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current characteristic. This would be dependent upon the internal imitter
impedance of the output Technical field
transistor and since, like that of the diode, this This invention relates
to a current mirror circuit  impedance varies non-linearly with current,
arrangement. Such circuit arrangements are    5    becoming smaller at
higher current values, this useful in television video circuits when it is
characteristic would be non-linear at lower required to change the level of
a signal, for       currents only approaching linearity at high example
from a relatively high voltage to a lower    current values. voltage.
Similarly in the second case of a non ideal 10   current source the input
voltage/output current Background art
characteristic is non linear this non-linearity A known current mirror
circuit arrangement         depending upon the relationship of the total
fixed includes an output transistor whose collector        resistance,
formed by the sum  of the series electrode provides an output current and
whose      resistance connected to the voltage source, emitter electrode is
connected to a reference    15   referred to as the source resistance, and
the potential via a current control resistor.           resistance
connected in series with the diode, to Connected between the base electrode
of the        the value of the variable component formed by output
transistor and the reference potential is a  the internal impedance of the
diode. series combination of a resistor and a diode, the     Since the
variable component becomes more jiode usually taking the form of a
transistor    20   negligible at higher-currents a known solution to where
base and collector electrodes are directly     the problem of non-linearity
is to drive the current connected together.
mirror circuit at high current levels. This solution The above known
circuit is conveniently driven    is, however unsatisfactory since
operation at high from a current source which provides an input
currents is wasteful of current and increases current and in this case the
input and output   25   thermal dissipation. Consequently, specifications
currents are directly proportional to one another.  for integrated
circuits' utilising current mirror That is to say any change in the input
current fed  circuits increasingly require the use of relatively to  the
current mirror circuit produces a          low currents at which the
non-linearity problem substantially proportional change in the output
would occur yet still require a linear input voltage/ current provided by
the output transistor.    30    output current characteristic. This linear
relationship applies over a wide         Further, integrated circuits
frequently operate range of input and output currents provided that    from
relatively low voltage power supplies and the output transistor has a
satisfactory value of   the  use  of  high  currents  under  these current
gain and that the matching of emitter       circumstances can cause
problems due to the d-c areas of the diode and output transistors is good.
35    voltage across circuit resistors. Also provided that the resistors
connected in the     A current mirror circuit in accordance with the
emitter circuit of the output transistor and to the  prior art portion of
claim  1 is disclosed in diode respectively are of equal value, the output
US-A-3 651 346. The current mirror circuit of and input currents will be
equal to one another.    this patent also suffers from the above mentioned
Although the relationship between input and    40   disadvantages of having
a non-linear input output currents in the above circuit is linear the
voltage/output current characteristic except when actual input impedance is
not linear with respect     driven at high current levels. to the input
current.                                 The above disadvantages are
mitigated by the The input impedance depends upon the sum of       present
invention in which resistive means is the values of the impedances of the
fixed resistor   45   coupled in series with the diode and an and the diode
connected between the base            impedance is connected to share
current with the electrode of the output transistor and the          diode
so that the combination formed by the reference potential.
diode and the impedance is in series with the The value of the internal
impedance of the        resistive  means, the  impedance selectively diode
is dependent upon the magnitude of the    50   shunting current from  the
diode whilst not current flowing through the diode. The greater
substantially affecting output current provided by the magnitude of the
current through the diode      the transistor whereby the linearity of the
output the smaller is its internal impedance.              current input
voltage characteristic of the current A problem arises with the above known
current     mirror may be controlled in dependence upon the mirror circuit
arrangement in that it is often not    55   magnitude of the impedance.
convenient to drive the circuit from a current        The said Impedance
may comprise a current source. This would usually be the case when the
source. circuit is used as part of a television video circuit.  In a
preferred embodiment the said impedance In this case the circuit would be
driven either   is a resistor connected to pass-current in parallel from a
voltage source or, as is more likely, from a    60   with the diode.
non-ideal current source formed by a voltage          The diode may be
formed by a transistor having source and a series resistor.
its base and collector electrodes connected In the former case in which a
voltage source is   directly together. used the series-connected resistor
and diode          The impedance means may include an emitter- 



would have no effect on the input voltage/output    65  follower transistor
having a base electrode 2    3                    0 112 358
4 coupled to the input terminal and an emitter           Although the
output/input current characteristic electrode coupled to the base electrode
of the       of the circuit arrangement of Figure 1 is linear, the said
transistor.                                     actual input resistance is
non-linear and is given The emitter electrode of the emitter follower
by transistor may be coupled to the base electrode of    5
[err] the transistor by means of a resistor. An exemplary embodiment of the
invention will      where [err] is the dynamic resistance of the diode 8
now be described with reference to the drawings     and is given by in
which Figure 1 shows a schematic illustration of a known current mirror
circuit arrangement;   10                [err] Figures  2  and  3
illustrate  characteristic operating curves for the arrangement of Figure
1;    q being the charge on the electron, K is Figures 4 and 5 illustrate
characteristic curves   Boltzmann's constant, T  is temperature in for a
current mirror circuit arrangement driven by   degrees K and [err] is the
quiescent current a voltage source;                             15
through the diode 8. Figure 6 shows another known current mirror
The value of this input resistance as a function circuit arrangement;
of input current is shown in Figure 3 of the Figure 7 illustrates a current
mirror circuit      drawings. arrangement in accordance with the present
If the current source 9 of Figure 1 were to be invention; and
20   replaced  by  a  voltage  source, then  the Figure 8 is a graph
illustrating the operation of  impedances of the resistor 7 and the diode 8
the circuit arrangement of Figure 7.                would have no effect on
input voltage/output current characteristic and this would be as Detailed
description of invention                   illustrated in Figure 4 of the
drawings. Referring now to Figure 1 of the drawings there   25  Referring
now to Figure 5 of the drawings this is shown a known current mirror
circuit arrange-    shows the incremental transconductance plotted ment
which includes an NPN transistor 1 having a    against the output current
[err] for the circuit collector electrode 2 for providing an output
arrangement of Figure 1 when fed by a voltage current and an emitter
electrode 3 which is         source. connected via a resistor 4 of value R2
to earth   30  Referring now to Figure 6 where like parts to reference
potential 5. The transistor 1 also has a  those in Figure 1 bear like
reference numerals the base electrode 6 which is coupled via a series
current source for feeding the circuit arrangement combination of a
resistor 7 of value [err] and a diode  is new replaced by a voltage source
10 which 8 to the earth reference potential 5. The diode 8 is  provides a
voltage [err] and this voltage source 10 formed by an NPN transistor whose
base and    35   is coupled to the base electrode 6 of the transistor
collector electrodes  are  connected  directly      1 via a series resistor
11. It is often required in together. The circuit arrangement is completed
by   integrated circuits to use a circuit similar to that a current source
9 which provides an input          shown in Figure 6 and in this case the
input current to the base electrode 6 of the transistor 1.  voltage
[err]/output current [err] characteristic is also The operation of the
circuit arrangement of   40    non-linear. The degree of this non-linearity
Figure 1 is very well known and this circuit        depends upon the
relationship between input provides an output current [err] from the
collector  current and input voltage since as seen from the electrode 2 of
transistor 1 which is directly       circuit shown in Figure 1 the
relationship between proportional to an input current [err] fed to the base
input current and output current is linear. The electrode 6 of the
transistor 1 from the .current   45    degree of this non-linearity is
dependent upon the source 9. Also any change [err] of the input current
ratio of the value of the fixed resistance [err] of [err] produces a
substantially proportional change    the resistor 7 and 11 respectively to
the value of [err] of the output current i.e.                     the
variable component of resistance [err] which as seen above is given by KT/q
[err]. [err]                       50     Whilst as mentioned above it is
often desired to use a circuit similar to that shown in Figure 6 is it also
usually necessary that the output current varies in a linear manner with
changes in the where C is. a constant.                             input
voltage. This is only possible in the circuit of This relationship holds
true for wide ranges of   55   Figure 6 when the current flowing through
the input and output currents providing that the [err]      diode 8 is
large so that the impedance of this value of the transistor 1 is
satisfactory and the   diode becomes negligible. However, as explained
matching of the emitter areas of the transistor 1   above this is very
wasteful of current and and the transistor forming the diode 8 is good.
increases  thermal  dissipation  and  causes 



With equal values for the resistors 4 and 7 and    60   problems due to the
DC voltages across the equal emitter areas then the constant C will have
resistors in the circuit when the power supply has the value of unity.
only a low voltage. The relationship between the output current [err]
The. above problems with the Figure 6 and the input current [err] is
illustrated in Figure 2  arrangement are mitigated by use of a circuit
which is considered to be self-explanatory.   65   arrangement in
accordance with the present 3    5                   0 112 358
6 invention one embodiment of which will now be       will therefore be 0.5
and will be independent of described with reference to Figure 7.
the current through the diode 8. This is illustrated In this figure where
like parts to those in Figure  in Figure 8 where gain is plotted as a
function of 1 bear like reference numerals input signals to the  current
through the diode 8 and the gain of Stage circuit are suppied from a
voltage source to an    5    A with the resistor 16 chosen to be infinity
is input terminal 12 which is connected to base        shown by the dashed
line curve (a). electrode 13 of an emitter follower transistor 14.    The
gain of Stage B as a function of collector The transistor 14 has a fixed
resistor 15 in its    current through the diode 8 is shown in Figure 8
emitter circuit which resistor couples the emitter  by the curve (b) and
the overall gain of the circuit electrode to the base electrode 6 of the
transistor   10   arrangement is the product of these two curves 1. Finally
connected directly across the diode 8 is  which is shown as curve (c). an
impedance in the form of a fixed resistor 16 of    As can be seen from
curve (c) in Figure 8 it is value R3.
not until an operating current of 200 microamps is In  considering  the
operation  of  the          reached that the circuit reaches 95%  of its
arrangement shown in Figure 7 the circuit will be   15    maximum gain.
This high value of current is as divided into two halves referenced Stage A
and      explained above generally unacceptable. Stage B, Stage A being to
the left as viewed of a     Assume now that the resistor 16 has a value
dashed line 17 whilst Stage B lies to the right of  less than infinity and
for the purposes of this dashed line. Considering firstly the trans-
explanation the value will be assumed to be 7 K conductance of Stage B this
will depend upon the   20    ohms. For a given value of current through the
current through the transistor 1 since the trans-     transistor 14, the
diode 8 and the resistor 16 will conductance depends upon the internal
emitter       now share current so that the current through the resistance
[err] of the transistor 1 which internal   diode 8 will be effectively
reduced. Since the resistance is current dependent.
impedance  of the  diode  8  is  inversely The transconductance
25    proportional to current through the diode then the overall impedance
of the combination of the [err]                            resistor 7, the
diode 8 and the resistor 16 will be increased, and for a given input
voltage [err] applied to the terminal 12 the voltage [err] 30    appearing
at the base electrode 6 of the transistor where [err] is the voltage
appearing at the base       1 will be increased and the effective gain of
Stage electrodes 6 of the transistor 1. Therefore [err]   A will be
increased. [err].                                              The gain of
Stage A as a function of current The value of the voltage Vs appearing at
the      through the diode 8 will now be as shown by base electrode 6 of
the transistor 1 will depend   35    curve (d) in Figure 8. The overall
gain of the circuit upon the gain of Stage A which is given by
arrangement will now be the product of curves (d) [err]. The value of this
gain will depend upon   and (b), this latter curve being unaffected by the
the potential appearing at the base electrode 6 of  impedance 16 and this
overall gain will be as the transistor 1 and will be determined by the
shown in curve (e). potential appearing at the junction of the resistors
40  As can be seen in curve (e) the overall gain of 15 and 7. This
potential will of course in turn     Stages A and B now reaches 95% of its
final value depend upon the value of the impedance of the       by a
current of 10 microamps and the linearity of combination formed by the
resistor 7 in series       the overall gain has been improved considerably.
with the diode 8 which is itself connected in         The procedure used to
plot the graphs in Figure parallel with the resistor 16. The gain of Stage
A    45    8 is as follows: therefore will also depend upon the combined
A. The current in the diode 8 is assigned a impedance of the diode 8 in
parallel with the       value. resistor 16. The overall gain of the circuit
B. The dynamic impedance of the diode is arrangement will be the product of
the gains of     calculated. Stages A and B. In order to be able to
evaluate   50  C. The parallel value of the impedances of the these gains
it will be necessary to choose values   diode 8 and the resistor 16, this
latter impedance for the resistors in the circuit arrangement. For
hereinafter being referred to as R3, is calculated. convenience of
explanation it will be assumed         D. The voltage across the diode 8
calculated that the resistors 7 and 15 are of equal value and  from its
known characteristic. 



equal 1 K ohm. The value of the resistor 4 is also   55  E. From the
calculated diode voltage and the assumed to be 1 K ohm.
assigned current, the current in [err] is calculated. Firstly assume that
the resistor 16 has a value of  F. The current in the emitter follower
transistor infinity. The circuit arrangement will then be      14 Is
calculated and is given by [err] where equivalent to that of Figure 6 in
which there is   [err] and [err] are as shown on Figure 7 of the
effectively no parallel impedance connected   60    drawings. across the
diode 8. Since the diode 8 and the         G. The dynamic impedance of the
emitter transistor 14 pass equal currents their emitter     follower
transistor 14 is calculated and is given by resistances will be equal and
therefore the voltage [err] appearing at the base electrode 6 will be one
half the value [err], and the gain of Stage A    65           [err] 4    7
0 112 358                       8 H. The gain of Stage A is calculated and
is given  collector electrodes connected directly together. by
5. A current mirror circuit arrangement as claimed in any preceding claim
wherein the [err]                                         impedance means
(14, 15) includes an emitter 5    follower transistor (14) having,a base
electrode coupled to the input terminal and an emitter electrode coupled to
the base electrode of the 1. [err]  is  calculated  and  is  given  by
said transistor. [err].                                             6. A
current mirror. circuit arrangement as J.- IED is calculated by successive
approximation    10   claimed in Claim 5 wherein the emitter electrode
knowing [err] and the base/emitter characteristic of    of the
emitterfollower transistor (14) is coupled to the transistor 1.
the base electrode (6) of the said transistor (1) by K. r.B is calculated
from IEB-                     means of a resistor (15). L The
transconductance [err] is calculated for Stage B and is given by [err].
5    Patentanspr.che M. [err] is multiplied by GA to give the overall gain
of the circuit.                                        1.
Stromspiegelschaltung, enthaltend einen The invention has been described by
way of         Transistor (1) mit einer Basiselektrode (6), einer example
and  it must be appreciated that             Kollektorelektrode  (2)  zum
Liefern  eines modifications may be made. For example values   20
Ausgangsstromes und eine Emitterelektrode (3), assigned to the circuit
components have been         die mit einem  StromversorgungsanschluB  (5)
chosen by way of example and other suitable          verbunden ist, einen
EingangsanschluB (12) zum values may be chosen if required. In addition
Empfangen   eines   Eingangsaignals,  eine although the impedance connected
across the          lmpedanzeinrichtung (14, 15), die zwischen den diode 8
is shown as a fixed resistor this is not   25    EingangsanschluB (12) und
die Basiselektrode (6) essential and any suitable impedance, such as a
des Transistors (1) geschaltet ist, current source, which diverts current
from the         eine Diode (8), die zwischen die Basiselektrode diode 8 to
increase its effective impedance at low   (6) des Transistors (1) und den
Stromversorg- current values may be used.
ungsanschluB (5) geschaltet ist, dadurch gekenn- 30   zeichnet, daB eine
Widerstandseinrichtung (7) in Claims
Serie mit der Diode (8) geschaltet ist und daB eine Impedanz (16)
angeschlossen ist, um den Strom 1. A  current mirror circuit comprising a
mit der Diode (8) derart zu teilen, daB die transistor (1) having a base
electrode (6), a        Kombination, die von der Diode (8) und der
collector electrode (2) for providing an output   35   Impedanz (16)
gebildet wird, in Serie mit der current and an emitter electrode (3)
coupled to a    Widerstandseinrichtung  (7)  ist, wobei  die supply
terminal (5); an input terminal (12) for      Impedanz (16) wahlweise Strom
von der Diode (8) receiving an input signal; impedance means (14,
kurzschlieBt, wfhrend sie im wesentlichen nicht 15) coupled between the
input terminal (12) and      durch den Ausgangsstrom beeinfluBt ist, der
von the base electrode (6) of the transistor (1);  40   dem Transistor (1)
geliefert wird, wodurch die a diode (8) coupled between the base electrode
Linearitat der  Ausgangsstrom/Eingangsspan- (6) of the transistor (1) and
the supply terminal (5)  nungs-Charakteristik  des  Stromspiegels  in and
characterised in that resistive means (7) is    Abhangigkeit von der GroBe
der Impedanz (16) coupled in series with the diode (8) and an
beeinfluBt werden kann. impedance (16) is connected to share current with
45  2. Stromspiegelschaltung nach Anspruch 1, bei the diode (8) so that the
combination formed by     der die Impedanz eine Stromquelle ist. the diode
(8) and the impedance (16) is in series     3. Stromspiegelschaltung nach
Anspruch 1, bei with the resistive means (7), the impedance (16)    der die
lmpedanz ein Widerstand (16) ist, der so selectively shunting current from
the diode (8)     angeschlossen ist, daB der Strom  parallel zur 



whilst not substantially affecting output current   50   Diode (8) leitet.
provided by the transistor (1) whereby the            4.
Stromspiegelschaltung nach einem der vor- linearity of the output current
input voltage       hergehenden Anspruche, bei der die Diode (8)
characteristic of the current mirror may be         von einem Transistor
gebildet ist, dessen Basis- controlled in dependence upon the magnitude of
und  Kollektorelektroden  direkt  miteinander the impedance (16).
65   verbunden sind. 2. A current mirror circuit arrangement as          5.
Stromspiegelschaltung nach einem der vor- claimed in Claim 1 wherein the
said impedance is    hergehenden Anspruche, bei der die Impedanz- a current
source.                                   einrichtung (14, 15) einen
Emitterfolgertransistor 3. A current mirror circuit arrangement as
(14) enth3lt, dessen Basiselektrode mit dem claimed in Claim 1 wherein the
said impedance is   60   Eingangsanschlul  verbunden ist und dessen a
resistor (16) connected to pass current in        Emitterelektrode mit der
Basiselektrode des parallel with the diode (8).
genannten Transistors verbunden ist. 4. A current mirror circuit
arrangement as          6. Stromspiegelschaltung nach Anspruch 5, bei
claimed in any preceding claim wherein the diode    der die
Emitterelektrode  des Emitterfolger (8) is formed by a transistor having
its base and    65   transistors (14) mit der Basiselektrode (6) des    7
0 112 358                       8 H. The gain of Stage A is calculated and
is given  collector electrodes connected directly together. by
5. A current mirror circuit arrangement as claimed in any preceding claim
wherein the [err]                            impedance means (14, 15)
includes an emitter 5    follower transistor (14) having a base electrode
coupled to the input terminal and an emitter electrode coupled to the base
electrode of the 1. [err]  is  calculated  and  is  given  by          said
transistor. [err].                                       6. A current
mirror circuit arrangement as J. [err] is calculated by successive
approximation    10   claimed in Claim 5 wherein the emitter electrode
knowing [err] and the base/emitter characteristic of    of the
emitterfollowertransistor (14) is coupled to the transistor 1.
the base electrode (6) of the said transistor (1) by K. [err] is calculated
from IEB-                     means of a resistor (15). L The
transconductance [err] is calculated for Stage B and is given by [err].
15    Pateensprehe M. [err] is multiplied by GA to give the overall gain of
the circuit.                                        1.
Stromspiegelschaltung, enthaltend einen The invention has been described by
way of         Transistor (1) mit einer Basiselektrode (6), einer example
and  it must be appreciated  that            Kollektorelektrode  (2)  zum
Liefem   eines modifications may be made. For example values   20
Ausgangsstromes und eine Emitterelektrode (3), assigned to the circuit
components have been         die mit einem  StromversorgungsanschluB (5)
chosen by way of example and other suitable          verbunden ist, einen
Eingangsanschlug (12) zum values may be chosen if required. In addition
Empfangen   eines   Eingangssignals,  cine although the impedance connected
across the          Impedanzeinrichtung (14, 15), die zwischen den diode 8
is shown as a fixed resistor this is not   25    Eingangsanschlug (12) und
die Basiselektrode (6) essential and any suitable impedance, such as a
des Transistors (1) gesechaltet ist, current source, which diverts current
from the         eine Diode (8), die zwischen die Basiselektrode diode 8 to
increase its effective impedance at low   (6) des Transistors (1) und den
Stromversorg- current values may be used.
ungsanschluB (5) geschaltet ist, dadurch gekenn- 30   zeichnet, daB eine
Widerstandseinrichtung (7) in Claims
Serie mit der Diode (8) geschaltet ist und dag eine Impedanz (16)
angeschlossen ist, um den Strom 1. A  current mirror circuit comprising  a
mit der Diode (8) derart zu teilen, daB die transistor (1) having a base
electrode (6), a        Kombination, die von der Diode (8) und der
collector electrode (2) for providing an output   35   Impedanz (16)
gebildet wird, in Serie mit der current and an emitter electrode (3)
coupled to a    Widerstandseinrichtung  (7)  ist, wobei  die supply
terminal (5); an input terminal (12) for      Impedanz (16) wahlweise Strom
von der Diode (8) receiving an input signal; impedance means (14,
kurzschlielt, wihrend sie im wesentlichen nicht 15) coupled between the
input terminal (12) and      durch den Ausgangsstrom beeinfluSt ist, der
von the base electrode (6) of the transistor (1);  40   dem Transistor (1)
geliefert wird, wodurch die a diode (8) coupled between the base electrode
Linearitit der  Ausgangsstrom/Eingangsspan- (6) of the transistor (1) and
the supply terminal (5)  nungs-Charakteristik  des  Stromspiegels  in and
characterised in that resistive means (7) is     Abhingigkeit von der GroBe
der Impedanz (16) coupled in series with the diode (8) and an
beeinflu~t werden kann. impedance (16) is connected to share current with
45  2. Stromspiegelschaltung nach Anspruch 1, bei 



the diode (8) so that the combination formed by      der die Impedanz eine
Stromquelle ist. the diode (8) and the impedance (16) is in series    3.
Stromspiegelschaltung nach Anspruch 1, bei with the resistive means (7),
the impedance (16)  der die Impedanz ein Widerstand (16) ist, der so
selectively shunting current from the diode (8)      angeschlossen ist, daB
der Strom parallel zur whilst not substantially affecting output current
so    Diode (8) leitet. provided by the transistor (1) whereby the
4. Stromspiegelschaltung nach einem der vor- linearity of the output
current input voltage        hergehenden AnsprOche, bei der die Diode (8)
characteristic of the current mirror may be          von einem Transistor
gebildet ist, dessen Basis- controlled in dependence upon the magnitude of
und  Kollektorelektroden  direkt  miteinander the impedance (16).
55   verbunden sind. 2. A current mirror circuit arrangement as
5. Stromspiegelschaltung nach einem der vor- claimed in Claim 1 wherein the
said impedance is     hergehenden Anspruche, bei der die Impedanz- a
current source.                                    einrichtung (14, 15)
einen Emitterfolgertransistor 3. A current mirror circuit arrangement as
(14) enthilt, dessen Basiselektrode mit dem claimed in Claim 1 wherein the
said impedance is   60   EingangsanschluB  verbunden ist und dessen a
resistor (16) connected to pass current in         Emitterelektrode mit der
Basiselektrode des parallel with the diode (8).
genannten Transistors verbunden ist. A current mirror circuit arrangement
as              6. Stromspiegelschaltung nach Anspruch 5, bei claimed in
any preceding claim wherein the diode     der die  Emitterelektrode  des
Emitterfolger (8) is formed by a transistor having its base and    65
transistors (14) mit der Basiselektrode (6) des    9                   0
112 358                       10 Transistors (1) mittels eines Widerstandes
(15)     tension d'entr6e du miroir de courants pouvant verbunden ist.
etre de la sorte contr6lee en fonction de la grandeur du moyen A imp6dance
(16). 2. Agencement de circuit A miroir de courants Revendications
5    solon la revendication 1 dans lequel le moyen A impbdance est une
source de courant. 1. Circuit 3 miroir de courants ou 3 courants en    3.
Agencement de circuit 3 miroir de courants rapport g6om6trique comprenant
un transistor (1)     selon la revendication 1, dans lequel le moyen O
comportant une electrode de baso (6), une           imp6dance est une
rsistance (16) connect6e pour blectrode de collecteur (2) pour fournir un
courant   to   laisser passer le courant en parallele avec la diode de
sortie et une electrode d'6metteur (3) couplee 3  (8).             f une
borne d'alimentation (5); une borne d'entr6e      4. Agencement de circuit
A miroir de courants (12) pour recevoir un signal d'entr6e; un moyen 3
selon l'une quelconque des revendications 1 A 3, impbdance (14, 15) couplb
entre la borne d'entree    dans loquel la diode (8) est constituee par un
(12) et l'electrode de base (6) du transistor (1);   ?5   transistor ayant
ses electrodes de base et de une diode (8) coupl6e entre 1t'6ectrode de
base    collecteur connect6es directement ensemble. (6) du transistor (11
et la borne d'alimentation (5),  5. Agencement de circuit A miroir de
courants caractbrise en ce qu'un moyen resistant (7) est    selon l'une
quelconque des revendications 1 A 4, couplb en sbrie avec la diode (8) et
un moyen A      dans lequel le moyen A impbdance (14, 15) impedance (16)
est connecte pour partager le   20    comprend un transistor a bmetteur
suiveur (14) K'courant avec la diode (8), de sorte que la            ayant
une blectrode de base coupl6e A la borne combinaison formie par la diode
(8) etle moyen A     d'entree et une electrode d'bmetteur couplee A
impedance (16) est en serie avec le moyen           l'electrode de base du
transistor. resistant (7), le moyen A impbdance (16) shuntant     6.
Agencement de circuit A miroir de courants selectivement le courant
provenant de la diode (8)   25    solon la revendication 5, dans lequel
l'blectrode tout on no modifiant pas substantiellement le        d'bmetteur
du transistor A bmetteur suiveur (14) courant de sortie fourni par le
transistor (1), la   est couplbe A I'electrode de base (6) du transistor
linbarite de la caracteristique courant de sortie-  (1) au moyen d'une
resistance (15). 30 35 40 45 50 55 60 66    


