
posite to the first conductivity type, the emitter and
the collector of the sixteenth transistor being coupled
to the respective first supply terminal and the output
terminal, in that the first and second transistors are
of the second conductivity type and the third, fourth
and fifth transistors are of the first conductivity type
and in that the common terminals of the first and sec-
ond current mirror circuits are connected to the first
and second supply terminals respectively.

In this case the second current mirror circuitis ar-
ranged to comprise transistors of a conductivity type
opposite to that of the sixteenth transistor so that a
large base current may be supplied to the sixteenth
transistor without additional bias current sources. A
circuit of this type still operates properly with a supply
voltage of a mere 1 volt across the first and second
supply terminals.

When selecting an NPN transistor for the six-
teenth transistor, in a preferred embodiment the elec-
tronic circuit may be characterized, in that the six-
teenth transistor is of the first conductivity type, the
emitter and the collector of the sixteenth transistor
being coupled to the output terminal and the first sup-
ply terminal respectively, in that the first and second
transistors are of the first conductivity type and the
third, fourth and fifth transistors of a second conduc-
tivity type opposite to the first conductivity type and
in that the common terminals of the first and second
current mirror circuits are connected to the output ter-
minal and the first supply terminal respectively.

In this case the sixteenth transistor is arranged
as an emitter follower. Also in this case the transistors
of the second current mirror circuit are selected to be
of a conductivity type adapted to the base current of
the sixteenth transistor.

The sixteenth transistor may also be incorporat-
ed in a common-emitter circuit. In that case the elec-
tronic circuit may be characterized, in that the six-
teenth transistor is of the first conductivity type, the
emitter and the collector of the sixteenth transistor
being coupled to the second supply terminal and the
output terminal respectively, in that the first and sec-
ond transistors are of the first conductivity type and
the third, fourth and fifth transistors of a second con-
ductivity type opposite to the first conductivity type
and in that the commeon terminals of the first and sec-
ond current mirror circuits are connected to the sec-
ond and first supply terminals respectively.

In lieu of an asymmetric drive on a single input
terminal, a symmetric drive is likewise possible by
means of a differential input. An extremely suitable
embadiment of this is characterized, in that the elec-
tronic circuit further includes a first bias current
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source inserted between the common junction and
the second supply terminal, seventeenth and eight-
eenth transistors of the first conductivity type having
each a base, emitter and a collector, whose bases are
connected to a second input terminal and their emit-
ters to the common junction; nineteenth, twentieth,
twenty-first and twenty-second transistors of the
second conductivity type having each a base, emitter
and a collector, whose base-emitter junctions are
connected in parailel and whose emitters are con-
nected to the first supply terminal and whose collec-
tors are coupled to the collectors of the eighteenth,
seventeenth, fourteenth and fifteenth transistors re-
spectively.

This embodiment is extremely suitable in combin-
ation with the afore-mentioned embodiments com-
prising a sixteenth transistor of the PNP type if it is
further characterized, in that the base of the nine-
teenth transistor is connected to the collector of the
nineteenth transistor and in that the electronic circuit
further includes twenty-third, twenty-fourth and
twenty-fifth transistors of the second conductivity
type, having each a base, emitter and a collector,
whose base-emitter junctions are connected in parai-
lel, whose emitters are connected to the first supply
terminal and whose bases are coupled to the collector
of the seventeenth transistor and whose collectors
are coupled to the collectors of the seventeenth four-
teenth and fifteenth transistors respectively.

When using a sixteenth transistor of the NPN
type, an extremely suitable embodiment is obtained
if the electronic circuit further includes a twenty-sixth
transistor of the second conductivity type having a
base, emitter and a collector, whose base-emitter
junction is connected in parallei to the base-emitter
junctions of the nineteenth to twenty-second transis-
tors and whose base and collector are interconnected
and coupled to the first supply terminal via a second
bias current source, and twenty-seventh to thirtieth
transistors of the first conductivity type having each
a base, emitter and a collector, whose bases are con-
nected to the collector of the seventeenth transistor,
their emitters to the second supply terminal and
whose collectors are connacted to the collectors of
the eighteenth, seventeenth, fourteenth and fifteenth
transistors respectively and the collector of the eight-
eenth transistor being interconnected to the collector
of the seventeenth transistor.

In both cases the differential input stage is fully
symmetrical and balanced which benefits the offset

reduction between the first and second input termi-

nals.

In the case of a differential drive, it is possible to
include the first and second cumrent mirror circuits in
the differential input stage so that a considerable
component reduction is possible. A first embodiment
of this is characterized, in that the first and second
control current sources are constituted by sixth and
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seventh transistors respectively, of a first conductiv-
ity type, having each a base, emitter and a coliector,
the bases being connected to a first input terminal

and the emitters to a common junction, which junction
is coupled to the second supply terminal via a bias
current source, and the collactors of the sixth and sew-
enth transistors being coupled to the first and second
control terminals respectively, in that the common ter-
minals of the first and second current mirror circuits
are connected to the first supply terminal, in that the
first to fifth transistors are of a second conductivity
type opposite to the first conductivity type and the
base-collector junctions of the first and third transis-
tors are short-circuited, and in that the electronic cir-
cuit further includes an eighth transistor of the first
conductivity type having a base, emitter and a collec-
tor connected to a second input terminal, the common
junction and the current input of the second current
mirror circuit respectively. A fully symmetrical very
suitable embodiment comprising a PNP transistor as
a load may further be characterized, in that the elec-
tronic circuit further includes a ninth transistor of the
first conductivity type and tenth to twelfth transistors
of the second conductivity type, all having a base,
emitter and a collector, the base and the emitter of the
ninth transistor being connected to the second input
terminal and the common junction respectively, and
the coliector of the ninth transistor being connected to
the collector of the tenth transistor, whose base-
amitter junction is connected in parailel to that of the
third transistor, and is also connected to the bases of
the eleventh, twelfth and thirteenth transistors, the
emitters of these eleventh to thirteenth transistors
being connected to the first supply terminal and their
collectors being connected fo the collector of the ninth
transistor, the second control terminal and the first
contro! terminal respectively.

An embodiment extremely suitable for use com-
prising as a load an NPN transistor arranged as an
emitter-follower, may further be characterized, in that
the first and second control current sources are con-
stituted by sixth and seventh transistors respectively,
of a first conductivity type, having each a base, emit-
ter and a coliector, the bases being connected to a
first input terminal and the emitters to a common junc-
tion, which junction is coupled to a second suppiy ter-
minal via a bias current source, and the collectors be-
ing coupled to the first and second control terminais
respectively, in that the common terminals of the first
and second current mirror circuits are connected to
the common junction and the first supply terminal re-
spectively, in that the first and second transistors are
of the first conductivity type and the third, fourth and
fifth transistors of a second conductivity type oppo-
site to the first conductivity type, and the base-
collector junctions of the first and third transistors are
short-circuited, and in that the electronic circuit fur-
ther includes eighth and ninth transistors of the first
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conductivity type having each a base, emitter and a
collector, the base, emitter and collector of the eighth
transistor being connected to a second input terminal,
the common junction and the current input of the sec-
ond current mirror circuit respectively, and the base
ofthe ninth transistor being connected to the first con-
trol terminal, and the emitter and collector of the ninth
transistor being connected to an output terminal and
the first supply terminal respectively.

The invention will be further explained with refer-
ence to the appended drawing, in which:

Fig. 1 shows the basic principle of an electronic

circuit according o the invention and

the Figs. 2 to 9 show embodiments of an elec-

tronic circuit according to the invention.

In these Figures like components have like refer-
ence characters.

Fig. 1 shows the basic principle of the electronic
circuit according to the invention. Between a first sup-
ply terminal 1 and a second supply terminal 2 there is
a series connection of a load L and a control current
source 3. The load | and the control current source 3
are linked in a control terminal 4. The load L may be,
for example, a resistor, 8 diode or a base of a transis-
tor driven by the control current source 3. The current
through the load L is i and the current the control cur-
rent source can produce is i. If the current i is insuffi-
cient for the desired current i, the current i will have
to be amplified in one way or another. This is possible
by inserting an ampiifier between the control terminal
4 and the load L. More particularly, when the frequen-
cies of the input current i are increased, such an am-
plifier will cause a disturbance in the signal quality
because of the introduction of an extra pole in the sig-
nal transmission from control current source 3 to load
L. This disturbance may be avoided by means of the
circuit according to the invention. It includes a second
control terminal 5 and a second control current
source 6 that produces a current equal to the current
i of the first control current source 3. It further in-
cludes a current follower 7 having a current follower
input 8 and a first current follower output 9 and a sec-
ond current follower output 10. The current follower 7
produces at the two current follower outputs 9, 10 cur-
rents s.l;, which are substantially equal to the current
i, applied to the current follower input 8. The current
follower input 8 and the cutrent follower output 9 are
connected, as is the second control current source 6,
to the second control terminal 5. The current follower
output 10 is connected to the first control terminal 4.
From this configuration it may easily be calculated
that:

iL = Ii(1-s).
The current flowing through the control current
source 3 is therefore only a fraction of the current i_
flowing through the load L. The current follower 7 and
the second cantrol current source 6 largely compen-
sate for the current i_, so that now a proportionally
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smaller control current i may suffice. The current i is
transferred in an amplified version to the load L with-
out interrupting the connection between the load L
and the control current source.

Fig. 2 shows an embodiment of an electronic cir-
cuit according to the principle represented in Fig. 1.
The current folfower 7 comprises a first current mirror
circuit 11 having a current input 12, a current output
13 and a common current terminal 14 and includes a
second current mirror circuit 24 having a current input
15, a first current output 16, a second current output
17 and a common current terminal 18. The current in-
put 12 corresponds to the current follower input 8 and
is connected to the second control terminal 5. The
current outputs 16 and 17 correspond to the first cur-
rent follower output 9 and the second current follower
output 10 respectively, and are connected fo the re-
spective second control terminal 5 and the first con-
trol terminal 4. The current cutput 13 is connected to
the current input 15. The common current terminals
14 and 18 are connected to, respectively, the first
supply terminal 1 and the second supply terminal 2.
The first current mirror circuit 11 is formed by two PNP
transistors T1 and T2 whose collector-emitter junc-
tions are connected between the current input 12 and
currentterminal 14 and between the current output 13
and current terminal 14 respectively. The base-
emitter junctions of the transistors T1 and T2 are con-
nected in parallel and connected to the current termi-
nal 14 on the emitter side. The base and coliector of
the transistor T1 are interconnected. The second cur-
rent mirror circuit 24 is formed by the NPN transistors
T3, T4 and TS whose base-emitter junctions are con-
nected in parallel and whose emitters are connected
to the current terminal 18. The collectors of the tran-
sistors T3, T4 and T5 are connected to the current in-
put 15, the current output 16 and the current output
17 respectively, whereas the collector of transistor T3
is also connected to its base. The stacking of the thus
arranged first and second current mirror circuits 11,
24 between the supply terminals 1, 2 causes a current
applied to the current follower input 8 to make a cur-
rent substantially equal thereto flow from the current
follower outputs 9 and 10.

The first and second control current sources
comprise NPN transistors T14 and T15 whose bases
are connected to an input terminal 19, whose emitters
are connected to a common junction 20 that is con-
nected to the supply terminal 2 and whose collectors
are connected to the first control terminal 4 and the
second control terminal 5 respectively, and, in addi-
tion, to the supply terminal 1 by means of a bias cur-
rent source 21 and a bias current source 22 respec-
tively, APNP transistor T16, whose base is connected
to control terminal 4, whose emitter is connected to
the supply terminal 1 and whose collector is connect-
ed to an output terminal 23, acts as a load for the first
control terminal 4.
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The circuit shown in Fig. 2 may be regarded as an
amplifier stage having an input 19 and an output 23
and comprising an input stage T14 which is substan-
tially not loaded by the base of transistor T16. This cir-
cuit is suitable for iow supply voltages from about 1
volt and may nevertheless be capable of producing
large currents at the output terminal 23. Over the col-
lector and the base of transistor T16 a Miller capacitor
Cm1 may be introduced to render the amplifier stage
suitable in a negative feedback amplifier system. In
that case also the current flowing through the Miller
capacitor Cm1 will be compensated for, so that the
desired effect of the Milier capacitor is eliminated. In
order to avoid this, another Miller capacitor Cm2 is to
be inserted between the collector of transistor T16
and the current follower input 8. The compensation of
the Miller current component in the base current of
transistor T16 is thus eliminated.

The base current for transistor T16 is supplied, in
essencs, by the current follower output 10. The choice
of NPN transistors in the second current mirror circuit
24 makes a simple drive of the transistor T16 possible
because an increasing base current is effected as a
result of an increasing conduction of transistor T5.
Separate d.c. current sources for quiescent current
adjustment of the current mirror circuits 11, 24 are not
necessary.

Fig. 3 shows another embodiment of an electron-
ic circuit according to the invention. The circuit shown
is essentially equal to that of Fig. 2, but the transistors
of the first and second current mirror ¢ircuits now
have opposite conductivity types, whereas the com-
mon current terminals 14 and 18 are now connected
to the output terminal 23 and supply terminal 1 re-
spectively. This configuration is opted for because
transistor T16 is now selected to be an NPN transistor
whose collector is connected to supply terminal 1 and
whose emitter is connected to output terminal 23.
However, it is alternatively possible to connect current
terminat 14 to supply terminal 2 in lieu of output ter-
minal 23. Transistor T16 is arranged as an emitter fol-
lower. A configuration in which NPN transistor T16 op-
erates in a common-emitter circuit is also possible,

howsver. In that case the emitter of transister T16 and ~

current terminal 14 are to be connected to supply ter-
minal 2 and the collector of transistor T16 is to be con-
nected to output terminal 23. For any Miller capacitor
over the collector and base of transistor T16 correc-
tions have to be introduced in the same way as shown
in Fig. 2.

Fig. 4 shows an glectronic circuit according to the
invention, which basically corresponds to the circuit of
Fig. 2. Compared to the circuit represented in Fig. 2,
two extensions are made which may also be made
separately. The first extension relates to the first and
second current mirror circuits (11, 24), whereas the
second extension relates to a differential input stage.

In current mirror circuit 11 the collectors of tran-

10

15

20

25

30

35

45

sistors T1 and T2 are connected via the emitter-col-
lector junctions of PNP transistors T6 and T7 to cur-
rent input 12 and current output 13 respectively. The
bases of transistors T6 and T7 are connected to the
collector of transistor T7 which, in turn, is connected
to the current output 13. The collector of transistor Té -
is connected to the current input 12. The emitter of
transistor T7 is further connected to the emitters of
PNP transistors T8 and T9 whose bases are connect-
ed to current terminal 14 via a bias voltage source 30.
The collector of transistor T8 is connected to the base
of transistor T3 which is now not connected to the col-
lector as shown in Fig. 2. The collector of transistor T9
is connected to the input of a current mirror circuit
comprising NPN transistors T10, T11 and T12 ar-
ranged in a similar manner to the transistors T3, T4
and T5 respectively, in the circuit shown in Fig. 2. The
emitters of transistors T10, T11 and 712 are connect-
ed to current terminal 18 and their collectors to the
collector of transistor T9, current output 16 and cur-
rent output 17 respectively. The symmetry error,
caused by the base currents of transistors T1 and T2
being subtracted from the collector current of transis-
tor T6, is now corrected by adding base currents of
the transistors T6 and T7 substantially equal thereto
to the collector current of transistor T7. The symmetry
error caused by the base currents of the transistors
T3, T4 and T5, which currents are derived from the
coliector current of transistor T2, is corrected by
means of the transistors T8, T9, T10, T11 and T12 of
which transistors the transistors T11 and T12 prefer-
ably have a double emitter surface. Furthermore, the
transistors in the sets of transistors T1/72, T6/T7 and
T3/T4/T5 have approximately equal base-collector
voltages which reduces errors caused by the Early ef-
fect. Over the coltector-base junction of transistor T3
a capacitor C, can be installed for circuit stability.

In combination with, or independent of the exten-
sions to the current mirror circults 11, 24, the electron-
ic circuit of Fig. 2 can be provided with a differential
input stage referenced 32 in Fig. 4. The common junc-
tion 20 is now connected via a bias current source 34
to the second supply terminal 4. The circuit further in-
cludes NPN transistors T17 and T18 whose emitters
are connected to junction 20 and whose bases are
connected to a second input terminal 36, The collec-
tors of the transistors T18, T17, T14 and T15 are con-
nected to the collectors of the PNP transistors T19,
T20, T21 and T22 respectively, the emitters of which
four PNP transistors being connected to the first sup-
ply terminal 1 and the bases being connected to the
collector of transistor T19. The transistors T19 and
T21 convert the differential current from transistors
T18 and T14 into a single-sided current. The transis-
tors T17 and T20 are added to improve symmetry. In
the differential amplifier 32 are further included the
PNP transistors T23, T24 and T25whose emitters are
connected to the supply terminal 1, whose bases are
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connected to the collector of transistor T20 and
whose collectors are connected to the collectors of
transistors T20, T21 and T22 respectively. in this
fashion the base currents of transistors T19-T22 are
aiso derived from transistor T23 and mirrored by the
transistors T24 and T25 and added to the coliector
currents of transistors T21 and T22.

Fig. 6 shows an embodiment of an electronic cir-
cuit according to the invention resulting from exten-
sions to the circuit shown in Fig. 3 which are similar
to those of the circuit shown in Fig. 4. The transistor
T16is now represented in a common-emitter circuitin
which the emitter is connected to supply terminal 2
and the base to output terminal 23. For this reason the
current terminal 14 of current mirror circuit 11 is also
connected to supply terminal 2. In current mirror cir-
cuit 24 the collector-base junction of transistor T3 is
not short-circuited but bridged by means of the emit-
ter-collector junction of an NPN transistor T13 whose
collector is connected to the basa of transistor T3 and
whose base is connected via a bias voltage source 30
to current terminal 14. Transistor T13 supplies sub-
stantially equal base-collector voltages to transistors
T3-T5 and T1, T2 and reduces errors caused by the
Early effect in these transistors.

Similar to the situation shown in Fig. 4, the input
stage 32 has a differential arrangement comprising a
current source 34, NPN transistors T18 and T19 and
PNP transistors T19-T22 whose bases are not con-
nected to the collector of transistor T19 but to the
base of a PNP transistor T26 arranged as a diode and
whose emitter is connected to supply terminal 1 and
whose collector is connected to supply terminal 2 via
a bias current source 38. The input stage 32 further
includes NPN transistors T27-T30 whose emitters
are connected to supply terminal 2, whose bases are
connected to the collector of transistor T19 and
whose collectors are connected to the respective col-
lectors of transistors T18, T19, T14 and T15. The coi-
lectors of the transistors T18 and T19 are intercon-
nected. The current mirror circuit formed by the tran-
sistors T27-T30 fixes the collector voltages of transis-
tors T14, T15, T18 and T19 and reduces errors
caused by the Early effect. The circuit represented in
Fig. 5 can operate at a supply voltage of about 1 voit.

In the embodiments that have a differential input
32, the first and second current mirror circuits 11 and
14 may advantageously be combined to the current
mirror circuits in the differential amplifier. Fig. 6
shows a first embodiment hereof derived from the cir-
cuit shown in Fig. 2. Compared to that circuit the fol-
lowing modifications have been introduced. The sec-
ond current mirror circuit 24 comprises PNP transis-
tors and is connected to the first supply terminal 1 by
means of its common current terminal 18. The NPN
transistors T14, T15 are replaced by NPN transistors
T106 and T107 and the junction 20 is connected to the
second supply terminal 2 via a bias current source 34,
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Furthermore, NPN transistors T108 and T109 are
added, whose bases are connected to a second input
terminal 36, whose emitters are connected to junction
20 and whose collectors are connected to the current
input 15 and the collector of a PNP transistor T1410 re-
spectively, whose base-emitter junction is connected
in parallel to that of the transistors T3-T5 of the sec-
ond current mirror circuit. In addition, the PNP tran-
sistors T111, T112 and T113 are added, whose emit-
ters are connected te the first supply terminal 1, their
bases to the collector of transistor T109 and their col-
lectors to the respective collectors of transistors
T109, T106 and T107. The transistors T109 to T113
enhance the circuit symmetry but may be omitted as
desired. PNP transistor T114 replaces the corre-
sponding transistor T16 in Fig. 1. The current mirror
circuit formed by the transistors T111-T113 compen-
sates for the base currents of the transistors T3, T4,
T5 and T110 flowing to the collector of transistor
T108.

Fig. 7 represents an embodiment in which, simi-
lar to Fig. 6, the second current mirror circuit 24 is
combined to that of the differential amplifier 32. The
circuit may be derived from that shown in Fig. 3 with
& number of modifications. The NPH transistors T14
and T15 are replaced by MPH transistors T106 and
T107 and junction 20 is connected to supply terminal
2 via a bias current source 34. The MPH transistor
T16 is replaced by MPH transistor T114. MPH tran-
sistor T108, whose emitter is connected to junction
20, whose base is connected to a second input termi-
nal 36 and whose collector is connected to the current
input 15 of the second current mirror circuit 24, is add-
ed. The common current terminal 14 of the first cur-
rent mirror circuit 11 is now connected to junction 20.
By connecting the output terminal 23 to the second in-
put terminal 38, as indicated by way of a dotted line,
a circuit is obtained behaving as a voltage follower
from input terminal 19 to output terminal 23.

Fig. 8 shows an electronic circuit according to the
invention similar to that shown in Fig. 3 but for the ex-
tension by a transistor T16A, whose emitter is con-
nected to output terminal 23, whose collector is con-
nected to supply terminal 2 and whose base is con-
nected to the collector of transistor T14, which tran-
sistor T16A is complementary to transistor T16. Other
extensions are formed by current mirror circuits 11A
and 24A, whose corresponding current inputs and
curent outputs referenced A are mutually coupled
and whose common current terminals 14A and 18A
respectively, are connected to the output terminal 23
and the first supply terminal 2, and which are comple-
mentary to the first and second current mirror circuits
11 and 24. The collector of transistor T14 is connected
to bias current scurce 21 by means of twa series-con-
nected diodes D1 and D3 whose junction is connect-
ed to the current outputs 17 and 17A. The base of
transistor T16 is connected to the junction of current
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source 21 and diode D1, the base of transistor T16A
te the junction of diode D3 and the collector of tran-
sistor T14. The collector of transistor T15 is connect-
ed to bias current source 22 by means of two series-
connected diodes D2 and D4. The junction of diodes
D2 and D4 is connected to the current outputs 16 and
16A. The current inputs 12 and 12A are connected to
the other electrode of diodes D2 and D4 where the
current source 22 and the collector of transistor T15
are located. The diodes produce a bias voltage for the
series-connected base-emitter junctions of the tran-
sistors T1 and T1Ain the current mirror circuits 11 and
11A and of the transistors T16 and T18A.

Fig. 9 shows an embodiment of an electronic cir-
cuit according to the invention, comprising a differen-
tial input stage 32 having input terminals 19 and 19A
connected to the respective NPH transistors T14, T15
and the NPH transistors T14A and T15A, the emitters
of which four transistors being mutually coupled in a
junction 20 which is connected to the second supply
terminal 2 via a bias current source 34. The collectors
of the transistors T14, T15, T15A and T14A are con-
nected to respective collectors of PNP transistors
T210, T211, T212 and T213, whose bases are con-
nected to a reference voltage terminal 220 and whose
emitters are connected to supply terminal 1 and these
collectors are also connected to the respective emit-
ters of PNP transistors T214, T215, T216 and T217,
whose bases are connected to a reference voltage
terminal 222. The transistors T14, T15, T15A and
T14A, together with the transistors T214, T215, T216
and T217 form four folded cascode connections fed
from the transistors T210, T211, T212 and T213 ar-
ranged as cumrent sources. The circuit further in-
cludes an arrangement comprising eight PNP transis-
tors T218 to T225 coupled in a fashion similar to that
of the transistors T210 to T217 of which the emitters
of the transistors T218-T221 are connected to the
supply terminal 2 and the bases to a referance voltage
terminal 226. The bases of the transistors T222,
T223, T224 and T225 are connected to a reference
voltage terminal 224 whereas the collectors are con-
nected to the collectors of the respective transistors
T214, T215, T216 and T217 in the control terminals
5, 4, 4A and 5A respectively,

The transistors T210-T213 may be regarded as
two overiapping secand current mirror circuits 24 and
24A of the type shown in Fig, 3. The collector connec-
tions of these transistors may be regarded as the re-
spective current outputs 18, 17, 17A and 16A of the
current mirror circuits 24 and 24A, whereas the col-
lectors of the transistors T211 and 7212, as a resuit
of the overlap, likewise correspond to the current in-
puts 15A and 15 of the current mirror circuits 24A and
24,

The circuit further includes the first current mirror
circuits 11 and 11A both comprising NPN transistors
whose collector-emitter junctions are connected in
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serias in pairs. The current inputs 12, 12A of these
current mirror circuits are connected to the contral
terminals 5 and 5A respectively, the current outputs
13, 13A to current input 15 and controf terminal 4 re-
spectively, and the common currentterminals 14, 14A
to the output terminal 23 and supply terminal 2 re-
spectively. The control terminals 4 and 4A are con
nected to the base of an NPN transistor T230 and an
NPN transistor T231 respectively, whose collector-
emitter junctions are connected to output términal 23
and are series connected between the supply termi-
nals 1 and 2.

The Miller capacitors Cm1 and Cm2 may be in-
serted, as required, between the collector of transis-
tor T231 and the control terminals 4Aand 5A, possibly
in combination with stabilizing capacitors Cp1 and
Cp2 between the control terminals 4 and 5 and the
supply terminat 2,

The invention is not restricted to the embodi
ments shown. By means of combinations of and va-
riations to the circuits shown, different embodiments
are likewise possible. Furthermore, the NPN transis-
tors may be replaced by PNP transistors and vice ver-
sa. In addition, the invention is not restricted either to
embodiments comprising bipolar transistors. All cir-
cuits shown may comprise unipolar transistors, for
example, in CMOS technology, then substituting the
gate, source and drain of the unipolar transistor for
the base, emitter and collector of the bipolar transis-
tor.

Claims

1. Electronic circuit comprising a series connection
of a load and a first control current source, insert-
ed between first and second supply terminals, for
producing a first current, the load and the control
current source being connected to a first control
terminal, characterized in that the electronic cir-
cuit further includes a sscond control current
source for producing a second current that is sub-
stantially equal to the first current, a second con-
trol terminal connected to the second control cur-
rent source and to a current follower having a cur-
rent follower input for receiving a current to be fol-
lowed and having first and second current follow-
er outputs for delivering currents that are propor-
tional to the current to be followed, the current fol-
lower input and the first current follower output
being coupled to the second control terminal and
the second current follower output being coupled
to the first control terminal.

2. Electronic circuit as claimed in Claim 1, charac-
terized in that the current follower comprises first
and second current mirror circuits having each a
current input for connecting a current te be mir-
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rored and a common current terminal for connect-
ing a supply current, the first current mirror circuit
having a current output and the second current
mirror circuit having first and second current out-
puts for delivering currents proportional to the
current to be mirrored and flowing in the same di-
rection, the current input of the first current mirror
circuit being coupled to the current follower input,
the current output of the first current mirror circuit
being coupled to the cumrent input of the second
current mirror circuit and the first and second cur-
rent outputs of the second current mirror circuit
being coupled to the first and second current fol-
lower outputs respectively.

Electronic circuit as claimed in Claim 2, charac-
terized in that the first current mirror circuit com-
prises first and second transistors of a same con-
ductivity type, having each a base, an emitter
and a collector, whose base-emitter junctions are
connected in paraliel, their emitters being con-
nected to the common current terminal of the first
current mirror circuit and their collectors being
coupled to the respective current input and cur-
rent output of the first current mirror circuit, and
in that the second current mirror circuit comprises
third, fourth and fifth transistors of a same con-
ductivity type, having each a base, an emitter
and a coilector, the base-emitter junctions of
these third, fourth and fifth transistors being con-
nected in parallel, their emitters being connected
to the common current terminal of the second cur-
rent mirror circuit and their collectors being cou-
pted to the current input, the first current output
and the second current cutput respectively, of the
second current mirror circuit.

Electronic circuit as claimed in Claim 3, charac-
terized in that the bases of the first and third tran-
sistors are connected to the collectors and in that
the conductivity type of the third, fourth and fifth
transistors is opposite to the conductivity type of
the first and second transistors.

Electronic circuit as claimed in Claim 3, charac-
terized in that the conductivity type of the third,
fourth and fifth transistors is oppaosite to that of
the first and second transistors, and in that the
electronic circuit further includes sixth, seventh,
eighth and ninth transistors of a conductivity type
equal to that of the first and second transistors,
and tenth, eleventh and twelfth transistors of a
conductivity type equal to that of the third, fourth
and fifth transistors, all having a base, emitter
and a collector, whereas the collectors of the first
and second transistors are connected to the
emitters of the sixth and seventh transistors re-
spectively, the bases of the sixth and seventh
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transistors are interconnected, the collector of
the sixth transistor is connected to the base of the
first transistor and to the current input of the first
current mirror circuit, the collector of the seventh
transistor is connected to the base of the seventh
transistor and to the cumrent output of the first cur-
rent mirror circuit, the emitters of the eighth and
ninth transistors are connected to the emitter of
the seventh transistor, their bases to a reference
voltage source, and the collector of the sighth
transistor is coupled to the base of the third tran-
sistor and the collector of the ninth transistor is
coupled to the collector and the base of the tenth
transistor whose base-emitter junction is con-
nected in paralls| to the base-emitter junctions of
the eleventh and twelfth transistors, the emitters
of the tenth, eleventh and twelfth transistors are
connected to the common current terminal of the
sacond current mirror circuit, and the collectors of
the respective eleventh and twelfth transistors
are coupled to the respective first and second
current outputs of the second current mirror cir-
cuit.

Electronic circuit as claimed in Claim 3, charac-
terized in that the electronic circuit further in-
cludes a thirteenth transistor of a conductivity
type opposite to that of the third transistor and
having a base, emitter and collector connected to
a reference voltage source, the collector of the
third transistor and the base of the third transistor
respectively.

Electronic circuit as claimed in Claim 1, 2, 3, 4, 5
or 6, characterized in that the first and second
control current sources are arranged as four-
teenth and fifteenth transistors respectively, of a
first conductivity type, having each a base, emit-
ter and a collector, their bases being connected
to a first input terminal and the emitters to a com-
mon junction, and the collector of the fourteenth
and fifteenth transistors being coupled to the first
and second control terminals respectively.

Electronic circuit as claimed in Claim 1, 2, 3, 4,
5, 6 or 7, characterized in that the electronic cir-
cuit further includes a sixteenth transistor having
a base, emitter and a collector, whose base is
connected to the first control terminal and of
which a main current path formed by the emitter
and the collector is connected to an output termi-
nal,

Electronic circuit as claimed in Claim 8, charac-
terized in that the sixteenth transistor is of a sec-
ond conductivity type opposite to the first con-
ductivity type, the emitter and'the collector of the
sixteenth transistor being coupled to the respec-
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tive first supply terminal and the output terminal,
in that the first and second transistors are of the
second conductivity type and the third, fourth and
fifth transistors are of the first conductivity type
and in. that the common current terminal of the
first and second current mirror circuits is connect-
ed to the first and second supply terminals re-
spectively.

Electronic circuit as claimed in Claim 8, charac-
terized in that the sixteenth transistor is of the
first conductivity type, the emitter and the collec-
tor of the sixteenth transistor being coupied to the
output terminal and the first supply terminal re-
spectively, in that the first and second transistors
are of the first conductivity type and the third,
fourth and fifth transistors of a second conduc-
tivity type opposite to the first conductivity type
and in that the common terminals of the first and
second current mirror circuits are connected to
the output terminatl and the first supply terminal
respectively.

Electronic circuit as claimed in Claim 8, charac-
terized in that the sixteenth transistor is of the
first conductivity type, the emitter and the collec-
tor of the sixteenth transistor being coupled to the
second supply terminat and the output terminal
respectively, in that the first and second transis-
tors are of the first conductivity type and the third,
fourth and fifth transistors of a second conduc-
tivity type opposite to the first conductivity type
and in that the common terminals of the first and
second current mirror circuits are connected to
the second and first supply terminals respective-

ly.

Electronic circuit as claimed in Claim 9, 10 or 11,
characterized in that the common junction is con-
nected to the second supply terminal,

Electronic cireuit as claimed in Claim 8, 10 or 11,
characterized in that the electronic circuit further
includes a first bias current source inserted be-
tween the common junction and the second sup-
ply terminal, seventeenth and eighteenth transis-
tors of the first conductivity {ype having each a
base, emitter and a collector, whose bases are
connected to a second input terminal and their
emitters to the common junction; nineteenth,
twentieth, twenty-first and twenty-second tran-
sistors of the second conductivity type having
each a base, emitter and a collector, whose base-
emitter junctions are connected in parallel and
whose emitters are connected to the first supply
terminal and whose collectors are coupled to the
collectors of the eighteenth, seventeenth, four-
teenth and fifteenth transistors respectively.
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Electronic circuit as claimed in Claim 13, charac-
terized in that the base of the nineteenth transis-
tor is connected to the collector of the nineteenth
transistor and in that the electronic circuit further
includes twenty-third, twenty-fourth and twenty-
fifth transistors of the second conductivity type,
having each a base, emitter and a coliector,
whose base-emitter junctions are connected in
parallel, whose emitters are connected to the first
supply terminal and whose bases are coupled to
the collector of the seventeenth transistor and
whose collectors are coupled to the collectors of
the seventeenth, fourteenth and fifteenth tran-
sistors respectively.

Electronic circuit as claimed in Claim 13, charac-
tarized in that the electronic circuit further in-
cludes a twenty-sixth transistor of the second
conductivity type having a base, emitter and a
coliector, whose base-emitter junction is con-
nected in parallel to the base-emitter junctions of
the nineteenth to twenty-second transistors and
whose base and collector are interconnected and
coupled to the first supply terminal via a second
bias current source, and twenty-seventh to thir-
tisth transistor of the first conductivity type hav-
ing each a base, emitter and a collector, whose
bases are connected to the collector of the sev-
enteenth transistor, their emitters to the second
supply terminal and whose collectors are con-
nected to the collectors of the eighteenth, seven-
teenth, fourteenth and fifteenth transistors re-
spectively, and the ccllector of the eighteenth
transistor being interconnected to the collector of
the seventeenth transistor.

Electronic circuit as claimed in Claim 3, charac-
terized in that the first and second control current
sources are constituted by sixth and seventh
transistors respectively, of a first conductivity
type, having each a base, emitter and a collector,
the bases being connected to a first input termi-
nal and the emitters to a common junction, which
junction is coupled to the second supply terminal
via a bias current source, and the collectors of the
sixth and seventh transistors being coupled to
the first and second control terminals respective-
ly, in that the common terminals of the first and
second current mirror circuits are connected to
the first supply terminal, in that the first to fifth
transistors are of a second conductivity type op-
posite to the first conductivity type and the base-
collector junctions of the first and third transistors
are short-circuited, and in that the electronic cir-
cuit further inciudes an eighth transistor of the
first conductivity type having a base, emitter and
a collector connected to a second input terminal,
the common junction and the current input of the
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second current mirror circuit respectively.

Electronic circuit as claimed in Claim 16, charac-
terized in that the electronic circuit further in-
cludes a ninth transistor of the first conductivity
type and tenth to twelfth transistors of the second
conductivity type, all having a base, smitter and
a collector, the base and the emitter of the ninth
transistor bsing connected to the second input
terminal and the common junction respectively,
and the collector of the ninth transistor being con-
nected to the collector of the tenth transistor,
whose base-emitter junction is connected in par-
allei to that of the third transistor, and is also con-
nected to the bases of the eleventh, twelfth and
thirteenth transistors, the emitters of these elev-
enth to thirteenth transistors being connected to
the first supply terminal and their collectors being
connected to the collector of the ninth transistor,
the second control terminal and the first control
terminal respectively.

Electronic circuit as claimed in Claim 16 or 17,
characterized in that the electronic circuit further
includes a fourteenth transistor of the second
conductivity type having a base, emitter and a
collector, whose base is connected to the first
control terminal and whose emitter and collector
are coupled to the first supply terminal and an
output terminal respectively.

Electronic circuit as claimed in Claim 3, charac-
terized in that the first and second control current
sources are constituted by sixth and seventh
transistors respectively, of a first conductivity
type, having each a base, emitter and a collector,
the bases being connected to a first input termi-
nal and the emitters to a common junction, which
junction is coupled to a second supply terminal
via a bias current source, and the collectors of the
sixth and seventh transistors being coupled to
the first and second control terminals respective-
ly, in that the common terminals of the first and
second mirror current circuits are connected to
the common junction and the first supply terminal
respectively, in that the first and second transis-
tors are of the first conductivity type and the third,
fourth and fifth transistors of a second conduc-
tivity type opposite to the first conductivity type,
and the base-collector junction of the first and
third transistors are short-circuited, and in that
the electronic circuit further includes eighth and
ninth transistors of the first conductivity type hav-
ing each a base, emitter and a collector, the base,
emitter and collector of the eighth transistor be-
ing connected to a respective second input termi-
nal, the common junction and the current input of
the second current mirror circuit respectively, and
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the base of the ninth transistor being connected
to the first control terminal, and the emitter and
collector of the ninth transistor being connected
to an output terminal and the first supply terminal
respectively,

Electronic circuit as claimed in Claim 10, further
including a further transistor complementary to
the sixteenth transistor and having a base, emit-
ter and a collector coupled to the first control ter-
minal, the output tarminal and the second supply
terminal respectively, a first current mirror circuit
complementary to the first current mirror circuit
and a second current mirror circuit complemen-
tary to the second cumrent mirror circuit, corre-
sponding current inputs and current outputs of
the current mirror circuits being mutually cou-
pled, the common current terminal of the comple-
mentary first current mirror circuit being connect-
ed to the output terminal and the common current
terminal of the complementary second current
mirror circuit being connected to the second sup-
ply terminal, and in which the common junction is
connected to the second supply terminal.

Electronic circuit as claimed in Claim 9, 10 or 11,
in which a Miller capacitor is connected over the
base and collector of the sixteenth transistor,
characterized in that a further Miller capacitor is
inserted between the collector of the sixteenth
transistor and the second control terminal.

Electronic circuit as claimed in Claim 18, in which
a Miller capacitor is connected over the base and
collector of the fourteenth transistor, character-
ized in that a further Miller capacitor is inserted
between the collectors of the fourteenth transis-
tor and the second control terminal.

Electronic circuit as claimed in one of the preced-
ing Claims, characterized in that bipolar transis-
tors having a base, emitter and a collector are re-
placed by unipolar transistors having a gate,
source and a drain respectively.

Patentanspriiche

1.

Elektronische Schaltung mit einer zwischen einer
ersten und einer zweiten Verscrgungsklemme
eingeflgten Reihenschaltung aus einer Last und
einer ersten Steuerstromquelle, zur Erzeugung
eines ersten Stroms, wobei die Last und die Steu-
erstromquelle mit einer ersten Steuerklemme
verbunden sind, dadurch gekennzeichnet, daf
die elektronische Schaltung weiterhin eine zwei-
te Steuerstromquelle zur Erzetigung eines zwel
ten Stroms, der nahezu gieich dem ersten Strom
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ist, enthdit, sowie eine zweite Steuerklemme, die
mit der zwaiten Steuerstromquelle und mit einem
Stromfolger verbunden ist, der einen Stromfol-
gereingang zum Empfangen eines zu folgenden
Stroms und einen ersten und einen zweiten
Stromfolgerausgang zur Lieferung von Strémen
hat, die dem zu folgenden Strom proportional
sind, wobei der Stromfolgereingang und der erste
Stromfolgerausgang mit der zweiten Steuerklem-
me gekoppelt ist und der zweite Stromfolgeraus-
gang mit der ersten Steuerklemme gekoppelt ist.

Elektronische Schaltung nach Anspruch 1, da-
durch gekennzeichnet, dal® der Stromfolger eine
arste und eine zweite Stromspiegelschaltung mit
jewsils einem Stromeingang zum AnschlieRen ei-
nes zu spiegelnden Stroms und einer gemeinsa-
men Stromklemme zum Anschliefen eines Ver-
sorgungsstroms umfalt, wobei die erste Strom-
spiegelschaltung einen Stromausgang und die
zweite Stromspiegelschaltung einen ersten und
einen zweiten Stromausgang hat zum Liefern
von Strémen, die proportional zu dem zu spie-
gelnden Strom sind und in gleicher Richtung ftie-
Ren, wobei der Stromeingang der ersten Strom-
spiegelschaltung mit dem Stromfolgereingang
gekoppelt ist, der Stromausgang der ersten
Stromspiegeischaltung mit dem Stromeingang
der zweiten Stromspiegelschaltung gekoppelt ist
und der erste und der zweite Stromausgang der
zweiten Stromspiegelschaltung mit dem ersten
bzw. zweiten Stromfolgerausgang gekoppelt ist.

Elektronische Schaltung nach Anspruch 2, da-
durch gekennzeichnet, dal die erste Stromspie-
gelschaltung einen ersten und einen zweiten
Transistor eines gleichen Leitungstyps umfalt,
mit jeweils einer Basis, einem Emitter und einem
Kollektor, deren Basis-Emitter-Strecken parallel
geschaltet sind, deren Emitter mit der gemeinsa-
men Stromklemme der ersten Stromspiegel-
schaltung verbunden sind und deren Kollektoren
mit dem Stromeingang bzw. Stromausgang der
ersten Stromspiegelschaltung gekoppelt sind,
und daR die zweite Stromspiegelschaltung einen
dritten, vierten und fiinften Transistor eines glei-
chen Leitungstyps umfalt, mit jeweils einer Ba-
sis, einem Emitter und einem Kollektor, wobei die
Basis-Emitter-Strecken dieses dritten, vierten
und flnften Transistors parallel geschaltet sind,
ihre Emitter mit der gemeinsamen Stromklemme
der zweiten Stromspiegelschaltung verbunden
sind und ihre Kollektoren mit dem Stromeingang,
dem ersten Stromausgang bzw. dem zweiten
Stromausgang der zweiten Stromspiegelschal-
tung gekoppelt sind.

4. Elektronische Schaltung nach Anspruch 3, da-
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durch gekennzeichnet, daf die Basen des ersten
und des dritten Transistors mit{ den Kollektoren
verbunden sind und daf der Leitungstyp des drit-
ten, vierten und finften Transistors dem Lei-
tungstyp des ersten und zweiten Transistors ent-
gegengesetzt ist.

Elektronische Schaltung nach Anspruch 3, da-
durch gekennzeichnet, dak der Leitungstyp des
dritten, vierten und finften Transistors dem des
ersten und zweiten Transistors entgegengesetzt
ist, und daf die elektronische Schaltung weiter-
hin einen sechsten, siebten, achten und neunten
Transistor eines Leitungstyps enthalt, der dem
des ersten und zweiten Transistors gleich ist, und
einen zehnten, elften und zwilften Transistor ei-
nes Leitungstyps, der dem des dritten, vierten
und flnften Transistors gleich ist, wobei alle eine
Basis, einen Emitter und einen Kollektor haben,
wobei die Kollektoren des ersten und des zweiten
Transistors mit den Emittern des sechsten bzw.
siebten Transistors verbunden sind, die Basen
des sechsten und des siebten Transistors mitein-
ander verbunden sind, der Kollektor des sech-
sten Transistors mit der Basis des ersten Transi-
stors und mit dem Stromeingang der ersten
Stromsplegelschaltung verbunden ist, der Kol-
lekior des siebten Transistors mit der Basis des
siebten Transistors und mit dem Stremausgang
der ersten Stromspiegelschaltung verbunden ist,
die Emitter des achten und neunten Transistors
mit dem Emitter des siebten Transistors verbun-
den sind, ihre Basen mit einer Bezugsspan-
nungsquelle, und der Kollektor des achten Tran-
sistors mit der Basis des dritten Transistors ge-
koppelt ist und der Kollektor des neunten Transi-
stors mit dem Kollektor und der Basis des zehn-
ten Transistors gekoppelt ist, dessen Basis-Emit-
ter-Strecke parallel zu den Basis-Emitter-Strek-
ken des slften und des zwdiften Transistors ge-
schaltet ist, die Emitter des zehnten, efften und
zwdlften Transistors mit der gemeinsamen
Stromklemme der zweiten Stromspiegelschal-
tung verbunden sind, und die Kollektoren des elf-
ten bzw. zwdIften Transistors mit dem ersten
bzw. zweiten Stromausgang der zweiten Strom-
spiegelschaltung gekoppelt sind.

Elektronische Schaltung nach Anspruch 3, da-
durch gekennzeichnet, daf die elektronische
Schaltung weiter hin einen dreizehnten Transistor
enthélt, mit einem Leitungstyp, der dem des drit-
ten Transistors entgegengesetzt ist, und miteiner
Basis, einem Emitter und einem Kollektor, die mit
einer Bezugsspannungsquelle, dem Kollektor
des dritten Transistors bzw. der Basis des dritten
Transistors verbunden sind. -
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Elektronische Schaltung nach Anspruch 1, 2, 3,
4, 5 oder 6, dadurch gekennzeichnet, daB die er-
ste und die zweite Steuerstromquelle als vier-
zehnter bzw. finfzehnter Transistor eines ersten
Leitungstyps angeordnet sind, mit je einer Basis,
einem Emitter und einem Kollektor, wobei ihre
Basen mit einer ersten Eingangsklemme und die
Emitter mit einem gemeinsamen Knotenpunkt
verbunden sind, und der Kollektor des vierzehn-
ten bzw. fiinfzehnten Transistors mit der ersten
bzw. zweiten Steuerklemme gekoppelt ist.

Elektronische Schaltung nach Anspruch 1, 2, 3,
4, 5, 6 oder 7, dadurch gekennzeichnet, da@ die
elektronische Schaltung weiterhin einen sech-
zehnten Transistor mit einer Basis, einem Emitter
und einem Kollektor enthélt, dessen Basis mit der
ersten Steverklemme verbunden ist und von dem
ein vom Emitter und dem Kollektor gebildeter
Hauptstrompfad mit einer Ausgangskiemme ver-
bunden ist.

Elektronische Schaltung nach Anspruch 8, da-
durch gekennzeichnet, daB der sechzehnte Tran-
sistor von einem dem ersten Leitungstyp entge-
gengesetzten zweiten Leitungstyp ist, wobei der
Emitter und der Kollektor des sechzehnten Tran-
sistors mit der ersten Versorgungsklemme bzw.
der Ausgangsklemme gekoppeit sind, dal der er-
ste und der zweite Transistor vom zweiten Lei-
tungstyp sind und der dritte, vierte und flinfte
Transistor vom ersten Leitungstyp sind und daft
die gemeinsame Stromklemme der ersten und
der zweiten Stromspiegeischaltung mit der er-
sten bzw. zweiten Versorgungsklemme verbun-
den ist.

Elektronisehe Schaltung nach Anspruch 8, da-
durch gekennzeichnet, daR der sechzehnte Tran-
sistor vom ersten Leitungstyp ist, wobei der Emit-
ter und der Kollektor des sechzehnten Transi-
stors mit der Ausgangsklemme bzw. der ersten
Versorgungsklemme gekoppelt sind, dal der er-
ste und der zweite Transistor vom ersten Lei-
tungstyp und der dritte, vierte und fiinfte Transi-
stor von einem dem ersten Leitungstyp entge-
gengesetzten zweiten Leitungstyp sind und dal
die gemeinsamen Klemmen der ersten und der
zweiten Stromspiegelschaltung mit der Aus-
gangsklemme bzw. der ersten Versorgungsklem-
me verbunden sind.

Elektronische Schaltung nach Anspruch 8, da-
durch gekennzeichnet, dafs der sechzehnte Tran-
sistor vom ersten Leitungstyp ist, wobei der Emit-
ter und der Kollektor des sechzehnten Transi-
stors mit der zweiten Versorgungsklemme bzw.
der Ausgangskiemmse gekoppelt sind, da der er-
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ste und der zweite Transistor vom ersten Lei
tungstyp sind und der dritte, vierte und fiinfte
Transistor von einemn dem ersten Leitungstyp
entgegengesetzten zweiten Leitungstyp sind
und daB die gemeinsamen Klemmen der ersten
und zweiten Stromspiegelschaltung mit der zwei-
ten bzw. ersten Versorgungsklemme verbunden
sind.

Elektronische Schaltung nach Anspruch 9, 10
oder 11, dadurch gekennzeichnet, dal der ge-
meinsame Knotenpunkt mit der zweiten Versor-
gungsklemme verbunden ist.

Elektronische Schaltung nach Anspruch 9, 10
oder 11, dadurch gekennzeichnet, daf die elek-
tronische Schaltung weiterhin eine zwischen den
gemeinsamen Knotenpunkt und die zweite Ver-
sorgungsklemme geschaltete erste Ruhestrom-
quelle enthélt, einen siebzehnten und achtzehn-
ten Transistor vom ersten Leitungstyp mit jeweils
einer Basis, einem Emitter und einem Kollektor,
deren Basen mit einer zweiten Eingangsklemme
und deren Emitter mit dem gemeinsamen Kno-
tenpunkt verbunden sind; einen neunzehnten,
zwanzigsten, einundzwanzigsten und zweiund-
zwanzigsten Transistor des zweiten Leitungstyps
mit jeweils einer Basis, @inem Emitter und einem
Kollektor, deren Basis-Emitter-Stecken paraliel
geschaltet sind und deren Emitter mit der ersten
Versorgungsklemme verbunden sind und deren
Kollektoren mit den Kollektoren des achtzehnten,
siebzehnten, vierzehnten bzw. fiinfzehnten Tran-
sistors gekoppeilt sind.

Elektronische Schaltung nach Anspruch 13, da-
durch gekennzeichnet, daB die Basis des neun-
zehnten Transistors mit dem Kollektor des neun-
zehnten Transistors verbunden ist, und dafl die
elektronische Schaltung weiterhin einen dreiund-
zwanzigsten, vierundzwanzigsten und finfund-
zwanzigsten Transistor vom zweiten Leitungstyp
enthélt, mit jeweils einer Basis, einem Emitter
und einem Kollektor, deren Basis-Emitter-Strek-
ken parallel geschaltet sind, deren Emitter mitder
ersten Versorgungsklemme verbunden sind und
deren Basen mit dem Kollektor des siebzehnten
Transistors gekoppeit sind und deren Koliektoren
mit den Kollekicren des siebzehnten, vierzehn-
ten bzw. finfzehnten Transistors gekoppelt sind.

Elektronische Schaltung nach Anspruch 13, da-
durch gekennzeichnet, daR die elektronische
Schaltung weiterhin einen sechsundzwanzigsten
Transistor vom zweiten Leitungstyp mit einer Ba-
sis, einem Emitter und einem Kollektor enthalt,
dessen Basis-Emitter-Strecke parallel zu den
Basis-Emitter-Strecken des neunzshnten bis
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zweiundzwanzigsten Transistors geschaltet ist
und dessen Basis und Kollektor miteinander ver-
bunden und ber eine zweite Ruhestromquelle
mit der ersten Versorgungsklemme gekoppelt
sind, und einen siebenundzwanzigsten bis drei-
Rigsten Transistor vom ersten Leitungstyp mit je-
weils einer Basis, einem Emitter und einem Kol-
lektor, deren Basen mit dem Kollektor des
siebzehnten Transistors verbunden sind, deren
Emitter mit der zwsiten Versorgungsklemme und
deren Kollektoren mit den Kollektoren des acht-
zehnten, siebzehnten, vierzehnten bzw. finf-
zehnten Transistors verbunden sind, und wobei
der Kollektor des achtzehnten Transistors mit
dem Kollektor des siebzehnten Transistor ver-
bunden ist.

Elektronische Schaltung nach Anspruch 3, da-
durch_gekennzeichnet, dafl die erste und die
2weite Steuerstromquelle von einem sechsten
bzw. siebten Transistor von einem ersten Lei-
tungstyp gebildet werden, mit jeweils einer Ba-
sis, einem Emitter und einem Kollektor, wobei die
Basen mit einer ersten Eingangsklemme und die
Emitter mit elnem gemeinsamen Knotenpunkt
verbunden sind, welcher Knotenpunkt Gber eine
Ruhestromquelle mit der zweiten Versorgungs-
Klemme gekoppelt ist, und die Koliektoren des
sechsten und siebten Transistors mit der ersten
bzw. Zweiten Stauerklemme gekoppelt sind, dalt
die gemeinsamen Klemmen der ersten und zwei-
ten Stromspiegelschaltung mit der ersten Versor-
gungsklemme verbunden sind, dal der erste bis
flinfte Transistor von einem dem ersten Leitungs-
typ entgegengesetzten zweiten Leitungstyp sind
und die Basis-Kollektor-Strecken des ersten und
dritten Transistors kurzgeschlossen sind, und
daB die slektronische Schaitung weiterhin einen
achten Transistor des ersten Leitungstyps ent-
halt, mit einer Basis, einem Emitter und einem
Kollektor, die mit einer zweiten Eingangsklemme,
dem gemeinsamen Knotenpunkt bzw. dem
Stromeingang der zweiten Stromspiegelschal-
tung verbunden sind.

Elektronische Schaltung nach Anspruch 16, da-
durch _gekennzeichnet, dal die elektronische
Schaltung weiterhin einen neunten Transistor
des ersten Leitungstyps und einen zehnten bis
zwilften Transistor des zweiten Leitungstyps
enthdlt, alle mit einer Basis, einern Emitter und ei-
nem Kollektor, wobei die Basis und der Emitter
des neunten Transistors mit der zweiten Ein-
gangsklemme bzw. dem gemeinsamen Knoten-
purkt verbunden sind, und der Kollektor des
neunten Transistors mit dem Kollektor des zehn-
ten Transistors, dessen Basis-Emitter-Strecke
parallel zu der des dritten Transistors geschaitet
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ist, und auch mit den Basen des elften, zwélften
und dreizehnten Transistors verbunden ist, wobei
die Emitter dieses elften bis dreizehnten Transi-
stors mit der ersten Versorgungsklemme verbun-
den sind und ihre Kollektoren mit dem Kollektor
des neunten Transistors, der zweiten Steuer-
klemme bzw. der ersten Steuerklemme verbun-
den sind.

Elektronische Schaitung nach Anspruch 16 oder
17, dadurch gekennzeichnet, dalk die elektroni-
sche Schaltung weiterhin einen vierzehnten
Transistor des zweiten Leitungstyps mit einer Ba-
sis, einem Emitter und einem Kollektor enthalt,
dessen Basis mit der ersten Steuerklemme ver-
bunden ist und dessen Emitter und Kollektor mit
der ersten Versorgungsklemme bzw, giner Aus-
gangsklemme gekoppeit sind.

Elektronische Schaltung nach Anspruch 3, da-
durch gekennzeichnet, dad die erste und die
zweite Steuerstromquelle von einem sechsten
bzw. siebten Transistor eines ersten Leitungs-
typs gebildet werden, mit jeweils einer Basis, oi-
nem Emitter und einem Kollektor, wobei die Ba-
sen mit einer ersten Eingangsklemme und die
Emitter mit einem gemeinsamen Knotenpunkt
verbunden sind, welcher Knotenpunkt Gber eine
Ruhestromguelle mit einer zweiten Versorgungs-
klemme gekoppelt ist, und wobei die Kollektoren
des sechsten und des siebten Transistors mit der
ersten bzw. zweiten Steuerklemme gekoppelt
sind, daR die gemeinsamen Klemmen der ersten
und zweiten Stromspiegelschaltung mit dem ge-
meinsamen Knotenpunkt bzw. der ersten Versor-
gungskiemme verbunden sind, daB der erste und
zweite Transistor vom ersten Leitungstyp sind
und der dritte, vierte und fiinfte Transistor von ei-
nem dem ersten Leitungstyp entgegengesetzten
zweiten Leitungstyp, und die Basis-Kollektor-
Strecken des ersten und dritten Transistors kurz-
geschlossen sind, und daR die elektronische
Schaltung weiterhin einen achten und einen
neunten Transistor des ersten Leitungstyps mit
jeweils einer Basis, einem Emitter und einem Kol-
lektor enthélt, wobei die Basis, der Emitter und
der Kollektor des achten Transistors mit einer
zweiten Eingangsklemme, dem gemeinsamen
Knotenpunkt bzw. dem Stromeingang der zwei-
ten Stromspiegelschaltung verbunden sind, und
die Basis des neunten Transistor mit der ersten
Steuerklemme verbunden ist, und der Emitter
und der Kollektor des neunten Transistors mit ei-
ner Ausgangsklemme bzw, der ersten Versor-
gungskismme verbunden sind.

Elektronische Schaltung nach Anspruch 10, die
weiterhin einen zum sechzehnten Transistor
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komplementaren, weiteren Transistor enthalt mit
einer Basis, einem Emitter und einem Kollektor,
die mit der ersten Steuerklemme, der Ausgangs-
klemme bzw. der zweiten Versorgungsklemme
gekoppelt sind, eine zu der ersten Stromspiegel-
schaltung komplementdre erste Stromspiegel-
schaltung und eine zu der zweiten Stromspiegel-
schaltung komplementire zweite Stromspiegel-
schaltung, wobei entsprechende Stromeingénge
und Stromausgénge der Stromspiegelschaltun-
gen miteinander gekoppelt sind, wobei die ge-
meinsame Stromklemme der komplementdren
ersten Stromspiegeischaltung mit der Ausgangs-
klemme verbunden ist und die gemeinsame
Stromklemme der komplementiren zweiten
Stromspiegelschaltung mit der zweiten Versor-
gungsklemme verbunden ist, und wobei der ge-
meinsame Knotenpunkt mit der zweiten Versor-
gungsklermme verbunden ist.

Elektronische Schaltung nach Anspruch 9, 10
oder 11, bel der ein Miller-Kondensator Gber die
Basis und den Kollektor des sechzehnten Transi-
stors gelegt ist, dadurch gekennzeichnet, daB ein
weiterer Miller-Kondensator zwischen den Kol-
lektor des sechzehnten Transistors und die zwel-
ten Steuerklemme geschalitet ist.

Elektronische Schaltung nach Anspruch 18, bei
der ein Miller-Kondensator {iber die Basis und
den Kollektor des vierzehnten Transistors gelegt
ist, dadurch gekennzeichnet, daf? ein weiterer
Miller-Kondensator zwischen die Kollektoren des
vierzehnten Transistors und die zweite Steuer-
klemme geschaitet ist.

Elektronische Schaltung nach einem der vor her-
gehenden Anspriiche, dadurch gekennzeichnet,
daB Bipolartransistoren mit Basis, Emitter und
Kollektor durch Unipotartransistoren mit Gate,
Source bzw. Drain ersetzt worden sind.

Revendications

Circuit électronique comprenant un montage en
série d'une charge et d'une premiére source de
courant de commande, insérées entre les pre-
midre et deuxidéme bornes d’alimentation, pour
réaliser un premier courant, a charge et la source
de courant de commande étant connectées aune
premiére borne de commande, caractérisé en ce
que le circuit électronique comprend en outre une
deuxidme source de courant de commande pour
réaliser un deuxidme courant qui est pratique-
ment égal au premier courant, une deuxidme bor-
ne de commande connectée a la deuxidéme sour-
ce de courant de commande et & un suiveur de
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courant muni d’'une entrée de suiveur de courant
pour la réception d'un courant a suivre et de pre-
miére et deuxidéme sorties de suiveur de courant
pour délivrer des courants proportionnels au cou-
rant & suivre, I'entrée de suiveur de courant et la
premiére sortie de suiveur de courant étant cou-
plées & la deuxiéme borne de commande et ia
deuxiéme sortie de suiveur de courant étant cou-
plée a la premigre borne de commande.

Circuit électronique selon la revendication 1, ca-
ractérisé en ce que le suiveur de courant
comprend des premier et deuxiéme circuits de
miroir de courant présentant chacun une entrée
de courant pour connecter un courant & miroiter
et une borne de courant commune pour connec-
ter un courant d'alimentation, le premier circuit de
miroir de courant présentant une sortie de cou-
rant et le deuxidéme circuit de miroir de courant
présentant des premiére et deuxidme sorties de
courant pour délivrer des courants proportion-
nels au courant & miroiter et circulant dans la
méme direction, 'entrée du courant du premier
circuit de miroir de courant étant couplée, & I'en-
trée de suiveur de courant, |la sortie du courant du
premier circuit de miroir de courant étant couplée
& l'entrée de courant du deuxiéme circuit de mi-
roir de courant et les premiére et deuxigéme sor-
ties de courant du deuxiéme circuit de miroir de
courant étant couplées respectivement aux pre-
miére et deuxidéme sorties de suiveur de courant.

Circuit électronique selon |a revendication 2, ca-
ractérisé en ce que le premier circuit de miroir de
courant comprend des premier et deuxiéme tran-
sistors d'un méme type de conductivité, présen-
tant chacun une base, un émetteur et un collec-
teur, dont les jonctions base-émetteur sont mon-
tées en paraliéle, leurs émetteurs étant connec-
tés & la borne de courant commune du premier

. circuit de mircir de courant et leurs collecteurs

étant couplés repectivement 4 'entrée de courant
et 3 |a sortie de courant du premier circuit de mi-
roir de courant, et en ce que le deuxiéme circuit
de miroir de courant comprend des troisiéme,
quatriéme et cinquiéme transistors d'un méme
type de conductivité, présentant chacun une
base, un émetteur et un collecteur, les jonctions
hase-émetteur de ces troisiéme, quatriéme et
cinquiémae transistors étant montées en paraliéle,
leurs émetteurs étant connectés a la borne de
courant commune du deuxiéme circuit de mirair
de courant et leurs collecteurs étant couplés res-
pectivement & I'entrée de courant, la premiére
sortie de courant et la deuxidme sortie de courant
du deuxidémae circuit de miroir de courant.

Circuit électronique selon la revendication 3, ca-
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ractérisé en ce que les bases des premier et troi-
siame transistors sont connectées aux collec-
teurs et en ce que le type de conductivité des troi-
sieme, quatriéme et cinquiéme transistors est op-
posé au type de conductivité des premier et
deuxiame transistors.

Circuit électronique selon la revendication 3, ca-
ractérisé en ce que le type de conductivité des
troisidme, quatridme et cinquiéme transistors est
opposé A celui des premier et deuxiéme transis-
tors, et en ce que le circuit électronique
comprend en outre des sixidme, septidme, huitié-
me et neuviéme transistors d'un type de conduc-
tivité égal & celui des premier et deuxiéme tran-
sistors, et des dixidme, onziéme et douziéme
transistors d'un type de conductivité égal & celui
des troisidme, quatridme et cinquiéme transis-
tors présentant tous une base, un émetteur etun
collecteur, les collecteurs des premier et deuxié-
me transistors sont connectés aux émetteurs
respectivement des sixiéme et septiéme transis-
tors, les bases des sixidme et septiéme transis-
tors sont interconnectées, le collecteur du sixig-
me transistor est connecté a la base du premier
transistor et a 'entrée de courant du premier cir-
cuit de miroir de courant, le collecteur du seplig-
me transistor est connecté 4 |a base du septiéme
transistor et & la sortie de courant du premier cir-
cuit de miroir de courant, les émetteurs des hui-
tieme et neuviéme transistors sont connectés a
rémetteur du septidme transistor, leurs bases a
une source de tension de référence, et le collec-
teur du huiti#me transistor est couplé & la base du
troisidme transistor et le collecteur du neuvigéme
transistor est couplé au collecteur et la base du
dixieme transistor dont la jonction base-émetteur
est montée en paralidle aux jonctions base-
émetteur des onzidéme et douzidme transistors,
les émetteurs des dixidme, onzidme et douzidme
transistors sont connectés & la borne de courant
commune du deuxiéme circuit de miroir de cou-
rant et les collecteurs des onzidme et douzidme
transistors sont couplés respectivement aux pre-
miare et deuxidme sorties de courant du deuxié-
me circuit de miroir de courant.

Circuit électronique seton la revendication 3, ca-
ractérisé en ce que le circuit électronique
comprend en outre un treizidme transistor d'un
type de conductivité opposé 4 celui du troisiéme
transistor et présentant une base, un émetteur et
un collecteur connectés respectivement & une
source de tension de référence, au collectsur du
troisidme transistor et & la base du Lroisiéme
transistor.

7. Circult électronique selon la revendication 1,2, 3,
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4, 5 ou 6, caractérisé en ce que les premiére et
deuxiéme sources de courant de commande sont
constituées respectivement comme quatorziéme
et quinziéme transistors d'un premier type de
conductivité, présentant chacun une base, un
émetteur et un collecteur, leurs bases étant
connectées & une premidre borne d'entrée et les
émetteurs A une jonction commune, et le coliec-
teur des quatorzigme et quinziéme transistors
&tant couplé respectivement aux premiére et
deuxidme bornes de commande.

Circuit électronique selon la revendication 1, 2, 3,
4, 5, 6 ou 7, caractérisé en ce que le circuit élec-
tronique comprend en outre un seiziéme transis-
tor présentant une base, un émetteur et un collec-
teur, dont a base est connectée & la premiére
borne de commande et dont un trajet de courant
principal formé par 'émetteur et le collecteur est
connecté A une borne de sortie.

Circuit électronique selon 1a revendication 8, ca-
ractérisé en ce que |e seiziéme transistor estd'un
deuxidme type de conductivité opposé au pre-
mier type de conductivité, I'émetteur et le collec-
teur du seizieme transistor &tant couplés & 1a pre-
midre borne d'alimentation respective et a la bor-
ne de sortie, en ce que les premier et deuxigéme
transistors sont d'un deuxigéme type de conducti-
vité etles troisidme, quatriéme et cinquiéme tran-
sistors sont d'un premier type de conductivite et
@n ce que la borne de courant commune des pre-
mier et deuxigme circuits de miroir de courant est
connectée respectivement aux premiere et
deuxidme bornes d'alimentation.

Circult électronique selon la revendication 8, ca-
ractérisé en ce que le seiziéme transistor est du
premier type de conductivité, I'émetteur et le col
lecteur du seizidme transistor étant couplés res-
pectivement & la borne de sortie et la premiére
borne d'alimentation, en ce que les premier et
deuxidme transistors sont du premier type de
conductivité et les troisiéme, quatriéme et cin-
quiéme transistors d'un deuxiéme type de
conductivité opposé au premier type de conduc-
tivité et en ce que les bornes communes des pre-
mier et deuxidme circuits de miroir de courant
sont connectés respectivement 4 la borne de sor-
tie et 1a premidre borne d'alimentation.

Circuit électronique selon la revendication 8, ca-
ractérisé en ce que le seizidme transistor est du
premier type de conductivité, I'émetteur et le col-
lecteur du seizidme transistor étant couplés res-
pectivement # la deuxiéme borne d'alimentation
et la borne de sortie, en ce.que les premier et
deuxidme transistors sont du premier type de
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conductivité et les troisidme, quatridme et cin-
quidme transistors d'un deuxigme type de
conductivité opposé au premier type de conduc-
tivité et en ce que les bornes communes des pre-
mier et deuxiéme circuits de miroir de courant
sont connectées respectivement aux deuxigéme
et premiére bornes d’alimentation.

Circuit électronique selon la revendication 9, 10
ou 11 caractérisé en ce que la jonction commune
est connectée a la deuxidéme borne d'alimenta-
tion.

Circuit électronique selon la revendication 9, 10
ou 11 caractérisé en ce que le circuit électronique
comprend en outre une premiére source de cou-
rant de polarisation insérée entre la jonction
commune et {a deuxidme borne d'alimentation,
des dix-septiéme et dix-huitidme transistors du
premier type de conductivité présentant chacun
une base, un émetteur et un collecteur, dont les
bases sont connectées & une deuxiéme borne
d'entrée et leurs émetteurs 4 ia jonction commu-
ne, des dix-neuviéme, vingtiéme, vingt et uniéme
et vingt-deuxiéme transistors du deuxidme type
de conductivité présentant chacun une base, un
émetteur et un collecteur, dont les jonctions
base-émetteur sont montées en paralléle et dont
les émetteurs sont connectés & la premiére borne
d'alimentation et dont les collecteurs sont cou-
plés aux collecteurs respectivement des dix-hui-
tiame, dix-septiéme, quatorziéme et quinziéme
transistors.

Cireuit électronique selon la revendication 13, ca-
ractérisé en ce que la base du dix-neuviéme tran-
sistor est connectée au collecteur du dix-neuvié-
me transistor et en ce que le circuit électronique
comprend en outre des vingt-troisiéme, vingt-
quatridme et vingt-cinquiéme transistors du
deuxiéme type de conductivité, présentant cha-
cun une base, un émetteur et un collecteur dont
les jonctions base-émetteur sont montées en pa-
ralléle, dont les émetteurs sont connectés & la
premiére borne d'alimentation et dont les bases
sont couplées au collecteur du dix-septiéme tran-
sistor et dont les collecteurs sont couplés aux col-
lecteurs respectivement des dix-septiéme, qua-
torziéme et quinzidme transistors .

Circult électronique selon la revendication 13, ca-
ractérisé en ce que le circuit électronique
comprend en outre un vingt-sixidme transistor du
deuxiéme type de conductivité présentant une
base, un émetteur et un coliecteur, dont |a jonc-
tion base-émetteur est montée en paralléle aux
jonctions base-émetteur des dix-neuviéme 2
vingt-deuxiéme transistors et dont la base et le
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collecteur sont interconnectés et couplés & la pre-
miére borne d'alimentation par !lintermédiaire
d'une deuxidme source de courant de polarisa-
tion, et des vingt-septiéme 3 trentiéme transis-
tors du premier type de conductivité présentant
chacun une base, un émetteur et un collecteur,
dont les bases sont connectées au collecteur du
dix-septidme transistor, leurs émetteurs a la
deuxiéme borne d'alimentation et dont les collec-
teurs sont connectés aux collecteurs respactive-
ment des dix-huitiame, dix-septiéme, quatorzié-
me et quinziéme transistors et les collecteurs du
dix-huitiéme transistor étant interconnectés au
collecteur du dix-septiéme transistor,

Circuit électronique selon la revendication 3, ca-
ractérisé en ce que les premier et deuxiéme sour-
ces de courant de commande sont constituées
par respectivement des sixiéme et septidme tran-
sistors, d'un premier type de conductivité, pré-
sentant chacun une base, un émetteur st un col-
lecteur, les bases étant connectées 3 une premié-
re borne d'entrée et les émetteurs & une jonction
commune, laquelle jonction est couplée & la
deuxiéme borne d'alimentation par I'intermédiai-
re d'une source de courant de polarisation et les
collecteurs des sixiéme et septidéme transistors
étant couplés respectivement au premigre et
deuxidme bornes de commande, en ce que les
bornes communes des premier et deuxidme cir-
cuits de miroir de courant sont connectées & la-
premiére borne d'alimentation, en ce que les pre-
mier & cinquidme transistors sont d’'un deuxiéme
type de conductivité opposé au premier type de
conductivité et les jonctions base-coliecteur des
premier et troisidme transistors sont court-
circuitées, et en ce que le circuit électronique
comprend davantage un huitid#me transistor du
premier type de conductivité présentant une
base, un émetteur et un coflecteur connectés res-
pectivement & une deuxiéme borne d'entrée, 4 la
jonction commune et & I'entrée du courant du
deuxiéme circuit de miroir de courant.

Circuit électronique selon [a revendication 16, ca-
ractérisé en ce que le circuit électronique
comprend en outre un neuviéme transistor du
premier type de conductivité et des dixiéme &
douzidme transistors du deuxiéme type de
conductivité, présentant tous une base, un émet-
teur etun collecteur, la base et |'émetteur du neu-
viéme transistor étant connectés respectivement
a la deuxidme borne d'entrée et & la jonction
commune, et le collecteur du neuviéme transistor
étant connecté au collecteur du dixiéme transis-
tor, dont la jonction base-émetteur est montée en
paralléle & celle du troisiéme transistor et est
également connectée aux bases des onziéme,
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douzidme et treizidme transistors, les émetteurs
de ces onziéme A treiziéme transistors étant
connectés a la premiére borne d'alimentation et
leurs collecteurs étant connectés respectivement
au collecteur du neuviéme transistor, & ta deuxié-
me borne de commande et & ia premiére borne
de commande.

Circuit électronique selon la revendication 16 ou
17, caractérisé en ce que le circuit électronique
comprend en outre un quatorziéme transistor du
deuxiéme type de conductivité présentant une
base, un émetteur et un collectsur, dont la base
est connectée 4 la premiére borne de commande
et dont I'émetteur et le collecteur sont coupiés
respectivement 4 la premiére borne d’alimenta-
tion et 4 une borne de sortie.

Circuit électronique selon la revendication 3, ca-
ractérisé en ce que les premiédre et deuxidme
sources de courant de commande sont consti-
tuées par respectivement des sixidme et septié-
me transistors, d'un premiertype de conductivité,
présentant chacun une base, un émetteur et un
collecteur, les bases étant connectées & une pre-
migre borne d’entrée et les émetteurs dune jonc-
tion commune, laquelle jonction est couplée &
une deuxiéme borne d'alimentation par l'intermé-
diaire d'une source de courant de polarisation et
les coliecteurs des sixiéme et septiéme transis-
tors étant coupiés respectivement aux premiére
et deuxidme bornes de commande, en ce que les
bornes communes des premier et deuxiéme cir-
cuits de courant de mircir sont connectés respec-
tivernent A la jonction commune et & la premiére
borne d'alimentation, en ce que les premier et
deuxiéme transistors sont du premier type de
conductivité et les troisidéme, quatridme et cin-
quidme transistors d'un deuxidme type de
conductivité opposé au premier type de conduc-
tivité, et las jonctions base-collecteur des premier
et troisidme transistors sont court-circuitées, et
en ce que le circuit électronigue comprend en ou-
tre des huiti#me et neuviéme transistors du pre-
mier type de conductivité présentant chacun une
base, un émetteur ot un collecteur, ja base,
I'émetteur et le collecteur du huitiéme transistor
étant connectés a respectivement une deuxiéme
borne d'entrée, la jonction commune et I'entrée
de courant du deuxidme circuit de miroir de cou-
rant, et la base du neuvidme transistor étant
connectée & la premiédre borne de commande et
|'émetteur et le collecteur du neuvidme transistor
étant connecté & respectivement une borne de
sortie et & la premiére borne d'alimentation.

Circuit électronique selon la revendication 10,
comprenant en outre un autre transistor complé-
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mentaire au seizidme transistor et présentant
une base, un émetteur et un collecteur couplés
respectivement & [a premigre borne de comman-
de, & la borne de sortie et 4 la deuxiéme borne
d'alimentation, un premier circuit de miroir de
courant complémentaire au premier circuit de mi-
roir de courant et un deuxigme circuit de miroir de
courant complémentaire au deuxiéme circuit de
miroir de courant, des entrées de courant corres-
pondantes et des sorties de courant correspon-
dantes des circuits de miroir de courant étant mu-
tuellement couplées, la borne de courant
commune du premier circuit de miroir de courant
compiémentaire étant connectée a la borne de
sortie etla borne de courant commune du deuxié-
me circuit de miroir de courant complémentaire
étant connectée a la deuxiéme borne d'alimenta-
tion, et en ce que la jonction commune est
connectée & la deuxid®me borne d’alimentation.

Circuit électronique selon la revendication 9, 10
et 11, dans lequet un condensateur Miller est
connecté aux bornes de la base et du collecteur
du seizidme transistor, caractérisé en ce qu'un
autre condensateur Miller est inséré entre le col-
lecteur du seizidme transistor et la deuxiéme bor-
ne de commande.

Circuit électronique selon la revendication 18,
dans lequel un condensateur Miller est connecté
aux bornes de la base et du collecteur du qua-
torziéme transistor, caractérisé en ce gu’un autre
condensateur Miller est inséré entre ies collec-
teurs du quatorziéme transistor et la deuxiéme
borne de commande.

Circuit électronique selon l'une des revendica-
tions précédentas, caractérisé en ce que des bi-
polaires présentant une base, un émetteur et un
collecteur sont remplacés par des transistors uni-
polaires présentant respectivement une porte,
une source et un drain.
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