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transistor. Eventually the voltage decrease at the input terminal of the
current amplifier will cause the The invention relates to a current
amplifier,    series-connected semiconductor junctions of the comprising an
input terminal for receiving an input  first current mirror to be turned
off, so that the current, a first and a second output terminal for   5
second output current of the current amplifier be- supplying a first and a
second output current re-   comes zero. The swing of the first and the
second spectively, a first transistor whose collector-emitter  output
current is increased by reducing the values path is arranged between the
first output terminal  of said resistors or by short-circuitry these resis-
and the input terminal and whose base is coupled    tors. When the
resistors are fully short-circuited the to a bias voltage terminal for
receiving a bias   10  output swing is maximal but the portions of the
voltage, a first current mirror having an input termi-  input current which
are branched to the emitter of nal, an output terminal and a common
terminal,      the first transistor and to the input of the first which are
coupled to the input terminal of the       current mirror are now unequal.
As a result of this, current amplifier, to the second output terminal of
the relative current variations in the first output the current amplifier,
and to a power-supply termi-  15  current of the current amplifier in
response to an nal respectively, the input terminal of the first cur-
input current variation will be substantially larger rent mirror being
coupled to the common terminal    than the relative current variations in
the second by at least two series-connected semiconductor      output
current of the current amplifier. In the case junctions.
of an adequate drive the minimum value of the first Such a current
amplifier is known from Eu-  20  output current may decrease so far that
the band- ropean Patent Specification EP 0,055,724, Fig. 2. In  width of
the first output current decreases because this known current amplifier the
input current ap-  the transition frequency of the first transistor de-
plied to the input terminal of the current amplifier is  creases for small
currents. The signal distortion in branched into two parts. The first part
flows to the  the first output current as a result of the decreasing first
output terminal via the emitter-collector path of  25   bandwidth limits
the effective swing of the first the first transistor. The second part
flows to the   output current and consequently limits the output input
terminal of the first current mirror. The output  swing of the entire
current amplifier. of the first current mirror is coupled to the second
It is an object of the invention to provide a output terminal of the
current amplifier. A suitable  current amplifier of the type defined in the
opening load is connected to the output terminals in order  3o   paragraph,
having an improved output swing. to obtain the first and the second output
current of    To this end, in accordance with the invention, a the current
amplifier. When the input current is    current amplifier of the type
defined in the opening zero the magnitude of the quiescent currents flow-
paragraph is characterized in that a number of ing in the first and the
second output terminals are  series-connected semiconductor junctions are
ar- determined by the bias voltage on the bias-voltage   35  ranged between
the emitter of the first transistor terminal, which is coupled to the base
of the first  and the input terminal of the current amplifier, said
transistor, and by the current transfer of the first  number being one less
than the number of series- current mirror. The emitter line of the first
and the  connected semiconductor junctions between the in- series-connected
semiconductor junctions of the     put terminal of the first current mirror
and the first current mirror comprise resistors, but these   40  common
terminal. resistors limit the swing of the first and second       By
arranging the semiconductor junctions, output current. When an Increasing
positive input   which are suitably the base emitter junctions of current
is applied to the input terminal of the cur-  diode-connected transistors,
in the emitter line of rent amplifier the voltage on this input terminal
will  the first transistor the input current is branched in increase as a
result of an increasing voltage drop   45  such a way that the product of
the instantaneous across the resistor in the series-connected semi-
values of the first and the second output current of conductor junctions.
Since the bias voltage on the  the current amplifier remains substantially
constant. base of the first transistor is constant the voltage  The
relative current variations in the first output Increase on the input
terminal of the current am-   current are now better in compliance with
those of plifier will cause the current through the first tran-   5o  the
second output current. Both output currents sistor to decrease. For a
specific value of the input  now have a comparable bandwidth and signal
dis- current the current through the first transistor, and  tortion.
Therefore, in comparison with the prior art hence the first output current
of the current am-   current amplifier, a larger current can be applied to
plifier, will become zero. Conversely, in the case of  the input of the
current amplifier in accordance with an increasing negative input current
the voltage on   55  the invention without the first and the second out-
the input terminal of the current amplifier will de-  put currents being
distorted. crease as a result of an increasing voltage drop        The
first current mirror may be constructed in across the resistor in the
emitter line of the first  various ways depending on the requirements im- 2



3                 EP0387 951 B1                        4 posed on the
current amplifier. An embodiment of        The current flowing into the
input terminal of a current amplifier in accordance with the invention  the
third current mirror is proportional to the current is characterized in
that the input terminal of the first  from the current source. Since the
number of base current mirror is coupled to the common terminal    emitter
junctions between the power supply termi- via a series arrangement of the
base-emitter junc-   5   nal and the bias-voltage terminal in the
bias-voltage tion of a second transistor and the collector emitter  source
and in the current amplifier is the same the path of a diode-connected
third transistor and also  quiescent-currents in the first and the second
out- via the collector-emitter path of a fourth transistor  put current
will also be proportional to said current. whose base is coupled to the
base of the third      The output impedance at the bias-voltage terminal
transistor, the output terminal of the first current  10  is low because
voltage variations on the emitter of mirror being coupled to the collector
of the second  the sixth transistor are counteracted via the third
transistor, and in that the emitter of the first transis-  current mirror
by oppositely directed voltage vari- tor is coupled to the input terminal
of the current  ations on the base of the sixth transistor. amplifier via
the base-emitter junction of a diode-     The invention will now be
described in more connected fith transistor.                     15
detail, by way of example, with reference to the The second, the third and
the fourth transistor  accompanying drawings in which: constitute a current
mirror having satisfactory high-  Figs. 1 and 2 show embodiments of a
current frequency characteristics and also being accurate      amplifier in
accordance with the invention, and enough, so that it is very suitable for
use in the     Fig. 3 shows examples of bias-voltage sources current
amplifier.                             20      of a current amplifier in
accordance with the Another embodiment of the current amplifier in
invention. accordance with the invention is characterized in       Fig. 1
shows the circuit diagram of an embodi- that the first and the second
output terminal of the  ment of a current amplifier in accordance with the
first current amplifier are coupled to respectively an  invention. A series
arrangement of the collector- input terminal and an output terminal of a
second   25  emitter paths of the transistors T5 and T1 connects current
mirror.                                     the input terminal to a first
output terminal 2 of the By adding the second current mirror the dif-
current amplifier. The transistor T5 is connected as ference current
available on the second output ter-  a diode by interconnecting its
collector and base. minal is linearly proportional to the input current if
The transistor T1 has its base coupled to a bias- the current mirrors have
the same current transmis-  30  voltage terminal 3 which is connected to a
bias- sion.                                               voltage source 4.
The input terminal 1 is also The bias voltage on the basis of the first
tran-  coupled to an input terminal 5 of a first current sistor dictates
the quiescent currents in the first  mirror 6, which has an output terminal
7 coupled to and the second output terminal. The bias-voltage    a second
output terminal 8 of the current amplifier. source should minimize the a.c.
impedance at the   35   The first current mirror 6 comprises the
transistors base of the first transistor in order to prevent the  T2, T3
and T4. The collector-emitter paths of the high-frequency characteristics
of this transistor,  transistors T2 and T3 are arranged in series be- which
operates in common-base arrangement, from     tween the output terminal 7
of the first current being adversely affected. To this end an embodi-
mirror 6 and a power-supply terminal 9. The tran- ment of the current
amplifier in accordance with the   40  sistor T2 has its base connected to
the input termi- invention is characterized in that the current am-  nal 5
of the first current mirror 6. The collector and plifier further comprises
a bias-voltage source,    the base of the transistor T3 are interconnected
comprising a third current mirror having an input   and are also connected
to the base of the transistor terminal coupled to the bias voltage
terminal, hav-  T4, whose base-emitter junction is arranged in par- ing an
output terminal, and having a common ter-  45  allel with the base-emitter
junction of the transistor minal coupled to the power-supply terminal, a
sixth  T3. The collector of the transistor T4 is connected transistor
having its emitter coupled to the bias-  to the input terminal 5 of the
first current mirror 6. voltage terminal and having its base coupled to a
The ratio between the emitter areas of the transis- current source and to
the output terminal of the    tors T3 and T4 is n :1, which defines the
current third current mirror, a number of semiconductor   so  transmission
of the current mirror 6. The current junctions being arranged in series of
the third cur-  transmission is the ratio between the currents in rent
mirror between the input terminal of the third  the output terminal 7 and
the input terminal 5 of the current mirror and the common terminal, which
current mirror 6. The emitter areas of the transis- number is equal to the
sum  of the number of        tors T1 and T5 are selected to be equal. This
also semiconductor junctions between the bias-voltage   55  applies to the
emitter areas of the transistors T2 terminal and the input terminal of the
current am-  and T3. plifier and between the power supply terminal and
An input current lin is applied to the input the input terminal of the
current amplifier.        terminal 1 of the current amplifier and divides
into 



3    5                 EP 0 387 951 B1                       6 a current
lout1 to the output terminal 2 of the     by way of example, that the
current transmission of current amplifier via the transistors T5 and T1 and
the current mirror 6 is n = 3 and that the bias a current Im to the input
terminal 5 of the current  voltage Vbias is selected in such a way that the
mirror 6. The current Im gives rise to a current    quiescent current Iq in
lout1 is 1 mA. The quies- which is n times as large at the output terminal
7 of   5   cent current component in lout2 is therefore 3 mA. the current
mirror 6 and also flows through the      It is further assumed that the
input current lin flows output terminal 8 of the current amplifier. The
fol-  into the current amplifier and has such a value that lowing
relationships are valid:                     lout2 becomes ten times as
large as its quiescent current, i.e. 30 mA. From equation (7) it now fol-
lout2 = n * Im   (1)                            10  lows that loutl becomes
ten times as small as its quiescent current, i.e. 0.1 mA. The input current
lin lin = Im - lout1  (2)                               can be computed by
means of equations (1) and (2) and is 9.9 mA. A similar calculation, but
now for If the input current lin is zero the magnitude of the  an
oppositely directed input current lin causing an quiescent currents flowing
into the output terminals  15  lout2 which is ten times as small as the
quiescent 2 and 8 depends on the bias voltage Vbias from      current of
lout2, i.e. 0.3 mA, yields a value of 10 the bias-voltage source 4. If the
quiescent value of  mA for the current lout1 and a value of -9.9 mA for
lout1 is equal to Iq the quiescent current of lout2  the current lin. will
be equal to n * 1q.                                The importance of the
diode connected transis- The relationship between the base emitter volt-
20  tor T5 can now be understood by leaving out Vbe5 age Vbe of a
transistor and the current I through   in equations (4), (5), (6) and (7).
The product of the transistor is given by the well-known diode      loutl
and the square of lout2 then appears to equation:
remain constant: Vbe = VT * In(l/lc)  (3)                         25  louti
* lout2 * lout2 = K = n*n*lq*lq*lq  (8) where VT and Ic are constants. Ic
is the saturation  where K is a constant. Making lout2 ten times as
current, which is proportional to the emitter area of  large now results in
loutl being reduced to one the transistor. When their base currents are
ignored  hundredth. If Iout2 increases to 30 mA lout1 will the currents
through the transistors T1 and T5 are  so   decrease to 0.01 mA for an
input current lin of equal, so that their base-emitter voltages will also
approximately 10 mA. An oppositely directed input be equal. Consequently,
the base emitter voltages   current lin of -10 mA produces a current loutl
of of the transistors T2 and T3 are also equal to each  approximately 10 mA
and a current Iout2 of ap- other. The sum of the base-emitter voltages of
the  proximately 0.95 mA. It is found that without the transistors T1, T5,
T2 and T3 is equal to the bias   35  transistor T5 a specific variation of
Iin, which in the voltage Vbias:
present example is approximately + 10 mA, results in a substantially larger
current variation in loutl Vbel + Vbe5 + Vbe2 + Vbe3 = Vbias  (4)
than in lout2. The minimum current in loutl for equal input-current
conditions in lin in the absence Using the diode equation (3) this yields:
40  of the transistor T5 is substantially smaller (in the present example
approximately 10 times) than in VT * {2 * In(loutl/lc) + 2 *
ln(lout2/(n*lc))) =    the case that the transistor T5 is present. The
Vbias  (5)                                          variations of the
minimum value of Iout2 are sub- stantially smaller (in the present example
approxi- Equation (5) can be reduced to:                45   mately three
times). The minimum current through the transistor T1 becomes so small
relative to the lout1 * lout2 = C   (6)                             minimum
current through the transistors T2 and T3 that the decrease in transition
frequency as a result where C is a constant which can be computed by
of the decreasing collector current in the transistor assuming that the
input current lin is zero. In that  50   T1 manifests itself in the output
current lout1. The case 1out1 = Iq and lout2 = n * lq, so that:
bandwidth of the output current lout1, decreases resulting in signal
distortion, which is not yet the lout1 * lout2 = n * 1q * 1q  (7)
case in the output current lout2. By adding the diode-connected transistor
T5 Consequently, the product of the output currents of  55  the relative
current variations in the transistor T1 the current amplifier is constant.
For example, if  become substantially smaller and are better in con- lout1
becomes ten times as large, 1out2 becomes     formity with those in the
transistors T2 and T3. The ten times as small and vice versa. It is
assumed,   ratios between the extreme values and the quies- 



4    7                 EP0387951 B1                       8 cent value is
now the same in both output currents,  input terminal 11 is connected to
the short-circuited so that these currents will also exhibit a similar
collector base junction of the transistor T8, whose high-frequency signal
behaviour. If for the remain-  base-emitter junction is arranged in
parallel with der the input current conditions are the same the  that of
the transistor T7. The collector of the tran- distortion in the output
current lout1 is therefore   5   sistor T7 is connected to an output
terminal 13 of smaller. However, if for the remainder the high    the third
current mirror, which is again connected frequency signal distortion in
lout1 remains the   to the base of the transistor T6 and to a current same,
it is alternatively possible to reduce the   source 14. The collector of T6
and the current quiescent current Iq in order to reduce the current  source
14 are connected to a further power-supply consumption of the current
amplifier.         10  terminal 10. The node to which the emitters of the
Fig. 2 shows a second embodiment of a cur-      transistors T7 and T8 are
coupled is connected to rent amplifier in accordance with the invention. In
a common terminal 12 of the third current mirror this Figure corresponding
parts bear the same ref-  via an arrangement of three diode-connected tran-
erence numerals as in Fig. 1. A second current     sistors T9, T10 and T11.
The common terminal 12 mirror 20, which may be of any arbitrary type, is
15  is connected to the power-supply terminal 9. The coupled to the output
terminals 2 and 8 of the     number of base-emitter junctions between the
bias- current amplifier in Fig. 1. The second current    voltage terminal 3
and the power-supply terminal 9 mirror 20 has an input terminal 21 coupled
to the  is four. This number is the same as in the circuit output terminal
2 and has an output terminal 22    shown in Fig. 1. This transistor
configuration en- coupled to the output terminal 8. Coupling may be   20
ables the quiescent currents in the output terminals effected directly or
via a suitable impedance. The  2 and 8 of the circuit shown in Fig. 1 to be
second current mirror 20 further comprises a com-  substantially
temperature-independent and propor- mon terminal 23 for applying a suitable
supply     tional to the current I from the current source 14. voltage. On
an output terminal 24, which is con-       The transistor T1 of the current
amplifier in Fig. nected to the output terminal 22 of the second   25   1
is operated in a common base arrangement. A current mirror 20, a difference
current Id, is avail-  low impedance at the bias-voltage terminal pro- able
whose magnitude is equal to n * lin if the    motes the high-frequency
characteristics of the current transmission of the second current mirror
transistor T1. The output impedance of the bias 20 is selected to equal
that of the first current  voltage source 4 should therefore be as low as
mirror 6. This is because the difference current Id  30  possible. In the
circuit shown in Fig. 3a this is complies with:
achieved by means of a negative-feedback loop from the emitter of the
transistor T6 to the base of Id = n * loutl - lout2  (9)
T6 via the transistors T8 and T7. A voltage in- crease on the emitter of
the T6 results in an By means of equation (2), using equation (1), the   35
increase of the collector current in the transistor ratio Id/lin may then
be written as follows:       TB. The resulting collector current increase
in the transistor T7 causes the voltage on the base of the Id/lin =
(n*lout1 - Iout2y((1out2/n) - Ioutl) = n   -  transistor T6 to decrease,
thereby counteracting (10)
the voltage increase on the emitter of T6. 40      The bias-voltage source
4 shown in Fig. 3b is a The current amplifier shown in Fig. 2 has a linear
modification of that shown in Fig. 3, corresponding current gain Id/lin
which is independent of the     parts bearing the same reference numerals.
The current branching at input terminal 1. Again the   arrangement
comprising three diode-connected diode-connected transistor T5 limits the
current   transistors T9, T10 and T11  is now arranged be- variation in the
transistor T1 and contributes to a   45  tween the emitter of the
transistor T6 and the larger linear output swing without a loss of band-
collector of the transistor T8 instead of between the width in lout1 and
n*lout1, and consequently, in the  common node between the emitters of T7
and T8 difference current Id. Therefore, this embodiment is  and the common
terminal 12. The circuit operates very suitable for use as a class-AB
current am-    in a way similar to that shown in Fig. 3a. plifier having a
low quiescent current, a large out-  50  The invention is not limited to
the embodiment put swing and a large bandwidth.                   shown
herein. Instead of the NPN transistors Fig. 3 shows two examples of the
bias-voltage   shown, PNP transistors may be employed. If the source 4. In
this Figure reference numerals cor-   first current mirror 6 of the current
amplifiers in responding to those in Fig. 1 have the same mean-  Figs. 1
and 2 is of a type in which the number of ing. In the example shown in Fig.
3a the emitter of  55  base-emitter junctions arranged between the input a
transistor T6 is coupled to the bias-voltage termi-  terminal 5 and the
power-supply terminal 9 is larg- 



nal 3 and to an input terminal 11 of a third current  er than two, as
shown, an equal number of addi- mirror comprising the transistors T7 to
T11. The   tional diode-connected transistors should be ar- 5    9
EP 0 387 951 B1                    10 ranged in series with the transistor
T5 in order to    plifier, said number being one less than the achieve the
favourable current branching at the        number of series-connected
semiconductor input terminal 1. In that case the number of diode
junctions between the input terminal (5) of the connected transistors
between the bias-voltage ter-    first current mirror and the common
terminal. minal 3 and the common terminal 12 in the bias-   5 voltage
source 4 should also be adapted in such a   2. A current amplifier as
claimed in Claim  1, way that the number of base-emitter junctions be-
characterized in that the input terminal (5) of tween the terminals 3 and 9
in the bias-voltage        the first current mirror is coupled to the com-
source is the same as in the current amplifiers        mon terminal via a
series arrangement of the shown in Figs. 1 and 2.                        10
base-emitter junction of a second transistor The third current mirror
T7-T11 in the bias        (T2) and the collector emitter path of a diode-
voltage source 4 can also be realised in a different   connected third
transistor (T3) and also via the way. This is, for example, possible by
means of a      collector-emitter path of a fourth transistor (T4) current
mirror of the same type as the first current   whose base is coupled to the
base of the third mirror 6 shown in Figs. 1 and 2. In that case the   is
transistor (T3), the output terminal (7) of the arrangement of
diode-connected transistors should     first current mirror being coupled
to the collec- be reduced by one in order to maintain the number      tor
of the second transistor (T2), and in that the of base-emitter junctions
between the input termi-     emitter of the first transistor (T1) is
coupled to nal 11 and the common terminal 12 of the third         the input
terminal (1) of the current amplifier current mirror constant.
20      via the base-emitter junction of a diode-con- The transistor T6 may
be a compound transis-        nected fifth transistor (T5). tor, for
example a Darlington transistor. It is alter- natively possible to employ a
transistor of a un-      A current amplifier as claimed in Claim 1 or 2,
ipolar type (FET) for the transistor T6. Moreover,     characterized in
that the first (2) and the sec- an impedance may be arranged between the
emit-  25     ond output terminal (8) of the first current ter of the
transistor T6 and the bias-voltage termi-   amplifier are coupled to
respectively an input nal 3.
terminal and an output terminal of a second The current mirror 20 need not
comprise tran-       current mirror. sistors of the same type as in the
remainder of the current amplifier. For example, it is also possible to  30
4. A current amplifier as claimed in Claim 3, utilize MOS transistors.
Moreover, the bias-voltage    characterized in that the first current
mirror (6) source 4 may be constructed in any other known         and the
second current mirror have substan- manner.
tially the same current transmission from input terminal to output
terminal. Claims                                         35 6. A current
amplifier as claimed in Claim 1, 2, 3 1. A current amplifier, comprising an
input termi-      or 4, characterized in that the current amplifier nal (1)
for receiving an input current, a first (2)  further comprises a
bias-voltage source (4), and a second output terminal (8) for supplying
comprising a third current mirror having an a first and a second output
current respec-   40    input terminal (11) coupled to the bias voltage
tively, a first transistor (T1) whose collector-  terminal (3), having an
output terminal (13), emitter path is arranged between the first out-
and having a common terminal (12) coupled to put terminal (2) and the input
terminal (1) and    the power-supply (9) terminal, a sixth transistor whose
base is coupled to a bias voltage termi-     (T6) having its emitter
coupled to the bias- nal (3) for receiving a bias voltage, a first  45
voltage terminal (3) and having its base coup- current mirror (6) having an
input terminal (5),   led to a current source (14) and to the output an
output terminal (7) and a common terminal,      terminal (13) of the third
current mirror, a num- which are coupled to the input terminal (1) of
ber of semiconductor junctions being arranged the current amplifier, to the
second output ter-   in series of the third current mirror between the
minal (8) of the current amplifier, and to a   50   input terminal (11) of
the third current mirror power-supply terminal (9) respectively, the in-
and the common terminal (12), which number put terminal (5) of the first
current mirror being  is equal to the sum of the number of semicon- coupled
to the common terminal by at least          ductor junctions between the
bias-voltage ter- two series-connected semiconductor junctions,       minal
(3) and the input terminal (1) of the 



characterized in that a number of series-con-  55   current amplifier and
between the power sup- nected semiconductor junctions are arranged
ply terminal (9) and the input terminal (1) of between the emitter of the
first transistor (T1)    the current amplifier. and the input terminal (5)
of the current am- 6    9                 EP 0 387 951 B1
10 ranged in series with the transistor T5 in order to     plifier, said
number being one less than the achieve the favourable current branching at
the         number of series-connected  semiconductor input terminal 1. In
that case the number of diode      junctions between the input terminal (5)
of the connected transistors between the bias-voltage ter-     first
current mirror and the common terminal. minal 3 and the common terminal 12
in the bias-   5 voltage source 4 should also be adapted in such a   2. A
current amplifier as claimed in Claim  1, way that the number of
base-emitter junctions be-       characterized in that the input terminal
(5) of tween the terminals 3 and 9 in the bias-voltage         the first
current mirror is coupled to the com- source is the same as in the current
amplifiers         mon terminal via a series arrangement of the shown in
Figs. 1 and 2.                         10      base-emitter junction of a
second transistor The third current mirror T7-T11 in the bias        (T2)
and the collector emitter path of a diode- voltage source 4 can also be
realised in a different    connected third transistor (T3) and also via the
way. This is, for example, possible by means of a       collector-emitter
path of a fourth transistor (T4) current mirror of the same type as the
first current    whose base is coupled to the base of the third mirror 6
shown in Figs. 1 and 2. In that case the   15  transistor (T3), the output
terminal (7) of the arrangement of diode-connected transistors should
first current mirror being coupled to the collec- be reduced by one in
order to maintain the number       tor of the second transistor (T2), and
in that the of base-emitter junctions between the input termi-      emitter
of the first transistor (T1) is coupled to nal 11 and the common terminal
12 of the third          the input terminal (1) of the current amplifier
current mirror constant.                       20       via the
base-emitter junction of a diode-con- The transistor T6 may be a compound
transis-         nected fifth transistor (T5). tor, for example a
Darlington transistor. It is alter- natively possible to employ a
transistor of a un-   3  A current amplifier as claimed in Claim 1 or 2,
ipolar type (FET) for the transistor T6. Moreover,      characterized in
that the first (2) and the sec- an impedance may be arranged between the
emit-  25      ond output terminal (8) of the first current ter of the
transistor T6 and the bias-voltage termi-    amplifier are coupled to
respectively an input nal 3.
terminal and an output terminal of a second The current mirror 20 need not
comprise tran-        current mirror. sistors of the same type as in the
remainder of the current amplifier. For example, it is also possible to  30
4. A current amplifier as claimed in Claim 3, utilize MOS transistors.
Moreover, the bias-voltage     characterized in that the first current
mirror (6) source 4 may be constructed in any other known          and the
second current mirror have substan- manner.
tially the same current transmission from input terminal to output
terminal. Claims                                         35 5. A current
amplifier as claimed in Claim 1, 2, 3 1. A current amplifier, comprising an
input termi-      or 4, characterized in that the current amplifier nal (1)
for receiving an input current, a first (2)  further comprises a
bias-voltage source (4), and a second output terminal (8) for supplying
comprising a third current mirror having an a first and a second output
current respec-   40     input terminal (11) coupled to the bias voltage
tively, a first transistor (T1) whose collector-    terminal (3), having an
output terminal (13), emitter path is arranged between the first out-
and having a common terminal (12) coupled to put terminal (2) and the input
terminal (1) and     the power-supply (9) terminal, a sixth transistor
whose base is coupled to a bias voltage termi-      (T6) having its emitter
coupled to the bias- nal (3) for receiving a bias voltage, a first  45
voltage terminal (3) and having its base coup- current mirror (6) having an
input terminal (5),    led to a current source (14) and to the output an
output terminal (7) and a common terminal,       terminal (13) of the third
current mirror, a num- which are coupled to the input terminal (1) of
ber of semiconductor junctions being arranged the current amplifier, to the
second output ter-    in series of the third current mirror between the
minal (8) of the current amplifier, and to a   50   input terminal (11) of
the third current mirror power-supply terminal (9) respectively, the in-
and the common terminal (12), which number put terminal (5) of the first
current mirror being  is equal to the sum of the number of semicon- 



coupled to the common terminal by at least          ductor junctions
between the bias-voltage ter- two series-connected semiconductor junctions,
minal (3) and the input terminal (1) of the characterized in that a number
of series-con-   55  current amplifier and between the power sup- nected
semiconductor junctions are arranged         ply terminal (9) and the input
terminal (1) of between the emitter of the first transistor (T1)    the
current amplifier. and the input terminal (5) of the current am- 6    11
EP0387951 B1                       12 6. A current amplifier as claimed in
Claim 5,          diese Anzahl kleiner ist als die Anzahl in Reihe
characterized in that the output terminal of the    geschalteter
HalbleiterUbergInge zwischen der third current mirror is coupled to the
collector    Eingangsklemme (5) des ersten Stromspiegels of a seventh
transistor (17) whose base-emitter     und der gemeinsamen Klemme. junction
is arranged in parallel with the base   a emitter junction of a
diode-connected eighth    2. StromverstIrker nach Anspruch 1, dadurch ge-
transistor (T8), which has its collector coupled    kennzeichnet, daB die
Eingangsklemme (5) des to the input terminal (11) of the third current
ersten Stromspiegels mit der gemeinsamen mirror, a common node between the
emitters          Klemme Ober eine Reihenschaltung aus dem of the seventh
and the eighth transistor being   to  Basis-Emitter-Obergang eines zweiten
Transi- coupled to the common terminal (12) of the          stors (T2) und
der Kollektor-Emitter-Strecke ei- third current mirror.
nes als Diode geschalteten dritten Transistors (T3) und auch Ober die
Kollektor-Emitter-Strek- 7. A current amplifier as claimed. in Claim 6,
ke eines vierten Transistors (T4), dessen Basis characterized in that the
common node is  is        mit der Basis des dritten Transistors (T3) ge-
coupled to the common terminal (12) of the          koppelt ist, gekoppelt
ist, wobei die Ausgangs- third current mirror via an arrangement of a
klemme (7) des ersten Stromspiegels mit dem plurality of series-connected
collector emitter     Kollektor des zweiten Transistors (T2) gekop- paths
of diode-connected transistors.               pelt ist, und daB der Emitter
des ersten Transi- 20      stors (T1) mit der Eingangsklemme (1) des &  A
current amplifier as claimed in Claim 6,           Stromverstirkers Ober
den Basis-Emitter-Ober- characterized in that the collector of the eighth
gang eines als Diode geschalteten fUnften transistor (T8) is coupled to the
input terminal    Transistors (T5) gekoppelt ist. (11) of the third current
mirror via an arrange- ment of a plurality of series connected collec-  25
3. Stromverstirker nach Anspruch 1 oder 2, da- tor-emitter paths of
diode-connected transis-       durch gekennzeichnet, daB die erste (2) und
tors.                                               die zweite (8)
Ausgangsklemme des Stromver- starkers mit einer Eingangsklemme bzw. einer
9. A current amplifier as claimed in Claim 7 or 8,     Ausgangsklemme eines
zweiten Stromspiegels characterized in that said number is three.  30
gekoppelt sind. PatentansprUche                                     4.
Stromverstirker nach Anspruch 3, dadurch ge- kennzeichnet, daB der erste
Stromspiegel (6) 1. Stromverstarker mit einer Eingangsklemme (1)        und
der zweite Stromspiegel nahezu die glei- zum Empfangen eines
Eingangsstroms, einer  35       che Stromtlbertragung von der Eingangsklem-
ersten (2) und zweiten (8) Ausgangsklemme           me zur Ausgangsklemme
haben. zum Abgeben eines ersten bzw. zweiten Aus- gangsstroms, einem
ersten Transistor (T1),     5. Stromverstarker nach Anspruch 1, 2, 3 oder
4, dessen Kollektor-Emitter-Strecke zwischen der       dadurch
gekennzeichnet, daB der Stromver- ersten Ausgangsklemme (2) und der
Eingangs-  40     stirker weiterhin eine Vorspannungsquelle (4) klemme (1)
angeordnet ist und dessen Basis          umfaBt, die einen dritten
Stromspiegel mit ei- mit einer Vorspannungsklemme (3) zum Emp-
ner mit der Vorspannungsklemme (3) gekop- fangen einer Vorspannung
gekoppelt ist, einem       pelten Eingangsklemme (11), mit einer Aus-
ersten Stromspiegel (6) mit einer Eingangs-         gangsklemme (13) und
einer mit der Versor- klemme (5), einer Ausgangsklemme (7) und   46
gungsanschluBklemme  (9) gekoppelten ge- einer gemeinsamen Klemme, die
jeweils mit           meinsamen Klemme (12) umfaBt sowie einen der
Eingangsklemme (1) des Stromverstirkers,        sechsten Transistor (T6),
dessen Emitter mit der zweiten Ausgangsklemme (8) des Strom-           der
Vorspannungsklemme (3) gekoppelt ist verstirkers bzw. einer
VersorgungsanschluB-         und dessen Basis mit einer Stromquelle (14)
klemme (9) gekoppelt sind, wobei die Ein-  so       und der Ausgangsklemme
(13) des dritten gangsklemme (5) des ersten Stromspiegels mit
Stromspiegels gekoppelt ist, wobei eine Anzahl 



der gemeinsamen Klemme Ober mindestens              HalbleiterUberginge in
Reihe in dem dritten zwei in Reihe geschaltete HalbleiterabergAnge
Stromspiegel zwischen der Eingangsklemme gekoppelt ist, dadurch
gekennzeichnet, daB          (11) des dritten Stromspiegels und der ge-
eine Anzahl von in Reihe geschalteten Halblei-  56  meinsamen Klemme (12)
angeordnet ist, und terUbergingen zwischen den Emitter des er-
diese Anzahl gleich der Summe aus der An- sten Transistors (T1) und die
Eingangsklemme        zahl HalbleiterUberginge zwischen der Vor- (5) des
Stromverstirkers geschaltet ist, wobei      spannungsklemme (3) und der
Eingangsklem- 7 I IlII~j 1111   l 11111 1111111    13                EP 0
387 951 B1                   14 me (1) des Stromverstarkers und zwischen
der       commune par au moins deux jonctions semi-
Versorgungsanschlugklemme (9) und der Ein-         conductrices montdes en
sdrie, caracterisd en gangsklemme (1) des Stromverstarkers ist.          ce
qu'entre l'emetteur du premier transistor (Ti) et la borne d'entree (5) de
l'amplificateur 6. Stromversterker nach Anspruch 5, dadurch ge-   6    de
courant, sont dispos~es plusieurs jonctions kennzeichnet, daB die
Ausgangsklemme des           semiconductrices mont~es en sdrie, dont le
dritten Stromspiegels mit dem Kollektor eines      nombre est inf~rieur de
un au nombre de siebten Transistors (T7) gekoppelt ist, dessen
jonctions semiconductrices mont~es en s~rie Basis-Emitter-Obergang parallel
zum  Basis-        entre la borne d'entrde (5) du premier miroir
Emitter-Obergang eines als Diode geschalteten   1O  de courant et la borne
commune. achten Transistors (T8) geschaltet ist, dessen Kollektor mit der
Eingangsklemme (11) des      2. Amplificateur de courant selon la
revendication dritten Stromspiegls gekoppelt ist, wobel ein     1,
caracteris4 en ce que la borne d'entr~e (5) g.emeinsamer Knotenpunkt
zwischen den Emit-        du premier miroir de courant est couploe A la tem
des siebten und des achten Transistors  i5     borne commune a travers un
montage s6ne de mit der gemeinsamen Klemme (12) des dritten        la
jonction de base-emetteur d'un deuxibme Stromspiegels gekoppelt ist.
transistor (T2) et le trajet de collecteur-dmet- tour d'un troisibme
transistor mont4 en diode >   7. Stromverstarker nach Anspruch 6, dadurch
go-        (T3) ainsi qu'a travers le trajet de collecteur- kennzeichnet,
daB der gemeinsame Knoten-  20       6metteur d'un quatribme transistor
(T4) dont la punkt mit der gemeinsamen Klemme (12) des          base est
coupl6e & la base du troisibme tran- dritten Stromspiegels Uber eine
Anordnung aus      sistor (T3), la borne de sortie (7) du premier oiner
Anzahl in Reihe geschalteter Kollektor-      miroir de courant 6tant
coupl~e au collecteur Emitter-Strecken von als Diode geschalteten        du
deuxibme transistor (T2), et en co quo Transistoren gekoppelt ist.
25       l'6metteur du premier transistor (T1) est coupli a la borne
d'entrde (1) de l'amplificateur de . Stromverst~rker nach Anspruch 6,
dadurch ge-         courant a travers la jonction de base-6metteur
kennzeichnet, daB der Kollektor des achten         d'un cinquibme
transistor montd en diode (T5). Transistors (T8) mit der Eingangsklemme
(11) des dritten Stromspiegels Uber eine Anord-  3o   &  Amplificateur de
courant selon la revendication nung aus einer Anzahl von in Reihe
gesehalte-      1 ou 2, caract~ris6 en ce que les premibre (2) ter
Kollektor-Emitter-Strecken von als Diode       et seconde (8) bornes de
sortie de l'amplifica- geschalteten Transistoren gekoppelt ist.
tour de courant sont coupl6es respectivement a une borne d'entree et & une
borne de sortie 9. Stromverstarker nach Anspruch 7 oder 8, da-  35     d'un
deuxibme miroir de courant. durch gekennzeichnet, daB die genannte An- zahl
drel ist.                                 4. Amplificateur de courant selon
la revendication 3, caract6ris9 en ce quo le premier miroir de
Revendloatlons                                         courant (6) et le
douxibme miroir de courant 40      pr~sentent & peu pros la meme
transmission 1. Amplificateur de courant comportant une borne       de
courant & partir de la borne d'entrde vers la d'entrde (1) pour recevoir un
courant d'entrde,    borne de sortie. des premibre (2) et seconde bomes de
sortie (8) peur fournir respectivement des premier et  5. Amplificateur de
courant selon la revendication second courants de sortie, un premier
transis-  46  1, 2, 3 ou 4, caract~risd en ce qu'il comporte tor (T1) dont
le trajet de collecteur-6metteur     en outre une source de tension de
polarisation est dispose entre la premibre borne de sortie      (4)
comportant un troisibme miroir de courant (2) et la borne d'entrde (1) et
dont la base est   ayant une borne d'entr6e (11) coupl6e a la 



couplde a une borne de tension de polarisation     borne de tension de
polarisation (3), une bome (3) pour recevoir une tension de polarisation,
6o  de sortie (13) et une borne commune (12) un premier miroir de courant
(6) ayant une         couplee A la borne d'alimentation (9), un sixib-
borne d'entrde (5), une borne de sortie (7) et     me transistor (TO) ayant
son 6metteur coupl4 a une borne commune coupl~es respectivement          la
borne de tension de polarisation (3) et ayant a la borne d'entree (1) de
I'amplificateur de      sa base couplle a une source de courant (14)
courant, a la seconde borne de sortie (2) de   ss  et & la borne de sortie
(13) du troisibme miroir I'amplificateur de courant et a une borne d'ali-
de courant, alors quo, dans le troisibme miroir mentation (9), la borne
d'entr6e (5) du premier    de courant, entre la borne d'entr6e (11) de ce
miroir de courant dtant couplie a la borne         troisibme miroir de
courant et la borne commu- 8    15                EP 0 87 951B1
18 ne (12) sont disposees en serie plusieurs jonc- tions somiconductrices,
dont le nombre est dgal A la somme du nombre de jonctions se-
miconductrices situees entre la borne de ten- sion de polarisation (3) et
la borne d'entree (1)   5 de I'amplificateur de courant et entre la borne
d'alimentation (9) et la borne d'entr~e (1) de I'amplificateur de courant.
6. Amplificateur de courant selon la revendication   10 5, caract6ris6 en
ce quo la borne de sortie du troisibme miroir de courant est couplde au
collecteur d'un septibme transistor (17) dont la jonction de base-6metteur
est dispos6e en pa- rallble avec la jonction de baseo-metteur d'un   15
huitieme transistor mont6 en diode (T8) qui a son collecteur coupl4 a la
borne d'entrde (11) du troisibme miroir de courant, un point corn- mun aux
dmetteurs du septibme et du huitiN - me transistor 6tant coupl6 I la borne
commu-  20 ne (12) du troisibme miroir de courant. 7. Amplificateur de
courant selon la revendication 6, caract6ris6 en ce que le point commun est
coupl6 & la borne commune (12) du troisibme   25 miroir de courant A
travers une chaIhe consti- tu6e d'une pluralite de trajets de collecteur-
emetteur montds en surie de transistors mon- t6s en diode. 30 8.
Amplificateur de courant selon la revendication 6, caractdris6 en ce quo le
collecteur du huitib- me transistor (T8) est coupl4 A la borne d'en- trWe
(11) du troisibme miroir de courant A travers une pluralit6 de trajets de
collecteur-  35 emetteur mont6s en sdrie de transistors mon- tds en diode.
9. Amplificateur de courant selon la revendication 7 ou 8, caract~risW en
ce que ladite pluralit6  40 est au nombre de trois. 45 50 55    


