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necting a current to be mirrored and a common cur- rent terminal for
connecting a supply current, the first The invention relates to an
electronic circuit com-  current mirror circuit having a current output and
the prising a series connection of a load and a firstcontrol  second
current mirror circuit having first and second current source, inserted
between first and second    5   current outputs for delivering currents
proportional to supply terminals, for producing a first current, the load
the current to be mirrored and flowing in the same di- and the control
current source being connected to a   rection, the current Input of the
first current mirror cir- first control terminal.
cult being coupled to the current follower Input, the A circuit of this
type Is widely known i.e. from DE-  current output of the first current
mirror circuit being A-3 126 357 orfrom PatentAbstract of Japan, Vol.13,
l0  coupled to the current input of the second current mir- no 568 (E-861)
(3916) 15.12.89, & JP-A-01 236804.    ror circuit and the first and second
current outputs of The load may be, for example, a resistor, a diode, a
the second current mirror circuit being coupled to the pilot lamp oran
amplifierstage, whereas thefirstcon-  first and second
currentfolloweroutputs respectively. trol current source may be embodied in
a control tran-   The first current mirror circuit has a single current
sistor or an amplifier control stage. The first current  15  output, the
second current mirror circuit has two. By of the first control current
source is to be adapted to  connecting the current output of the first
current mir- the current need of the load. If the first current is in-  ror
circuit to the current input of the second current adequate, additional
amplifier means are to be insert-  mirror circuit, two currents are
available that flow in ed between the first control current source and the
the same direction as the input current of the first cur- load. Such a way
of amplification is disadvantageous   20  rent mirror circuit. in that
signal deterioration occurs in the signal trans-  In a further embodiment
the current mirror cir- fer from the first control current source and the
load,  cults are characterized, in that the first current mirror for
example, caused by high-frequency signal loss or  circuit comprises first
and second transistors of a phase shift in the amplifier means inserted
between   same conductivity type, having each a base, an emit- the first
control current source and the load.   25  ter and a collector, whose
base-emitter junctions are It is an object of the invention to provide an
elec-  connected in parallel, their emitters being connected tronic circuit
In which without amplifier means Insert-  to the common currentterminal of
the firstcurrentmir- ed between the first control current source and the
rorcircuit and their collectors being coupled tothe re- load the first
current of the first control current source  spective current input and
current output of the first is transferred in an amplified version to the
load.  30   current mirror circuit, and in that the second current
According to the invention an electronic circuit of  mirror circuit
comprises third, fourth and fifth transis- the type set forth in the
preamble Is characterized in  tors of a same conductivity type, having each
a base, that the electronic circuit further includes a second  an emitter
and a collector, the base-emitter junctions control current source for
producing a second current  of these third, fourth and fifth transistors
being con- that is substantially equal tothe first current, a second   35
nected in parallel, their emitters being connected to control terminal
connected to the second control cur-  the common current terminal of the
second current rent source and to a current follower having a current
mirror circuit and their collectors being coupled to the follower input for
receiving a current to be followed  current input, the first current output
and the second and having first and second current follower outputs
current output respectively, of the second current mir- for delivering
currents that are proportional to the cur-  40  ror circuit. rent to be
followed, the current follower input and the  This basic embodiment of the
current mirror cir- first current follower output being coupled to the sec-
cult may be refined and adjusted to the type of load. ond control terminal
and the second current follower  A first refined embodiment is
characterized, in that output being coupled to the first control terminal.
the conductivity type of the third, fourth and fifth tran- The second
current follower outputdelivers to the   45  sistors is opposite to the
conductivity type of the first first control terminal a current that is a
multiple of the  and second transistors and in that the electronic cir-
first current of the first control current source. This  cult further
includes sixth, seventh, eighth and ninth current flows into the load
connected to the first con-  transistors of a conductivity type equal to
that of the trol terminal and compensates for the necessary load  first and
second transistors and tenth, eleventh and current. Consequently, the first
control current  50  twelfth transistors of a conductivity type equal to
that source is loaded much less. The direct link between   of the third,
fourth and fifth transistors, all having a the load and the first control
current source is main-  base, an emitter and a collector, whereas the
collec- tained, so that signal deterioration between the first  tors of the
first and second transistors are connected control current source and the
load cannot occur.     to the emitters of the respective sixth and seventh
The operation of current following in the current   55  transistors
respectively, the bases of the sixth and follower can be realised In an
embodiment in which    seventh transistors are Interconnected, the
collector the current follower comprises first and second cur-  of the
sixth transistor is connected to the base of the rentmirrorcircuits having
each a current inputforcon-  first transistor and to the current input of
the first cur- 2    



3                     EP 0 442 573 B1                    4 rent mirror
circuit, the collectorof the seventh transis-  nal, an output terminal and
two supply terminals. In tor is connected to the base of the seventh
transistor  this stage the sixteenth transistor may be a PNP tran- and to
the currentoutput of the first current mirror cir-  sistor, in which case
the electronic circuit In a prefer- cuit, the emitters of the eighth and
ninth transistors  red embodiment may be characterized, in that the six-
are connected to the emitter of the seventh transistor,   5   teenth
transistor is of a second conductivity type op- their bases to a reference
voltage source, and the col-  posite to the first conductivity type, the
emitter and lector of the eighth transistor is coupled to the base  the
collector of the sixteenth transistor being coupled of the third transistor
and the collector of the ninth  to the respective first supply terminal and
the output transistor is coupled to the collector and the base of
terminal, in that the first and second transistors are the tenth transistor
whose base-emitter junction is  io   of the second conductivity type and
the third, fourth connected in parallel to the base-emitterjunctions of
and fifth transistors are of the first conductivity type the eleventh and
twelfth transistors, the emitters of   and in that the common terminals of
the first and sec- the tenth, eleventh and twelfth transistors are con-
ond current mirror circuits are connected to the first nected to the common
current terminal of the second     and second supply terminals
respectively. current mirror circuit, and the collectors of the respex-  15
In this case the second current mirror circuit is ar- tive eleventh and
twelfth transistors are coupled to    ranged to comprise transistors of a
conductivity type the respective first and second current outputs of the
opposite to that of the sixteenth transistor so that a second current
mirror circuit                           large base current may be supplied
to the sixteenth This current follower is extremely suitable if PNP
transistor without additional bias current sources. A transistors are
selected for the first current mirror cir-  20   circuit of this type still
operates properly with a supply cult and NPN transistors are selected for
the second    voltage of a mere 1 volt across the first and second current
mirror circuit.                                 supply terminals. Asecond
refined embodiment is characterized, in         When selecting an NPN
transistor for the six- that the electronic circuit further includes a
thirteenth  teenth transistor, in a preferred embodiment the elec-
transistor of a conductivity type opposite to that of the   25  tronic
circuit may be characterized, in that the six- third transistor and having
a base, emitter and collec-  teenth transistor is of the first conductivity
type, the tor connected to a reference voltage source, the col-   emitter
and the collector of the sixteenth transistor lector of the third
transistor and the base of the third  being coupled to the output terminal
and the first sup- transistor respectively.
ply terminal respectively, in that the first and second This current
follower is extremely suitable if NPN    30  transistors are of the first
conductivity type and the transistors are selected for the first current
mirror cir-  third, fourth and fifth transistors of a second conduc- cult
and PNP transistors are selected for the second    tivity type opposite to
the first conductivity type and current mirror circuit.
in that the common terminals of the first and second Driving the electronic
circuit on the first and sec-  current mirror circuits are connected to the
output ter- ond control terminals is effected by means oftwocon-   35
minal and the first supply terminal respectively. trol current sources
which, according to an embodi-        In this case the sixteenth transistor
is arranged ment, may be characterized, in that the first and sec-  as an
emitterfollower. Also in this case the transistors ond control current
sources are arranged as four-       of the second current mirror circuit
are selected to be teenth and fifteenth transistors respectively of a first
of a conductivity type adapted to the base current of conductivity type,
having each a base, emitter and a   40  the sixteenth transistor.
collector, their bases being connected to a first input     The sixteenth
transistor may also be incorporat- terminal and the emitters to a common
junction, and     ed in a common-emitter circuit. In that case the eleo-
the collectors of the fourteenth and fifteenth transis-  tronic circuit may
be characterized, in that the six- tors being coupled to the first and
second control ter-  teenth transistor is of the first conductivity type,
the minals respectively.                              45   emitter and the
collector of the sixteenth transistor By the matching of the fourteenth and
fifteenth     being coupled to the second supply terminal and the
transistors, a good similarity of the two control cur-  output terminal
respectively, in that the first and sec- rent sources can be achieved.
ond transistors are of the first conductivity type and The load may be
selected to be a transistor. In     the third, fourth and fifth transistors
of a second con- that case the electronic circuit may be characterized,
50   ductivity type opposite to the first conductivity type in that the
electronic circuit further includes a six-  and in that the common
terminals of the first and sec- teenth transistor having a base, emitter
and a collec-  ond current mirror circuits are connected to the se- tor,
whose base is connected to the first control ter-  ond and first supply
terminals respectively. minal and of which a main current path formed by
the        In lieu of an asymmetric drive on a single input emitter and the
collector is connected to an outputter-  55   terminal, a symmetric drive
is likewise possible by minal.
means of a differential input. An extremely suitable The sixteenth
transistor operates as the output     embodiment of this is characterized,
in that the elec- transistor of an amplifier stage having an input termi-
tronic circuit further includes a first bias current 3    
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between the common junction and       seventh transistors respectively, of
a first conductiv- the second supply terminal, seventeenth and eight-   ity
type, having each a base, emitter and a collector, eenth transistors of the
first conductivity type having  the bases being connected to a first input
terminal each a base, emitter and a collector, whose bases are  and the
emitters to a common junction, which junction connected to a second input
terminal and their emit-   5   is coupled to the second supply terminal via
a bias ters to the common junction; nineteenth, twentieth,   currentsource,
and the collectors of thesixth and sev- twenty-first and twenty-second
transistors of the     enth transistors being coupled to the first and
second second conductivity type having each a base, emitter  control
terminals respectively, in that the common ter- and a collector, whose
base-emitter junctions are     minals of the first and second current
mirror circuits connected in parallel and whose emitters are con-   10  are
connected to the first supply terminal, in that the nected to the first
supply terminal and whose collec-  first to fifth transistors are of a
second conductivity tors are coupled to the collectors of the eighteenth,
type opposite to the first conductivity type and the seventeenth,
fourteenth and fifteenth transistors re-  base-collectorjunctions of the
first and third transis- spectively.
tors are short-circuited, and in that the electronic cir- This embodiments
extremely suitable in combin-   15  cuit further includes an eighth
transistor of the first ation with the afore-mentioned embodiments com-
conductivity type having a base, emitter and a collec- prising a sixteenth
transistor of the PNP type if it is  tor connected to a second
inputterminal, the common further characterized, in that the base of the
nine-  junction and the current input of the second current teenth
transistor is connected to the collector of the  mirror circuit
respectively. A fully symmetrical very nineteenth transistor and in that
the electronic circuit  20  suitable embodiment comprising a PNP transistor
as further includes twenty-third, twenty-fourth and      a load may further
be characterized, in that the elec- twenty-fifth transistors of the second
conductivity  tronic circuit further includes a ninth transistor of the
type, having each a base, emitter and a collector,   first conductivity
type and tenth to twelfth transistors whose base-emitterjunctions are
connected in paral-   of the second conductivity type, all having a base,
lel, whose emitters are connected to the first supply  25   emitter and a
collector, the base and the emitter ofthe terminal and whose bases are
coupled to the collector  ninth transistor being connected to the second
input of the seventeenth transistor and whose collectors   terminal and the
common junction respectively, and are coupled to the collectors of the
seventeenth four-  the collectorof the ninth transistor being connected to
teenth and fifteenth transistors respectively.        the collector of the
tenth transistor, whose base- When using a sixteenth transistor of the NPN
30   emitter junction is connected in parallel to that of the type, an
extremely suitable embodiment is obtained    third transistor, and is also
connected to the bases of if the electronic circuit further includes a
twenty-sixth  the eleventh, twelfth and thirteenth transistors, the
transistor of the second conductivity type having a   emitters of these
eleventh to thirteenth transistors base, emitter and a collector, whose
base-emitter     being connected to the first supply terminal and their
junction is connected in parallel to the base-emitter  35   collectors
being connected tothe collectorofthe ninth junctions of the nineteenth to
twenty-second transis-  transistor, the second control terminal and the
first tors and whose base and collector are interconnected  control
terminal respectively. and coupled to the first supply terminal via a
second    An embodiment extremely suitable for use com- bias current
source, and twenty-seventh to thirtieth  prising as a load an NPN
transistor arranged as an transistors of the first conductivity type having
each   40   emitter-follower, may further be characterized, in that a base,
emitter and a collector, whose bases are con-  the first and second control
current sources are con- nected to the collector of the seventeenth
transistor,  stituted by sixth and seventh transistors respectively, their
emitters to the second supply terminal and      of a first conductivity
type, having each a base, emit- whose collectors are connected to the
collectors of  ter and a collector, the bases being connected to a the
eighteenth, seventeenth, fourteenth and fifteenth   45  first inputterminal
and the emitters to a common junc- transistors respectively and the
collector of the eight-  tion, which junction is coupled to a second supply
ter- eenth transistor being interconnected to the collector  minal via a
bias current source, and the collectors be- of the seventeenth transistor.
ing coupled to the first and second control terminals In both cases the
differential input stage is fully  respectively, in that the common
terminals of the first symmetrical and balanced which benefits the offset
50   and second current mirror circuits are connected to reduction between
the first and second input termi-  the common junction and the first supply
terminal re- nals.
spectively, in that the f irst and second transistors are In the case of a
differential drive, it is possible to  of the first conductivity type and
the third, fourth and include the first and second current mirror circuits
in  fifth transistors of a second conductivity type oppo- the differential
input stage so that a considerable  55   site to the first conductivity
type, and the base- component reduction is possible. A first embodiment
collector junctionsof the first and third transistors are of this is
characterized, in that the first and second  short-circuited, and in that
the electronic circuit fur- control current sources are constituted by
sixth and  ther includes eighth and ninth transistors of the first 4    
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having each a base, emitter and a  smaller control current i may suffice.
The current i is collector, the base, emitter and collector of the eighth
transferred in an amplified version to the load Lwith- transistor being
connected to a second input terminal,  out interrupting the connection
between the load L the common junction and the current input of the seo-
and the control current source. ond current mirror circuit respectively,
and the base   5  Fig. 2 shows an embodiment of an electronic cir- of the
ninth transistor being connected to the firstcon-  cuit according to the
principle represented in Fig. 1. trol terminal, and the emitterand
collectorof the ninth  The current follower 7 comprises a first current
mirror transistor being connected to an output terminal and  circuit 11
having a current input 12, a current output the first supply terminal
respectively.            13 and a common current terminal 14 and includes a
The invention will be further explained with refer-  l0  second current
mirror circuit 24 having a current input ence to the appended drawing, in
which:            15, a first current output 16, a second current output
Fig. 1 shows the basic principle of an electronic  17 and a common current
terminal 18. The current in- circuit according to the invention and
put 12 corresponds to the current follower input 8 and the Figs. 2 to 9
show embodiments of an elec-   is connected to the second control terminal
5. The tronic circuit according to the invention.  15  current outputs 16
and 17 correspond to the first cur- In these Figures like components have
like refer-  rentfollower output 9 and the second currentfollower ence
characters.                                   output 10 respectively, and
are connected to the re- Fig. 1 shows the basic principle of the electronic
spective second control terminal 5 and the first con- circuit according to
the invention. Between afirstsup-  trol terminal 4. The current output 13
is connected to ply terminal 1 and a second supply terminal 2 there is  20
the current input 15. The common current terminals a series connection of a
load L and a control current  14 and 18 are connected to, respectively, the
first source 3. The load Land the control current source 3  supply terminal
1 and the second supply terminal 2. are linked in a control terminal 4. The
load L may be,  The first current mirror circuit 11 is formed by two PNP
for example, a resistor, a diode or a base of a transis-  transistors T1
and T2 whose collector-emitter junc- tor driven by the control current
source 3. The current  25  tions are connected between the current input 12
and through the load L is [err] and the current the control cur-  current
terminal 14 and between the current output 13 rent source can produce is i.
If the current i is insuffi-  and current terminal 14 respectively. The
base- cient for the desired current [err], the current i will have  emitter
junctions of the transistors T1 and T2 are con- to be amplified in one way
or another. This is possible  nected in parallel and connected to the
current termi- by inserting an amplifier between the control terminal  30
nal 14 on the emitter side. The base and collector of 4 and the load L.
More particularly, when the frequen-  the transistor T1 are interconnected.
The second cur- cies of the input current I are increased, such an am-
rent mirror circuit 24 is formed by the NPN transistors plifier will cause
a disturbance in the signal quality  T3, T4 and T5 whose
base-emitterjunctions are con- because of the introduction of an extra pole
in the sig-  nected in parallel and whose emitters are connected nal
transmission from control current source 3 to load   35  to the current
terminal 18. The collectors of the tran- L. This disturbance may be avoided
by means of the  sistors T3, T4 and T5 are connected to the current in-
circuit according to the invention. It includes a second  put 15, the
current output 16 and the current output control terminal 5 and a second
control current    17 respectively, whereas the collectorof transistorT3
source 6 that produces a current equal to the current  is also connected to
its base. The stacking of the thus i of the first control current source 3.
it further in-  40  arranged first and second current mirror circuits 11,
cludes a current follower 7 having a current follower  24 between the
supply terminals 1, 2 causes a current input 8 and a first current follower
output 9 and a sec-  applied to the current follower input 8 to make a cur-
ond current follower output 10. The current follower 7  rent substantially
equal thereto flow from the current produces at the two current follower
outputs 9, 10 cur-  follower outputs 9 and 10. rents [err]which are
substantially equal to the current  45  The first and second control
current sources [err] applied to the current follower input 8. The current
comprise NPN transistors T14 and T15 whose bases follower input 8 and the
current follower output 9 are  are connected to an input terminal 19, whose
emitters connected, as is the second control currentsource 6,  are
connected to a common junction 20 that is con- to the second control
terminal 5. The current follower  nected to the supply terminal 2 and whose
collectors output 10 is connected to the first control terminal 4.  50  are
connected to the first control terminal 4 and the From this configuration
it may easily be calculated  second control terminal 5 respectively, and,
in addi- that                                               tion, to the
supply terminal 1 by means of a bias cur- [err]                   rent
source 21 and a bias current source 22 respec- The current flowing through
the control current    tively.APNPtransistor Tl6, whose base is connected
source 3 is therefore only a fraction of the current [err]L  55  to control
terminal 4, whose emitter is connected to flowing through the load L. The
current follower 7 and  the supply terminal 1 and whose collector is
connect- the second control current source 6 largely compen-  ed to an
output terminal 23, acts as a load forthe first sate for the current [err]
so that now a proportionally  control terminal 4. 5    



9                   EP 0 442 573 B1                  10 The circuit shown
in Fig. 2 may be regarded as an  sistors T1 and T2 are connected via the
emitter-col- amplifier stage having an input 19 and an output 23  lector
junctions of PNP transistors T6 and T7 to cur- and comprising an input
stage T14 which is substan-  rent Input 12 and current output 13
respectively. The tially not loaded bythe base of transistor T16. This cir-
bases of transistors T6 and T7 are connected to the cuit is suitable for
low supply voltages from about 1   5   collector of transistor T7 which, in
turn, is connected volt and may nevertheless be capable of producing    to
the current output 13. The collectorof transistor T6 large currents at the
output terminal 23. Over the col-  is connected to the current input 12.
The emitter of lectorand the baseof transistor Tl6 a Miller capacitor
transistor T7 is further connected to the emitters of Cm1 may be introduced
to render the amplifier stage  PNP transistors T8 and T9 whose bases are
connect- suitable in a negative feedback amplifier system. In  10  ed to
current terminal 14 via a bias voltage source 30. that case also the
current flowing through the Miller  The collectorof transistor T8 is
connected to the base capacitor Cml will be compensated for, so that the
of transistor T3 which is now not connected to the col- desired effect of
the Miller capacitor is eliminated. In  lectoras shown in Fig. 2. The
collectoroftransistorT9 order to avoid this, another Miller capacitor Cm2
is to  is connected to the input of a current mirror circuit be inserted
between the collector of transistor T16  15  comprising NPN transistors
TIO, T11 and T12 ar- and the current follower input 8. The compensation of
ranged in a similar manner to the transistors T3, T4 the Miller current
component in the base current of  and T5 respectively, in the circuit shown
in Fig. 2. The transistor T16 is thus eliminated.                  emitters
of transistors T10, T11 and T12 are connect- The base
currentfortransistorTl6 is supplied, in  ed to current terminal 18 and
their collectors to the essence, by the current follower output 10. The
choice   20  collector of transistor T9, current output 16 and cur- of NPN
transistors in the second current mirror circuit  rent output 17
respectively. The symmetry error, 24 makes a simple drive of the
transistorTl6 possible  caused by the base currents of transistors T1 and
T2 because an increasing base current is effected as a  being subtracted
from the collector current oftransis- result of an Increasing conduction of
transistor T5.  tor T6, is now corrected by adding base currents of
Separate d.c. current sources for quiescent current  25  the transistors T6
and T7 substantially equal thereto adjustmentof the current mirrorcircuits
11,24 are not  tothe collectorcurrent of transistor T7. The symmetry
necessary.                                          error caused by the
base currents of the transistors Fig. 3 shows another embodiment of an
electron-  T3, T4 and T5, which currents are derived from the ic circuit
according to the invention. The circuit shown  collector current of
transistor T2, is corrected by is essentially equal to that of Fig. 2, but
the transistors  30   means of the transistors T8, T9, TIO, T11 and T12 of
of the first and second current mirror circuits now  which transistors the
transistors T11 and T12 prefer- have opposite conductivity types, whereas
the com-  ably have a double emitter surface. Furthermore, the mon current
terminals 14 and 18 are now connected   transistors in the sets of
transistors TI/T2, T6/T7 and to the output terminal 23 and supply terminal
1 re-  T3/T4/T5 have approximately equal base-collector spectively. This
configuration is opted for because   35  voltages which reduces errors
caused by the Earlyef- transistorT16 is now selected to be an NPN
transistor  fect. Over the collector-base junction of transistor T3 whose
collector is connected to supply terminal 1 and  a capacitor [err] can be
installed for circuit stability. whose emitter is connected to output
terminal 23.       In combination with, or independent of the exten-
However, itis alternatively possible toconnect current  sions
tothecurrentmirrorcircuits 11,24, the electron- terminal 14 to supply
terminal 2 in lieu of output ter-  40  ic circuit of Fig. 2 can be provided
with a differential minal 23. Transistor T16 is arranged as an emitter fol-
input stage referenced 32 in Fig. 4. The common junc- lower. Aconfiguration
in which NPN transistorT16 op-  tion 20 is now connected via a bias current
source 34 erates in a common-emitter circuit is also possible,  to the
second supply terminal 4. The circuit further in- however. In that case the
emitterof transistor T16 and  cludes NPN transistors T17 and T18 whose
emitters current terminal 14 are to be connected to supply ter-  45  are
connected to junction 20 and whose bases are minal 2 and the
collectoroftransistor T16 isto be con-  connected to a second input
terminal 36. The collec- nected to output terminal 23. For any Miller
capacitor  tors of the transistors T18, TI7, T14 and T15 are con- over the
collector and base of transistor T16 correc-  nected to the collectors of
the PNP transistors T19, tions have to be introduced in the same way as
shown  T20, T21 and T22 respectively, the emitters of which in Fig. 2.
50  four PNP transistors being connected to the first sup- Fig. 4 shows an
electronic circuit according to the  ply terminal 1 and the bases being
connected to the Invention, which basically corresponds to the circuit of
collector of transistor T19. The transistors T19 and Fig. 2. Compared to
the circuit represented in Fig. 2,  T21 convert the differential current
from transistors two extensions are made which may also be made      T18
and T14 into a single-sided current The transis- separately. The first
extension relates to the first and  55  tors T17 and T20 are added to
improve symmetry. In second current mirror circuits (11, 24), whereas the
the differential amplifier 32 are further included the second extension
relates to a differential input stage.  PNP transistors T23, T24 and T25
whose emitters are In current mirror circuit 11 the collectors of tran-
connected to the supply terminal 1, whose bases are 6    
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collector of transistor T20 and    Furthermore, NPN transistors T108 and
T109 are whose collectors are connected to the collectors of  added, whose
bases are connected to a second input transistors T20, T21 and T22
respectively. In this  terminal 38, whose emitters are connected tojunction
fashion the base currents of transistors TI 9-T22 are  20 and whose
collectors are connected to the current also derived from transistor T23
and mirrored by the   5   input 15 and the collector ofa PNP transistor
T110 re- transistors T24 and T25 and added to the collector  spectively,
whose base-emitterjunction is connected currents of transistors T21 and
T22.                 in parallel to that of the transistors T3-T5 of the
sec- Fig. 5 shows an embodiment of an electronic cir-  ond current mirror
circuit. In addition, the PNP tran- cuit according to the invention
resulting from exten-  sistors T111, T112 and T113 are added, whose emit-
sions to the circuit shown in Fig. 3 which are similar  io  ters are
connected to the first supply terminal 1, their to those of the circuit
shown in Fig. 4. The transistor  bases to the collector of transistor Tl09
and their col- TI6 is now represented in a common-emitter circuit in
lectors to the respective collectors of transistors which the emitter is
connected to supply terminal 2  T109, T106 and T107. The transistors T109
to T113 and the base tooutputterminal 23. Forthis reason the  enhance the
circuit symmetry but may be omitted as current terminal 14 of current
mirror circuit 11 is also   15  desired. PNP transistor T114 replaces the
corre- connected to supply terminal 2. In current mirror cir-  sponding
transistor T16 In Fig. 1. The current mirror cuit 24 the collector-base
junction of transistor T3 is  circuit formed by the transistors T111-T113
compen- not short-circuited but bridged by means of the emit-  sates for
the base currents of the transistors T3, T4, ter-collectorjunction of an
NPN transistor T13 whose  T5 and T110 flowing to the collector of
transistor collector is connected to the base of transistorT3 and   20
T108. whose base is connected via a bias voltage source 30     Fig. 7
represents an embodiment in which, simi- to current terminal 14. Transistor
T13 supplies sub-  lar to Fig. 6, the second current mirror circuit 24 is
stantially equal base-collector voltages to transistors  combined to that
of the differential amplifier 32. The T3-T5 and T1, T2 and reduces errors
caused by the   circuit may be derived from that shown in Fig. 3 with Early
effect in these transistors.             25   a number of modifications.
The NPH transistors T14 Similar to the situation shown in Fig. 4, the input
and T15 are replaced by MPH transistors T106 and stage 32 has a
differential arrangement comprising a  T107 and junction 20 is connected to
supply terminal current source 34, NPN transistors T18 and T19 and  2 via a
bias current source 34. The MPH transistor PNP transistors T19-T22 whose
bases are not con-    T16 is replaced by MPH transistor T114. MPH tran-
nected to the collector of transistor T19 but to the   30  sistor T108,
whose emitter is connected to junction base of a PNP transistorT26 arranged
as a diode and  20, whose base is connected to a second input termi- whose
emitter is connected to supply terminal 1 and  nal 36 and whose collector
is connected to the current whose collector is connected to supply terminal
2 via  Input 15 of the second current mirrorcircuit 24, is add- a bias
current source 38. The input stage 32 further  ed. The common current
terminal 14 of the first cur- includes NPN transistors T27-T30 whose
emitters  35  rent mirror circuit 11 is now connected to junction 20. are
connected to supply terminal 2, whose bases are  By connecting the output
terminal 23 to the second in- connected to the collector of transistor T19
and    put terminal 36, as indicated by way of a dotted line, whose
collectors are connected to the respective col-  a circuit is obtained
behaving as a voltage follower lectors of transistors T18, T19, T14 and
T15. The col-  from Input terminal 19 to output terminal 23. lectors of the
transistors T18 and T19 are intercon-   40  Fig.8 shows an electronic
circuit according to the nected. The current mirror circuit formed by the
tran-  invention similar to that shown in Fig. 3 butforthe ex- sistors
T27-T30 fixes the collector voltages of transis-  tension by a transistor
T16A, whose emitter is con- tors T14, T15, T18 and T19 and reduces errors
nected to output terminal 23, whose collector is con- caused by the Early
effect. The circuit represented in  nected to supply terminal 2 and whose
base is con- Fig. 5 can operate at a supply voltage of about 1 volt.  45
nected to the collector of transistor T14, which tran- In the embodiments
that have a differential input  sistorT16A is complementary to
transistorTl6. Other 32, the first and second current mirror circuits II
and  extensions are formed by current mirror circuits 11A 14 may
advantageously be combined to the current    and 24A, whose corresponding
current inputs and mirror circuits in the differential amplifier. Fig. 6
current outputs referenced A are mutually coupled shows a first embodiment
hereof derived from the cir-  50  and whose common current terminals 14A
and 18A cuit shown in Fig. 2. Compared to that circuit the fol-
respectively, are connected to the output terminal 23 lowing modif cations
have been Introduced. The sec-  and the first supply terminal 2, and which
are comple- ond current mirror circuit 24 comprises PNP transis-  mentary
to the first and second current mirror circuits tors and is connected to
the first supply terminal 1 by  11 and 24. The collectoroftransistor Tl4 is
connected means of its common current terminal 18. The NPN   55  to bias
current source 21 bymeans oftwoseries-con- transistors T14, T15 are
replaced by NPN transistors  nected diodes D1 and D3 whose junction is
connect- TI06 and T1 07 and the junctIon 20 is connected tothe  ed to the
current outputs 17 and 17A. The base of secondsupplyterminal 2 via a bias
currentsource 34.  transistor T16 is connected to the junction of current 7



13                  EP 0 442 573 B1                 14 source 21 and diode
D1, the base of transistor T16A  series in pairs. The current inputs 12,
12A of these to the junction of diode D3 and the collector of tran-
current mirror circuits are connected to the control sistor T14. The
collector of transistor TI 5 is connect-  terminals 5 and 5A respectively,
the current outputs ad to bias current source 22 by means of two series-
13, 13A to current input 15 and control terminal 4 re- connected diodes D2
and D4. The junction of diodes   5   spectively, and the common
currentterminals 14,14A D2 and D4 is connected to the current outputs 16
and  to the output terminal 23 and supply terminal 2 re- 16A. The current
inputs 12 and 12A are connected to  spectively. The control terminals 4 and
4A are con- the other electrode of diodes D2 and D4 where the  nected to
the base of an NPN transistor T230 and an current source 22 and the
collector of transistor T15  NPN transistor T231 respectively, whose
collector- are located. The diodes produce a bias voltage forthe   10
emitterjunctions are connected to output terminal 23 series-connected
base-emitter junctions of the tran-  and are series connected between the
supply termi- sistors T1 and TlA in the current mirror circuits 11 and
nals 1 and 2. 11A and of the transistors T16 and T16A.              The
Miller capacitors Cm1 and Cm2 may be in- Fig. 9 shows an embodiment of an
electronic cir-  serted, as required, between the collector of transis-
cuit according to the invention, comprising a differen-  15  torT231 and
the control terminals4Aand 5A, possibly tial input stage 32 having input
terminals 19 and 19A  in combination with stabilizing capacitors Cp1 and
connected to the respective NPH transistors T14, T15  Cp2 between the
control terminals 4 and 5 and the and the NPH transistors T14Aand T15A, the
emitters  supply terminal 2. of which four transistors being mutually
coupled in a  The Invention is not restricted to the embodi- junction 20
which is connected to the second supply  20  ments shown. By means of
combinations of and va- terminal 2 via a bias current source 34. The
collectors  riations to the circuits shown, different embodiments of the
transistors T14, T15, TI5A and T14A are con-  are likewise possible.
Furthermore, the NPN transis- nected to respective collectors of PNP
transistors  tors may be replaced by PNP transistors andvicever- T210,
T211, T212 and T213, whose bases are con-    sa. In addition, the invention
is not restricted either to nected to a reference voltage terminal 220 and
whose  25  embodiments comprising bipolar transistors. All cir- emitters
are connected to supply terminal 1 and these  cuits shown may comprise
unipolar transistors, for collectors are also connected to the respective
emit-  example, in CMOS technology, then substituting the tars of PNP
transistors T214, T215, T216 and T217,  gate, source and drain of the
unipolar transistor for whose bases are connected to a reference voltage
the base, emitter and collector of the bipolar transis- terminal 222. The
transistors T14, T15, T15A and   30  tor. TI4A, together with the
transistors T214, T215, T216 and T217 form four folded cascode connections
fed from the transistors T210, T211, T212 and T213 ar-  Claims ranged as
current sources. The circuit further in- cludes an arrangementcomprising
eight PNP transits-   35  1. Electronic circuit comprising a series
connection tors T218 to T225 coupled in a fashion similar to that  of a
load and a firstcontrol current source, insert- of the transistors T21 0 to
T217 of which the emitters  ed between first and second supply terminals,
for of the transistors T218-T221 are connected to the      producing a
first current, the load and the control supply terminal 2 and the bases to
a reference voltage  current source being connected to a first control
terminal 226. The bases of the transistors T222,  40  terminal,
characterized In that the electronic cir- T223, T224 and T225 are connected
to a reference       cult further includes a second control current voltage
terminal 224 whereas the collectors are con-  source for producing a second
current that is sub- nected to the collectors of the respective transistors
stantially equal to the first current, a second con- T214, T215, T216 and
T217 in the control terminals    trol terminal connected to the second
control cur- 5,4, 4A and 5A respectively.                  45      rent
source and to a currentfollower having a cur- The transistors T210-T213 may
be regarded as       rentfollower input forreceiving a current to befol-
two overlapping second current mirror circuits 24 and  lowed and having
first and second current follow- 24Aof the type shown in Fig. 3. The
collector connec-  er outputs for delivering currents that are propor-
tions of these transistors may be regarded as the re-  tionalto the current
to be followed, the current fol- spective current outputs 16, 17, 17A and
16A of the   50  lower Input and the first current follower output current
mirror circuits 24 and 24A, whereas the col-   being coupled to the second
control terminal and lectors of the transistors T211 and T212, as a result
the second current follower output being coupled of the overlap, likewise
correspond to the current In-  to the first control terminal. puts 15A and
15 of the current mirror circuits 24A and 24.
55   2. Electronic circuit as claimed in Claim 1, charac- The circuit
further includes the first current mirror  terized in that the current
follower comprises first circuits 11 and IIA both comprising NPN
transistors   and second current mirror circuits having each a whose
collector-emitter junctions are connected in    current input for
connecting a current to be mir-    13                  EP 0 442 573 B1
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source 21 and diode D1, the base of transistor T16A  series in pairs. The
current inputs 12, 12A of these to the junction of diode D3 and the
collector of tran-  current mirror circuits are connected to the control
sistor T14. The collector of transistor T15 is connect-  terminals 5 and 5A
respectively, the current outputs ed to bias current source 22 by means of
two series-  13, 13Ato current input 15 and control terminal 4 re-
connected diodes D2 and D4. The junction of diodes   5   spectively, and
the common currentterminals 14,14A D2 and D4 is connected to the current
outputs 16 and  to the output terminal 23 and supply terminal 2 re- I 6A.
The current inputs 12 and 12A are connected to  spectively. The control
terminals 4 and 4A are con- the other electrode of diodes D2 and D4 where
the   nected to the base of an NPN transistor T230 and an current source 22
and the collector of transistor T15  NPN transistor T231 respectively,
whose collector- are located. The diodes produce a bias voltage forthe   10
emitterjunctions are connected to output terminal 23 series-connected
base-emitter junctions of the tran-  and are series connected between the
supply termi- sistors T1 and TIA in the currentmirror circuits 11 and  nals
1 and 2. 11A and of the transistors T18 and T16A.               The Miller
capacitors Cm1 and Cm2 may be in- Fig. 9 shows an embodiment of an
electronic cir-  serted, as required, between the collector of transis-
cuit according to the invention, comprising a differen-  15  torT231 and
the control terminals4Aand 5A, possibly tial input stage 32 having input
terminals 19 and 19A  in combination with stabilizing capacitors Cp1 and
connected to the respective NPH transistors T14, T15  Cp2 between the
control terminals 4 and 5 and the and the NPH transistors T14Aand T15A, the
emitters  supply terminal 2. Of which four transistors being mutually
coupled in a  The invention Is not restricted to the embodi- junction 20
which Is connected to the second supply  20   ments shown. By means of
combinations of and va- terminal 2 via a bias current source 34. The
collectors  riations to the circuits shown, different embodiments of the
transistors T14, T15, T15A and T14A are con-  are likewise possible.
Furthermore, the NPN transis- nected to respective collectors of PNP
transistors  tors may be replaced by PNP transistors and vice ver- T210,
T211, T212 and T213, whose bases are con-     sa. In addition, the
invention is not restricted either to nected to a reference voltage
terminal 220 and whose   25  embodiments comprising bipolar transistors.
All cir- emitters are connected to supply terminal 1 and these  cults shown
may comprise unipolar transistors, for collectors are also connected to the
respective emit-  example, in CMOS technology, then substituting the ters
of PNP transistors T214, T215, T216 and T217,  gate, source and drain of
the unipolar transistor for whose bases are connected to a reference
voltage   the base, emitter and collector of the bipolar transis- terminal
222. The transistors T14, T15, T15A and   30  tor. 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-  Claims ranged as
current sources. The circuit further in- cludes an arrangement comprising
eight PNP transis-  35  1. Electronic circuit comprising a series
connection tors T21 8 to T225 coupled in a fashion similar to that  of a
load and a first control current source, insert- of the transistors T21 0
to T217 ofwhich the emitters  ed between first and second supply terminals,
for of the transistors T218-T221 are connected to the      producing a
first current, the load and the control supply terminal 2 and the bases to
a reference voltage  current source being connected to a first control
terminal 226. The bases of the transistors T222,  40   terminal,
characterized in that the electronic cir- T223, T224 and T225 are connected
to a reference       cuit further includes a second control current voltage
terminal 224 whereas the collectors are con-   source for producing a
second current that is sub- nected to the collectors of the respective
transistors  stantially equal to the first current, a second con- T214,
T215, T216 and T217 in the control terminals     trol terminal connected to
the second control cur- 5,4, 4A and 5A respectively.                   45
rent source and to a currentfollower having a cur- The transistors
T210-T213 may be regarded as        rentfollowerinputforreceiving a
currentto befol- two overlapping second current mirror circuits 24 and
lowed and having first and second current follow- 24A of the type shown in
Fig. 3. The collector connec-  er outputs for delivering currents that are
propor- tions of these transistors may be regarded as the re-  tional to
the current to be followed, the current fol- spective current outputs 16,
17, 17A and 16A of the   50  lower input and the first current follower
output current mirror circuits 24 and 24A, whereas the col-   being coupled
to the second control terminal and lectors of the transistors T211 and
T212, as a result  the second currentfollower output being coupled of the
overlap, likewise correspond to the current in-  to the first control
terminal. puts 15Aand 15 of the current mirror circuits 24A and 24.
55   2. Electronic circuit as claimed in Claim 1, charac- The circuit
further includes the first current mirror  terized in that the current
follower comprises first circuits 11 and 11A both comprising NPN
transistors    and second current mirror circuits having each a whose
collector-emitter junctions are connected in     current input for
connecting a current to be mir- 8    15                    EP 0 442 573 B1
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roredand a common currentterminal for connect-              transistors are
interconnected, the collector of ing a supply current, the first current
mirror circuit  the sixth transistor is connected to the base of the having
a current output and the second current          first transistor and to
the current input of the first mirror circuit having first and second
current out-     current mirror circuit, the collector of the seventh puts
for delivering currents proportional to the    5   transistor is connected
to the base of the seventh current to be mirrored and flowing in the same
di-     transistorand to the currentoutputof the first cur- rection, the
current inputof the first current mirror   rent mirror circuit, the
emitters of the eighth and circuit being coupled to the current follower
input,    ninth transistors are connected to the emitter of the current
outputof the first current mirror circuit  the seventh transistor, their
bases to a reference being coupled to the current input of the second   10
voltage source, and the collector of the eighth current mirrorcircuit and
the first and second cur-    transistor is coupled to the base of the third
tran- rent outputs of the second current mirror circuit       sistor and
the collector of the ninth transistor is being coupled to the first and
second current fol-      coupled to the collector and the base of the tenth
lower outputs respectively.                             transistor whose
base-emitter junction is con- 15      nected in parallel to the
base-emitterjunctions of 3. Electronic circuit as claimed in Claim 2,
charac-       the eleventh and twelfth transistors, the emitters terized in
that the first current mirror circuit com-   of the tenth, eleventh and
twelfth transistors are prises first and second transistors ofa same con-
connected to the common current terminal of the ductivity type, having each
a base, an emitter          second current mirrorcircuit, and the
collectors of and a collector, whose base-emitterjunctions are   20  the
respective eleventh and twelfth transistors connected In parallel, their
emitters being con-        are coupled to the respective first and second
nected to the common current terminal of the first      current outputs of
the second current mirror cir- current mirror circuit and their collectors
being       cuit. coupled to the respective current input and cur- rent
output of the first current mirror circuit, and   25   6. Electronic
circuit as claimed in Claim 3, charac- in thatthe second
currentmirrorcircuitcomprises        terized in that the electronic circuit
further in- third, fourth and fifth transistors of a same con-      cludes
a thirteenth transistor of a conductivity ductivity type, having each a
base, an emitter          type opposite to that of the third transistor and
and a collector, the base-emitter junctions of          having abase,
emitterand collector connected to these third, fourth and fifth transistors
being con-    30  a reference voltage source, the collector of the nected
In parallel, their emitters being connected      third transistor and the
base of the third transistor tothe common current terminal of the second
cur-         respectively. rent mirror circuit and their collectors being
cou- pled to the current input, the first current output  7. Electronic
circuit as claimed in Claim 1, 2,3,4,5 and the second currentoutput
respectively, of the   35  or 6, characterized in that the first and second
second current mirror circuit.                          control current
sources are arranged as four- teenth and fifteenth transistors
respectively, of a 4. Electronic circuit as claimed in Claim 3, charac-
first conductivity type, having each a base, emit- terized in that the
bases of the first and third tran-  ter and a collector, their bases being
connected sistors are connected to the collectors and in that   40  to a
first input terminal and the emitters to a coin- the conductivity type of
the third, fourth and fifth    mon junction, and the collector of the
fourteenth transistors Is opposite to the conductivity type of     and
fifteenth transistors being coupled tothefirst the first and second
transistors.                       and second control terminals
respectively. 5. Electronic circuit as claimed in Claim 3, charac-  45   8.
Electronic circuit as claimed in Claim 1, 2, 3, 4, terized in that the
conductivity type of the third,     5, 6 or 7, characterized in that the
electronic cir- fourth and fifth transistors is opposite to that of
cuit further includes a sixteenth transistor having the first and second
transistors, and in that the       a base, emitter and a collector, whose
base is electronic circuit further includes sixth, seventh,     connected
to the first control terminal and of eighth and ninth transistors of a
conductivity type   50  which a main current path formed by the emitter
equal to that of the first and second transistors,      and the collector
is connected to an output termi- and tenth, eleventh and twelfth
transistors of a        nal. conductivity type equal to that of the third,
fourth and fifth transistors, all having a base, emitter   9. Electronic
circuit as claimed in Claim 8, charac- and a collector, whereas the
collectors of the first  55  terized in that the sixteenth transistor is of
a sec- and second transistors are connected to the             ond
conductivity type opposite to the first con- emitters of the sixth and
seventh transistors re-       ductivity type, the emitter and the collector
of the spectively, the bases of the sixth and seventh          sixteenth
transistor being coupled to the respec- 9    17                   EP 0 442
573 B1                  18 tive first supply terminal and the output
terminal,  14. Electronic circuit as claimed in Claim 13, charac- 



In that the first and second transistors are of the  terized in that the
base of the nineteenth transis- second conductivity type and the third,
fourth and   tor is connected to the collector of the nineteenth fifth
transistors are of the first conductivity type  transistor and in that the
electronic circuit further and in that the common current terminal of the
5    Includes twenty-third, twenty-fourth and twenty- firstand second
current mirrorcircuits is connect-    fifth transistors of the second
conductivity type, ed to the first and second supply terminals re-
having each a base, emitter and a collector, spectively.
whose base-emitter junctions are connected in parallel, whose emitters are
connected to the first 10. Electronic circuit as claimed in Claim 8,
charac-  10  supply terminal and whose bases are coupled to terized in that
the sixteenth transistor is of the   the collector of the seventeenth
transistor and first conductivity type, the emitter and the collec-  whose
collectors are coupled to the collectors of torof the sixteenth
transistorbeing coupled to the   the seventeenth, fourteenth and fifteenth
tran- output terminal and the first supply terminal re-     sistors
respectively. spectively, in that the first and second transistors   15 are
of the first conductivity type and the third,  15. Electronic circuit as
claimed in Claim 13, charac- fourth and fifth transistors of a second
conduc-      terized in that the electronic circuit further in- tivity type
opposite to the first conductivity type   cludes a twenty-sixth transistor
of the second and in that the common terminals of the first and
conductivity type having a base, emitter and a second current mirror
circuits are connected to  20   collector, whose base-emitter junction is
con- the output terminal and the first supply terminal     nected in
parallel to the base-emitter junctions of respectively.
the nineteenth to twenty-second transistors and whose base and collector
are interconnected and 11. Electronic circuit as claimed in Claim 8,
charac-    coupled to the first supply terminal via a second terized in
that the sixteenth transistor is of the   25  bias current source, and
twenty-seventh to thir- first conductivity type, the emitter and the
collec-  tieth transistor of the first conductivity type hav- torof the
sixteenth transistorbeing coupled to the   ing each a base, emitter and a
collector, whose second supply terminal and the output terminal
bases are connected to the collector of the sev- respectively, in that the
first and second transis-   enteenth transistor, their emitters to the
second tors are of the first conductivity type and the third,   30  supply
terminal and whose collectors are con- fourth and fifth transistors of a
second conduc-      nected to the collectors of the eighteenth, seven-
tivity type opposite to the first conductivity type  teenth, fourteenth and
fifteenth transistors re- and In that the common terminals of the first and
spectively, and the collector of the eighteenth second current mirror
circuits are connected to      transistor being interconnected to the
collector of the second and first supply terminals respective-   35  the
seventeenth transistor. ly. 16 Electronic circuit as claimed in Claim 3,
charac- 12. Electronic circuit as claimed in Claim 9, 10 or 11,  terized in
that the firstand second control current characterized in that the common
junction Is con-     sources are constituted by sixth and seventh nected to
the second supply terminal.        40       transistors respectively, of a
first conductivity type, having each a base, emitter and a collector, 13.
Electronic circuit as claimed in Claim 9, 10 or 11,  the bases being
connected to a first input termi- characterized in that the electronic
circuit further  nal and the emitters to a common junction, which includes
a first bias current source inserted be-     junction is coupled to the
second supply terminal tween the common junction and the second sup-   45
via a bias current source, and the collectors of the ply terminal,
seventeenth and eighteenth transis-     sixth and seventh transistors being
coupled to tors of the first conductivity type having each a     the first
and second control terminals respective- base, emitter and a collector,
whose bases are       ly, in that the common terminals of the first and
connected to a second input terminal and their        second current mirror
circuits are connected to emitters to the common junction; nineteenth,   50
the first supply terminal, in that the first to fifth twentieth,
twenty-first and twenty-second tran-       transistors are of a second
conductivity type op- sistors of the second conductivity type having
posite to the first conductivity type and the base- each a base, emitterand
a collector, whose base-      collectorjunctions of thefirstand third
transistors emitter junctions are connected in parallel and       are
short-circuited, and in that the electronic cir- whose emitters are
connected to the first supply  55  cult further Includes an eighth
transistor of the terminal and whose collectors are coupled to the
first conductivity type having a base, emitter and collectors of the
eighteenth, seventeenth, four-      a collector connected to a second input
terminal, teenth and fifteenth transistors respectively.        the common
junction and the current input of the 10    19                   EP 0 442
573 B1                  20 second current mirror circuit respectively.
the base of the ninth transistor being connected 



to the first control terminal, and the emitter and 17. Electronic circuit
as claimed in Claim 16, charac-   collector of the ninth transistor being
connected terized in that the electronic circuit further in-    to an
output terminal and the first supply terminal dudes a ninth transistor of
the first conductivity   5  respectively. type and tenth to twelfth
transistors of the second conductivity type, all having a base, emitter and
20. Electronic circuit as claimed in Claim 10, further a collector, the
base and the emitter of the ninth   including a further transistor
complementary to transistor being connected to the second input        the
sixteenth transistor and having a base, emit- terminal and the common
junction respectively,   10   ter and a collector coupled to the first
control ter- and the collectorof the ninth transistor being con-   minal,
the output terminal and the second supply nected to the collector of the
tenth transistor,      terminal respectively, a first current mirror
circuit whose base-emitterjunction is connected in par-       complementary
to the first current mirror circuit allel to that of the third transistor,
and Is also con-  and a second current mirror circuit complemen- nected to
the bases of the eleventh, twelfth and   15  tary to the second current
mirror circuit, corre- thirteenth transistors, the emitters of these elev-
sponding current inputs and current outputs of enth to thirteenth
translators being connected to    the current mirror circuits being
mutually cou- the first supply terminal and their collectors being  pled,
the common current terminal of the comple- connected to the collector of
the ninth transistor,   mentary first current mirror circuit being connect-
the second control terminal and the first control   20  ed to the output
terminal and the common current terminal respectively.
terminal of the complementary second current mirror circuit being connected
to the second sup- 18. Electronic circuit as claimed in Claim 16 or 17,
ply terminal, and in which the common junction is characterized in that the
electronic circuit further  connected to the second supply terminal.
includes a fourteenth transistor of the second   25 conductivity type
having a base, emitter and a    21. Electronic circuit as claimed In Claim
9, 10 or 11, collector, whose base Is connected to the first       in which
a Miller capacitor is connected over the control terminal and whose emitter
and collector      base and collector of the sixteenth transistor, are
coupled to the first supply terminal and an       characterized in that a
further Miller capacitor is output terminal respectively.                30
inserted between the collector of the sixteenth transistor and the second
control terminal. 19. Electronic circuit as claimed in Claim 3, charac-
terized In that the first and second control current  22. Electronic
circuit as claimed in Claim 18, in which sources are constituted by sixth
and seventh          a Miller capacitor is connected over the base and
transistors respectively, of a first conductivity   35  collector of the
fourteenth transistor, character- type, having each a base, emitter and a
collector,    ized In that a further Miller capacitor is Inserted the bases
being connected to a first input termi-     between the collectors of the
fourteenth transis- nal and the emitters to a common junction, which
tor and the second control terminal. junction Is coupled to a second supply
terminal via a bias current source, and the collectors of the   40   23.
Electronic circuit as claimed In one of the preced- sixth and seventh
transistors being coupled to       Ing Claims, characterized In that
bipolar transis- the first and second control terminals respective-    tors
having a base, emitter and a collector are re- ly, in that the common
terminals of the first and     placed by unipolar transistors having a
gate, second mirror current circuits are connected to       source and a
drain respectively. the common junction and thefirst supply terminal  45
respectively, in that the first and second transis- tors are of the
firstconductivity type and the third,  PatentansprOche fourth and fifth
transistors of a second conduc- tivity type opposite to the first
conductivity type,  1. Elektronische Schaltung mit einerzwischen einer and
the base-collector junction of the first and   5o  ersten und elner zweiten
Versorgungsidemme third transistors are short-circuited, and In that
eingefrigtn Reihenschaltung aus einer Last und the electronic circuit
further includes eighth and    einer ersten Steuerstromquelle, zur
Erzeugung ninth transistors of the first conductivitytype hav-   eines
ersten Stroms, wobel die Last und die Steu- ing each a base, emitter and a
collector, the base,   erstromquelle mit elner ersten Steuerldeemme emitter
and collector of the eighth transistor be-  55  verbunden sind, dadurch
gekennzeichnet, daB ing connected to a respective second input termi-
die elektronische Schaltung weiterhin elne zwei- nal, the common junction
and the current Input of     te Steuerstromquelle zur Erzeugung elnes zwei-
the second currentmirror circuit respectively, and    ten Stroms, der
nahezu gleich dem ersten Strom 11    21                 EP 0 442 573 B1
22     1 I        l lst, enthalt, sowle eine zweite Stbueridemme, die
durch gekennzelchnet, daB die Basen des ersten 



mit derzweiten Steuerstromquelle und mit einem    und des dritten
Transistors mit den Kollektoren Stromfolger verbunden Ist, der einen
Stromfol-    verbunden sind und daB der Leitungstyp des drit- gereingang
zum Empfangen eines zu folgenden      ten, vierten und finften Transistors
dem Lei- Stroms und oinen ersten und eonen zweiten   5     tungstyp des
ersten und zweiten Transistors ent- Stromfolgerausgang zur Lieferung von
Stromen      gegengesetzt ist. hat, die dem zu folgenden Strom proportional
sind,wobeiderStromfolgereingang unddererste   5. Elektronische Schaltung
nach Anspruch 3, da- Stromfolgerausgang mitderzwelten Steuerklem-
durch gekennzelchnet, daB der Leltungstyp des me gekoppelt ist und der
zweite Stromfolgeraus-  10  dritten, vierten und finften Transistors dem
des gang mit der ersten Steuerilemme gekoppelt ist.   ersten und zweitn
Transistors entgegengesetzt ist, und daB die elektronische Schaltung
weiter- 2. Elektronische Schaltung nach Anspruch 1, da-      hin einen
sechsten, siebten, achten und neunten durch gekennzelchnet, daB der
Stromfolger eine    Transistor sines Leitungstyps enthalt, der dem erste
und oine zwelte Stromspiegelschaltung mit  15  des ersten und zweiten
Transistors gleich 1st und jeweils einem Stromeingang zumAnschilegen ei-
einen zehntbn, elften und zwolften Transistor oi- nes zu spiegeinden Stroms
und einer gemeinsa-     nes Leltungstyps, der dem des dritten, vierten men
Stromklemme zum Anschlieben eines Ver-        und f(Inften Transistors
gleich ist, wobei alle eine sorgungsstroms umfaBt, wobel die erste Strom-
Basis, einen Emitter und eonen Kollektor haben, spiegelsohaltung einen
Stromausgang und die  20   wobei die Kollektoren des ersten und des zweiten
zweite Stromspiegelschaltung einen ersten und     Transistors mit den
Emittern des sechsten bzw. eonen zweiten Stromausgang hat zum Liefern
slebten Transistors verbunden sind, die Basen von StrOmen, die proportional
zu dem zu spie-     des sechaten und des siebten Transistors mitein-
geinden Strom sind und In gleicher iRlchtung file-  ander verbunden sind,
der Kollektor des sech- Ben, wobel der Stromeingang der ersten Strom-  25
sten Transistors mit der Basis des ersten Transi- spiegelschaltung mlt dem
Stromfolgereingang       stors und mit dem Stromeingang der ersten
gekoppelt ist, der Stromausgang der ersten        Stromspiegelschaltung
verbunden ist, der Kol- Stromspiegelschaltung mit dem Stromeingang
Iektor des siebten Transistors mit der Basis des der zweiten
Stromspiegelschaltung gekoppelt ist   siebten Transistors und mit dem
Stromausgang und der erate und der zwelte Stromausgang der  3o  der ersten
Stromspiegelachaltung verbunden ist, zweiten Stromspiegelschaltung mit dem
ersten      die Emitter des achten und neunten Transistors bzw. zweiten
Stromfolgerausgang gekoppelt ist.    mit dem Emitter des siebten
Transistors verbun- den sind, Ihre Basen mit einer Bezugespan- 3.
Elektronische Schaltung nach Anspruch 2, da-      nungsquelle, und der
Kollektor des achten Tran- durch gekennzeichnet, daB die erste Stromspie-
35  sistors mit der Basis des dritten Transistors ge- gelschaltung einen
ersten und einen zwelten       koppelt ist und der Kollektor des neunten
Transi- Transistor eines geiechen Leitungstyps umfaSt,    stors mit dem
Kollektor und der Basis des zehn- mit jeweils einer Basis, einem Emitter
und einem  ten Transistors gekoppelt ist, dessen Basis-Emit- Kollektor,
deren Basis-Emitter-Strecken parallel  ter-Strecke parallel zu den
Basis-Emitter-Strek- geschaltet sind, deren Emitter mit der gemeinsa-  40
ken des elften und des zwolften Transistors ge- men Stromidemme der ersten
Stromspiegel-          schaltet ist, die Emitter des zehnten, elften und
schaltung verbunden sind und deren Kollektoren    zw8lften Transistors mit
der gemeinsamen mit dem Stromeingang bzw. Stromausgang der
Stromklemme der zweiten Stromepiegelschal- ersten Stromspiegelschaltung
gekoppelt sind,      tung verbunden sind, und die Kollektoren des elf- und
daB die zweite Stromsplegelschaltung eonen   45  ten bzw. zwalften
Transistors mit dem ersten dritten, vierten und fnunfttn Transistor sines
glei-  bzw. zwelten Stromausgang der zweiten Strom- chen Leitungstyps
umfalt, mit jeweils einer Ba-   spiegelschaltung gekoppelt sind. sis, elnem
Emitter und elnem Kollektor, wobei die Basis-Emitter-Strecken dieses
dritten, vierten  6. Elektronische Schaltung nach Anspruch 3, da- und
ffnften Transistors parallel geschaltst sind,  50  durch gekennzeichnet,
dal die elektronische ihre Emitter mit der gemeinsamen Stromklemme
Schaltung weiterhin einen drekzehnten Transistor der zweiten
Stromspiegelschaltung verbunden       enthalt, mit einem Leitungstyp, der
dem des drit- sind und ihre Kdlelktoren mit dem Stromeingang,   ten
Transistors entgegengesetzt ist, und miteiner dem ersten Stromausgang bzw.
dem zwelten          Basis, einem Emitter und einem Kollektor, die mit
Stromausgang der zweiten Stromspiegelschal-  55   einer
Bezugsspannungsquelle, dem Kollektor tung gekoppelt sind.
des dritten Transistors bzw. der Basis des dritten Transistors verbunden
aind. 4. Elektronische Schaltung nach Anspruch 3, da- 12    23
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4, 5 oder 6, dadurch gekennzelchnet, dal die er-  tungstyp sind und der
dritte, vierte und fflnfte sa und die zweibt Stouerstromquelle als vier-
Transistor von elnem dem ersten Leitungstyp zehnter bzw. finfzehnter
Transistor sines erstan  entgegengesetzten zweiten Leitungstyp sind
Leitungstyps angeordnet sind, mitje elner Basis,   5  und daB die
gemeinsamen KMemmen der ersten K>     einem Emitter und ainem Kollektor,
wobei ihre      und zweiten Stromspiegelschaltung mitderzwei- Basen mit
einer ersten Eingangsklemme und die    ten bzw. ersten Versorgungsldemme
verbunden Emitter mit einem gemeinsamen Knotenpunkt         sind. verbunden
sind, und der Kollektor des vierzehn- ten bzw. fulnfzehnten Transistors mit
der ersten   vo  12. Elektronische Schaltung nach Anspruch 9, 10 bzw.
zweiten Steuerklemme gekoppelt ist.          oder 11, dadurch
gekennzeichnet, daB der ge- meinsame Knotenpunkt mit der zweiten Versor- 8.
Elektronische Schaltung nach Anspruch 1, 2, 3,    gungsklemme verbunden
lst. 4, 5, 6 odor 7, dadurch gekennzeichnet, daB die elektronische
Schaltung welterhin einen sech-  15  13. Elektronische Schaltung nach
Anspruch 9, 10 zehnten Transistor mit ener Basis, einem Emitter  oder 11,
dadurch gekennzeichnet, daB die elek- und einem Kollektorenthalt, dessen
Basis mitder   tronische Schaltung weiterhin eine zwischen den ersten
Stauerklemme verbunden !st und von dem     gemeinsamen Knotenpunkt und die
zweibt Ver- emn vom Emitter und dem Kolliektor gebildeter
sorgungsidemme geschaltte erste Ruhestrom- Hauptstrompfad mit einer
Ausgangskiemme ver-  20  quelle enthfilt, einen siebzehnten und achtzehn-
bunden lst.                                      ten Transistorvom ersten
Leitungstyp mit jewells einer Basis, einem Emitter und einem Kollektor, 9.
Elektronische Schaltung nach Anspruch 8, da-      deren Basen mit einer
zweiton Eingangsidemme durch gekennzeichnet, daS dersechzehnte Tran-
und deron Emitter mit dam gemeinsamen Kno- sistor von einem dem ersten
Leitungstyp entge-  25  tenpunkt verbunden sind; oinen neunzehnten,
gengesetztbn zweiten Leitungstyp ist, wobel der   zwanzigsten,
einundzwanzigsten und zweiund- Emitter und der Koliektor des sechzehnten
Tran-   zwanzigsten Transistordes zweiten Leltungstyps sistors mit der
ersten Versorgungsidemme bzw.     mitjeweils elner Basis, elnem Emitter und
einem derAusgangskiemme gekoppelt sind, daB derer-      Kollektor, deren
Basis-Emitter-Stecken parallel ste und der zweite Transistor vom zweiten
Lel-  so  geschaltet sind und deren Emitter mit der ersten tungstyp sind
und der dritte, vierte und fulnfte  Versorgungsldemme verbunden sind und
deren Transistor vom ersten Leitungstyp sind und daB    Kollektoren mit den
Kollektoren des achtzehnten, die gemeinsame Stromidemme der ersten und
siebzehnten, vierzehnten bzw.fflnfzehnten Tran- der zweiton
Stromspiegelschaltung mit der er-     sistors gekoppelt sind. stan bzw.
zweiten Versorgungsklemme verbun-  35 den ist.
14. Elektronische Schaltung nach Anspruch 13, da- durch gekonnzeichnet, daB
die Basis des neun- 10. Elektronische Schaltung nach Anspruch 8, da-
zehnten Transistors mit dam Kollektor des neun- durch gekennzeichnet, daB
dersechzehnte Tran-     zehnten Transistors verbunden st, und daB die
sistorvom ersten Leitungstyp ist, wobei der Emit-  4o  elektronische
Schaltung weibtrhin einen dreiund- ter und der Kollektor des sechzehnten
Transi-     zwanzigsten, vierundzwanzigsten und fanfund- stors mit der
Ausgangsklemme bzw. der ersten      zwanzigsten Transistor vom zweiten
Leitungstyp Versorgungsldemme gekoppelt sind, daB der er-     enthilt, mit
jeweils ainer Basis, einem Emitter sa und der zweibt Transistor vom ersten
Lei-      und einem Kollektor, deren Basis-Emitter-Strek- tungstyp und der
dritte, viertb und fulnfte Transi-  45  ken parallel geschaltetsind, deren
Emittermitder stor von einem dam ersten Leitungstyp entge-      ersten
Versorgungskiemme verbunden sind und gengesetkten zweiten Leitungstyp sind
und daB     deren Basen mit dam Kollektor des siebzehnten die gemeinsamen
Klemmen der ersten und der        Transistors gekoppeltmind und deren
Kdlektoren zweiten Stromspiegelschaltung mit der Aus-        mit den
Kollektoren des siebzehnten, vierzehn- gangsklemme bzw. dererstan
Versorgungsklem-  5o  ten bzw. fflnfzehnten Transistors gekoppelt sind. me
verbunden sind. 15. Elektronische Schaltung nach Anspruch 13, da- 11.
Elektronische Schaltung nach Anspruch 8, da-     durch gekennzeichnet, daB
die edektronische durch gskennzeichnet, daS dersechzehnte Tran-
Schaltung weiterhin einen sechsundzwanzigstan sistorvom ersten Leitungstyp
int, wobei der Emit-  55  Transistor vom zweitan Leitungstyp mit einer Ba-
ter und der Kollektor des sechzehnten Transi-     sis, einem Emitter und
einem Kollektor enthalt, stors mit der zwelten Versorgungsldemme bzw.
dessen Basis-Emitter-Strecke parallel zu den derAusgangsklemme gekoppelt
sind, daB der or-     Basis-Emitter-Strecken des neunzehnten bis 13    25
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und dessen Basis und Kodlektor mitbinander ver-   und dreizehnten
Transistors verbunden ist, wobel bunden und Ober sine zweite
Ruhestromquelle       die Emitter dieses elften bis dreizehnten Transi- mit
der ersten Versorgungsidemme gekoppelt        stors mit der ersten
Versorgungsldemme verbun- sind, und einen siebenundzwanzigsten bis drel-
5  den sind und iMre Kollektoren mit dem Kollektor Migsten Transistor vom
ersten Leitungstyp mitje-  des neunten Transistors, der zweiten Steuer-
wells einer Basis, einem Emitter und einem Kol-  kiemme bzw. der ersten
Steuerklemme verbun- lektor, deren Basen mit dem  Kollektor des        den
sind. siebzehnten Transistors verbunden sind, deren Emitter mit derzweiten
Versorgungsldemme und  fO  18. Elektronische Schaltung nach Anspruch 16
oder deren Kollektoren mit den Kollektoren des acht-   17, dadurch
gekennzeichnet, dai die elektroni- zehnten, siebzehnten, vierzehnten bzw.
fOnf-      ache Schaltung welterhin einen vierzehnten zehnten Transistors
verbunden sind, und wobei     Transistordes zweiten Leitungstyps
miteinerBa- der Kollektor des achtzehnten Transistors mit     sis, einem
Emitter und einem Kollektor enthilt, dem Kollektor des siebzehnten
Transistor ver-  15  dessen Basis mit der ersten Steuerklemme ver- bunden
ist.                                       bunden ist und dessen Emitter
und Kollektor mit der ersten Versorgungsklemme bzw. einer Aus- 16.
Elektronische Schaltung nach Anspruch 3, da-     gangsklemme gekoppelt
sind. durch gekennzeichnet, daB die erste und die zweite Steuerstromquelle
von einem sechsten   20  19. Elektronische Schaltung nach Anspruch 3, da-
bzw. siebten Transistor von elnem ersten Lei-     durch gekennzeichnet,
dall die erste und die tungstyp gebildet werden, mit jeweils elner Ba-
zwelte Steuerstromqudloe von einem sechsten sis, einem Emitter und einem
Kollektor, wobel die  bzw. siebten Transistor sines ersten Leitungs- Basen
mit einer ersten Eingangsklemme und die    typs gebiidet werden, mit
jeweils einer Basis, ei- Emitter mit einem gemeinsamen Knotenpunkt  25
nem Emitter und einem Kollektor, wobei die Ba- verbunden sind, welcher
Knotenpunkt Ober eine     sen mit einer ersten Eingangskiemme und die
Ruhestromquelle mit der zweiten Versorgungs-      Emitter mit einem
gemeinsamen Knotenpunkt Idemme gekoppelt ist, und die Kolektoren des
verbunden sind, weicher Knotenpunkt Ober eine sechsten und siebten
Transistors mit der ersten   Ruhestromquelle mit einer zweiten Versorgungs-
bzw. zweiten Steuerldemme gekoppelt sind, dal   30  kiemme gekoppelt Ist,
und wobei die Kolektoren die gemeinsamen Klemmen der ersten und zwei-
des sechsten und des siebten Transistors mit der ten Stromspiegelschaltung
mit der ersten Versor-  ersten bzw. zweiten Steuerklemme gekoppelt
gungsldemme verbunden sind, daB der erste bis     sind, daB die gemeinsamen
Kiemmen der ersten fOnfte Transistorvon einem dem ersten Leitungs-   und
zweiten Stromspiegelschaltung mit dem ge- typ entgegengesetzten zweiten
Leitungstyp sind   35  meinsamen Knotenpunkt bzw. der ersten Versor- und
die Basis-Kollektor-Strecken des ersten und   gungskiemme verbunden sind,
dal dererste und dritten Transistors kurzgeschlossen sind, und     zweite
Transistor vom ersten Leitungstyp sind da% die elektronische Schaltung
weiterhin ainen   und derdritte, vierte und fulnfte Transistorvon ei-
achten Transistor des ersten Leitungstyps ent-    nem dem ersten
Leitungstyp entgegengesetzten halt. mit einer Basis, einem Emitter und
einem   40  zweiten Leitungstyp, und die Basis-Kollektor- Koliektor, die
mit einerzweiten Eingangsldemme,   Strecken des ersten und dritten
Transistors kurz- dem  gemeinsamen Knotenpunkt bzw. dem
geschlossen sind, und daB die elektronische Stromeingang der zweiten
Stromsplegelschal-       Schaltung weiterhin einen achten und einen tung
verbunden sind.                              neunten Transistor des ersten
Leltungstyps mit 45     jeweils einer Basis, einem Emitter und einem Kol-
17. Elektronische Schaltung nach Anspruch 16, da-    Iektor enthilt, wobei
die Basis, der Emitter und durch gekennzelchnet, daB die elektronische
der Kollektor des achten Transistors mit einer Schaltung welterhin einen
neunten Transistor      zwelten Eingangsklemme, dem gemeinsamen des ersten
Leitungstyps und einen zehnten bis     Knotenpunkt bzw. dem Stromeingang
der zwei- zwolften Transistor des zweiten Leitungstyps  60  ten
Stromsplegelschaltung verbunden sind, und enthilt, ale mit einer Basis,
einem Emitter und ei-  die Basis des neunten Transistor mit der ersten nem
Kollektor, wobei die Basis und der Emitter    Steuerklemme verbunden bst,
und der Emitter des neunten Transistors mit der zweiten Eln-      und der
Kollektor des neunten Transistors mit ei- gangsklemme bzw. dem gemeinsamen
Knoten-          ner Ausgangsldemme bzw. der ersten Versor- punkt verbunden
sind, und der Kollektor des  55   gungsklemme verbunden sind. neunten
Transistors mit dem Kollektor des zehn- ten Transistors, dessen
Basis-Emitter-Strecke  20. Elektronische Schaltung nach Anspruch 10, die
parallel zu der des dritten Transistors geschaltet  weiterhin oinen zum
sechzehnten Transistor 14    27                 EP 0 442 573 B1
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einer Basis, elnem Emitter und elnem Kollektor,  pour la reoeptbon d'un
courant A suivre et de pre- die mit der ersten Steuerklemme, der Ausgangs-
mibre et deuxiAme sorties de suiveur de courant Idemme bzw. der zweiten
Versorgungsldemme        pourdelivrerdes courants proportionnels au cou-
gekoppelt sind, sine zu der ersten Stromspiegel-   5  rant A suivre,
Ientree de suiveur de courant et la schaltung komplementare ersto
Stromspiegel-      premiere sortie de suiveur de courant etant cou-
schaltung und eine zu der zweiten Stromsplegel-  pl6es a la deuxibme borne
de commando et la schaltung komplementire zweite Stromspiegel-     deuxibme
sortie de suiveur de courant etant cou- schaltung, wobei entsprechende
Stromeinginge     plee a la premiAre borne de commando. und Stromausgango
der Stromspiegeischaltun-  10 gen miteinander gekoppelt sind, wobei die ge-
2. Circuit electronique selon la revendication 1, ca- meinsame Stromknemme
der komplementaren         racterise en ce que le suiveur de courant ersten
Stromspiegelschaltung mit derAusgangs-    comprend des premier et deuxibme
circuits de kermme verbunden ist und die gemeinsame          miroir de
courant prisentant chacun une entrie Stromkiemme der komplementgren zweiten
15       de courant pour connecter un courant A miroibtr
Stromapiegelsachaltung mit der zweiten Versor-   et une borne de courant
commune pour conneo- gungsaiemme verbunden ist, und wobei der ge-    terun
courantd'alimentation, le premiercircuitde meinsame Knotenpunkt mit der
zweiten Versor-     miroir de courant presentant une sortie de cou-
gungsklemme verbunden ist.                       rant et le deuxieme
circuit de miroir de courant 20     presentant des premiere ot deuxiime
sorties de 21. Elektronische Schaltung nach Anspruch 9, 10     courant pour
delivrer des courants proportion- oder 11, bel der sin Miller-Kondensator
Ober die  nels au courant A mirolter et circulant dans la Basis und den
Kollektordes sechzehnten Transi-   mome direction, Ientrie du courant du
premier stors gelegt ist dadurch gekennzeichnet, dal sin  circuit de miroir
de courant etant coupie, A I'en- weibtrer Miller-Kondensator zwischen den
Kol-  25  treodesuiveurdecourant lasortieducourantdu lektor des sechzehnten
Transistors und die zwei-  premier circuit de miroir de courant etant
couplie ten Steuerklemme geschaltet ist.                 A l'entres de
courant du deuxieme circuit de ml- roir de courant et les premiere et
deuxieme sor- 22. Elektronlsche Schaltung nach Anspruch 18, bel   ties de
courant du deuxieme circuit de miroir de der ein Miller-Kondensator Ober
die Basis und  30  courant etant couplies respectivement aux pre- den
Kolektor des vierzehnten Transistors gelegt  mibre et deuxibme sorties de
suiveur de courant. ist, dadurch gekennzeichnet dag sin welterer
Miller-Kondensator zwischen die Kollektoren des  3. Circuit electronique
selon la revendication 2, ca- vierzehnten Transistors und die zweite
Steuer-  racteilse en ce que le premier circuit de miroir de Idemme
geschaltet ist.                   35      courant comprend des premier
etdeuxieme tran- sistors d'un meme type de conductivit, prison- 23.
Elektronische Schaltung nach elnem der vorher-  tent chacun une base, un
emetteur et un colleo- gehenden Anspruche, dadurch gekennzeichnet
tour, dont lesa jonctions base-6metteur sont mon- dag Bipolartransistoren
mit Basis, Emitter und  tWes en paralible, leurs emetteurs etant conneo-
Kollektor durch Unipolartransistoren mit Gate,  40  tes A la borne de
courant commune du premier Source bzw. Drain ersetzt worden sind.
circuit de miroir de courant et leurs collecteurs etant couples
repectivement al'entrie de courant et a la sortie do courant du premier
circuit de mi- Revendicatlons                                      roir de
courant, et en ce que le deuxieme circuit 45     de miroir de courant
comprend des troisieme, 1. Circuit electronique comprenant un montage en
quatrieme et cinquieme transistors d'un meme serle d'une charge et d'une
premiere source de   type de conductiviti, prisontant chacun une courant de
commando, insirees entre les pre-     base, un emetteur et un collecteur,
les jonctions minre et deuxime bornes d'alimentation, pour    base-imetteur
de ces trolsieme, quatrieme et rialiser un premier courant la charge et la
source  5o  cinquieme transistors etant montees en parallile, de courant de
commando itant connectees A une    leurs emetteurs itant connectes A la
borne de premibre borne de commando, caractirisi en ce    courant commune
du deuxieme circuit de miroir quo le circuit ilectronique comprend en outre
une  de courant et leurs colecteurs itant couplis res- deuxibme source de
courant de commands pour      pectivement a l'entree de courant, la
premibre realiser un deuxibme courant qui est pratique-  55  sortie de
courant etla deuxibme sortie de courant ment igal au premier courant, une
deuxibme bor-  du deuxibme circuit de miroir de courant. ne de commande
connectie A Is deuxibme sour- ce de courant de commande et A un suiveur de
4. Circuit ilectronique selon la revendication 3, ca- 15    29
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slime transistors sont connect6es aux colleo-      deuxieme sources de
courant de commando sont tours et an ce quo Is type de conductivite des
trot-  constitu6es respectivement comme quatorzieme slime, quatrinme et
cinquieme transistors est op-  et qulnzieme transistors d'un premier type
de pos6 au type de conductivite des premier et   5    conductivite,
presentant chacun une base, un deuxidme transistors.
emetteur et un collecteur, leurs bases etant connectees A une premibre
borne d'entr6e ot les 5. Circuit 6lectronique solon la revendication 3, ca-
emetteurs A une jonction commune, t le colleo- racterise en ce que le type
de conductivitt des    tour des quatorzieme et quinzieme transistors
troisibme, quatrieme et cinquieme transistors eat  10  etant coupl6
respectivement aux premiere et oppose A celui des premier et deuxieme
transis-    deuxieme bornes de commande. tors, et en ce que Is circuit
6lectronique comprend en outre des sixieme, septieme, huitib-  8. Circuit
6lectronique selon la revendication 1, 2,3, me t neuvieme transistors d'un
type de conduo-     4, 5, 6 ou 7, caracterise en ce quo le circuit elec-
tivite egal a celui des premier et deuxieme tran-  15  tronique comprend en
outre un seizieme transis- sistors, et des dixibme, onzlime et douzibme
torpresentant une base, un 6metteuretun colleo- transistors d'un type de
conductivitb egal A celul  teur, dont la base est connectee a la premiere
des troisibme, quatribme et cinquibme transis-     borne de commande et
dont un trajet de courant tors presentant tous une base, un emettbur et un
principal forme par l'emetteur et le collectbur est collectour, les
collectours des premier et deuxie-  20  connecte A une borne de sortie. me
transistors sont connectes aux emetteurs respectivement des sixieme et
septieme transis-  9. Circuit 6lectronique sclon la revendication 8, co-
tors, les bases des sixlime et septieme transis-   ractriseoence qutle
seizibme transistor estd'un tors sont Interconnectees, le collecteur du
sixib-  deuxieme type de conductivitA oppose au pre- me transistor eat
connecte A la base du premier  25  mier type de conductivitA, I'emetteur et
le colleo- transistor et A 1'entr6e de courant du premier cir-  tour du
seizibme transistor Mtant couples A la pre- cuit de miroir de courant, le
collecteur du septie-  minre borne d'alimentation respective at a la bor-
me transistor est connecte A la base du septieme   ne de sortie, en ce que
les premier et deuxieme transistor et a la sortie de courant du premier
cir-  transistors sont d'un deuxieme type de conducti- cuit de miroir de
courant, les emettours des hui-  3o
vitoetlestroisibme,quatriimeetcinquiimetran- tibme et neuvibme transistors
sont connectes A     sistors sont d'un premier type de conductivite et
l'emetteur du septibme transistor, leurs bases A   on ce que la borne de
courant commune des pre- une source de tension de reference, et le collec-
mieret deuxibme circuits de miroirde courant est teurdu
huitiemetransistorestcoup16 Ala base du     connectie respectivement aux
premibre et troisieme transistor et le collecteur du neuvieme   35
deuxieme bornes d'alimentation. transistor est couple au collecteur et la
base du dixibme transistor dont lajonction base-emetteur  10. Circuit
electronique selon la revendication 8, Ca- est mont6e en parallilo aux
jonctions base-        racthris oen co queo Iseizime transistor est du
emetteur des onzieme et douzieme transistors,      premier type de
conductivite, I'emetteur et le col- les emetteurs des dixieme, onzibme et
douzibme   40  lecteur du seizibme transistor etant oouplbs res-
transistors sont connectes A la borne de courant   pectivement A la borne
de sortie et la premiere commune du deuxtime circuit de miroir de cou-
borne d'alimentation, on ce quo les premier et rant et les collecteurs des
onzibme et douzibme    deuxibme transistors sont du premier type de
transistors sont couples respectivement aux pre-   conductivith et les
trolsieme, quatribme et cin- minre et deuxibme sorties de courant du
deuxib-  45  quieme transistors d'un deuxieme type de me circuit de miroir
de courant.                   conductiviti oppose au premier type de
conduc- tMti et en ce quo les bornes communes des pre- 6. Circuit
electronique solon la revendication 3, ca-  mier et deuxibme circuits de
miroir de courant racterise en ce quo le circuit dlectronique        sont
connectes respectivementA la borne de sor- comprend en outre un treizibme
transistor d'un   6o  tie et la premibre borne d'alimentation. type de
conductiviti oppose A oelui du trolsibme transistor et presentant une base,
un emetteur et  11. Circuit electronique sclon la revendlcation 8, ca- un
collecteur connectes respectivement A une       racteris6 en ce quo le
seizibme transistor est du source de tension de reference, au collocteur du
premier type de conductivilt, I'emettbur et le col- troisibme transistor et
A la base du troisibme   56  lectbur du seizibme transistor etant oouples
res- transistor.                                        pectivement a la
deuxibme borne d'allmentation et la borne de sortie, en co quo les premier
et 7. Circuitelectroniqueselon larevendication 1,2,3,    deuxibme
transistors sont du premier type de 16    31                 EP 0 442 573
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quibme transistors d'un doeuxime type de          mibre borne
d'alimentation par l'interm6diaire conductivit6 oppose au premier typo do
conduc-    d'une deuxibme source de courant de polarisa- titeAo etn ce quo
les bornes communes des pre-    tion, ot des vingt-septibme A trentisme
transis- mier et deuxibme circuits de miroir de courant   5  tors du
premier type de conductivit6 presentant sont connectses respectivement aux
deuxisme       chacun une base, un emetteur et un collecteur, et premibre
bornes d'allmentation.                dont les bases sont connect6es au
collecteur du dix-septibme transistor, leurs emetteurs a la 12. Circuit
6lectronique selon la revendicatlon 9, 10  deuxibme borne d'alimentation et
dont les colleo- ou 11 caracterise en ce quo la jonction commune  io  tours
sont connectes aux collecteurs respective- est connect6e A la deuxieme
borne d'alimenta-     ment des dix-huitibme, dix-septibme, quatorzib- tion.
me et quinzieme transistors et les collecteurs du dix-hultieme transistor
etant interconnectes au 13. Circuit 6lectronique selon la revendication 9,
10  collecteur du dix-septibme transistor. ou 11 caracterise ence quo le
circuit electronique   15 comprend en outre une premibre source de cou-  16
Circuit electronique selon la revendication 3, ca- rant de polarisation
inse6re entre la jonction    ractisA once quo les premier et deuxime sour-
commune et la deuxieme borne d'alimentation,      ces de courant de
commando sont constituees des dix-septibme et dix-huitieme transistors du
par respectivement des sixibme etseptibme tran- premier type de
conductivite pr6sentant chacun   20  sistors, d'un premier type de
conductiviK, pre- une base, un 6metteur et un collecteur, dont les  sentant
chacun une base, un emetfeur et un col- bases sont connectees A une
deuxieme borne       lecteur, les bases tant connect6es a une premie-
d'entree et tours 6metteurs A la jonction commu-  re borne d'entr6e et les
6metbturs A unejonction ne, des dix-neuviame, vingtieme, vingt et unibme
commune, laquelle jonction eot coupl6e a la et vingt-deuxibme transistors
du deuxibme type   25  deuxibme borne d'alimentation par l'intermedlai- de
conductivite presentant chacun une base, un   re d'une source de courant de
polarisation et les emetteur et un collecteur, dont les jonctions
collecteurs des sbdbme et septieme transistors base-emetteur sont montees
en paralltle et dont   etant couples respectivement au premiere et lese
metteurs sont connectes Ala promibre borne   deuxibme bornes de commando,
en co quo les d'alimentation et dont les collecteurs sont cou-  3o  bornes
communes des premier et deuxilme cir- ples aux collecteurs respectivement
des dix-hul-  cuits de miroir de courant sont connectees a la tieme,
dix-septibme, quatorzibme et quinzieme     premibre borne d'allmentatIon,
en ce quo les pre- transistors.                                      mier A
cinquieme transistors sont d'un deuxibme type de conductivite oppose au
premier type de 14. Circuit electronique selon la revendication 13, ca-  35
conductivite et les jonctions base-collecteur des racterise en ce quo la
base du dix-neuvibme tran-  premier et trolsibme transistors sont court-
sistor est connectdo au collecteur du dix-neuviA-  circuitees, et en ce quo
le circuit electronique me transistor et en ce quo le circuit 6lectronique
comprend davantage un huitibme transistor du comprend en outre des
vingt-trolsibme, vingt-     premier type de conductivite presentant une
quatrieme et vingt-cinquibme transistors du   4o  base, un emetteur et un
collecteurconnectes res- deuxieme type de conductivit6, pr6sentant cha-
pectivement A une deuxibme borne d'entree, A la cun une base, un emettbur
et un collecteur dont   jonction commune et a l'entree du courant du les
jonctions base-emetteursont mont6es en pa-    deuxibme circuit de miroir de
courant. rallble, dont les emetburs sont connectes A la premibre borne
d'alimentation et dont les bases  45  17. Circuit electronique selon
larevendication 16, ca- sontcouplees au collecteurdud x-septibmetran-
racteris6 en ce quo le circuit electronique sistoretfdont les collecteurs
sont couples aux col-  comprend en outre un neuvibme transistor du lecteurs
respectivement des dix-septibme, qua-    premier type de conductiviti et
des dixieme A torzibme et quinzibme transistors.                douzibme
transistors du deuxilme type de 50     conductivit6, presentant tous une
base, un 6met- 15. Circuitelectroniqueselonlarevendication 13, ca-
teuretun collecteur, la base et l'emetbeurdu neu- racteise en ce quo le
circuit electronique        vibme transistor etant connectes respectivement
comprend en outre un vingt-sixibme transistordu   A la deuxibme borne
d'entr6e et A la jonction deuxieme type de conductivite pr6sentant une
commune, et le collecteurdu neuvibme transistor base, un emetbtur et un
collecbtur, dont la jno-   s  etant connect6 au cotlecteur du dixieme
transis- tion base-6metteur est montee on parallble aux   tor, dont la
jonction base-emetteurest montee on jonctions base-emetteur des
dix-neuvibme A        parallele A celle du troislhme transistor et est
vingt-deuxieme transistors et dont la base et le  egalement connectee aux
bases des onzibme, 17    33                 EP 0 442 573 B1
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de ces onzieme A treizieme transistors etant     une base, un emetteur et
un collecteur couples connectis A la premiere borne d'alimentation et
respectivement a la premibre borne de comman- lours collecteurs
etantconnectes respectivement  do, A la borne de sortie et A la deuxieme
borne au collecteurdu neuvieme transistor, A la deuxie-   c
d'alimentation, un premier circuit de miroir de me borne de commando et A
la premiere borne      courant complementaire au premier circuit de ml- de
commande.                                     roir de courant et un
deuxieme circuit de miroirde courant complementalre au deuxieme circuit de
18. Circuit electronique solon la revendication 16 ou  miroir de courant,
des entries de courant corres- 17, caracterise en ce quo le circuit
electronique  lo  pondantes et des sorties de courant correspon- comprend
en outre un quatorzieme transistor du   dantes des circuits de miroirde
courant etant mu- deuxibme type de conductivite presentant une
tuellement couplees, la borne de courant base, un emettbur et un
collecteur, dont la base  commune du premier circuit de miroir de courant
estconnectie Ala premibre borne de commando      compilmentaire etant
connectee A la borne de et dont l'emettour et le collecteur sont couples
15  sortie etla borne de courant commune du deuxib- respectivement A la
premiere borne d'alimenta-   me circuit de miroir de courant complementaire
tion et A une borne de sortie.                   etant connectee A la
deuxieme borne d'alimenta- tion, et en ce quo la jonction commune est 19.
Circuit alectronique solon la revendication 3, ca-  connectee A la deuxieme
borne d'alimentation. racterise en ce quo les premiere et deuxibme   20
sources de courant de commande sont consti-   21. Circuit electronique
solon la revendication 9, 10 tuees par respectivement des sixibme et
septib-  et 11, dans lequel un condensatbur Miller eat me transistors, d'un
premiertype de conductivite,  connecte aux bornes de la base et du
collecteur prisentant chacun une base, un emetteur et un    du seiziAbme
transistor, caracterise en ce qu'un collectur, les bases etant connectees A
une pre-  25  autre condensateur Miller est insere entre le col- mibre
borne d'entree et les emetteurs A unejonc-  lecteurdu sekzibme transistoret
la deuxibme bor- tion commune, laquelle jonction est couplee A    ne de
commando. une deuxibme borne d'alimentation par l'intbrme- diaire d'une
source de courant de polarisation et  22. Circuit 6lectronique solon la
revendication 18, leas collecteurs des sixibme et septieme transis-  9o
dans lequel un condensateur Miller est connecti tors etant couples
respectivement aux premiere   aux bornes de la base et du collecteur du
qua- etdeuxieme bornes de commando, en ce quo les     torzibme transistor,
caracterise en ce qu'un autre bornes communes des premier et deuxieme cir-
condensateur Miller est insere entre les colleo- cuits de courant de
miroirsont connectes respec-  tours du quatorzieme transistor et la
douxieme tivement A la jonction commune et A la premilbre   5  borne de
commando. borne d'alimentation, en ce quo les premier et deuxieme
transistors sont du premier type de  23. Circuit electronique solon l'une
des revendica- conductivite et les troisieme, quatribme et cin-  tions
precedentes, caracterise en ce quo des bi- quibme transistors d'un deuxibme
type de         polaires presentant une base, un emetteur et un
conductivite oppose au premier type de conduo-  40  collecteur sont
remplacis pardes transistors uni- tivite, et les jonctions
base-collecteurdes premier  polaires presentant respectivement une porte,
et trolsibme transistors sont court-circuitees, et  une source et un drain.
on ce quo le circuit electronique comprend en ou- tre des huitieme et
neuvibme transistors du pre- mier type de conductivite presentant chacun
une  45 base, un emettbur et un collecteur, la base, I'emetteur et Is
collecteur du huitibme transistor etant connectes A respectivement une
deuxibme borne d'entree, la jonction commune et l'entree de courant du
deuxieme circuit de miroir de cou-  50 rant, et la base du neuvibme
transistor etant connectee A la premiere borne de commando et i'imetteur et
le collecteur du neuvieme transistor etant connecte a respectivement une
borne de sortie et A la premiere borne d'alimentation.  55 20. Circuit
electronique solon la revendbcation 10, comprenant en outre un autre
transistor comple- 18    


